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Tne present invention relates to new Iron containing phosphate adsorb9nt, prcces.s for its 

production, uses th-6JfJOf and phannaceutica~ con1positions containing it. 

Background of the Invention 

rhosphorus is critical for bone mlnerall~tion, cellular strocture, g<>netic rodlng, ;Jnd energy 

mafabolism. Many l.>rganic and inorganic forms exist. Phosphorus is present ln nearly ail 

foods. and Gl absorptJan or die·tary forrns IS very ell icient. Phosphorus homeostasis normally 

<S maintained through severa I mechanisrns (renal ex·cretion, cellular release, ho1 rnonal 

oohtrot, etc}. YJhen the phosphorus toad (from Gf absor,-ption, exo<Jenous a'1ministratfcn, t}f 

ceftolor releose) exceeds renal excretion and tissue ur>take. hyperphosphatemia occurs,. 

HyperpnosphRtemia is .as~or;iated with significant lncce.ase in morbidity h1nd mortality, and 

may Induce sevei'a oomplicaticns. such- as hypocaicemia, decreasing of vit;;m1n D 

pr<XJuctli:m, melastatiG calcificaiioo. Hyperphosphaternla is also CO!ltributlng t.o the· increase<i 

incid&nce of cardlovasculnr disease among dialysis-dependent patients. and C<JJl rew« in 

bone pathology. 

At least 70% of 1)<11ients With rena; insufficiency or renal failure show hyperphosphsternia. In 

many cases. restlicttng mtake of dit~ta1y pho.sphorus 15 not sufii-c~ent to reduce serurr; 

phO'sphate levels inio the normal range, and oral phosphate binders need to be tal,ert. 

Calcium and aJumhilurn saits orally taken 3$ treatment for hyperphosphatemia are known. 

Sui tl1ere are concems regarding !he!r Klng-term S<Jfety_ The lr'!ldiUonal alumh';ium-ha$ed 

pho-sphate binders have tno drawback of side effect~ due to aluminium aDsorption 

(osteomalacia, encephalopathy, micraC)~!c anaemia) Calclum-cont-~lning phosphate binder.. 

(cakJum c~rbonate or cafcium acetate} may aggravate metastattc ca!cmcaUon1 particularly U 

U1ey are taket1 together with v1larnm D analogues and a high calcium dialysate conCtJntra~on. 

A!1 tron·bosed ferric ciltate pho$pha!<; binder, known as Zerenex·;" . is d<.!scribed In US 

6,903.2356. Zerenex'M Is an tlfal, inorganic, lron·t>ased compOund ll;nl has the copacity to 

bi-m1 phospnomm; a.nd forrn ru.)t"l·adscrbabJe compl~xes. Smce this product JS soJuh!& its long 

tern1 admlnislratl<:>o may induce an Increase of the concentr atlon o! Iron !n gastrointeslln.::~l 

traet, which may be safvty issue as m0nhcned hereinabove. 



Sevelamer, a synthetic polym•::r cornmerciaHzed by Genzyrne under the name ol' F\enagei'l<', 

poly(ailylamlne~co--N.N '~dialiyi-· ··J ,3-diamino-2-·hydroxypropane) hydrochkJr!de is an iron 

exchange gel matrix. 

The phosphate binding capacity of rnetal oxid•? hydroxides is known in the art T!·;e possibie 

medical application of rnetaf hydroxides and metal oxide hydroxides as pl-:osphate binders is 

also describ•?d. For example W09?01458 discloses a method of controH!ng sorum 

phosphate level in patients by iron oxy-hydroxides which bind to ingested pl1osphote. 

For example, US 6,'1'74,442, U)e content thereof being enclosed herewith by n~ference, 

descril)es an aJ~:mrbent for phosphate vvhich contafns po!ynuclear pyiron hydroxide stabilized 

by c-arbohydrates and/or humic acid. \NO 2006/000547, the content thereof bt~;ing also 

enclosGJti here1,·vrth by reference, describes an adsorbent fer phosphate whlc!1 is obtained 

from iron( I!!) nitrate or sulfatt-: and is stabilized by star.eh and sucrose. 

The phosphate binding capacity of the knovvn phosphate adsorbents containin9 oxide 

hydroxides is limited. Fu:ihermore, the processes described to manufacture such 

corn pounds are not suitable !'or preparing larger amounts of compounds. 

The possible release of iron under pf)ysioioglcai conditions from any iron containing dtugs or 

compounds, in particular in case of the phosp~1ate adsorbent described in US 6, 174,442, 

may be a safety issue, since excess iron !s toxic to body organs. Preferably the daHy re!ease 

of imn should not be higher than 20mg iron per day. A too higtl re1e:3se cf Iron can 

parficu!arly problematic in caSE! of patients suffering from haernochrcmatosis. 

Haernochron<alosH:l is a very comrnon genetic disorder of iron rnet<-.lboilsrn wherein 

absorption of iron through the intestine is uncontrolied ever, \IVhen body satur::'Jtion levels 

have been macht':d. 

Furthermore tile <'lV<'l.iiat::le phospl1ate binders and t!'1e phospl1ate adsorbents described in the 

prior ali bind not more than about i20mo phosp1·1ate per gram of product. Because of the 

relatively low adsorption capacity of tl1ese phosphate adsorbents, tJJe arnount of adsorbent, 

e.q. the arnount and/o;· number of oral dosa~p forms containing it to be taken every day 
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must be h\!il. For example t!1e average daily c!osagr~ to be tak:m by dia!y-sis patic,.~nt-s in o1·der 

to avoid/treat hyper-phosphatemia is of alJout 9 capsules in e<-1se of Zemnex '~l, and of ·1 4 film 

coaled tablets in case of Renage:":,. This indltA".ltes that the patient compliance of the 

avaiiat1re phosphate adsorbents is very low. 

Due to the high !evels of pt·1osphate contarned in diet and the relatively low adsorpHon 

capacity or the phosphate adsorbents available or described in the prior ali, it is necessary to 

adrnini~.;ter such adsorbents in l"ligh dose in order to efficiently control the blood level of 

phosphate. Therefon:; even a sn:all increase in phosphate bir:ding capacity may perrnrt to 

decrease the dose of adsorbent to be ddminlstered every d.:-1y, for example to lovver the 

number cf ora! dosage forms to be administered ever:/ day. So even a smaB increase in 

phosphate binding capacity would be beneficial to thE.~ patient, e.g. vvould improve patient 

c.ornpllance. 

Therefore there is a need to provide a phosphate adsorbEmt with a high phosphate binding 

l::x1pacity to be usable as a pharmaceutical. 

Furtherrnore there is a need to provide a manufacture process which lead to an adsorbent 

whict1 is ho>noqenous and stable, and which can be easily formulated andior packaged, and 

which c.sn be perforrned on a large scaling without aHectlng tt:e properties of t!1e adsorbent, 

Le. it-s phosphate binding capt=Jcity. 

Summary 

The present invention pro\iides a ne\.v phosphate adsorbent containing iron(it!) oxide .. 

hydroxide having hi9her phosphate bind1ng capacity u·1an the phosp~:ate adsorbent available 

yet, or H·~<-m the iron(ll!)-based phosphate adsorbent described in the prior t.1rt, as vvel! as 

use::~ thereof and pllarrnaccutica! con:positic.ns cont.'Jini::g it. !n particular the p:ssent 

invention pertains to a po!ynucl(:;ar iron(l!i)-b::=Jsed phosphate adsorbent compr1sin9 i) an 

adsorbent base material, preft-:;rably a non so!ub!e carbohydrate, ii) polynuciear iron(!!l) oxide 

hydroxides, ::;;nd iii) a soiubte carbohydrate, wht.:rein the soluble cwt;ohydrate is incorporated, 

e.g. partiaiiy incorporated, into the polynuc!•.?ar iron(lli) oxide hydroxides. The poiynuclear 

iron oxide hydroxides :·nay be starJilizecl tJy soluble carbohy·drates. The iron(lll) .. b<.-lsed 
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phosphz.ite adsorbent rr;8y fu rH-1er cornpr!se a c<:.~rbonate; the carbonate may partially 

incorporated, G.g. partially incorporated, !nto the poiynuciear it-on(H!) oxide i·Jydroxides. 

Tile present invention further provkit::s an iron{l!l)-based phosphate ar.isorbent containing 

polynuclear lmn(ili) oxide hydmxirJes wherein the polynuclear iron oxide hydroxide contains 

polynuclear gamma--Iron oxide hydroxides, and optionaily ferrihydrit.e, e.g. t.rat:es of 

rerr!hyr..irite. Ti .. le polynuclear iron oxide ilyckoxide may b(OJ stabilized by solutlie 

carbohydrates. 

It is believed tr1at the !ron(ln}·b~~sed phosp!:ate adsorbent according to the present. invention 

is a con:plex fonned with polynuclear lron(HI) oxide hydroxides, insolubie carbchydri:'Jte such 

as starch, and soluble C.:<Jrbohydrate sucl"l glucose derivative (e.g. sucrose or rnaltodextrin). 

The iron oxide-hydroxide containt:;d in the !ron(IH)-based phosphate adsorbent according to 

the present invention woufd t.~en tm a complex, as a whole insoluble under tr1e phys:oiogicaf 

condWons, which is stabilized by the g1ucOSi'3 deriv<Oltive. The glucose ck'!rivaUve ls probably 

<~cting by preventing the phosphate adsorbent from bein~1 ov(~rdr!Bd during its purification, as 

overdrying wculd lead to a loss of the phosphate binding capacity. 

The present invention further provides a manufacture process for producing an iron(!!!) 

based phosphate adsotbent. in particular there is pr-ovided a process for manufacturing and 

isolating the iron(!!!) based phosphate adsorbent in a form \-vl'lich is easily packaged. e .g. as 

a dry pov.;der suitable for direct sachet filling. 

Furthermore the present Invention provides a manufacture process for preparing oxide·· 

llydrox!de of iron having gamma--confi~jUration trorn iron (UI) , Le. a rnanui'<:"lcture process for 

preparinn oxidt'3-hydroxide of iron( HI) having garnrna--corrfiguration. 

Figures 

Flg 1: Ught Microscopy of tl"w iror:(l i !)-based phosphate adsorbent acco:-ding to one 

embodiment or the present invention 

Fig 2: Scanninq Electron Microscopy (SB/1) plus Energy Dispe:-sive X--ray .Analysis (EDX) 

(block ph;::1se analysis) of the !ron(lil )-- based phosphate adsorl;ent according to onG 
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embodirnent or the present. invention. It repres~H:ts a rnore detaiiec! picture of one cf the 

f.!articles shovvn in Fif:i ·1. 

o~~scription. 

!ron{III)Nbased phosphate adsorbent. 

Surprisingly it has been found that by using ded1C:<1ted reaction conditions during the 

manufacture process of a polynuc!ear !ron it is possibie to prepare a polynuclear !ron(!ll}· 

based phosphate adsorbent which has a higi1er phospllate binding capacity than the 

phosphate ac!sorbents of the pdor art, in particular tl"lan the iron-based phosprH:~te 

adsorbents dt:;scribed in the prior art. 

Furthermore, in order to obtain an iron oxide-hydroxide containing compound llaving a goocl 

phosphate binding c;::;padty which can be used as a phanrmceut1cal, it is neo-:;ssary to have 

an iron--based cornpound which is stable. !t is known that lron oxide -hydroxides, in particular 

iron(lll) oxide~hydroxides, are not stabie compounds: durinq time ageing occurs which leads 

to the re-grouping of initialiy randomly placed molecules and to the formation of a more or 

less reguia:· crystal lattice. Ag(~ing usually not oniy invo!ves crystallization but also particle 

enlargement. Such ag(~ing rnay alter the phosphate binding of an iron oxide-hydroxide based 

phosphate adsorbent. 

Such an ageing may aiso lead to an iron-based phosphate adsorbent which does release 

iron. The possfble reiease of iron from an iron··containing drug cou!d be a safety concern 

since an excess of iron is toxic to body organs. Therefore there is a need to provrde an 

iron(! !l H"J<'3Sed phosphate adsorbent wr1ich does not re!eas':; iron, or does release only· small 

amounts of iron under physiological conditions, e.g. an iron arnount smaller than the dai!y 

acceptable dosa~~e of 20rng iron. This means that therf.~ is a need to provide an iron(HI)­

llased phosphate adsorbent which t:as a lov/ bioavaHability, rm~ferab!y which is not 

t1ioavaiaib!e at all. 

Therefore it is necessary to avoid the undesired transfo:-mation into iron-·oxides vvhich would 

haw~ a lowt'lr phosph:,:)t<~ binding C3p.acity and/or a higher iror: bio<:wailabil!ty. Surprisingly, lt 

has been found that it is pcssible to prevent ageing of the !ron oxide-hydrox;de by us!ng 
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dedicated reaction conditions and auxiliary· materiaL:; like sniubie and solub!e c:w·bohydrates, 

e.~). sl<.-1rc11 and sucrose. 

