FPOO27PCT 1 DESCRI PTI ON Agent for Preventing, Inproving or Treating
Phosphorus- related Di sorder, Oral Preparation for Adsorbing 5 Phosphate
lons in Foods and Beverages or Pharnaceuticals and Process for Production
Thereof TECHNI CAL FI ELD [0001] The present invention relates to agents and
oral io preparations capable of efficiently adsorbing phosphate ions for
whi ch excessive intake causes problens. More specifically, the present

i nvention rekpjoesctro (1) agents for prevagnting, inproving or treating organ
di sorders due to phosphorus, which are capable of inproving blood 15
concentrations of phosphorus of patPBSCRINMGINN dney failures and

control ling accunul ati ons of phosphorus in the body and (2) oral
preparations for preventing various diseases related to phosphorus, which
are capabl e oﬂgeétlﬁpﬁaPKﬁgeﬂﬁé@Bew@mmrpwl@ﬁbégsﬂV@aﬁﬁm@ké*@ﬁﬁﬁhngphorus 20

from foods and beverges Ofodhfel | kéra1 BACKGROUND, ARTOL 08821 rp Phigsphor us i's
an essential substance |V|ng organi s Man econposes s into
phosphat €5 i on%hcz@lmmubmm in heoolgeand vReveneges soml Phanm@@euhecalﬁ
particular) and subsequeg%éy P@@Qé@eﬁorTPPo@%g%fgﬁ Tﬂgpgggse adult has a

dai | y phosphorus intake approximately 1 . IS reported that, for
a nornmal peE@@HNI§ﬁpr6iE#@tely 80% of such phosphorus i s 30 absorbed and
appr oxi mat el ? yoof that absorbed portion is excreted by the kidney. I|f
t he ki dney dﬁ unctions (renal failure), phosphorus excretion decreases and
causes an increafbd presemphdsykotisncordetesaticomageat shyper phredphat emi a). A

heal thy yman, JBL0L2) B o2 33 2R1QS B0 19 LB SPNRRAAAL P Rl & 025 to

ions for which excessive intake causes problems. More
specifically, the present invention relates to (1) agents
for preventing, improving or treating organ disorders due
to phosphorus, which are capable of improving blood

15 concentrations of phosphorus of patients with kidney
failures and controlling accumulations of phosphorus in
the body and (2) oral preparations for preventing various
diseases related to phosphorus, which are capable of
eliminating problems with excessive intake of phosphorus

20 from foods and beverages or the like.
BACKGROUND ART
[0002]

Phosphorus is an essential substance for living

organisms. Man decomposes foods into phosphate ions

25 throughout the digestive tract (small intestine, in
particular) and subsequently absorbed. The average
Japanese adult has a daily phosphorus intake of
approximately 1,000 mg. It is reported that, for a
normal person, approximately 80% of such phosphorus is

30 absorbed and approximately 80% of that absorbed portion
is excreted by the kidney. If the kidney dysfunctions
(renal failure), phosphorus excretion decreases and
causes an increased serum phosphorus concentration (a
hyperphosphatemia). A healthy human maintains a

35 phosphorus serum concentration range of 0.25 to 4.5



ng/ dl; concentrations at or over 4.5 ng/dl are defined as

hyper phosphat em a. [0003] Hyperphosphatem a i nduces abnornmal cal ci um

nmet aboli sm 5 and/ or hyperparat hyroi di sm and causes nodifications of the
bones t hroughout the body (renal osteodystrophy) and/or cal cium deposits
formed in various organs - especially to the cardi ac val ves, aortae, |ungs
and the like (heterotopic calcinosis) . Such disorders not only 10 inpair
the QoL (quafpghyper |ife) of patients with renal failures but also cause
fatal conplications such as cardiac infarction and exacerbating life
prognoses. Fgldher apReenhypbiphssphabenbicirs4khond/gd baeadpfomedi ag f act or

of renal dis 'ShodBHStelfg ability to maintain is a nornmal (healthy)
phosphor us bﬁggg éoﬁcgntrgt?on is a crucial problemfor patients with renal

failures. [0004P3]As described above, the absol ute anount of phosphorus

that the kidney foBeesfoehfiatehialentgase HBASEntenah2uhdhbibeorlighce:
under renal failute, en" the anount of phosphorus absorbed via the
di gesti ves t r ang/excbrosrprpsatbupadiigmopngheaksgsepodpiosphorns wil |

accunul ate | pyth oandthéﬁgﬁBEE1thEeb8h ”Q?EHaEVSQEEBQgs%E%Egglie”ts W th

ki dney failures has been to”limt the total anpunt o 3rus absor bed
t hrough the dnhgéseri velrinwt deppsissodprmedatnnapraouseregatist ke capacity of

the kidney. %Q?gggg%ggEStQhé'%Q?B'QEYVSE%EEpVaBQQQQQh1Bﬁ§§p§g39%he

restricting rus adsorbents (agents capabl e ucing the
amount of ab3odokbedhphesphopis bwl8@nadsenbi nguphodphatréersnsogeorviut ed from

foods in_ the. digestjye a ci al LR e Ll .1.n in d
excretinbgthéwgégge%b¥yQ%Ftﬁ&§?ggﬁ§ ﬁgvg¥§8énggsgggﬁﬁntgohgﬁhafggﬁqfor r enal
failure treafsehtir€Pabent aReberanses fathd 4pompdn caxampise puch3as[ 0005]

7777777 " cardiac infarction and exacerbating life prognoses.
Furthermore, hyperphosphatemia is known to be a promoting
factor of renal disorders. Thus, the ability to maintain

15 a normal (healthy) phosphorus blood concentration is a
crucial problem for patients with renal failures.
[0004]

As described above, the absolute amount of phosphorus

that the kidney can excrete will decrease under renal

20 failure. Hence, under renal failure, when the amount of
phosphorus absorbed via the digestive tract exceeds the
capacity of the kidney, phosphorus will accumulate in the
body. As such, the standard treatment for patients with
kidney failures has been to limit the total amount of

25 phosphorus absorbed through the digestive tract; an
amount that may not exceed the capacity of the kidney.
In addition to alimentary therapy through phosphorus
restricting diet, phosphorus adsorbents (agents capable
of reducing the amount of absorbed phosphorus by

30 adsorbing phosphate ions generated from foods in the
digestive tract, especially in the small intestine and
excreting them directly with stool) have been used in
combination for renal failure treatment (Patent
References 1 to 4, for example).

35 [0005]
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aluminum in the body (aluminum encephalopathy, aluminum
osteopathy and anemia). For this reason, administration
of the aluminum preparations has been contraindicated for
dialysis patients in our nation (Japan) since June, 1992.
[0007]

Secondly, calcium preparations (such as calcium
carbonate and calcium acetate) are still widely used in
place of aluminum preparations. However, they too have
disadvantages such as they require large doses to improve
hyperphosphatemia and they are usually regarded as
distasteful and hard to be taken; furthermore, calcium is
in turn absorbed through the digestive tract and can
cause hypercalcemia which may bring about additional
exacerbations such as heterotopic calcification.

[0008]

Thirdly, novel substances have been introduced in
recent years as phosphorus adsorbents and are now under
review for use. One of them, known as Sevelamer HC1™, is
a polymer of prop-2-en-l-amine and l-chloro-2,3-
epoxypropane in the hydrochloride form. Sevelamer HC1™ is
a phosphorus binding polymer developed in the United
States, and approved in Japan in January, 2003 and
currently used. However, this agent often needs to be

administered in large doses in order to improve

needs



----- - - ------ FPOO27PCT 4 hyper phosphatem a. In addition, there are stil
a nunber of problens yet to be solved such as frequent conplications with
the digestive tract(i.e. constipation). Another reagent, |anthanum
carbonate, is under review for s use in the United States and Europe. Since
the influences of |anthanumon living organisns are not yet sufficiently
under st ood, which may have simlar problens as alum numpreparations, its
practical apglhgatron appears very questjhonable. 10 Patent Reference 1:
Japanese Unexam ned Patent Publication No. 1990-77266 Patent Reference 2:
Japanese UneR#peredosaheremipublncadfbhing, there18resgtpailent nREbPerence 3:

Japanese Uneégnbggglgﬁgegét is ggbgbgggaogugg a;99§N%gg§tPatent Ref erence 4:
PCT Publication WO 01/66607 DI SCLOGURE OF THE | NVENTI ON PROBLEMS TO BE

SOLVED BY THECTRVERHTORRS[ BO0D] the RugeReivestnaetid9s,. ¢anssdpaition) -
conpounds (ﬁﬁé@hékZEQaBQhM”U§£ﬁ€hahﬁ9”ca¥969étge,1gr9ﬂﬁé} rééﬁguaEb@e

conpl ex, iron(3)-sucrosé conplex, ferric polymaltose conplex, ferric
citrate) thaves@een theebnitedi 6hater asd §§r9§©spH%¥®%eaﬁ@©rbents However ,

these 25 ironneoUPRLELSoPUILAERLRAM bhe1disagvaptagesrbhatothiey \ake

insufficient 1 n phosphorus adsorptive power
| arge doses #nfbrdeentdyi npAevetondperwphobpharvehise gdmiparhprokdemst

cal ci um car bgpa Th, . Th o not 30
accumul at e |%Qt%fu%gﬂy ??%%hgggﬁégﬁ%ng §i§?§FE%?? %P%%?eéﬁangnun1gel and
do not createppearsusediyggsestaeonabie. conpllcatlons differently from

ool o e EEERE AL EPLbLS R0 en 8ol phORUR, Bcaienton on i ron
Publlcatlon No. 1990 77266
Patent Reference 2: Japanese Unexamined Patent
Publication No. 1991-182259
Patent Reference 3: Japanese Unexamined Patent
15 Publication No. 1995-2903
Patent Reference 4: PCT Publication WO 01/66607
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0009]

20 Further, since 1999, various iron compounds
(stabilized polynuclear iron hydroxide, iron(3) -
saccharide complex, iron(3)-sucrose complex, ferric
polymaltose complex, ferric citrate) have been under
review for use as phosphorus adsorbents. However, these

25 iron compounds suffer from the disadvantages that they
are insufficient in phosphorus adsorptive power and need
to be administered in large doses in order to improve
hyperphosphatemia, as in the case of calcium carbonate
and Sevelamer HCl1™. These iron substances do not

30 accumulate in the body (iron poisoning) differently from
aluminum gel and do not create serious digestive tract
complications differently from Sevelamer HCl, when
clinically applied. As such, focusing attention on iron
compounds having such advantages, the first object of the

35 present invention is to provide agents for preventing,



35 present invention is to provide agents for preventing, FPO027PCT 5

i nproving or treating phosphorus-rel ated disorders; agents which are

bi ostabl e and nore potent, by enhancing phosphorus adsorptive power of the
iron conpounds to the degrees equal to or higher than that of conventional
5 adsorbents. [0010] |In addition, when phosphorus-containing foods,
beverages are taken in large quantities or phosphate- containing agents are
taken, high phespbate ions will 10 energesthrough the digestive tract. The
| arge quantities of phosphoric acid produced in the digestive tract wll

t hen be absoiBB¥OVANDaPyetyeahingi phoskhouys -t avgcodd sosdertse di gesti ve

tract and, ﬁ@n&Qewﬁ§ﬁheékgnb9%8%%bﬁé afl E@%gkb@Q%%tbe% Sela\-U Qﬁ?ﬂﬁd

phosphorus can start 1s accunul atlng in the a condi ti on resu tlng in
t he phosphoPbespipatedadsosplévs peweirods y‘th@eg@pﬁb@@m@@w@s tas thgch, it

|5 2 second gBbeEEOLALAS BECBENTILRLENEHAN (1A cPLavids.RRAl: praparati ons

(food and beverage a |t|ves foo everage adjuvants, pharnmaceuti cal
addltlves5ora290§haﬂﬁ§ceuticaI adj uvants, for exanple) having as an active
principle an bb?@ conmpound Wi th high adsorptive power to phosphate ions
that are effectlve in preventing various diseases directly or indirectly
related to phos@haaédnﬁm@nbythgopbpﬁghpMu§ph@n@aﬂ@nggpﬁ@@dﬁed by 25

VEANS FOR SOLGTRELTPE PROBLENE™ [001T] oThe e eents) Riehb ShIChE 1 o an agent
for preventi rgnta3@ingpegenng ametmeaEnnghagbhphph@ha$erab@sewlddsorder
R g T L N L
f or preveﬁt|ng,phosphor1c écid produced in the digestive tract will ?
then be absorbed in large quantities through the mucosa
of the digestive tract and, when the excretion capacity
of the kidney becomes exceeded, phosphorus can start
15 accumulating in the body; a condition resulting in the
phosphorus-related disorders previously described above.
As such, it is a second object of the present invention
to provide oral preparations (food and beverage additives,
food and beverage adjuvants, pharmaceutical additives or
20 pharmaceutical adjuvants, for example) having as an
active principle an iron compound with high adsorptive
power to phosphate ions that are effective in preventing
various diseases directly or indirectly related to
phosphate ions by adsorbing phosphate ions produced by
25 digestion and decomposition of foods and beverages or
pharmaceuticals.
MEANS FOR SOLVING THE PROBLEMS
[0011]
The present invention (1) is an agent for preventing,
30 improving or treating a phosphorus-related disorder,
which contains ferric hydroxide as produced under such
conditions that a ferrous species is present.
[0012]
The present invention (2) is the agent for preventing,

35 improving or treating a phosphorus-related disorder



35 inproving or treating a phosphorus-rel ated di sorder FPO027PCT 6
according to the invention (1) wherein the ferric hydroxide is produced by
addi ng to an aqueous solution of ferrous iron an oxidizing agent in an
amount | ess than the equival ent anbunt of the ferrous iron and then adding
s an alkali in such a manner that its pH at the end of the reaction may be
adjusted in the range of 1.5 to 5.5 (preferably 1.5 to 4.0 and nore
preferably 2pfoi®c3.5). [0013] The presegt invention (3) is the agent for
preventing, 10 inproving or treating a phosphorus-rel ated di sorder
accordi ng t o2FRETARRENEPoRNELIINVREEEPR tAe WBEKFEEN Kir@r RLdECi s produced by

addi ng an 0Xh9&%b§9dé@§§t kedaeedagyeaaalﬁgleblgﬂ QﬁuE%h%O%%lh%9%n'%fSUCh a
manner that its redox Fentla may brought in t'he range of +400 15 to