According to the invention there is provided a ne\v iron-based phosphde adsorbent for the 

adsorption of phosphate, which has hig-her phospi:.ate binding capacity than the phosphate 

adsorbents of the prior art, as herein defined as "phosphate adso:tlent nf tilt:? inver:tion" o:· 

"compound of the invention". 

Higher phosphate binding capacity rne,-:;ns aboul ·15%> higher than the phosphate adsorbents 

known in the ali, e.g. at !east 20% l1igher, t~ .g. at !east 25% higher, e.g. at least 30°/-0 1·1igher 

e.g. than the adsorbent described in US 6,174,442. For example, the compound of the 

invention rnay adsorb rnore H1an about 12'};·,m/m phosphate, preferably n~ort"! than about 

14Siom/m, even more preferably about or nwre tl1an about 20'%l rn/m. As herein 

dofined,.%rn/m n~fers to percentage of mass to mass, i.e. to the arnount of phosphate 

(calculated Bs PO/-) lJeing adsorbed (in g) by 1 g of prmsphate adsorbent 

According to the invention, there is provided an lron-base(i phosphate adsorbent comprising 

i) an adsorbent base materiai, preferal>ly a non so!uble carbohydrate, il) polynuclear iron (Ill) 

oxide hydroxides, and Hi) a soluble carbohy<irate, wherein the soluble carbohydrate is 

partially incorporated into the polynuc!eai' iron(!li) oxide hydroxides. /~s herein defined 

''parl.iaHy incorporated'. means that about 10 to 20 (1~ by weight of the soluble carbohydrate, 

based on the total weight of the phosphate adsober, are incorporated into the po!y·nuciear 

iron (Ill) oxid\'3 !:yciroxides, i.e. can not be removed by vvashing the~ phosphate adsober. 

As 1·1erein defined, "adsorbent base materia!'' refers to a porous materia!, pref'en::lbly having 

ornanic or inor~1an:c OH groups, e.g. non soluble carbohydrates; organic polyrner or 

copolyrner; rH:'llural ~>ernisynthetic or synthetic linear and/or branch<:;hained; solubh:; or 

insoluble poiyhydrox1tl compounds (e.g. polyvinyl alcohol): inorganic supports, e.g. based on 

sH!con di;;xide and/or smc~~.ttes such as glyc.eryl-modiffed glasses. Pr·to:;!'r:Jrn;;d ac:lsorbent base 

materials are non solub!E'; c<srbchydrates. 

Exampies of non soluble carbohydrates include starch, agarose, dextn3n, dextTin, cellulose. 

Pn:derred non soiuble carbollyclrate is starcl1 . 
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According to the present invention, "solub!G; c:,8r·bcllydrate" refers to glucose derivathles, such 

as sucrose, mr.-1ltodextrin or rnlxture thereof. Preferred soluble carbohydrate i~; sucrose. 

Preferably the iron--based phospi:at;; adsorbent of the invention is a iron{!!!) oXide-hydroxide 

containing compound, compr·ising a s:o!ublt~ carbohydrate i;>uch as a glucose derivative (e.g. 

sucrose or maltodextrin), and st<:trcll. 

In one embodiment of the invention, the phosphate adsorbent may be defined as a complex 

fon:-1ed with polynuclear !ron(!li) oxide hydroxides, starch and the glucose der!vati'JB (e.g. 

sucrose or maltodextrin, preferably sucrose). !n a prr-)f8!T(')d r~ml!odirnent , the poiynudea:­

imn o.xide hydroxides is bound to the adsorbent base material, e.g, starch, 

in one ernbodlment of the invention, the compound of the invention comprises starch 

particles covered by iron(! !I) oxide-hydroxide and opUona!fy stabilized by a glucose derivative 

such ss sucrose, maitodextrin or rni;dure thereoL Pr·eferably the iron is hornogenously 

distributed on the surtaw of the particles. 

in yet a further aspect of the invention there i.s provided a new iron-based phosp1·1ate 

adsorbent which relaases little iron in simulated gastric fluids (as defined in Pharmacopeia). 

For ~~xample. , the phosphate adsorbent of the invention does not si9nificant!y release ircn at 

a pH range above 2 up to ·j 0. In one example, 10 g of the phosphate adsorbent of tile 

invention rnay release less t!':an about 20mg of iron <:Jt pH's above 2. 

In yet a furtr1er aspect of the lnvsntion the cotTlfX)tlfld of H1e invention n1ay contain about ·1 0 

to about 35wt%, e.~l- about 20 to about 30 <vvno. preferably at least about 20 weight 0/r, of non 

soluble carbohydrate, e.g. str.-m.:r1, for exarnp!e about ·10 to 30. e.g. about 30, e.g. about 28 

\Veight% of starch, based on the tolal weigi·Jt of the compound . 

In yet a further aspect of the invention there is p:-ov1ded a new phosphate adsorbent 

containing !ron (!H) oxide-·ilydroxlde and starch, which contains about 5 to about 50 vv-eight% 

of soluble carbohydrate, e,!=J. about '!0 to about 40 wei[~h.t % , e.g. about 12 to about 30 

iJveight (./u, based on the total weight of the adsorbent For examp!e, tllt': adsober of ttle 

invention contains at ieast about 10 weight ''lo of sucrose, maitodextrln or n1ixture thereof 



(pretm~b~y sucrOSt:l), for exnn1ple. at ieast about 14 vvel~Jht %:. or sucrose, ma!tode?;trin or 

rnixture tht'!reof (prefemb!y sucrose), fer example about 28 vAS/;) of sucrose, rnaltode>etrin or 

rnixturE! t11ereof (preferably sucrose), based on the tota! >vveight or the compound. 

In yet a furti:e.r aspect of the ;nvention tr1ere is provided a nevv prJCsphate adsorbent 

wntain!ng iron(! H) oxide-l:ydroxide, which contains more than about 5 weight% of \Vater, for· 

example about 5 to about 10 Wt3!ght%, for· exarnp!e about 5 to about 8 weight %, based on 

the total weigl1t of the compound. 

ln yet a fwther aspect of the invention the phosphate adsorbent of the invention contains at 

least about iO welght'X) of iron, for example at least about ·18 weight%, for example about 

30 weight% ot iron, e.g. iron(HI), bBsed on the total weight of the adsorbent ln another 

aspE!Ct of the inv~::ntion the iron content of tilt=: compound of Hm invention is about ·j 0 to about 

35 wei[.Jht q1o, for example about 15 to about 30 weight 'X), for example about 25 to about 30 

vveighl %, based on !.he total weight of thG compound. 

In yet anothe~- aspect of the invention there is provided a new iron(!il)--based phospi1ate 

adsorbent comprising starch and a glucose derivative such as sucrose, maltodextrin or 

rnixture lhereof (preferably sucrose}, which contains about 5 to about ·J 0 weigl'lt% of water, 

about 20 to about 30 W(:~ight% of lrot\ based on the total \!Velg!·tt of the adsorbent 

Preferably the phosphate adsorbent of tile invention comprises iron(i!l), more preferably y~ 

iron(!ll) oxide--hydroxide, optionally mixed to ferrihydrite. h a pmferred ernbodirnent, the 

polynuclear iron oxide hydroxide of the phosphate adsorbent consists of gamma-iron oxrde 

!:ydrox!c.le (preferabfy gamrr:a-imn(ill) oxide hydroxide} or mixture of gamma .. iron oxide 

i;ydroxldt? with ferrit1ydritt::. 

ln another (::mbodirnent of the invention, the compound d the invention is :><.--r·t."Y amorpl:ous. 

The phosphate adsorbent of the-; invention is obtained by reacting an aqueous solution of an 

iron salt. pmferably <:.:n iron(IH) sait, with an aqueous base wlleroin the precipitation of tht:; 

salt ls performed fn pr·esence of an lnsoiUL} !€ carbohydrate, prefembly starch. Tl1e resulting 

iron oxide l"1ydrox.lde. is stabllrz:ed by adding a soluiJie carbohydrate to the precipit<:1te befor·e 

the !ron hydroxide-} ages. 



It \.:Vas not expected that it Is possibfe to selectively obtain g;:)mrna-iron(lll) (y-iron (Ill)) oxide­

ilydroxide, as we!! as rnixtutes of )'-iron (!II) oxide--hydroxide vvith ferrH:ydrite. directly from an 

iron(lll) source (such as iron (I!!} chk.wide) without havinQ to use iron(!!) and a subsequent 

oxidation step. 

Tho present invention also includes a new process for the preparation of g<.1mma--iron{!i!) 

oxide--hydroxide, \Vhich pmcess comprises the steps of reacting an aqueous solution of an 

iron (II!) sa!t 1.-v!th an aqueous base, at pH con;pdsed t]etween 6 and 'i 0, optional!y in 

presence or starch. Starch may· be added after tl1e teadion of step a), i.e. after the after lhe 

complete rnixing of the iron sait with the base. 

If not present in step a), starch may be added in a further step (step l1), e.g. after 11:1? 

cornpiel(~ :-nixing of the iron salt vvith the base.. ln another embodiment, starch is added in 

step a) and more starch is added in step b) .. 

h both embodiments, the precipit<::tion of the salt by the base is done in presence of starch. 

Optionally the obtained precipitate is isolated and \1\'asi-H?d, as her~~inbelov"' defined. 

!n anoH1er embodiment uf the reaction, the aqueou~> b8so may consist of an aqueou~:; basic 

mixture of a base and starch. The reaction may be perforrned at ambient ternperature, or 

preferably at low teniperature. 

The iron sait may bE! iron(Ht) chloride, iron(lll ) nitr·ate or tron(lll) sulfate, prefe rably the iron 

sail is iron chloride. 

The iron(Ul) oxide-·hydrox.ide obtained by that process has gamma tX)nfiguration. Smail 

arnounts of fr~rrihydrite, e.o. i:r£:~ces thereof, may a!so be present 

:3urprisin~jiy, 1t hns been found thf.lt it is pc-ssible to obtain iron oxide--:·1ydroxid~~ containing 

phosphate adsorbent ln an e>:.:c.eltent quality, i.s. hornooenous and stable, b'y· having 
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carbohydrates, e.g. starch :::mdior sucrose. present durin9 the reaction of the iron vvith the 

base and/or by carefuliy contmliing the pH of that reaction. The presence of the 

carbohydrates prevent the ageing of tt1e iron oxide-hydroxide. i.e. the conversion of the 

initiaHy formed iron oxide-rJydroxlde to a iess potent p!·Josphate binder. Unexpectedly it has 

ber:'ln found that by carefully controlling the pH of reaction, a product with an unexpected 

high phosphate bindin9 capacity em: be S).'nt!:esized. 

The prepatation of iron oxide·· hydroxides b knovvn in tht~ prior art ancl is described in U. 

Schwertmann and M. R. Cornell "Iron oKides in the Laboratory", Wiley-VCH, Second , 

completed revised and e.xtended edition, ·: 99·1. This document teaches that it is possible to 

prepare !J-iron (l!l) hydroxide. i.e. lo obtain iron(!!!) hydroxide INiHJ the P.-conf'iguration (beta­

configuration) from iron(!!!). and to prepare gamma~!mn (II) oxide-hydroxide, Le. to obtain 

iron oxide-hydroxide h<wing ~Jarnma-configur<::ltion (Le. y-configuration) frorn iron (!!). 

lt is known that even minor changes in the reaction conditions used to prepare the iron 

oxide··hydroxlde, such as pH, ratio of t!1e ba~>e to the iron, iron concentration, etc, rnay 

prE~vent the desired product from beinQ ot)tabE"1cl (st':!e ~iage, 65 of U. Sch\.vertmann and !\J R. 

Cornell). In particular simply scaiing the quantities up or down to produce different amounts, 

in particular higher amounts, of iron oxide--hydroxide may result in the production of a 

product havinQ a different structure. 

In order to obtain an iron-base compound which can be used as a pharmaceutical, it is 

necessary to have a manufacture proc('?ss ieading to :,:; product afvv;,:~ys showing a high 

phosphate bind ing capacity. e.g . always having the sarne structure. This nee·d must 

particularly be fulfilled in case of iarge scaling up. Surprisingly, it has been found that it is 

possible to prepare ia:ge arnounts of an homogeneous iron(!ll) based phosphate adsorbent 

e.g. several gran1s thereof, by usin9 adequate reaction conditions. Le. , lly using a stabilizer 

dutlng ti:e tht~rrn:ai strt:;~;~>, sud: as ~'>ucrose, and/or by isolating the proeiuct by a mild rnethod 

such as spray d:ying or ffuh:Hzed spray drying. 