770 mv (preféﬁaﬁpy8+599ntan79@1ﬁwzaﬁe ﬁﬁﬁ@tpﬁ@fénaamyun$669850th@@-nV) and

then addi ng @Heaéﬁﬁhbah@n%uﬁﬂoﬁntngﬂnghet@@Erbhé EyoﬂtaEHEt%%ﬁ %Edﬁ%%
reaction may be adjusted in the range of 1.5t 5 (preferably 1.5to 4.0

and nore Preferabkyl2. @nt gughsy. mQGnFQOIhPtThéspPHséﬁtthﬁvéﬁﬁl@ﬁ G@ﬁ is the
agent for pf%&ﬁ@&heﬂ ma! nBeoga QEdt&ﬁaEheg anggogﬁygﬁgstge%a%ed di sor der

according to the 1 nvent ereln the ferr roxi de is produced by
adding to an(aqaé@ﬁgbéwlmtﬁohOOﬂ 95ahdr moys bPrefexabdyi di-2i k9 3gént- in an
amount | ess thghyjthe equival ent anount of the ferrous iron in such a

manner that i'ts redox potential may be brought in the range of +400 to 770
mv and t hen addThg Rueakksal inveansdoh (3)nmasnéhet hgenitt $opHpatevielnd igved of t he

react | on, ey gy 80,186 st edLbsbhear 3A08RL:LeS,E0.0e8 :E00UEL, The present

invention (5 agent or treating
phosphor us- retapedldgsbpdehe aa&gnaung t@)awye@ﬁenothehéemmu@nt|ons (2) to

(4) wherein hydroxide is produced by adding an oxidizing agent to an
aqueous solution of ferrous iron in such a manner that
its redox potential may be brought in the range of +400

15 to 770 mV (preferably +500 to 730 mV and more preferably
+600 to 700 mV) and then adding an alkali in such a
manner that its pH at the end of the reaction may be
adjusted in the range of 1.5 to 5.5 (preferably 1.5 to
4.0 and more preferably 2.0 to 3.5).

20 [0014]

The present invention (4) is the agent for preventing,
improving or treating a phosphorus-related disorder
according to the invention (1) wherein the ferric
hydroxide is produced by adding to an aqueous solution of

25 ferrous iron an oxidizing agent in an amount less than
the equivalent amount of the ferrous iron in such a
manner that its redox potential may be brought in the
range of +400 to 770 mV and then adding an alkali in such
a manner that its pH at the end of the reaction may be

30 adjusted in the range of 1.5 to 5.5.

[0015]

The present invention (5) is the agent for preventing,
improving or treating a phosphorus-related disorder
according to any one of the inventions (2) to (4) wherein

35 the oxidizing agent is a hypochlorite.



3s the oxidizing agent is a hypochlorite. FPO0O27PCT 7 [0016] The present
invention (6) is the agent for preventing, inproving or treating a
phosphorus-rel ated di sorder according to any one of the inventions (1) to
(5) wherein s the ferric hydroxide is anorphous. [0017] The present
invention (7) is the agent for preventing, inproving or treating a
phosphorus-rel ated di sorder according to any one of the inventions (1) to
(6) further gpogppael uding gl ycerin. [0018F The present inventions (8) is
the agent for preventing, inproving or treating a phosphorus-rel ated

di sorder accéP@ifg to any one of the inventions (1) to is (7) wherein the

di sorder is hyp@ﬁQhﬁ§EBéﬁ€”hﬁvenE99ﬁ9]6Th§sp%ﬁ§eﬁbehEV%BE'%&e@%hﬂf%ga
process for producing an agent for preventing, Ifmproving or treating a

phosphor us- réWE?@Hlﬁgs@Fd§¥eaFh@ga@eﬁboéﬁhpépﬁrﬁ@lﬂéﬁdlélggrﬁ§§rOX|de whi ch
conpri ses th&cé&?&%ngftéthQQOBQ 8R tﬂQUQHVén§QBHE'Q@ ot of 855 OyPeleqn an

oxidi zing agent in an ampunt |ess than the equival ent anDunt of the ferrous
iron and 3hehhadﬁﬁﬁglgnhﬁﬂkaxﬂdﬁnl§uéWO§Ph9ﬁﬁer that its pH may be adjusted
in the range gg 5to 5 5 (preferably 25 1.5 to 4.0 and nore preferably 2.0
to 3.5). 6 f %he present invention (10) is a process for producing an
agent for preveﬁhﬁngreSﬁpKOWhﬁgnﬁiOnréaﬁiﬁg &hephgephiofos- palexyead idigsor der

the agent contaiBlaaq! erT Lee30: AydLohde NG COUPLISBS LiRES! ePS of

addi ng an oxidizing~agent to an~aqueous-sol ution errous 1ron in such a
manner that atsorddng potenyi ahenay bbebrioughtipns t(Ré tendé)ofursderto 770

nv (preffgabhxcigggngog1§gngh and nore preferably +600 to 700 nV) and then
addi n )

[0018]

The present inventions (8) is the agent for
preventing, improving or treating a phosphorus-related
disorder according to any one of the inventions (1) to

15 (7) wherein the disorder is hyperphosphatemia.
[0019]

The present invention (9) is a process for producing
an agent for preventing, improving or treating a
phosphorus-related disorder, the agent containing ferric

20 hydroxide, which comprises the steps of adding to an
aqueous solution of ferrous iron an oxidizing agent in an
amount less than the equivalent amount of the ferrous
iron and then adding an alkali in such a manner that its
pPH may be adjusted in the range of 1.5 to 5.5 (preferably

25 1.5 to 4.0 and more preferably 2.0 to 3.5).

[0020]

The present invention (10) is a process for producing
an agent for preventing, improving or treating a
phosphorus-related disorder, the agent containing ferric

30 hydroxide, which comprises the steps of adding an
oxidizing agent to an aqueous solution of ferrous iron in
such a manner that its redox potential may be brought in
the range of +400 to 770 mV (preferably +500 to 730 mV
and more preferably +600 to 700 mV) and then adding an

35 alkali in such a manner that its pH may be adjusted in



35 alkali in such a manner that its pH may be adjusted in FP0O027PCT 8 the
range of 1.5 to 5.5 (preferably 1.5 to 4.0 and nore preferably 2.0 to 3.5).
[0021] The present invention (11) is a process for producing 5 an agent
for preventing, inproving or treating a phosphorus-rel ated di sorder, the
agent containing ferric hydroxide, which conprises the steps of adding to
an aqueous solution of ferrous iron an oxidizing agent in an anount | ess
t han the equipygd@et anount of the ferrousglO iron in such a manner that its
redox potential nmay be brought in the range of +400 to 770 nV (preferably
+500 to 730th¥ aAdgfADPé prBf EPably +BUGLEEaPOY AVP &Rd4t ReAndad@rey an

al kali in su%p efePBRBNGT 2t hat i §SspH may be adjusted in the range of 1.5 to
5.5 (preferably 1.5 t0 1s 4.0 and nore preferably 2.0 to 3.5). [0022] The
present |nveh996h](12) is the process according to any one of the

i nventions (9) t@hé}%ie&@ﬁﬁehﬂvé €1oHX'Qh¥'EQ 39595c5§8?f8¥p?98b9555 . 20

[ 0023] The present venti on 'S he process” accor o any one of
the inveriti oAB QQ?DtOfPIZPrﬂM@ﬁéﬂngthémp¥@Vﬁh§ hydtﬁﬁﬁﬁéngsaanorphous.