The present invention a!so includes :J process for the preparation or a iron(l!!)-based 

phosphate adsorb(:mt comprising iron(lil) oxide-hyd:oxilie, inso!uble carbohydr:,:;te (e.g. 

stz.rch) and a soluble c8rbol:y;Jrate (e.g . g!ucose derivat.hm), vvhich process cornprises the 

steps of 



i) reacting. e.g .. sirnu!t8mmusiy rnixing, an aqueous ~;oiution of iron!HI) sa!t wiUl an 

aqu(-;ous base, at pH between\:) and 10. e.g. betvveen 6 and 8, between 6.5 and 

7.5, preferably ar·mmd 7, 

either perfonning step i) In presence of an insoluble cnrbohydrate, e.g. starch, 

and optionally adding more insoluble carbohydrate after the cornplete 

mixing: 

or adding the inso!uble carbohydrate after the reaction of step i), e.g. after the 

complete mixin9, wherein in both Gases the insoluble carbohydrat(~ is added before 

completion of the salt precipitation; 

ii) isofating the precipitate formed. and optionally Wi--1Shing, e.g. \IVith water; 

!ii) suspending the precipitate, e.g. in watet·; and 

iv) adding a solub!E1 carbo!lVdrah~ ; and optionally 

v} adding at least one exdpk;nt selected frorn a preservative and a binder. 

!n step l) U1~:; aqueous solution of iron(! II) salt with the aqueous base leads first to nucleation 

and then to precipitation of tllt~ iron oxide hydroxide. The nucleation rnay be perforn1ed in 

presence of tile insoluble carbohydrate, e.g. starch. or the carbohydrate may be added after 

the nucieation, and before the precipitation. According to the invention, the precipitation of 

u-~e saiL is performed in presence of the insoiuble carbohydrate. preferably stard1. The 

insoiub!e cr.'irbohydrale rnay be addeci before the precipitation occurs, or during the 

precipitation. Preferably tht.~ 1nst;!uble carbohydrate is aci::.ied before the precipitation is 

compiete. 

Prei'erab!y, the aqueous solution of iron(! II) sait is mixed w the aqueous bast'.: in pn~sl:mce of 

the insoluble carbo~1ydrate, e.g. starch. Optionally additional insoluble carbohydrate is then 

added. ln another en1bodiment of the invention, the insoluble carbo!1ydrate is addt:;d only 

after having rnixed the aqueous base ~Nin> the iron salt for example after the pwcipitation of 

the !ron salt has started . 

!i is bel!eved thai ti:e insoluble carbohydrate may stabiHzs the precipitate. Unexpectedly , it 

l1as been found that perforrnin~l tl:e precipitation in presence of an insoluble carbohydratf:~ 

increases the phosphate binding capacity of the 1ron(t!!)·based compound thus obtained, 
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prefemb!y starch. The resulting iron oxide hydroxide may be stabUized by ac.iding a soluble 

carbohyd:·ate to the preclp!tatt::; befon:;. the iron hydrox.ide ages. 

T!1e iron(H!) salt rnay be iron(fi!) chicride, iron{!!!) nitrate or iron(lii) su!fate, preferably the 

iron sait is lron(IH) chiorkJe, G.q. solid iron(lii}chloride hexahydrate. The aqueous solution of 

iron(!!!) saft nl<::y be in particukJr a solution of lron(ll!) satt, as herein above defined, in water. 

The solution of iron salt may compr!se from about 3 to about 36 wt!wts-'o, e.g. 20 to about 30 

wt\Nt0/o of iron salt, preferably about 25 wt/wt~~) of lron sa!t ba:o:ed on the iota! weight. of the 

iron salt. Preferably, a soiution of iron( !II) chloride at about 20 to 30 wti'wt0k, preferably about 

25 wVvvt%, basf:K~ on the total weight of the iron salt, is usee!. 

Aecord1ng to u·1e Invention , His also possible to use other aqueous iron solution, such as iron 

alum (e.g. f<Fe(S04_);, or NH4Fe(SO,l) 2} or sulfuric--add-containing solutions o:- !ron(!! I), e.~J­

of !ron (!H) sulfate. 

The base to be used rnay be hydroxide or carbonates of a!l<aii or alkaline e<Jrth metals. Alkali 

CBrbonates, alkali bicarbonatt=;s <~nd aikall metal hydroxk.ies (e.g. of sodium) are preferred. In 

pcuiicular, the base may be selo.==cted from LiOH , KOH, NaOH, Ca(OHh, Mg(OHh. Lb,C03, 

K;?CO::, CaC03, MgC03 . preferably i'Je2CO<;.The base so!ution rnay comprise about 20 to 

about 30, e.g. about 22 to about 27, e.g. about 25.5 vol% of base, based on the tot;:'JI volurne 

of the solution. 

The aqueous base may consist of an aqueous solution containing a baSE\ as hereinabovt'J 

defined , and an insoluhie carbohydmte, e.g. starch. 

The a:nount of base is chosen in order to obtain the desired pH, e.g. to adjust the pH of the 

so!ution resu!tino frorn the rnixture with the aqueous solution of' iron{!ll} salt to a pH betvveen 

about 6 and 10, profembly about 6 and 8, more preferably about 6.5 and '1.5, even more 

preferably around 7. 

Starch may he selected from com. w~:eat rice. rnaize or potato starch, and mixture thereof. 

Starch may also contain part of solub!e starch (e.p ma!f.odextrin). Fm example , starc1·1 n:ay 

l;e a mixture of 80 wi% tX mon:: of potato stmch and 20vvt "lo or less of soluble starch, e.g . 

80 ¥Vt'}(, or more of potato starch and 20wt.% or less of mBitodextrin. ln another ernbodlrnent 
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of the invention, the starch is replaced by a dietary fiber, e.g. Be.nefiber''') (produced by 

Novartts AG). Preferably· st::.rch is potato stare!:. 

PreJambly e.g. 1 g of insoluble carbohydrate, e.g. starch, is addt-:d per about O.D to about 30 

g of iron salt, e.g. p.er about i .0 to al;out 20 g c1f iron ~~a lt, e.g. per about 1.5 to about i 0 g of 

iron salt, e.g. per about 2.0 to about 15 g of iron salt. 

In a preferred embodiment of tile invention, in step 1) the pH of the solution is maintained 

constant at a pH br~tween 6 and 8, preferably around 7, during all the. mixing. By 

simultaneously addition of the iron salt and the base~, the pH can be adjusted to tl:e desired 

value. 

,L\c.c.ording to the invention, the reaction , in particular step i). is preferably made at a 

tqmper.;:ltdn~ between about ~ and 20, preferably 2 to 1C, pr~ferabiy about 5"C. !n <::inG<t!}er 

EHTJboclirnent step i) is performed at ambient temperature. · · · 

Subsequently to step i!) the suspension may stagnate for a short time, e.g. more than 1 

hou1·, preferably during 1 to 5 hours, more preferably over night. Owing that time. the 

suspension can be stirrecL 

Acco:-ding to the invention, the soluble cart1ohydrate may be a glucose derivative. Giucose 

derivatives rnay· be sek)ded frorn a.g<-)rose, dextran, dextrin, dextran derivatives, c.eliulose. 

celiubse derivatives, sucrose, ma!tos~~, lactose, rnannilo! and n-1ixture thereof. Preferred 

giuco.s.e derivatives are sucro~>e, ma!todextrin anci rnixture th:.~reof. Most preferred glucose 

denv:::>tive is sucrose. 

1-\ccordinQ to the invention, the amount of soluble carbohydrate, e.g. glucose clerivative, 

added in step iv) rnay be of about 5 to about 15'}0vvt, pr-efer·atJiy about 5 to about 10, based 

on the weight of the phospi·1ate adsorbent. Preferably about 5 to about ·15 \fl./eight';{) sucrnse 

or about 5 to about ·1 0 vveight0
;(, sucrose is useci. 
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According to H:e inwmtion, U:e precipitate obtained in step i) iT!dY be washed, al !e;:'lsl one 

tin:e. 

According to the invention, in step ii) the obtained precipitate is isolated, e.g. by dec8ntation, 

filt.raton, centrifuoat.ion, preferably by decantation, and then washed. The was!1ing rs 
performed with water o: an aqueous solution of NaHCO~, preferably with wateL 

Combinations of water washings <e.:nd N8HG03-\rvashinos may be used. The precipitate k~ 

washed once or several times, pref,~rabl)' sev~~ral times. Was!1ing can be done until the leve! 

cf impurities is dmvn to a predefined level, e.g. from a few houts up to a few days. Preferably 

2 to 5 washings ar·e done, more prei'erabiy 3 to 5. After eacll V11'ashing operation the water or 

washing solution is removed by c.iecantation, t11tration, centrifugation, preferably by 

dt:; ,~mtatlon. Preferably, the ptoduct is not cornpleteiy cided . 

The product is th0n resuspended in water. f.\ minimum amount of water lS needed so that the· 

suspension can be processable. For example the ratio amount of water/final phosphate 

adsorbent rnay be from ;:Jbout 0.8 to about 2, preferably 1.1. to 1.5, more prei'embly about 1. 

Thf.~ resulting aqueous suspension of phosphate adsorbent has approximately a neutral pH 

value in the ranoe of about 6 .5 to 7.5. 

The suspension rnay also be done in presence ot a soluble carbohydrate as herein above 

defined , e.g. f~ucrose. EJ.g. the suspension is performed witr1 an aqueous solution of soluble 

carbohydrate. Or the soluble earbohydmle.ls added in a further step, after the precipitate is 

resuspended. 

fn step lv), preferred soluble carbohyd:~te is sucm~;E:. 

in step iv).. thi.'i p:·eserv8tive may be a soluble p:·eser·vatlve, sudi as e.q . chlorhexidien or p~ 

t1Ydtcxy-benz.oic. acid ester, or <'m akohoi, such as e.g. ethanol, rnethano! , 2-propanol or­

combination thereof. Pr·eferably, the pn::~>c·;rvative.: b an alcohoL Pr·eferred alcd~ol is ethanoL 

!n one embodi!Tlent of t!le invention, the phosphate adsorlxmt resulting from step v) is not 

dr·ied, e.g . not completely dried. 



- "15-

Optionally a further slep (i.e. step vi) can be <-1ddec! \Nhich consists of isok·::tlng the phosphate 

adsorbent. Such an isolation rna'/ l:Je m8de by fiitration, decantation, spray· dry·ing or fluidized 

spray dryinf}. Pn':.'lferab!y spray dr/in9 or fluidl.ze.ci spray drying, e.g. fluidized bed spmy drying 

is pen<ormed. Unexpectedly, it 'vas found t!lat such a technique leads to produce a we!! 

p:anuiated, free flowing and dust tree powder which is suitable for direct sachet filling, 

witllout the use of exdpients. That pm.vder can easiiy be manipulated. e.g. during processing 

or packaging. 

According to the invention, there is provided a process for nlanufacturlnf..! an iron(!!!)--based 

adsorbent having hi~~Jh phosphate binding capacity in form of a dry po\rvder, as hereinabove 

described, wherein the process further- cornpr.ises a step of isolating tr1e product by spray 

Lirying or fluidized spray drying. 

Surprisingly, it has been found that f!uici!z~;d bE'Kl spray drying is suitable to directly and 

conUnuousl~>' produce a well granulated, tree f1ow1ng and dust free powder which is suitable 

for direct sachet fll!ir.g or can be easily 9ranu!ated to yield a wanulate. 

tn anotht'.)r prt:;ferred ernbod!n:ent of the invention, the surrace area of the iron(il!)-·based 

phosphate adsorbent is Increased, e.g. by adding a porous excipient, e.g. sH!con dioxides, 

for exampie Aemsil, during the manufacture of the phosphate adsorbent, e.g . during step vi) 

as herein above described. 

Furthermore a forrnulation step may be pt=;rformerJ. For exarnph?. a step of mixing, 

granulating, encapsulating andior tableting the phosphate adsorbent may be done, witt1 

adequate excipients if necessary. 

In cne ernbodirnent d the hvention, the process further comprises the siep vii) of 

granulating the powder, opticnaily in presence of at least one excipient selected from a 

i)if"1d(~r flrKJ <J lubricant to yidd an iron(lll)~basecl phosphate <1dsorbent as a granulate 

In another emboditT:('}nt of thE"-: invention, the process further cornprises the step vi!i) of 

tab!etting th0 product. l.e. tabicttino eitht'3r tile po•Nder obtained !n step vi) or the qr::-mu!~1te 

obtained in stnp vii). The tabletting step is optionarly perfo:r-ned in presence of an excipient 

selected from s fHier, a binder, a d!slntegrant, B fkJ\N ag~=mt. a lubricant, and mixiun'3 th(~:-eof. 

Formulation 



!t is knmvn that iron oxides an::; difficult to b~:; manufactured bt'?cause of their dustiness. Such 

a ciustiness may also be:: probie:natic for formulating iron oxides containing c.ompounrJs in 

forrn of pharmaceutical compositions and/or for packaging such compounds. In pc:Hiicular, if 

iron oxides are to be taken as powder, flne dust can be whirled by air or can even be 

inhalated, wl1fch may lead to losing part of the irc-;n oxides, or taking an incorrect dosage 

thereof. Therefore it is important to prepare a pharmaceutical cornposition containing an 

iron(!!l}-based phosphate adsorbent which can be safety administered to the patients, in 

particular whose dosage can be controlled \M1en taken by the patients. 

In order to obtain an iron oxides containing phospf1ate adsorbent efflckmtty suitab!e as 

pharrnaceutica! vvhich can be orally administered, it is necessary tc obtai!l a o:Jmpound 

whtch can be forrnulated into oral pharmaceuticai compositions. Typical oral forn:uiE;tion 

contain exdpients present to f;:owititate (O;utorn.atic compaction or sact1et filling. However 

addition of such excipients n'lay affect the phosphate binding capacity cf the adsorbent. 

Therefore in a preferred embodirm::nt of the invention, the phosphate adsorbent is in fcrm of 

a powder. Surprisingly it has no·.v been found that by using dedic;~ted processing conditions 

during the manufacture process. addition of such exdpients may be avoided. 

Due to tile daily amount or phosphate eaten every day through food intak1::. and the relative 

low binding phosphate capacity of \he phosph~~te adsorbents, patients vvho need to take 

such compounds, e.g. suffering from hyperphosphaleamia, neE-d to take f1igh amount of 

thenl every day. Therefore ti:t:.Jre is a need to provide a phosphate adsorbent;; in a 

formulation whicil could impmve patience compliance, for example in case of elderly ot 

pediatric patients. A torrnulalion in i'orm of a powder could improve p<:Jtience compliance !n 

comparison to the phosphate adsorbents commerdaily available, since the powder could be 

diiuted in water Bnd then perrnit to take riighe:· doses of phosphate adsorbent \<\lith a tow 

amount of !iqufd. 

Surprir.;ing!y the inventors of the present invention wer-e abie to pwpare an iron oxides 

containing pho.sphate adsorbent in form of a non-dusty ~md free-flowing powder- vvithout tile 

use of excipients while maintaininQ the high phosph<-1te binding capacity of the cornpound. 

Tnat powder can easily be manipulated, e.g. during processing or packaging. For example 

that povvder v:'ln be e::lsily filled. e.g. rnechanicaiiy filled, into sachets or stick packs. 
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The present irwenUon prolfides a phosphate adsorbent \Ntlid: is free~nowing, airnost dust-

free and then can be fifled into s;o.lchets or stick pack~~, e,g. autornatJcaily filled. 

,t\ccording to tr1e present invention, pharrnaceutlcai composition of the invention refers to 

pharr·naceutieal composition cont:::iining iron (lll)-based phosphate adsortmnt, e.g. the 

containing the phosphate adsorbent of the invention. 

Pharmaceutical cornpositions accordtn~j to the invention rnay be formulated in any 

conventlonai form, preferably orai dosage fonTl.S, e.g. powders, granules, ~:yanu!ates, 

capsules, sachets, stick packs, bottJes (optionally together with adequate dosing systems, 

e-g., calib:·ated spoons'}, tablets, dispersible tablets, film coated tablets, or uniquely coated 

tab!ets 

Pharmaceutical compositions according to the invention may also be formulated as sE-;rni-

solid fornru!ations, e.9 aqueous and ncn aqueous gel, svvaHowable gel, chewy bar, fast-­

dispersing dos0ge, 'cn:;am b;:lH chewabk:< d('!S8p: forti\ ct·H:::wable dosage forms. or edible 

sachet as defined·h·::.reinbeiow. 

Preferred rorrnulations are powde:-, granulate, tablet, for example dispersible tablet. 

In a pwferred embodiment of the invention, the pharmaceutical cornposit!on is prepared in 

the forrn of a powder or a wanuk:;ted product (U;. granu!ated powder or ganulates), which is 

optionally filled into povvder containers such as bottle, capsu!e, sac!·'B?t or stic!<: pack, 

Optionally such a sachet or stick pack is supplied vvith a child resistant easy opening feature . 

. A. lubr:cani, as defnsd hc~reinbelow, rnay be added, for example in case the phosphate 

arJsorbent d the invention, e.g. as prepared according to the manufacture pro~:ess defined 

hereinabove, is f!Hmi into a capsule. 

The granuiated product may be prcpmed by cir>' wanulation, e.g. roller compaction, or wet 

granulation, for example in a fluid becl or hinh shear mixer. The wanulaticn may be dorl\:l in 

presence of a binder, e.g. f\.K:C, in order to in:pn:JV•? the n1echanic.al stability of the granulate. 

The granulates rnay be filled then into e.g. bottles. capsules, sachets or stlck packs. In one 

ernbodirrmnt of tik! invention such filling c.::!n be performed by automatica!ly workinf,J systerns. 



The sachet or slick packs may· contain betwe(~n about 0.5 to ·wg, e.q. frorn about 0,5 to 5 g 

of granulated product. 

The pharrnao::utie<.-~1 composition of the lnvention may contain a binder, e.g. dry binde:·, such 

as sucrose or rniGrocrystalline cellulose (MCC). 

!n annthor t';tr!bodirnent of the invention, the pharmaceutical composition of the invention 

rnay contain a lubricant, e.g. tv1g-stearate or hydrophilic lubricant, such as PEG 6000 or PEG 

4000. The invE.mtion provides a capsuifJ containing the iron(l!!)-based p!·1osphate adsorbent, 

e.g. as a powder or a granulate, and preferably further comprising a lubricant 

According to one ernbodirnent of tr1e invention, the pharrnaceutlcai composition is in forrn of 

a tablet For better applicability or ease of differentiation, a subsequent film coatinQ of the 

tablet n-my be petiorrned. 

The tab iet may be produced by tabk:;tting, e.g. din2.d compressing, the phosph::Jte adsorbent 

as a pure powder, i.e. without containing excipient. 

In another embodiment of the invention, the tablet is prepared by C()fllpression of the pure 

povv<.ier·, i.e. a pO\'vder of the phosphate adsorbent without excipient, together with suitabk~ 

exclplents, such as excip!ents selected :<rom filler, binder, disintegrant, flow agent lubricant, 

and mixtur('~ thereof. 

In yet another ernbodlrnent ot the invention, the tablet is obtained by compression of the 

granulate() powders (i.e. the "inner phasti') togeth('JI' v,:lth further exdpients (the "outer 

ph::~se''). The ;nner phase of the pharmaceutical composition according to the invention rnay 

comprise the phosphate adsorbent, and at !east one excipient seiected from a fiBer, a l'Jinder, 

a disinte9mnl, <-md rnixture tr:ereof. The outer phase of the pharmaceutical composition 

according to the invention rnay cornpr!se at teast one excipient selected from a flow agent, a 

lubricant, a filler, <=J disintr-~grant and mixture thereof. Prel'erab!y the outer phase ccrnpr·ises 

a fow 29ent, a lubric.:mt, and optionally a filler Bnd/or disintegrant. 

·n1e phmm.3ceutica! compositions accordlno to the prosent inw;ntion rnay cornprise a tiiler to 

providE.~ processabinty. 
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Suitable filler materials ar.·e wel!-kno;,.vn to the att (see, e.g., Relnington's Pharrn<.'lCeutic:.a! 

Sciences, 18th Ed, ('1990), fv1ach: Pubii~;hlng Co., Easton, PA, pp. 16(55-'1636), ancJ include 

microcrysbUine ceilulose, lactose and oH:er carbohydrates, starch, preqelatinized starch, 

e.g., starch ·i500R (Co!o:con Corp.), com starcl1, d!ca!cium phosphatr~. potassrum 

bicarbonate, sodium bicarbonate, ceHulose, ca!ciurn phosphate dibasic anhydrous, sugat·s, 

sodium ch!oride, and mixtures thereof, of which lactose, micro-crystalline ce!!uiose, 

pregelatinized starch, and mixtures thereof, are preferred. 0\AJing to its superior 

disintegration and compression properties, rnicrocrystaliine cellulcse (Avice! wades, Frv1C 

Corp.), and mixtun:;s cornprislng rnicrocrystadine cei lulose and one or more additional fillers, 

e.g., com stc.1rch or pregelatinized starch. an:; particularly useful. Preferably the filler is 

rnicrocrysta!Hne cellulose. 

The filler rnay be present in an arnount of about 10 to 40 wt. n;.,, based on the total weight of 

the phmmaceuUcal cornpositior\ preferably 20 to 40 wt'Yo, more preferably about :30 '<lvt%. 

Tht~ pha:Tnaceutical composition of the invention may contain also the following classes of 

excipients: 

a) ~vell .. known tableting binders (e.g.,hydroxypropyirnethy!ceHuiose,~:;tarch, starch pregela­

tnized (starch 1500) ,9e!atin, sugars, natural and synthetic gums, such as Cr'1rboxymethyi­

ce!lulose, methylceliulose, polyv!nylpyrrolidone,IO\N substituted hydroxypropy!cel!uiose, 

ethylce!lulose, polyvinylacetate, poly<.1cry!ates, gelatin, natural and synthetic gums), micro­

Ct)'Staliine Ct=:llluios1~, and mixtures of the foregoing. In L-'1 preferred embodiment the binder 

consists of iow sub;:-~tituted hydrox·ypropylc:eJiulose HPC (e .. g. HP Cf.~liuiose-LH2?) or 

hydroxypropylmethy!ce!!uiose HPMC, e.g. 3 or 6 cps. 

Tt1e tai)leting binder may be compriseci between about 1 and about 10 vJt. %, and preferably 

about 'l and <:itJout 5 wt "lo, b<.1sed on the total weight of the pharmaceutical con:position. In a 

pr·eferred ernb(xiiment tJ1e binder is used at about 3 wt %, based on the totai WE1ight of the 

pharrnaceuticai cc;;-nposilion. 

b) cJlsintegrants, t'J{l. c:arbcxyrnethyicellu!ose, cross-linked sodium cart)oxyrne!JJ)d- ce!lulos(:> 

(croscarme!ose sodiw-r-:), crospov!done. sodiurn starch glycolate. Preft3rmd dis1ntegrants are 

crospovidone and croscarmelose sodium. 
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The cllsintegrant may be comprised between about 3 <::nd about ~ 5 \Nt %, preferBb!y about 5 

and about1 0 wt%. based on the total weight of the pharmaceutical con:position. For 

example, the disintegrant is crospovidone, croscarrnG!ose sodium or rnixture then::of,and is 

contained at about 10 '.Vt %, based on the total weigt1t of the p!1a1Tnaceutical cmnpos!Uon. 

c) lubricants, e.g. rnagnesiurn stearate, steadc acid, calcium stearate, g!yceryl bfilhenate, 

hydrogenated vegetable oii, camauba wax and the !ike, polyethylene oxides such as PEG 

6000 or PEG 4000. !n 8 preferred ernbodiment lubricant ;s rnagnesiurn stearate. 

Tll1'3 lubricant, e.g. rnagnesium ste8rate, rnay be present frorn about 0.5 to about 5 wt %, e,g. 

fron:. about 3 to about 5 wt ~\;, preferably about 2 to about 3'";';, based on tht~ total weight of 

the pharmaceutical composition_ 

d) now a{Jents, e.g. siticon dioxkie or talc, preferrably smcon dioxide colloidal (e.9. Aerosii}. 

The fiow ag.ent, e.g. si licon dioxide colioidaL rnay be present from :3bout clt about 0.1-2 vv1 %, 

~:.:.g .. O.~j w %, basnd on th~.:.: total w-eight of the pharmaceutical cornpositlon. 

e) anti-adherents or gl!dants, e.g., ta!c; 

f) sweeteners; 

g) opacifying or coloring mediurns, e.g. titanium dioxide, iron oxide or aluminum !akes; 

h) flavoring mer:liurns; 

i) antioxidants. 