[0024] 25 T?ﬁoggﬁégyéf%Q%%g%hoﬁléééheks EP d| QﬁﬁséoﬁEQQBQPngg&Qi%”y one

of the invention . furt inc g the step o i ng
gl ycerin. [Obg8FroxTHe, pwbseht cPmpeaseenthesptepst hé pAdéegstaceording 30 to

SQK one of th ubBMS“%b?H%iég)okoféléb Lug LRE' B“ %FQH%%thS SHEP i @f an
ydrati on, reeze rylrng or spray- rylng F € Jprdsent invention
(16) is the pmggegslassotuangthe equivalent amount of the ferrous

10 iron in such a manner that its redox potential may be
brought in the range of +400 to 770 mV (preferably +500
to 730 mV and more preferably +600 to 700 mV) and then
adding an alkali in such a manner that its pH may be
adjusted in the range of 1.5 to 5.5 (preferably 1.5 to

15 4.0 and more preferably 2.0 to 3.5).

[0022]

The present invention (12) is the process according
to any one of the inventions (9) to (11) wherein the
oxidizing agent is a hypochlorite.

20 [0023]

The present invention (13) is the process according
to any one of the inventions (9) to (12) wherein the
ferric hydroxide is amorphous.

[0024]

25 The present invention (14) is the process according
to any one of the inventions (9) to (13) further
including the step of adding glycerin.

[0025]

The present invention (15) is the process according

30 to any one of the inventions (9) to (14) further
including the step of dehydration, freeze-drying or
spray-drying.

[0026]
The present invention (16) is the process according

35 to the invention (15) wherein, after the step for pH



35 to the invention (15) wherein, after the step for pH FP0O027PCT 9

adj ustnent, the step of adding glycerin is performed before, during or
after the step of dehydration, freeze- drying or spray-drying. [0027] s The
present invention (17) is the process according to any one of the
inventions (9) to (16) wherein the disorder is hyperphosphatem a. [0028]
The present invention (18) is an oral preparation for 10 adsorbing
phosphat e i opsor#rcioods and beverages or pharnmaceutical s, which contains
ferric hydroxide as roduced under such conditions that a ferrous species
is present.aFOEQQTengs the prepert PACERDi BAYCEYLY &St RErdramest epar ati on
accordi ng tObEE@rbDV@ﬂEEHE_G%SEfWQ%r%hE khepf 8Er GenyAydrevnde rhgiaduced by
addi ng to an aqueous solufion of ferrous iron an oxidizing agent in an
anount | ess EKHANIt RE ERURAYaP&ENENGrount of the ferrous iron and then adding
20 an al kali (hposych a manner that its pH at the end of the reaction may be
adjusted in the range of 1.5 to 5.5 (preferably 1.5 to 4.0 and nore
preferably 2.0 t&hg. BYesenpo3pyemhéopr édént 1pntBAt PEACERE) acsorRangr al

preparation +25,36chdi Bg t0et BEVERYERMION 9f 18L WAGH €t B8 of @il C _
hydroxi de is produced by adding an oxidi zing agent to an aqueous sol ution
of ferrous i AdforAesueh HYﬁﬁﬁﬁgPSPhéﬁemﬂﬁs redox potential may be brought in
the range of (44997 to 770 nV (preferably +500 to 730 nV and nore preferably
30 +600 to 700 nwi and then adding an alkali in such a nmanner that its pH
at the end of th&hepentepentmapvbatignj udBedipnanherpangaephrationo fors

(preferably 1saoiBind- BnBRPndREe iBhEM §Hhakb¥ag: AnkOrdvakade@O3H

pharmaceuticals, which contains ferric hydroxide as
produced under such conditions that a ferrous species is
present.

[0029]

15 The present invention (19) is the oral preparation
according to the invention (18) wherein the ferric
hydroxide is produced by adding to an agueous solution of
ferrous iron an oxidizing agent in an amount less than
the equivalent amount of the ferrous iron and then adding

200 an alkali in such a manner that its pH at the end of the
reaction may be adjusted in the range of 1.5 to 5.5
(preferably 1.5 to 4.0 and more preferably 2.0 to 3.5).
[0030]

The present invention (20) is the oral preparation

25 according to the invention (18) wherein the ferric
hydroxide is produced by adding an oxidizing agent to an
aqueous solution of ferrous iron in such a manner that
its redox potential may be brought in the range of +400
to 770 mV (preferably +500 to 730 mV and more preferably

30 +600 to 700 mV) and then adding an alkali in such a
manner that its pH at the end of the reaction may be
adjusted in the range of 1.5 to 5.5 (preferably 1.5 to
4.0 and more preferably 2.0 to 3.5).

[0031]

35 The present invention (21) is the oral preparation



35 The present invention (21) is the oral preparation FPO027PCT 10

according to the invention (18) wherein the ferric hydroxide is produced by
addi ng to an aqueous solution of ferrous iron an oxidizing agent in an
anount | ess than the equival ent anount of the ferrous iron in such a s
manner that its redox potential may be brought in the range of +400 to 770
nv (preferably +500 to 730 nV and nore preferably +600 to 700 nV) and then
addi ng an al k@bi7pctn such a manner that it pH at the end of the reaction
may be adjusted in the range of 1.5 to 5.5 (preferably 10 1.5 to 4.0 and

nor e preferaBF902¢@n90t8.Sg? ipyespLonhé 180 evBRteilRVERLI 68TE2L) is the oral

preparation h?@?@k?&égiéoﬁﬁaaueaﬁ 8, hhaihgveBt hANaglddhst ol dtkonMagr ei n
t he oxidizing agent is a hypochlorite. is [0033] The present invention (23)
is the oral g?éﬁapétﬂéﬁn aBcoxdiaging aAgnénénofnt REOUALeAESENShANE) to (22)

wherein the £gerbg,hydiextdgmbindMBEPRAES rek0834] 18R Thesprgsgnt invention
is the oral preparation according to any one of the inventions (18) to (23)

further includnpgrgkheériihs Fed9B] POTREtpRESBAY PARVERPUERT(2B) the the oral

preparation ZangecBrdiigol eoahyo0Re Qb bRE LBYENLEARS ol8hol Ayl 24k which s
a food and beverage additive, food and beverag adj uvant, pharnaceuti cal
addi tive or PphRaenneeferakly adpPAvant 70Pon3¥6] andotitka pdedadt apnadieildn (26)

s a_processifobuBROdURLASeraRLEaL B! BRALAL LAR LA BESPHDI pgaRhosphat e ions

in foods an everages or pharnaceuti , the preparation contalning
ferric hydrorbgebewatlghstefApinsebet hangeeps of. 5 &adPng tloredezqbdyus

SO|Uti0n1@f &?5r9854ibogn3nmore preferably 2.0 to 3.5).
[0032]

The present invention (22) is the oral preparation
according to any one of the inventions (19) to (21)
wherein the oxidizing agent is a hypochlorite.

15 [0033]

The present invention (23) is the oral preparation
according to any one of the inventions (18) to (22)
wherein the ferric hydroxide is amorphous.