/\ccording to the mvention, there is provided a tablet containinq the imn{l!!)-tx3sed phosphate 

adsorbent. HYI a lubrk;,":!nt, and optionai!y at least one i'urther excipient selected frorn a Hiler, 

<=• bind(-.:r, a di;:;integrant, and a flow 8gt':!nt., as her\~~nz::bove descdL1ed. The tablet may further· 

cornprise at least one excipient se!f~cted from an anti-adl·:erent, a oHdant, a sweetener, an 

opacifying or coloring medium, and t-1 fl<-woring rr!edium, as hereinabove described. 
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The tablet may bf; coated, e.g. :nay cornprise a film coating. Examples of suitable flin: 

formers in filn1 coatinp compositions to be applied to pharmaceuticto;l cornpositions of the 

!nvt:lntion comprisf) \'?.g. polyethylene glycol, polyvinylpyrrotidone, poiyviny} ak.:o1·1oi, 

l1ydrophi!ic poiyrners such as cationic polymers containing dimethy!arnino-ethy! rnelhacrylate 

as functional groupt~ (t::L~l E.udragit E and EPO), t·;ydroxypropylceliu!ose, 

hydroxy·methyiceliuloSE.\ and i:ydroxypmpylrnr~thy!cellu!ose or the !ike, of wr\icr1 

hydroxypropy!rnetllylcelluiose is preferred. 

The film coating composition ingredients include pfasticrzers, e.g. polyethylene glycols (e.g. 

polyethylene glycol 6000), triethylcitrate, diethyl phthalate, propylene glycol, glycerin in 

conventional amounts , as we!! as the above- mentioned opacifiers such as titanium dioxide, 

and colorants, e,g. iron oxide, alurninun: !i::thes, etc Prefer;::)bly dry rn1xtures as Sepifiirn or 

Opadry rnixtures, latter prepared by Colorcon Corp. are used. These products may bE'J 

individually prepared dry pre--mixtures of film forming polymers, opadfiem, colorants and 

plasticizers which are further processed to aqueous filrn coating suspensions. 

The fiim coating may be generally applied to achieve a weight increase ot the tablet of about 

1 to ·w wt%,, and preferably about 2 to 6 INt.%, based on the total weigl·1t of the 

pharmaceutical composition. 

The fHro coating can be applied lJy conventional techniques in a suitable coating pan or 

fluidized bed apparatus using water and/or conventional organic solvents (e.g., methyl 

alcohol, en111 a!cohol, isopropyl alcohol) , ketones {acetone), etc. 

ln another embodiment of the invention, tht'J iron{l! !)-ba~:;er.i phosphDh.'; cldsorbent Is 

formulated as an unique ~y coated tablet. 

The tablet accorc!!ng to the invention mey be rna de t1y rJirect compression of tl:e iron(!!!)-· 

based phosphate (the drug substance) and by acJdition of high concentrations of ~J1g--stear2te 

(e.g. about 3 to about 5%). 

The tablet rnay 1'urther comprise binders as e.g. HPMC 3cPs. HP-Ce.l!ulose LH-22. 



Electrostatic dry powder deposition process may lncraase the structural intE,grit~/ of the tablet 

without adding rnajor amounts of rnateriai and also provides the opportunity for an unique 

appearance of the dosage fcrrn. 

The tablet may be coated by a electrostatic dr:)f powder deposition process, e.g. as fo!!ovvs: 

The coating mixture is pn~p:areci by melt--extrusion of a mixture of poiyrner (preferably 

Fudragits, e.9. type E, RS. L , RL and additionally PVP/V/\, HPMPC, HPMCAS). coloring 

agent (e .g. titan dioxide) and other additives (e.g . PEG3000). A further step of micronization 

of the produr..ed mett~extrudate is optionaliy perforrned, e.g. wHh about 7 to ·10 micron. 

Th; coating process may consist of i) fixing the core (e.g. by vacuum) em a \t,:!hee! , charged, 

transported th•·ough the coating chamber and attac!ling the opposite ch2.1rg(~:d coating powdt=Jr 

to the core surface. ii) transporting the povvder layered core on tile whe•?l to an lR tamp vvere 

the coat rnelts, iii) transferring the core to the adjacent second vvheel and repeatin9 the 

process for the bottom part of the tablet core. Typical wat weights are 3--4;.)/c., of the core 

weight and are about 20-50pm thick. 

Heat fixation st"?p: The fusion cycle vai"ies frorn product lo product but typ!c.::.-~l!y is around eos 

per side. This includes heating up the tablets from room temperat.un:~, so the tt~mper2.1ture a1' 

the swiace of the tablet peaks at spproxirr~ately i ocrc and in the tabk~t core approx1mate!y 

?O"C for about 20s. 

AccorcHng to thl'l invention, the iron(l! 1}-based phosphate adsorbent according to the 

invention may also be fom1l.!latt-;d as serni solid formulations. Such compositions a1-e 

comfortabie to swanow, in particular fo1· eldHiy and children, and may be considered as a 

daiiy supplement rathe:· than a medicine. Purthe:Tt;ore such serni-sol id dosage forrns ha\!e 

the advantage th.::1t f:h(~y may be fliled into multiple or sin~;le dose containers. 

!n one rrnl-:;odlment of the invention, lhe co:nposltion of the invention is in form of an 

aqueous gel formulation. Such an aqueous gel r-nay c.ont2.1in <:] viscosity enhancer \fJhich 

preferably has wettin~l proporties. or a thickener. The viscosity may be selected from 

po!yoxyethylene sorbitan fatty add esters, polyethylem:; glycol~>. and gh,icer-ol. The lhi(~ker1t-;r 

may be selected from starch (e.g. corn starch, potato starch), t!:e starch being prefembly 

heated up, cellulose derivative (e.g. hydmxypropyimethyl cellulose) , algin.ste s<:t!t (e,g. 

sodium alginate), car·bornt->r, colloidal slficon dioxide, and other paste f'orrner (such as e.g. 

PVP, poiy8ctylic acid , arabic gum, xanthan gum and rnixture thereof). 



!n addition, prese;v·atives rnay be added, such as e.~l P··hydt-cxybenzoic acid methyl ester 

and salt t11ereof, p--hyd:oxyl benzoic add propylester and salt thereof, sorbic acid and salt 

thereof. benzoic add and salt thereot' or ch!orhexidine. Flavours and svveeteners may also 

be added. The aqueous gel rnay contain a buffering system, e.g. citrate or acetate buffe;-, to 

ensure U<e antimicrobial efficacy of the preservative systerrL 

The aqueous gel n1ay further contain <.--1t least one agent selected fron• a sweetener, such as 

e.g. saccharin sodium, aspartame, sucralo.se and a f!avour, such f~.g. as strawberry or 

passion. 

The aqueous gel rnay be prepared by solubi!izing ail excipients, with the exception of the 

thickener in water purified, dispersing the phospl1ate adsorbant until vigorous mixing and 

then tiy adding the thicl<ener. 

Ppssible St::Jmi solid formulations include, but are not !imited to, ~.;wallo\.vabie geL e.g. 

aqueous or .non aqyeous g~21 (the phosphate adsoti:H:mt being optionally encapsulateci or 

granulated); che'.VY bar, e.9. a cereal bar; f.Bst-dispersing dosage, such as orally dispersing 

wafer; cream bal! chewable dosage form; chewabie dosage forrns, such as candy, soft 

capsule, or nu9get; or edibie sachet. !n such semi solid formulations, the !ron(!i!)-based 

phosphate adsorbent rnay contain dietary fiber as insolubie carbohydrate, e.g. the starcr1 

may be repiaced by dietary fibr.~rs. 

Semi solid formulations have the advantane that they may be perceived as a daily 

supplement rather than a rnedidnt-:;, which rm'Jans that a rather large dosaoe fmrn may be 

acceptable for the patients. Preferably, these formulations are given to ·~lderly and pediatric 

patients. 

S\."Jallcwable gel has the adV<.;Jnt.age of be co:nfortable to swa!lovv Dnd be possibly perceived 

as ~J daily supplement rather than i:'.l rnedicine, In addition there is a ',vide choice elf f!:::Jvor 

options. Non--aqueous geh an~ pn:.!i'ern~d. Enc:Jpsulation of the iron hydroxide and/or <1 

granulation step is preferably· included. in order to overcomt=:: problems with mouti: fe~~h:g, 

e.g. grlttyness. 

According to the invention, the chewy bar may contain ingredients selected from the groups 

consisting of rnalt: extract, skimmed rniik povvder, 1'at reduced cacao, glucose syrup, eg9, 
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hardened pairn oH (~3-~J - about 30 Wf..~inht. ·J.-i>, based on tJ:e total weight of the bar-). ye.::jsi , 

sodium chloride {e.g. abcut 0.1 weight ry,:,, based on the total weight of the bar), vitamin (e.g. 

vit<::rnin E), tavot- (e.g. van!lia flavor). one ca· more stabilizers (e.g. E339, F435, E472b, E4'75, 

soy bean iedthin). thickener (e.g. carob flour, E460). The bar may be covefed by a mlik 

chocolate layer, e.g. containing sugar, cacao, cacao butter, \.tVhGie milk, skimrned rniik 

powder, hazelnuts, butterfat, soy bean lecithin. The cover may 1/'leight 33'% of th('; tobl 

weight of the chewy bar. The manufacturing process n1.<')Y comprise blending of aH the 

ingr(-;dients ln a mixer at elevated temperature and filling the blend into a mold. The bars 

may be packaged after cooling to roorn temperature and removal from the meld. 

Chewing of a chewy bar, e.g. a cereal bar is a convenient and patient friendly administration 

and may be perceived as part of the daily routine, i.e. daily supplen:ent rather than a 

medicine. Sucr1 a dosage form has only minor Frnlt<-ltions with n~spect to tht=:~ si?.e. in addition 

there is a wide choice of 'flavor options. 

Orally dl-spersing wafers are versatile tast--dispensin9 doss9e form. OraHy cHspersing '<Nafers 

conta!;·~in(; t~1e · pt!osphate adsorbent of the invention, e g. iron(IH)--based phosphatt::· ars 

particularly suite.d for pediatric :::.:nd geriatric populations, since ti1ey are comfortabte to 

swai!O\N and rnay be perceived as a daily supplement rather than a medicine. 

According to the invention, a rapidly dispersing dosage form may release its active 

ingredient i.e. the ircn(ill)-based phosphate adsc.H-lJent within a period ol' less tl'wn about 

ninety seconds. These dosage fotn1s may exhibit a three-dimensional shape, \Nhich can be 

retained br adequate stora9e but may be r~')adi!y dispersed in the presenc.e of exceGs 

moisture. 

According to ti·Je inventior\ the rap~diy disper~~ing dosagE::;, e.q. the orally dispersing wafer, 

rnay be manufactured by a soHc.i, free-form fabrication tec11nique in \tVhich objects are bunt in 

8 laminated f::1shion trtrough sequentia l addiUor; c-f patterned U:in layers, e.g. three 

dimen:~ionai pr-inting (30P). 

According to the invention tt·\e semi-solid dosage may be a crearn bail cii!?\'Vable dosage 

form. In one ernbodirnent of the lnvention. the phosphate adsorbent is suspended in a cream 

or gel and then layered on a core. Various flavors may be used. Such B form may provide 

better cJ·Jowability and rnouth fe(ding than olr1er· ct1ev11'able dosage forrns. This rormuletion 

may be comfortable to swallow anci may be pWC(~ived as a d<:-1i!y supplernent rather than a 

rned!dne. 
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/s...ccordlng to the invention, chewable doSZifF':l forrns inciude for exan:pie c:-.ancly, sort capsuie, 

and nugget. /\ wide choice of navor !Tray be used. Fancy shapes and colors can be 

des1gned. The chevvable dosaqe :'orm may be packed in a tablet dispenser or !ndividualiy 

wrapped. 

According to the invention, the chevvable dosag('? form rnay contain ingredients ~~elected from 

the group consisting of: corn syrup, sugar, p<:Hiially hydrogenated soybean and cottonseed 

oil, nonft:<t rnlih: powder, soy lecithin, natural or a:tificia! flavor, citric acid, glycc:~/1 

rnonoslearate, Carrageenan, Red 40, Vitamin (e.g. Vitamin 03 or K ·1 ), tricalclum phosphate, 

alpha tocopheryl, salt, niacinamide, calc!iurn pantothenate, pyridoxine hydrochloride. 

riboflavin, and thiamine n:ononltrate. 

The ingredients may be dissolved in watec or in rn!l~: to fo:Tn a syrup, which rnay be boiled 

until it reaches the desired concentration or the sugar starts to caran:oiize. The liquid may 

then be f'!lled onto molds and cooled down to harden the dosaqe form. 

According to the, invention, the phosphate ,adsorbent, may be forrnuiated as an edible 

:)acht-~t. Eating,\2 sacJ:et is a convenient anrJ- p8tient friendly acirninlstration and nl<:ly be 

perct~lved as part of tile daily· routine, i.e. as e·daily suppiernent rather than a medicine. 