[0034]

20 The present invention is the oral preparation
according to any one of the inventions (18) to (23)
further including glycerin.

[0035]

The present invention (25) is the oral preparation

25 according to any one of the inventions (18) to (24) which
is a food and beverage additive, food and beverage
adjuvant, pharmaceutical additive or pharmaceutical
adjuvant.

[0036]

30 The present invention (26) is a process for producing
an oral preparation for adsorbing phosphate ions in foods
and beverages or pharmaceuticals, the preparation
containing ferric hydroxide, which comprises the steps of
adding to an aqueous solution of ferrous iron an

35 oxidizing agent in an amount less than the equivalent



35 oxidizing agent in an anmount |ess than the equival ent FPOO27PCT 11
anmount of the ferrous iron and then adding an alkali in such a manner that
its pH nay be adjusted in the range of 1.5 to 5.5 (preferably 1.5 to 4.0
and nore preferably 2.0 to 3.5). 5 [0037] The present invention (27) is a
process for producing an oral preparation for adsorbing phosphate ions in
foods and beverages or pharnmaceuticals, the preparation containing ferric
hydr oxi de, whpgbypegnprises the steps of 1f7 adding an oxidizing agent to an
aqueous solution of ferrous iron in such a manner that its _redox potenti al
may be brougRfouRtt RE thRgdesronsodres 2rd wrefprefdngbly aFEd it ¢1730 v

and nore pfeE%EﬁbBYméﬁﬁgrtQh3901%¥)p@nﬁaytB%naég%%%@da&naE%Q'rdn@eﬁ%ﬁh a
manner that i1ts pH may be 15 adjusted in"the range of 1.5 to 5.5 (preferably

1.5 to 4.0 an8 i¥6r & -Pr dPELABILRLAY0 11§ BO5)%.- O @O jpor?h@rﬁﬁégéﬁﬂéiﬁvéhtlon
(28) is a pregesssfor producing an oral preparation for adsorbing phosphate
ions in foods 20 and beverages or pharmaceuticals, which conprises the

steps of @ddilR§3{7d an aqueous sol ution of ferrous iron an oxidizing agent

in an amount | esgnkhapetRarequivakeph %Fﬂ?u'its af phleelser FeYs g dilgsuch a
manner that its redox potential may be br ought |n the range of +4007to 25

770 v (preféﬁa@l@1+9@§Pﬁ§a139nnﬁoéh@dﬁ§ﬁ@lﬁﬂeP@p§mh@te+@mm&(iﬂﬂﬁPQQﬁ and

t hen addi ng a such K usted in the
range of 1. SQ?d b%%%k %gfggé %ar%%%%?glkﬁ ﬁ%ep? S I%Er%%1y 2.0to

3.5). 30 [oosgptahelpgeiemf1|Cnhe'|dtﬁoer:id@29)ﬂhnl§ht rompricess tdecaitdipsg oft o any

0 ot o0 LAUELLO05 6301002 Bl MRS Bl BrolieNg AP = 2

ferrous iron in such a manner that its redox potential

may be brought in the range of +400 to 770 mV (preferably

+500 to 730 mV and more preferably +600 to 700 mV) and

then adding an alkali in such a manner that its pH may be
15 adjusted in the range of 1.5 to 5.5 (preferably 1.5 to

4.0 and more preferably 2.0 to 3.5).

[0038]

The present invention (28) is a process for producing

an oral preparation for adsorbing phosphate ions in foods

20 and beverages or pharmaceuticals, which comprises the
steps of adding to an aqueous solution of ferrous iron an
oxidizing agent in an amount less than the equivalent
amount of the ferrous iron in such a manner that its
redox potential may be brought in the range of +400 to

25 770 mV (preferably +500 to 730 mV and more preferably
+600 to 700 mV) and then adding an alkali in such a
manner that its pH may be adjusted in the range of 1.5 to
5.5 (preferably 1.5 to 4.0 and more preferably 2.0 to
3.5).

30 [0039]

The present invention (29) is the process according
to any one of the inventions (26) to (28) wherein the
oxidizing agent is a hypochlorite.

[0040]

35 The present invention (30) is the process according



35 The present invention (30) is the process accordi ng FPOO27PCT 12 to any
one of the inventions (26) to (29) wherein the ferric hydroxide is

anor phous. [0041] The present invention (31) is the process according 5 to
any one of the inventions (26) to (30) further including the step of adding
glycerin. [0042] The present invention (32) is the process according to
any one of the inventions (26) to (31) further 10 including the step of
dehydr ati on, phghe@ee-drying or spray-dryinng. [0043] The present invention
(33) is the process according to the invention (32) wherein, after the step
for pH 15 adf@sén¥nenet pé Shepisvenddprng dRgeetrn (R9) p@hﬁ@ﬁﬁ@dthgefore

during or afEggrggeh§gggxgged§gygﬁggbﬁgusfreeze- drying or spray-drying.
[0044] The present invention (34) 1S the process according 20 to any one

of the inventlPBAs] (26) to (33) wherein the oral preparation is a food and
beverage additivepe g?gseﬁﬁdlﬁééﬁEﬁgﬁ adpyvagt ¢ p ﬁ%gﬁéégthﬁéerQQgt'Ve or

phar maceuti cal adjuv [0045] 25 Terns as use erein wll now
defined. SThetpephy oner pfushspéBivestipafer86iota 303t &neEherm which iron is

present as hgﬁb@gdﬁngakﬁgcgtg? Bﬁoadagﬁg)@§¥ﬁe§ghrous ion or ferrous

conpound (ferrous roxid or exanp e term "aqueous sol ution of
ferrous |ron[00§2hot 30 particularly limted as long as it is an aqueous

solution in “h'%ﬂe2§£é88 £l ORFAEEAT 758! 4 Q”tha IBQEEQIQCPEQ81H8

subst ances. ter oxl di'zing agent" 'S’ not i cular
exanpl es of whi ehynapei n€l bde ihypothbosi t(é$) hpdrégénfpethnmde and cal ci um

10 including the step of dehydration, freeze-drying or

spray-drying.
[0043]

The present invention (33) is the process according
to the invention (32) wherein, after the step for pH

15 adjustment, the step of adding glycerin is performed
before, during or after the step of dehydration, freeze-
drying or spray-drying.

[0044]
The present invention (34) is the process according

20 to any one of the inventions (26) to (33) wherein the
oral preparation is a food and beverage additive, food
and beverage adjuvant, pharmaceutical additive or
pharmaceutical adjuvant.

[0045]

25 Terms as used herein will now be defined. The term
"ferrous species" refers to a substance in which iron is
present as having a valence of two, such as a ferrous ion
or ferrous compound (ferrous hydroxide, for example).
The term "aqueous solution of ferrous iron" is not

30 particularly limited as long as it is an aqueous solution
in which ferrous ions are present and may contain other
substances. The term "oxidizing agent" is not
particularly limited, examples of which may include
hypochlorites, hydrogen peroxide and calcium

35 hydroperoxide, hypochlorites being preferred. The term



35 hydroperoxi de, hypochlorites being preferred. The term---------------- -
--- - --- FPO027PCT 13 "phosphorus-rel ated disorder” refers to a disorder

af fecting various organs due to an excessive accunul ation of phosphorus in
t he body, often attributable to chronic renal failures. Exanples of such

di seases and synptons 5 may include osteopathy, calciumdeposits to the
organs, such as the heart, aortae and |lungs, anem a and secondary

hyper par at hyg@joghipsiin The term "agent for pfeventing, inproving or treating
a phosphorus-rel ated disorder” refers to an agent to be used for the

pur pose of at'Phegehorosonelatepr dienrien, irrpreverent dagordest ment. The

term "oral peeparah50ark8uBobrBahtl GULAELY ahi Bkbed s3%eaheRgmuas tibnl S
orally adm nistered, “i ncluding one to be added to foods or beverages (food
and bever ageCAdehPFpBprugneén thepbodykenfsepanstEiputpbdef s6dshseniever ages

(food and 15rQﬁ¥§r@9?1@95%Y?”éx§ﬁ5ﬁb§§o§UQ@&E”EDé%asQ%eaﬁ@ benadded to

pharmaceutical s (pharmaceutical additive) and one to be taken separately
f rom pharirac®ayi ¢BFsugphasfaerathyal caadjiunafdeposBEST tRODEESFORIEARRYI NG OUT

THE | NVENTI cgoahogﬂ@]héa E?taggggeoénhhﬁuﬁg§§eﬁhehﬁﬁeﬂhBQ@eWthaQ?

descri bed bel ow. The agent for preventing, inproving or treating a
phosphor us- r ByResdadpsbydeidasn - t NEhere¢rmplapemtt fon poeveadsonsdi ng

phosphat e i opg Eﬁvﬁﬁﬁdéraﬂgegﬁiﬁgvgrgﬂ%§8ﬁ6rBQ@E€ES%%Ei%ﬂ%% dicther partly in
s e

terms of use aring a conmon purpos preventi ng phosphorus- rel ated
di sorders) buefshar écaavoagenti hgr bdi eaed Ephospkabtaradser béner ledisér ef or e,

30 respett | valEsgd PEERERSIPRT 1B by EpRAt Rl kR et RRREET TALGERRE 0 T

i ncl udes anor'phedspreparatibpdr 0% detapaptdodudedlyndémisech asomdionigons t hat

a as it is orally administered, including one to be added
to foods or beverages (food and beverage additive), one
to be taken separately from foods or beverages (food and

15 beverage adjuvant such as supplement), one to be added to
pharmaceuticals (pharmaceutical additive) and one to be
taken separately from pharmaceuticals (pharmaceutical
adjuvant) .
BEST MODE FOR CARRYING OUT THE INVENTION

20 [0046]

A best mode of the present invention will be
described below. The agent for preventing, improving or
treating a phosphorus-related disorder and the oral
preparation for adsorbing phosphate ions in foods and

25 beverages or pharmaceuticals differ partly in terms of
use (sharing a common purpose of preventing phosphorus-
related disorders) but share a common ingredient
(phosphate adsorbent). Therefore, description will be
made first on the phosphorus adsorbent and then on the

30 respective uses in detail.

[0047]

The present phosphorus adsorbent includes amorphous
ferric hydroxide as produced under such conditions that a
ferrous species (ferrous hydroxide, for example) is

35 present. Although the active ingredient exhibiting a



ferrous species (ferrous hydroxide, for exanple) is 35 present. Al though the
active ingredient exhibiting a FPOO27PCT 14 hi gh phosphorus adsorptive
power is anmorphous ferric hydroxide, not any ferric hydroxi de can achi eve
such an effect. For exanple, ferric hydroxi de produced by adding caustic
soda to a solution of ferric iron or commercially s available ferric
hydroxi de will not exhibit such a high phosphorus adsorptive power (see
Exanpl es) . @wotfrerbasis of Eh (redox potential) vs pH charts for Fe 21
-Fe(OH)3 systens, the present ferric hydroxide is produced under extrenely
unst abl e conBi@RoRECRRBPEUFr BASPERS 1HPePEWESeAf RDOXBLPEST LETIARs whil e

remai ni ng UngerrERiNE, phbgoaﬂgtfe@§1cwh9a§okmaé E8RBEBhASVECEHQUS anf ON when
they are present as st ab em cal species. The present ferric_hydroxide

t heref ore i n8f&iges- fe??%n@%quﬁﬁqrﬁ?%ﬁ%?ch%@ﬁ?%&@%ep¥%du?ﬁ@ BY odée&ag

preci pitate aadst$ci 808 HBSBaQb§u€@6n15f9¥EE9ﬂ6|XrBhQBra@Bh&EQéiaihgte- The
present ferric hydroxide is therefore characterized in that the bon

Fe- O Fe- G FedVpslahieabrerandh¥dsPrydel watédnahderhirdt shesumeliighat newl y

produced Fe-LhgpAHPSsr §8ELrPItEbe EBQ%BhQEQe'QQﬁm?QQSthe bh kendhib g5 bonds
are cl eaved, ™ 20 exhlbltlng remar kabl g adsor ptive_power. 0048] The

cheni cal st r @&t Bhe ( §ﬁdpérppéeﬁyaaéklaé P Ghéréarforcﬁethé%b )s of

experlnentatg9etéﬁ§ulEﬁeaﬁgegeﬁtlEa%rlchﬁyE¥e&adet1Ba§reeﬁ%@@aﬁhﬁe&he
structure as described 25 bel ow (the ferric hydroxide according to the

present invextremely nostahégrevendiripnseyhesesdehna ipresaired Presemat i on) .
SpeC'f'Cﬂ!'yastﬁerP&esﬁehﬁfQBEEE Q&ﬂé?ﬁhﬂg ufigEENEhakLY %Ogbﬁuﬁ% bglric iron

and has oxygen atons or dr ox roups hat are hexacoor |nate to 1ron
at ons so 30 wharethbeMexa@ééndaﬁaﬁéarpuénsranewbe@s@hﬁwl9rﬁupx@@emﬁa oxygen

at ors. %hEEaBEQSHHEﬂlEQQt g%&&@bn % EukéfrP%gﬁ?8£o§£88”d such

iron at OITB W have sone nce on t etween t ron atons and
t he therefore includes ferrous iron 1n ferrlc hydroxide in

the produced precipitate and is in an unstable and

15 extremely high amorphous state. The present ferric
hydroxide is therefore characterized in that the bond -
Fe-O-Fe-0O-Fe- is unstable and easily cleaved and it is
presumed that newly produced Fe-OH groups react with
phosphate ions and the like while bonds are cleaved,

20 exhibiting remarkably high adsorptive power.
[0048]

The chemical structure of ferric hydroxide is unclear.