The filing of the edible sachet rnay be made e.g. consist of, of granules, which may be made 

of the material as hereinabove described for- the ci'lev-;y bars. For example, the Hling of ltH3 

edible sachet may be made by miliing of the bars after :-ernoval from the mold. The sachet 

rnatetial may be made of water soluble po!ysacchar!dt~; , e.g . stc:;rcll, rnashed w.:getabk: or 

lrurts, optionally wiih lipids. Tf1e sacr1et n•ay be n:anufactured by spraying tt1e fruit or 

vegetabie puree on a fast rotating teflonized dlsk where lt forms a t11in film which is dried in a 

next step. 

ln another emt:od!ment of the invt:ntion, the non solub!e cad;ohydratB contained in the 

iron(i!!)-bssed pr1osphate adsorbent is a dietmy tiber, E:.g .. Benefiber"'-·. Fer example, in step i) 

and/or step !l) of the rnanufacture proce~-;s as describecJ hereinabove, starch is replaced by 

dietary fiber, e .g. Benefber':cl_ Such a formulation u.Jrnbines tt-:e benefits of phosp!·1ate binding 

and of dietary fnJers in one product 
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Uses 

Tile iron(!!l}based phospr1at.e adsorb(::Jnt ::-iccording to the in\tt'mtion t=::xJllbit vf:duabie 

pharmacoiogica! properties, e.g. adsorbin£1 inorganic phosphate or phosphate bound to 

foO\istuffs frorn body fluids or foodstuffs, e.g. as indicated in in vitro and in vivo tests and are 

therefm-e indicated for t!:erapy. 

Thi3 iron(ll!)·b<:lsed phosphate adsorbents ecc\;rtJing to the invention are, thetefore, useful in 

the t:·eatment and/or prevention of hyperphosphataemia, hypercalcaemia, 

rtyperparathyroidisrn reduction, in ca_r-diovascuiar morbidity and rnortaiity, renal 

osteodystrDphy, celdpi1yiaxis ~md soft tissue c;:;!cifk::ations. !n particular the iron(U!)-based he 

phosphate adsorbents accmdlng to the invention are suitable for the treatrnent and/or 

prevention of t1yperphosphataemia. ln humans and warm--t:loodt-;d animals, in particular 

companion an!rnals suc:l1 as dogs and in particular cat 

The phosphate adsorbents of the invention, and phf.~Anaceutica! compositions containing 

them are rnore particularly useful in patients with hyperphosphataemra, e.g for dialysis-­

dependent patients, e.g. hemodialysis, or patients suffering from advanced chronic kidney 

diseases (CKD), chronic renal failure, chronic renalinsufflciency, end-stage renal ciisease. 

Th1:: pi·1osphate adsorbent accorcilng to the invention may be c1dministen:::d by any 

conventional mute, in patiicular enteral!y, e.g, oral!y, e.g. in the form of tablets or capsules. 

in some cases the phosphate adsorbent may be adtninistered through nasoQastric tubes, 

e.g. pediatric naso-gastric tubes. 

Pharmaceutical c:ornpositions comprising the compound oJ the invention in association with 

at least one pharrnaceutica! .:;;cceptable carrier or diluent may be manufactured in 

conventic.HE-'11 manner by rn:x.ing with a pharmaceutcai!y acceptable i:.<.-~rrier or diiuenl. 

Unit dosage forms for oral administration contain_ for example, from about 0.69 to about 7g, 

e.g. from about 0.5 to ar)Oul ::~ g, e.g. fmrn about 1.0 to about 3 p, prderably from about "i to 
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about 1.5, rnore preferably about to about 1.:5 g, even more preferably al)OUt '! to about 

1.25 g oi' phospi1at.<.:: adsorbent. 

The phosphate adsorbent according to u·:e invention n:ay also be used tor the absorption of 

phosphate bound to foodstuffs. They rnay be admixed witll foodstuffs. 

Utmty ot the iron(W)-based phosp!1ate adsorbent of the invention, in the treatment of 

hyperphosphatearnia, may be demonstrated In animal test methods as V\'8!1 as in clinic, for 

(-;xarnple in accordance vvith the methods hereinafter described. 

A- Phosphate Binding capacity may be determined in assay done according to publisheci 

methods, e.q. as described in vV007/088J43, the content thereof being lncorpor<:~tr-:ld by 

reference, or accordlnn to Exampk::: 3 herelnabow:. 

B- Clinical TriaL open label, time-lagged, multiple dose, switch stuc.iy in patients witr1 CKD 

(chronic kidney diseases) on i·lemodialysis. 

Patients remain on their current sevelamer treatment during a 2--wet'lk run-in pGriod, then 

enter a 1- to 2-we(:~k vvasl1 oui period prlor to being switcf1ed to the iron( Ill )··based phosphate 

ac!sorbent as described in Example 1 for 4 1/lieeks: 3. 75 giday, 7.5 9/day, ·11.25 qiday, 

15 9/day, 22.5 q/day. Each cohort entT)lls ·1 0 patients. Patients are stratified by pre-stuc.iy 

sevelamer dosEi: Strata 1 is lt::ss than 7.2 g/day of sevelamer in cohorts of ~1./5 g/day and 

7.5 ~1/d0y of the lron(W)·based pllosphate adsorbt::;nt. Strata 2 is gr(;at<.::;r or equal to 7.2 giday 

of sevelamer in other cohorts of the iron(! ll}·based phosphate adsorbent treatment. 

in accordencr-J with the foregoing the present invention provides: 

·1.1 J),n iron( !I! )-tla~;ed phosphate adsorbent characterized by a phosphate bincllng capacity­

of at least about ·120 mg adsort/ed phosphate by 1 g of phosphat£, adsorbent, 

pret'i.'.!t·ably of 8boui '!.40 rng adsorbed phospJ·1ate by '1 g of phosphate adsorbent. 
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i ,2 An ir-on(Hi)-b~;1sed f".10iynuc!oar !ron(! !I)-based prwsph.:::1te adsorbent corr:pris:ng i) an 

adsorbent base rn8tedal, p:-eferably a non soluble carbohydrate, ii) polynuclear iron(lll} 

oxide hydroxides, and iii) a soluble G.lrtJohydrate, e.g. giucose derivative, and iv) 

optionally a cart:·onatf,\ whe;·ein the solubio carhor1ydrate is partially incorporated into 

the polynuclear ir\::n (!!I) cx!de hydroxides. 

1,3 /\ polynuclear lron(lH)-based phosphate adsorbent comprising i) starch, il) polynuclear 

iron(lll) oxide hydroxides, and Ui) a gluc-os-e derivative selected frorn sucrose, 

rnaltodextrln and mixture thereof, e.g. sucrose, wherein the glucose derivatiw3 is 

partially incorporated into the polynuckmr iron (I! I) oxide hydroxidtO\S. Optionally the 

polynuclear iron oxide hydroxides are stabil!zed by said glucose derivative. 

1.4 A polynuclear iron(il!}based phosphate adsorbent comprising i) a non soluble 

carbo!:)idrate, e.g. starch, ii) polynuclear iron(!!!} oxide hydroxides, and iii) a giucose 

derivative selected frorn sucrosB. maltodextrin and mixture thereof, e g. sucrose, 

wherein the polynuclear iron oxide hydroxide contains polynuclear g.:;arnma-iron oxide 

hydroxide, and optionally ferrihydrite. Optionally the glucose derivative is partially 

incorporated ir.to the polynuclear iron (Ill) oxide hydroxides. 

'U~ An iron(li!)-based phosphate adsorbent cornp:is:ng an adsorbent base rnatorial, 

preferably a non so!uble carbohydrate (e g. starch), polynuclear iron (!!I) oxide 

hydrTJ>::ic!es, and glucose derivative selt:;cted from suct\X>t'\ cnaltodexifin or mixture 

thereof (e.g. sucmse), wherein the pol::,.--nuc!ear iron oxide hydroxides are stabi!iz(~Xl by 

said glucose derivatlve 

1.5 An iron(lli)-based phospllate adso1·bent containing po!ynuc!oar gamrna-imn o:x:.ide 

hydroxide and optionally ferrihydr1te, 

In accordance \Nith the foteQoing the presEmt invention twiher provides: 

2,1 .A process for th~~ preparation of an iron( !!!)-based phosphate adsorbent containing 

Jron(l!!) ox\de-hyrJroxide, insolubie carbohydrate (preferably starct1) and a glucose derivative, 

which process cornvi::ms the steps of 
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(i) reacting, e.g. simu!taneous!y mixing, 3n aqueous solution or iron(! II) salt with an 

aqueous base at pH cornprised between about 6 and 10, vVilere!n the reaction 

is optionally perforrned in the presence or said insoluble carbohydrate 

(preferably starch); 

(ii) either <..-~ddlng said insoluble carbohydrate (preferably starch) if it was not 

present In step i) 

or- optionally adding more of said insoiubitJ c:arbohydrat(~ (preferably starc~1); 

(iii) isolatin~J the precipitate forn:ed; and optiona!ly washing, e.g. with water; 

(!v) suspending the precipitate in an aqueous solution; and 

(v) adding a so!uble carbohydrate (preferably a glucosf.~ dedvative, sucl1 a~~ 

sucrose or ma!todextrin) to yield an iron(H!)-based phosphate adsorbent. 

.L2 /\ process for Um preparation of an iron(ll!}-based pr;osp!1<.'1te adsorbent corta!n!nq 

iron{nl) oxide-hydroxide, insoluble r.x~rbohydmte (preferably starch) and a glucose ck;tivatrve. · 

which·proc:.ess comprises thE-> steps of 

i) reacting, e.g. simultaneously mixing, an aqueous solution of iron(!!!) salt with 

an aqueous base at pH comprlsed l)et\.veen about 6 and ·1 0, vvherein the 

re;::Jction Js ~Jetiorrned ir: the presence of said insoluble carbohydrate 

(preferably starch): 

ii) optionaily adding more of said insoluble c;art.Johydrate (prefera!J!y starch) 

before the precipitation of t.he iron(! !I} is cornplete, e.g. has started; 

\Vhr~r.::~in steps Hi) to v) me performed as defined under 2.1 

2.3, A process for H1e preparation ot an !ron(lfl) .. based phosphate adsorl:;ent ccnta!ninp 

iron(Hl) oxide-hydroxide. insoiUt)!~ carbohydrate (preferably starch) and a gluu.lse 

derivative. whicl'1 p:·ocess comprises the steps of 

i) reacting, e.g. simultaneously mixing, an aquec:u~~ solution of iron(! II) sa!t with an 

aqueous b<.~se at pH comprised between about f) and 'l 0: 

ii) addin9 said insoluble carboh'f'drate (p:-efE!fcd}ly star·ch), befom t11e precipitation 

of the iron(!lf) !s complete, e.g. has started; 
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2.-4 _.!\ process for tile preparation of <=m iron(ld)-based phosphate ad~~orbent containing 

iron(lll) oxide-hydroxide, starch ami a r;lucose derivative, which process comprises the 

steps of 

i) reacting, e.g. slrnuitar:eousty mixing, an aqueous solution of iron(! It) sait with an 

aqueous base,. and 

ii) either perforrning step i) in presence of an !nsciude c:~irt;ohydrate, e.g. st~rch, 

and optional!y adding r-nore insoluble carbohydrate after the complete mixing: 

or adding the insoluble carbohydrate after the reaction of step 1), e.g. after the 

complete rnixing, 

wherein steps Iii) to v) zm_,; performed as defined under 2. 1. 

2,5" A proce-ss -for.- trw preparation of an iron(! I !)--based phosphnt::1- Bdsoti:Jent conta1ning 

iron(ll!) oxide-hydroxide, insoluble carbol1ydrate (preferably stare!:) and a glucose 

cierivative, which process comprises the steps of 

i) reacting, e.g, simultaneously mixing, an aqueous solution of iron{ill) salt VJith an 

aqueous base, in presence of an insoluble carbolwdrate (preferably starch), 

wherein the pH of the solution is maintained at a value between about 6 and S; 

wherein steps iii) to v) are performed as defined under 2_ ~, 

2.6. A process as defined under 2.1 to 2.5 wherein the process furtht:;r con1pr!ses U1e stE':p 

vi) of isobting the product, pmfe;-ab!y by spray drying cr fluidized spray drying to give 

an iron(!!!)-based phosphate adsorbr~nt as a (~ry povvcie(. 

'L"t. /\process as defined under 2.1 to 2.0 wherein the pmcess 'further co!Tip:-ises the step 

of gr-anulating tile powder, optionally in presence of at least one excipient selected 

from a binder and a lubricant, to yield an iron(ill)--based phosphate adsorbent as a 

granulate. 