On the basis of experimentation results and the like,
however, it has presumably the structure as described

25 below (the ferric hydroxide according to the present
invention is not, however, limited to such a presumed
formation). Specifically, the present ferric hydroxide
essentially contains ferric iron and has oxygen atoms or
hydroxyl groups that are hexacoordinated to iron atoms so

30 that the hexacoordinated irons are presumably linked via
oxygen atoms. It is then presumed that certain water
molecules present around such iron atoms will have some
influence on the bond between the iron atoms and the
oxygen atoms, consequently destabilizing the bond. It is

35 then believed that, as a result of replacement of the



oxygen atons, consequently destabilizing the bond. It is 35 then believed
that, as a result of replacenent of the FPO027PCT 15 hydroxyl groups or the
destabilized oxygen atons coordinated to the iron atons with anions
(phosphate ions, for exanple) the iron atonms will bond with those anions
(phosphate ions) Under such assunption, a preferred 5 formation is one in
which -Fe-O Fe-O Fe- (cluster) has a noderate size due to the presence of
noder at e hydrmyyipcTgroups. [0049] 1In a process for producing the present
phosphorus 10 adsorbent, ferrous iron is reacted with an oxidizi ng agent
(sodi um hypoBHPEPKY &, IFBHPEXKPFET £6S6BPailA2EEr PFYICRy @LEERIEde as descri bed
bel ow. The regaeth9nasehemB tAE isdahaBom8d@Xtheaatibal i(Hhepwatheliews,
wherein ferric hydroxide is abbreviated as_"Fe(OH)3" for ease of i5

under st andi n§°F FSARBELS) 1EhPOdLOT 2FemMs Wikdchend Hiph PPeEeHpRiPNRad + 4H
[0051] 20 AS(?_H@@@héE@VﬁonQ'PQ Bh&e Pf s YROLHL Ghbt Eoh agt SrdkdPrefWO NI s of
ferrous iron (in other words, one nole of hypochlorite is equivalent in
amount t ot WAOKBREIOBS 15f eREoGE WReARN TFPnOrﬁé‘@rﬁéeséCﬂ@ﬁtﬁﬁéd@éﬁi@n, such
condi ti ons apegbbgReest Bl hiBedot RRE LREsLALEOUS MbABARYE R5aRekyaonpl etely
be oxidized into the ferric iron by reducing the anount of “the 0xidi zing
agent to | esSTPHRA- the equival ent anount of the ferrous iron (to |less than
one nol e of Eﬁgg§@Iorite, in the case of two noles of ferrous iron, for
exanpl e) as described bel ow. 30 [0052] The term such as "anor phous” or
"extremely high IR aapbPphRBEshessPragaRsnghihexprggepswebospnpiigct i on usi ng

Ka ray of, Qua@8o2Beft! a¥e3PHLEE 1$BAE sal-eh@R8h GAEHNAR oxidizing

agent (sodium hypochlorite, for example) to obtain ferric
hydroxide as described below. The reaction scheme for
such a redox reaction is shown below, wherein ferric
hydroxide is abbreviated as "Fe(OH);" for ease of

15 understanding.

Formula 1

[0050]
2Fe** + NaClO + 5H,0 — 2Fe(OH); + NaCl + 4H*
[0051]
20 As shown above, one mole of hypochlorite reacts with

two moles of ferrous iron (in other words, one mole of
hypochlorite is equivalent in amount to two moles of
ferrous iron). In the process for production, such
conditions are then established that the ferrous iron may

25 not completely be oxidized into the ferric iron by
reducing the amount of the oxidizing agent to less than
the equivalent amount of the ferrous iron (to less than
one mole of hypochlorite, in the case of two moles of
ferrous iron, for example) as described below.

30 [0052]

The term such as "amorphous" or "extremely high in

amorphousness" means that X-ray powder diffraction using
Ko ray of Cu as an X-ray source shows at least one non-
crystalline halo pattern in the range of 5° to 80° by 26

35 value, with no apparent crystalline peaks. Slight



crystalline halo pattern in the range of 5 to 80 by 29 35 value, wth no
apparent crystalline peaks. Slight FPO0O27PCT 16 crystalline peaks nay be
observed in non-crystalline halo patterns depending on starting materials
or the like during production. In such cases, the crystalline peak
intensities observed in the range of 5 to 80 by 28 5 value in X-ray powder
diffraction using Ka ray of Cu as an X-ray source may be allowed if they
are at or befgyp¥ in relation to crystajdine peaks for a correspondi ng
crystalline reference material (% X-ray diffraction intensity/reference
material) . Spw¥erhildifeXpeaksloagi ber ebsegneidntiansiony trybsedidamemieda al s
whi ch may be n se_gi t f Ia e i accordance
wi th ASTM ( a??ggﬁésggpgﬁdﬁpg 8?e§¥?%t9¥ﬁdﬂgﬁh%égﬁalgg E&gb&akfhe nunber of
crystalline ﬁeaksgupedduﬁonoualcnma$uoh odsént eghat edysefil etheopeakt ensiti es

is is not paééggﬁ §%&¥§ Og%e%gFPbEh t% p&gfgra%%yﬁrn %h%oma %ﬁteOf 1to 8.

Fornmula 2 ray raction nS|ty ef'erence rial) 20 {
(Sx) I (SR anuéOanheraynpSwdeepdefémastaonlnsaggamedragfbéCEMOas
intensity of _a ng agd Sﬁ re%re% L e%nl %% rated r flec%_ﬁ LenS|ty
of a referefite’nd ngSP 55 ﬁ@b 2] e %H A& ct Vel é?% ‘ent is
ferric hyerNIdelatébhOhS speeitad lane peakst&b&yacan&aem@@nﬁum@e the
production i suc %ndltloq hat ferrous species (ferrous

ARAEAGIS 2O NURLL I 1 Sl e e M W oo Ao

(ferrous hydhoéndetyV@éfexampbehaterﬁeu)par5péuiaityflxnra?d and usually

0, 0, i
% by vel ght or L ess cRreherably 1Lom 0 0L 1o 4% by velght, and yyre

used include those given by the formula below in

accordance with ASTM (American Society for Testing and

Materials) D3906. The number of crystalline peaks used

for calculation of integrated reflection intensities is
15 not particularly limited, but is preferably in the range

of 1 to 8.

Formula 2

[0053]

(% X-ray diffraction intensity/reference material) =

20 {(Sx)/(Sr)} x 100

wherein Sy represents an integrated reflection
intensity of a sample, and

Sr represents an integrated reflection intensity of a
reference material.

25 [0054]

Thus, although the active ingredient is ferric
hydroxide, ferrous species are inevitably contained since
the production is performed under such conditions that
ferrous species (ferrous hydroxide, for example) are

30 present. The content of such ferrous species (ferrous
hydroxide, for example) is not particularly limited and
usually 5% by weight or less, preferably from 0.01 to 4%
by weight and more preferably from 0.1 to 2% by weight on
the basis of dry weight (furnace-dried at 105°C for 2 h).

35 The ferrous species are inevitably contained during



the basis of dry weight (furnace-dried at 105C for 2 h). 3s The ferrous
species are inevitably contained during FPOO27PCT 17 production and such

i ngredi ents may, however, be renoved by washing. [0055] Further, the
present phosphorus adsorbent nmay contain 5 crystalline ferric hydroxide as
| ong as anorphous ferric hydroxide as the active ingredient is present. In
such cases, the anorphous ingredient conprises preferably 30% or nore,

mor e preferappyyppdo or nore and even nore 5 preferably 75% or nore. 10 [0056]
It is preferred that the present phosphorus adsorbent further contains

gl ycerin. Dependiingion ehd setrhodngfreddepitsgmel  ajiomgveext brdeemsivedage) ,
the ferric hﬁgrg %Hg causes its OH groups attached to irons of
-Fe-OFe-O Fe'isto Bg'dehydrated and assunes a stable condition through
grow h of cl U0ék% or ot herw se, possibly decreasing its adsorptive power.