2.8, A process as defined under 2,·1 to 2.7 wherein the process further comprises the step 

viii} cf tablettin~l either the powder- ot.rta:ned in step vi) or the wanulate obtained in step 

vii), when:;in the tab!etting step is optionally performed in presenc:e of an exc:ipient 



selected frorn a filie:, a binder , a disinteqmnt, a flmv agent, a iublicant, anci rnixture 

tr1ereoi', as hereinabove describf:.>d_ 

Furthermore according to the invention there is provided: 

3, ,:::,. process fm the preparation of garnma-i:-on(i!!) oxide-hydroxide, vvhich process 

comprises the steps of 

a) reacting ;:'ln aqueous solution of iron(lll) salt (e,g. iron(ill} chloride) with a aqueous 

base at pH cornprised between G and ·Jo, wherein the reaction ls optionally 

performed in the presence of starch; 

b) adding starch if starch v;as not. pres~')nt in step a), and optionally 

a) isdat!ng the solids and washing. 

In accordance with th~'; foregoing the present invention further provides; 

4.1 A rnethod ftx preventing or tn-08ting disorders or diseases such as indicated above, in a 

subject in need of such treatment, Le. a human or a warm-blooded anima!, in particular 

cornpanion anirn~11 such as dog and cat, which method comprises administering to said 

subject an effect.iw: arnount of an iron(IH)-based phospr~at.e adsorbent according to the 

invention. 

4.2 A n:ethod for controlling serurn phosp1·1ate and serun1 ca!ciurn-phosphate product 

levels, while maintaining norrnaf serum calcium levels. in a subject in need of suer: 

lreatrnent, e.g. in patients on chronic ilernodiaiysis, which rnetr1od cornpris~:;s 

~~drninistel'lng to said subject an effective arnount of an imn(H!)--bas(:~d phosphate 

fldsorbent according to the Invention. 

4.3 !\ mathod for selectively removing inorganic pr1osphate or el!rninating inorganic 

phosphate, e.g. fron• dialysis fluids, whole blood, plasma, in a subject in need or such 

lreai.rnerrt, e.g, in patients on diaiys1s, e.g. on chronic 1·1en1odlafysis, wr1ich metrJOli 

cornpri~:;ss adrninistering to said subJect an effective a;nount of an iron(I!J)-based 

p11osphate adsorbent according to the invention. 
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4.4 A method fer selectively ;-ernoving inor~)anlc phosphate bound to tooc.istuHs. 

!L1 A phosphate adsorbent according to the invention fc·r use as a pharmaceuticai, e.g. in 

any of the methods as indicated under 4. ·1 to 4.3 above. 

6, Cornposition for use as a p!·1annaceuhccl preparation for the selective elirninaUon d 

inorganic phosphate fron-1 liquids, wherein the composition is !nsoiuble in water and 

contains an iron(ill)-based phosphate adsorbent as defined in any preceding ciairns 

7·, 1 A ptlarmaceutica1 composition, e g for use in any of the methods as in 4. i to 4.3 

above comprising an iron(li!)-based phosphate adsorbent according to the invention in 

association with a pharmaceutically acceptable diluent or carrier trJerefore, e.9 . 

comprising at least one excipient selected from a preservative and a binder. 

7.2 _,\ pharmaceutical composition, e.g. for use as a pharmaceutical preparation for the 

selective elimination of inorganic phosphate frorn liquids, e.g, dfalysis fiuids, whole 

blood or plasma, \Nherein the compm~ition contains an iron(lil)-basec! pl1osphate 

adsorbent materia! according to the invention. 

't.3 A pharrn<'JCf.HJtical composition suitable for oral administration, e.9. 8 solid or semi so!ic! 

dosage form, containing the iron(lll)-based pi·Josphate adsorbent according to the 

inv{~ntion. 

7.4 A solid or selTil solid dosaq~:; forrn containing the iron(lll)-bfmed phosphate adsorbent 

accordinp to the invm:t!on. 

7,5 Pharmaceutical composition, preferabiy a powde:· or a granubh:;, ccmpris1ng the 

iron(! !I )-bas;~d phosphate adsorbent accor-cnng to the invention and further cornprisin9 

a pres(~I'Jative (e.g. an alcoho!, ptdt:)t;ably ethanol) and optionDI!y a binder ((:;.g_ 

sucrose, rnicrocrystailine celluh:>>e or mixture lhereof}, 

7,6 PhartTI21C(c:utical composition accordin~j to the invention whlcr1 is in fom-: or a tablet arKi 

furtr1er cornpdsss a lubric::'lnt, and optionally at !.east one further excipient selected from 

a fillei-, a binder, a dlsintegrant, and a flow agent 
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8.. .An iron(U!}based phospl:ate adsorbent according to the invention for use in the 

preparation of a pharmaceutical composition for use in any cf the method us in 4. 1 to 

4 .3 above~. 

According to the lrwention, the phosphate adsorbent rnay be administered as the sole active 

k1~1redlent or together wlth another phosphate reducing agent, such as seve!amer; Fosrenol; 

Ca acetate; or Ca c:arbonate. it rnay i?J!so be <':ldrnlnistered in combination wiHl a ca!cirnlmetic 

such as clnacalcet; vitamin D; or caldtrio!. 

!n accordance with the fcregoing tl·\e pr-esent invention provides in a yet further aspect 

9, A method as defined above comprising co-·adrninistration, e.g. concomitantly or in 

sequence, of a therapeutically eff<.~ctive arnount of a phospf1.ate adsorbent accorcHng to 

the invention, and a second drug substance. said st:;cond drug :mbstance being 

another Phosphate reducing agent, a calcimirnetic, vitamin D, or calcltrlol, e.g. as 

indicated above. 

'!0. A therapeutic cornbination, G.g. a kit, comprising a) a phosphate adsorbent according 

to the invention, and b) at !east one second agent se!ecleti frorn an anotr1er Phosphate 

n::.~dudng ci~Jent, a c:a!cirninlt=:tic, vitamin D and caldtrioL Ccmponent a) <.tnd cornpcnent 

b) may be used concomitantly or in sequence. The kit t"l'iEJY cornprh;e instructions br its 

administration. 

Where c.1 phospt1ate adsori:Kmt accordin;J to the-; inw;ntion is administet·ed in conjunction with 

another phosphate reducing agent, such as sevel:::1tm~r. FtX>t\:;nol, Ca zcr;tate or 

carbonzte; a caldrnirnetic such as cinacaio:~t ; or vvith vitamin D or calcitriol, e.g. for 

prevr:'nling or treatinn hyperphosphataernia or ether diseases or disorders as hereinabove 

specified, dosages of the co~admlnistered compound will of course vary depending on the 

type of co-drug employHd, on the condition being treated and so forth. 
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The following examples <::H-e illustrative d U>e invention. 

Exw:t.m.!&J.: Preparation of iron(!!l)··based phosphak~ adsorbent 

To a rnixture of 41 kg potato starch, ·118k9 sodiurn carbonate and 480kg water a solution ot 

148kg iron{!!!) chloride he:><:ahydmte d!ssolved in 588!\g water is added over 30 rninutes tirne 

span at a temperature ot 20··35°C. The resulting brmvn suspension is stirred for at ieast 60 

r:1inutes at .25'T then filtered and vvashed three times with 968kg water each using a 

decanter centrifuge. Subsequent ·J fOkg water, 41 kg sucrose and 'l29kg ethanol are add~~d 

and the mixture !s stirred for at !east 60 n:inutes. ·172kg of the final procluc.t are isolated as a 

reddish brown povvder, obtaineci by sprBy drying using a N!RO SD42 •JVith appropriatl3 spray 

dry·ing parameters or with an atomization pressure of 1.2 bar, an outlet temperature ot 65.,C 

and an Inlet temperature of i40"C, 

The product may be filled wittlout any other processing direct!y into sachets or stick packs. 

!;?.t;~.mP.I?..£: Preparation of rron(!H)-·based phosphate adsorbent 

An aqueous solution of 2i.1g sodium carbt"Jnate dissolved in 105g vvater (solution f\) and an 

aqueous solution of 26.5r; iron(!ll) ct-lloride ht=;xa!lydrate dissolved in 55g water (solution B) 

are prepared. Solution A (4.2g/min) and B (2.lg/n:in) are dosed to a suspension ot 7.36g 

potato st<:.~rch in 40g vvater over a time span of :30 minutes by continuous mixing of solution A 

and B and subsequent addition to the potato starch suspension. The resulting bn.WvTl-reddish 

suspension is stirred for at least one hour at 25''C, filtered and v~.rashed three times with 

r7~1.6g \1\.'ater each. To tile resulting rt'JdcHs.h bmwn solids ·;4,6g water, 7.36g sucrose and 

242g ethanol me added and the mixture is stirred for 60 minutes. ·18.4g cf the final product 

are cbtained l"Jy fluidized spray d:·ying using appmpriate FSD conditions, 

Example 3: phosphate binding capacity of the rnatetial described in Exarnp!e 1 or Example 

2 determined by ion chromatcgraphyfconduc.tivity detection. 

Separation mechanism used is ion exchange. 
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8.\I~9-~:mt~r Highly pure water (e.G . frorn fvH!H··O~System (Miliipore)}; SodiLUTJ hydroxide (~;O'}S 

(rn/m) solution, carbonate free, e.g. Merck ·J.£:'187'93); 0.1 N Hydrochloric acic:i (HGI); 

Hyc!rochlo:-ic add 37};); Sodiurn hydrogen phosphate (Na2HP04) . 

. s..Q.Uiprnent: lon chromatcgrap!"l wlth gradient pump; Anion exchange co!umn (e.g. Dionex 

lonPac AS 11-HC Length 250 rnn-:, intt:~rna! dic-!meter 4 :mn; or equfvalent}; Seli' regenerating 

anion suppr·~ssor (S.fJ. Dionex ASRS-ULTRl\ II 4 mm, anion suppressor· system), Pvor.:.· 
Filter (;:;_g_ infochron1a: 88HE--PV .. t- ECO HPLC-Filter PVDF 0.45 prn). 

Chromato::Jraphic conditions 

Gradient elution using degass.E~d 'Nak:r as eiul3nt i and 80 mM SiJdium hydmxide in water as 
eluent 2. 

Gradient rxograrn 

Flow rate 

Det;;.~ction 

Coiurnr1 temperature 

lnjE!Ction volume 

§l§.tQ.m .. ~_\).!1f:l.~llJ.iJYJ0.§.LL$.,$.D. 

~---------...__...·-··· -··~-······ ···········------------·-

Time OH. (rnMJ % F1 _, % E'::O .<.. 

0 16 [{0 20 

10 80 0 100 

'14 80 0 '100 

'14.1 1'' rJ 80 20 
'!6.0 16 80 20 

'18.0 '16 80 20 

0.6 mLhnin 

Suppressed electrical conductivity 

25 pL 

Run 
start 

Run end 

The system suitability test proves that chloride c:md pho;;phate are sufficiently separated. 

~:1oreover tile repeatability of injection is shmvn by repetitive injection of the COI"nparison 

solution for calcu!ation .A !:.)lank. chromatogram show'S that no intf-;rfE~ring peak exist in the 

solvent . A i/100 dHution of tl:e comparison solution for calculaton fs used to shovv sensitivity 

of the system. 

P.LQP.~1EiUDQ_ of solu_t)~}r!_~ 



Test solution 

(prepare 1n ciup!ic-1tt:: TSx. ·1 
and TSx.2) 

Coml)arison stock solution 

(prepare single: GS1) 
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Accurately wei~_1!1 (to within 0.01 r:lfJ) 365.0 to :~,a5.0 rng of 
the test substance into a 25 mL volumetric fiask. i\dd 
20.0 mL of CS 1 to this sul·;stanct"~ ;:;md lc-?1 stand for ·1 0 mln. 

Adjust the pH of tills suspens1on to pH 2.0 with HCI 0:1 N 
and fiH to the mark with water. 

The tightly c!;Jsed flask is thon kept in a water bath of 37'-'C 
for 2 hours. /"'.ppr-oxirnately, every haif an hour the 
suspension is stirred manually by shaking the vial. 

Afterwards, filter approximately 2.0 rnL of t!1e :-esu!ting 
suspension through <'J 0.45 prn filf.er (PVDF) into ;:1 vial. 

Take ·1 .0 n:L of this filtrate into a 25 mL volumetric flask 
and fil! to the mark w!U1 wate1·. The dear and colorless 
;:;o!ution will be used dir-ec:lly for chrcmdtograpily, 

Concentration (P043
-) Jeve! for cs·1 :::' 42?3 pg/rnl 

PreparatkJn: Accumtely weigh (to within 0.1 mg) 6350 mg 
to 6425 mg of Na2HP04 into a 1000 rnL volumetric flask , 
cHssoive with app. 900 ml water and set to pH 2.0 vi.tt1 HC! 
37~'c and 0.1 N. Then fill to the mark with solvent. 

Comparisor'l 
CC:Jlculation 

solution for ConcentraHon (P043 ).level fer CS2 = ·1 70.9 !-<g/rnL 

(prepare single; CS2) 

~y@.luaHon/assessrnent 

Preparation: P.~pette 2.0 ml of cs·1 into a 50 ml volumetric 
flask and fill to the n1ark witl1 solvent 

The analyte peaks in the chromatograms of tl1e test solution is identified by comparing the 

retention times with those of the peaks in the chromabqrams of the comparison solutions. 

The peak areas for each analyte peak is determined in the chromatograms oJ H1e te~:t 

solutions. The peak areas for each ana!yte peak is aiso deterrnlned in the chron1atograrns of 

the CS? solutions. 

C<-illcu lation 

Per cent adsorptlon n·c) {mim) of phosphate 



EW7s \IVE.~ighl of the mat~~da! described in Example 1 or Exampie 2 in test 
solution [n:9] 

EV\hlll2HF·o4 W<.:dght of ~:;odium hydrogen phosphate in CS1 so!ution [.mg] 

PArs Peal\ area of phospi:ate in test so!utlon 

PAcs2 Pt.~sk an:'Js of phospr1ale in comparison solution 2 

MWro/· fv1oiecu!<.1r \~':eight of phospl:ate: 94.97 g/rnoi 

MV\i~-;«2,.p04 1\ilo!ecu!ar weight of sodium hydrogen phosphate: 14·1 .86 girnol 

The compound of exc.wnpit') 2 adsorbs 20°;~ rn/m phosphate. 

90 IJ(" of the product as prepared in example 1 is mixecl tOgether with corn starch (iO 'Yo) to 

prepare the final b.lend. The final blend is then fHit3d into sachets. 

Ex~mple 5: Capsules (direct fill with lubricant). 

90% of U'1e product as prepared in example 1 is fil!ed into ~J n;ixer. A pre .. rnix of 7-8% of the 

same product and ~>3% f'v1g-stearate is prepared. The pre:-nix is screened througil a screen 

(i 000 micron nwsh siz~:l) into the rnixer will1 the rest of the product to prepare the final blend. 

The final blend is ti1en filled into hard gelatin capsule~»-

Exarnple 8: capsu!es (direct WI wHJ1 lubricant anci additional excipient). 

80 ly; of the prorJuct as prepared in example 1 is mixed togl~ther with fVlCC ("10%) or 

is prepared. The ~;rernix is ~~c:eened through a screen ( 1000 lTlicron mesh size) into the 

nllXt'?r il\dth the rt'~st of the product to prepare the final blend. The final biend is then fined into 

hard gelatin capsules. 

,S5_~1Uf?le z_- sachet stick pack or capsule {granulation by dry cor-npactlon) 
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68'% of the procJuc.t as prepa:-f:;cl 1n ~;x~.1rnp!e 'l is mixed togeth~=.n with MCC (?0 - ::'lO'X,). M~1¥ 

stearate (2%) is screened ('1000 micron rnesh size) and adck;d tc thL; pre-rnixture. Tt'!(') final 

blend is prep;3red, and then cornpacted and/or comtxessed. Tilt'.! compaction is :nade with a 

t<:tbletting machine •vith bi~J puncil,:;s or a mller con1paction machine T!1en the con1prirnates 

are milled through a screen, mes\1 size 2 mm. Sub~:;t:;quently, thE.:; scret:;n\:;d oranu!<':'lte is filled 

into sachets or stickpacks. 

The g:-anulate could also be filled together \;\lith a lubricant into capsules . 

EX~mP.le 8: sachet, stick pack or capsule (\N;:,_rt grr.n;ulation) 

The product as prepared in ex<=mlple 1 is granulated with about ·15 ''!o water, reiated to the 

drf powder in a hi~Jh shear mixer. ThEm the granul:::1te is dried until 8 LOD (loss on drying) of 

approx. 6-7 °/J is reached . Then the dried granulate i:s screened through a screen, mesh size 

2 mm. Finally the screened granulate is filled into stick packs. Optlonally, the granulate may 

also be filled together with a lubricant into capsules . 

E.~ampie 9: sachet, stick pack or capsule (by wet granulation with additional binder) 

About 9/ 0
;;_, of the product as prepared in example 1 is rnixed with about 2% hydroxyproy! 

methyh-::ellulose~HPMC-3 cps, gradf~ 29i 0 as binder, and granulated w'ith approximately ~ 0°/<J 

water, n::tated to the dry powder. The binder is adcled as solution aftf~r dissolving in the 

corresponding <:lmount oi' water. The subsequent steps are as desGribed in the example 

above. 

Example Hl: Tablet (direct compression v/ith lubricant) 

90ql) of tlle product as prepared in example 1 is filk;d into a mixer. A pre,mrx C!f 7% of H1e 

sarne product and :3% fv1f) .. stearate is prepared. The p!'em!x is screened thwugh a scrc~en 

('l 000 micron rnesh size) into ttu~ mix:er with the rest of tile product to prepare the flnal blend. 

The final tl!end is then compressed on a tabletting machine to tablets of 644rng vve~qht 

(corresf:h)nds to f325rn.g of product ·t ). 

Example ·11; Tablet (d irect compression with lubr·b.:mt and additional excipients) 

50% ot the product as prepal-•?d in example ·1 is filled into a rnixer together 1.-vith 30% 

n1icrocrystailine ceilutose and about·l 0~·~ eros povidone .. A. pre-mix of apprcx. 7% of the same 

product and 3% Mg-stsarate is preparec'L The prernix is screened through a screen ('! 000 
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mic:-on mesh size) into the mixer with the rest of the product to prepare the: fina! blend. Tile 

final blend is then compress>C?d on a tab letting machine to o\/aloid tablet~> of 1100 mg vveight 

(corresponds b 625 n1g of product). The tablets me coated with an aqueous suspension of 

film forrning polymer (HPMC 3 cps), coloring agent(s), titanium dioxide (vvl1ite pigment), talk 

(glidant) and plasticiz:er(s). 

Example ·tz: Tablet (gr-anulation by dry cornpacton) 

Proceed as described in exarnp!e l but disintegranl is additionally contained in the granulate. 

Also, an external phase comprising a fll!er, disintegrant, glidant and lubricant is added to thG 

screened granulate and the final blend i;:; then cornpressed to tablets which may 

subsequently be coated. 

Exampi~ 13: Tab!et (by w''3t granulation with additional binder and other exdpients) 

50% of the product as prepared in example ·1 is granulated to9ether with approx. ?Or~{ 

microcrystalline celiuiose and approx. 5 °/u crospovidone. with approxirnalive!y i 8 % wan:;r, 

related to the dry powder, in a high shear mixer. Then the granulate is dried until a LOD (bss 

on drying) of about 6--7 'Yo is reached, Then the dried granulait'J is scn:;ened through a 

screen. mesh size approx. 1.25 mrn into a rnixer together with 10 % rnicrocrystaiHne 

cellulose and approx5 % crospovidone . .A pre-rnix of approx. 7% of this n:ix and about 2% 

Mo-stearate is prepared. The premix is screened througl1 a screen (1000 micron mesh size) 

into U·1e mixer with the rest of the product to prepare the l'ina! bienc.i. The final biend is then 

cornpressecj on a tabletting machine to ovaioid tablets of 1 ·1 00 mg \;';,'eight (corTe.sponds to 

625 mg of product}. The tablets are co8ted V\rith an aquf.mus suspension of HPi'viC 3 cps, 

titanium d!oxid(::J. talk and p!ast!cizer(s) or of the corresponding Opadry mixture . 

.lli.?S..<:!!:!)P!e 'HLTab!et (wot g:·anui;:Jtion vvith additional binder) 

/\s describe above but with tr1e addition of at:out 3% i·:ydrcxyproyl rneU·Jylceliu!ose- HHv1C- 3 

cps, g:-ade 29'1\.! in the inner phase whereby the brnde;- is added in the dry state or part!aily 

or entireiy dissolved in the granulation liquid; the amount of t~inder is cornpensated by the 

amount of filler in the granulate. The subsequent steps are as descr!bt::d in the exa:npie 

above. 
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(Plain aqueous gf~l) no mL. of vvaier is heated up to about l0"-l5"'C_ 20 g of the product as 

prepared in examp1e 2 is added and H-le suspension is kept at lO"C until a jelly mass is being 

forrned. The gei (:;; rn;:1int.::dned :::~t 70"C for so;ne rninules to stabilize the gei· forrning process 

After cooling to r-cj.on: temperature, vvater is added to compensate for potential iosses of 

evaporated wate1· during rnanufac:ture. 

Example 15: Gel 

1.5 mq/mL of benzo<.~te sodium is dissolved in W'Eder purified, ac.1d 0.2 mg/mL ot saccharin 

sodium, ·1 .0 mg/mL of strawberry flavor and the citrate buffering system .. f.\fter complete 

dissoiution, 5 rng/mL of polysorbate 20 k; added, then the phosphate adsorbent is dispers(~d 

under mixing. A homogeneous suspension is formed. Finally, 30 n:g/rnL of 

hydroxypropylmethyl cellulosE~ is slowly adder.i under mixing. 

The following ing:-ecHents (in mq) are dissolved or suspended in glyceroL mixed tzxJether and 

fiilerJ·int<> stick pack. 

Phosphate adsorbent of example 2. 

HPMC 

Gum arabicu:n 

Palatone 

Slrnethicone 

Si!iciurn dioxide 

Hydroxy! ethyi ce!lulo:se 

Sodium cyclamate 

Metllyl-4- hydroxy-benzo<.:~te 

Propyl-4 .. llydmxy-benzoate 

Caramel flavor 

Ethanol 

Proy!ene g!ycol 

Glycerol 

Com oil 

800 

50 

50 

20 

20 

5 

10 

Ex1l 

800 

' 
' 

50 

100 

5 

iO 

5 

Ex18 Ex19 Ex20 

800 800 800 

50 50 50 

50 50 50 

20 20 20 

20 20 20 

I 

5 5 

10 lO ·iQ 

5 5 5 

1 1 1 

Ad. '1 Orn! 1-\d:iOm! 

Act ·JOml 

Ad.'IOrnl 

AcJ.1 Ornl 



Ex;:nnples 21 <tl~ mal c.iisp~~rslng vvafer 

The foHovvinq ingredients (mq) are rnixed to9ether . 

Ex2·1 Ex22 

Phosphate adsorbent of example 2 

Lactose monohydrate 

~.Jicrocryslalline celiuiose 

Starch 

Arabinonalactan 

400 

472 

140 

lO 

400 

472 

140 

i 

/0 

Throughout this specification and in the c!ain·Js that follow, unless the context requires 

otherwise, the word "cornpr!se", or variations such as '\xnnprises" or "cornprising", will be 

understood to irnply the inciusion of a stated Integer or step or group of integers or sV:'lps but 

not tlle ex.clusicn t':lf any othm integer or step or gmup of integers or steps. 
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CLAIMS 
 
1. A process for preparing an iron(III)-based phosphate adsorbent comprising iron(III) oxide-hydroxide, 
starch and sucrose, said process comprising: 

(i) reacting an aqueous solution of iron(III) salt with an aqueous base at a pH from between 

6 and 10 to form a mixture in which an iron oxide hydroxide precipitate begins to form; 

(ii) adding starch to the mixture of step i) prior to complete formation of the iron oxide 

hydroxide precipitate; 

(iii) allowing complete formation of the iron oxide hydroxide precipitate to occur; 

(iv) isolating the precipitate formed according to step (iii); 

(v) suspending the isolated precipitate from step (iv) in an aqueous solution;  

(vi) adding sucrose and optionally at least one excipient selected from a preservative and a 

binder; and 

(vii) fluidized spray drying the solution from step (vi) to yield an iron(III)-based phosphate 
adsorbent as a dry powder. 

 

2. The process according to claim 1, wherein at least one washing is performed between step (iv) and 
(v). 

 

3. The process according to 2, wherein in step (i) the pH of the solution is maintained at a constant 
value between 6 and 8.  

 

4. The process according to claim 2, further comprising the step (viii) of granulating the dry powder in 
the presence of an excipient selected from a binder and a lubricant to yield an iron(III)-based 
phosphate adsorbent as a granulate. 

 

5. The process according to claim 4, wherein the process further comprises the step (ix) of tableting 
the granulate in the presence of an excipient selected from the group consisting of a filler, a binder, a 
disintegrant, a flow agent, a lubricant, and mixtures thereof. 

 

6. The process according to claim 1, wherein the iron(III)-based phosphate adsorbent comprises 
starch in an amount of about 10% to about 35 % by weight. 

 

7. The process according to claim 6, wherein the iron(III)-based phosphate adsorbent comprises 
sucrose in an amount of about 5% to about 50% by weight. 

 

8. The process according to claim 6, wherein the iron(III)-based phosphate adsorbent comprises iron 
in an amount of at least 10% by weight.  

 

9. The process according to claim 1, wherein the aqueous base is sodium carbonate.  

 