Therefore, adm xj ceri e ferric_hydroxi kes i LEficult
for dehydration gﬂgEﬁk¥gréh§s£?8g§%%u h8§§ho%ﬁgngngégg§tgﬁ?gé80 t%ﬁna
decrease 20 cmyatsdiphevéepower hydyoxenar kabllpnge aisnhmbirpedusTHerrdent ent  of

glycerin is pref Ly_20% by i.ght .or | es on _the basis of_dry weight
(furnace-driggggg&?ggcg oﬁ%g a??}gfodggfegiénﬁ 6Fo &85 F5r p#%dﬁ%? g the
phosphor us adasebentheaemorghngst angirediest wod@niiskls phrerferabdgsanitbed. The
pr esent phosghorus adsor bent is o?@ai %g b% %Step é@) addin% t o an aqueous
sol ution of P&rP8aS’ i PORSaRTSEST&r th 3g&ht "PAT 84TeSUS hYIFEChl orite

sol ution, fopra3@eexanpl epsi bramogaount | ess than the equival ent anmount of
the ferrous gb§56 preferably fromO0.3 to 0.95 and nore preferably fromO0.4

to 0.8) ot ( B) addi ng an oxidizing agent (an aqueous hypochlorite
solution, for It is preferred that the present phosphorus adsorbent

further contains glycerin. Depending on the method of
drying or aging (extended storage), the ferric hydroxide
causes its OH groups attached to irons of -Fe-0O-Fe-O-Fe-

15 to be dehydrated and assumes a stable condition through
growth of clusters or otherwise, possibly decreasing its
adsorptive power. Therefore, admixing glycerin to wetted
ferric hydroxide makes it difficult for dehydration of OH
groups to occur even when it gets dry so that a decrease

20 in adsorptive power may remarkably be inhibited. The
content of glycerin is preferably 20% by weight or less
on the basis of dry weight (furnace-dried at 105°C for 2
h) .

[0057]

25 A process for producing the phosphorus adsorbent
according to the best mode will then be described. The
present phosphorus adsorbent is obtained by (Step 1A)
adding to an aqueous solution of ferrous iron an
oxidizing agent (an aqueous hypochlorite solution, for

30 example) in an amount less than the equivalent amount of
the ferrous iron (preferably from 0.3 to 0.95 and more
preferably from 0.4 to 0.8) or (Step 1B) adding an
oxidizing agent (an aqueous hypochlorite solution, for
example) to an aqueous solution of ferrous iron in such a

35 manner that its redox potential may be brought in the



exanple) to an aqueous solution of ferrous iron in such a 35 manner that its
redox potential may be brought in the ........ FPO027PCT 18 range of +400
to 770 nV (preferably in the range of +500 to 730 nmV and nore preferably in
the range of +600 to 700 nV) and then (Step 2) adding an al kali (preferably
a caustic alkali) in such a manner that its pH may be s adjusted in the
range of 1.5 to 5.5 (preferably in the range of 1.5 to 4.0 and nore
preferably ippghfpcrange of 2.0 to 3.5). {lhe order of Step | A or Step 1B and
Step 2 is inportant. If reversed, phosphorus adsorbents having high
adsorptive péﬁ@gec@ﬁld4ﬁ8tt@e76@taVnéEreE§€ﬁblM éondhei sangel othe5@8@scri bed

below. ' [005g Fhbshy LE' AUses ?L:Eﬁe‘f’ﬁbﬁpa?ﬁyt g usadel Bet Neodaueoyso

solution of ferrous iron are not particu imte l'ong as they are
wat er - sol ubl 8V) exafiptbsnof(SAPcR) nﬁ?dﬂgglﬁ@l@&éaﬂerK@M§f§mﬁbéwea ferrous

chlori de a”d GEEQUSa1RLEE Rt €n EEEEOHSméﬂhEQtE é% RE&f hrﬁgyg%gause

filtration precipitate is easy. Furt conce trat n of ferrous
ions in the adUésngds@huth@nr@ﬂgﬁepfo&s5|t9n5l§ (preferably finomhe. 05 to 2M

20 [0059] Nextq oxpdizi 9t892”bs ﬁB ﬁBrgaﬁrggegiﬁﬁgagﬁ ek rﬁﬁ Ligy arly

linited and are> prefera Iy hypoc rites hypoc rltes may
i ncl ude sodlanﬂhypoahﬁmrlt%heaundeaJ@fu&tﬂgpb&h¢nr$tep tBdand fyppchl orite

bei ng 25 partic eferre c e in an
aqueous hypo%%lgbﬁég¥g§Futl%ﬁ ?%Véég% 2??8%%?&{?@ ?é g¥bggg%dﬁégnn%rC|al
avai |l abl e sohmghoaésowptmveopowatrabuddsnot 5etobt@1%@dne Bsabl e. [ 0060] 30

When SteR)IA i agogkegil?thaggggEl%LdageQX|d|2|ng agent is to be less
t han the eqU|va anoun errous ironin an agueous sol ution of

ferrous iron[0TB8]anmount

First, ferrous salts which may be used in the aqueous
solution of ferrous iron are not particularly limited as
long as they are water-soluble, examples of which may

15 include ferrous sulfate, ferrous chloride and ferrous
nitrate. Ferrous sulfate is preferred because filtration
of precipitate is easy. Further, the concentration of
ferrous ions in the aqueous solution of ferrous iron is
preferably from 0.05 to 2M.

20 [0059]

Next, oxidizing agents which may be used are not
particularly limited and are preferably hypochlorites.
Examples of hypochlorites may include sodium hypochlorite
and calcium hypochlorite, sodium hypochlorite being

25 particularly preferred. The concentration of a
hypochlorite in an aqueous hypochlorite solution is not
particularly limited and commercially available solutions
with concentrations of 5 to 10 % are usable.

[0060]

30 When Step 1A is adopted, the amount of an oxidizing
agent is to be less than the equivalent amount of ferrous
iron in an aqueous solution of ferrous iron. The amount
of the oxidizing agent is preferably from 0.3 to 0.95 and
more preferably from 0.4 to 0.8 in equivalence ratio

35 relative to the amount of the ferrous iron.



of the oxidizing agent is preferably fromO0.3 to 0.95 and nore preferably
from0.4 to 0.8 in equivalence ratio 35 relative to the anmount of the
ferrous iron. ----------momooo- FPO027PCT 19 [0061] Also, when Step 1B is
adopted, an oxidizing agent (an aqueous hypochlorite solution, for exanple)
is added to an aqueous solution of ferrous iron in such a manner that s its
redox potential may be brought in the range of +400 to 770 nV (preferably
in the rangepmmzﬁﬁﬁo to 730 nv and nore pyeferably in the range of +600 to
700 V). It is referred that the addition of a solution of oxidizing

agent (an aqé%%ﬁg hypochlorite solution, for exanple) is 10 made dropw se

while stirring. A19962%héﬁe9§e§Aqgnﬂs1§d8§yeaot ﬂe@§$a@&hh§ ageh@dqaﬁndent
steps, so that enbodi ments_i n_whi ch perfornlng Step | reSulfs in

perforni ng SEEPEIBS aRUPOFrBECVRECaSRAYEAEN S fPﬁcPﬁéﬁale [ 6863PdeRekP, after

addi ng a pregdgt ggib8ed §8@HBEon09XE€k%bGQ 298t ihNsBbaPal Aafhedf tBAL
confirmng that the redox potential has settled within the specified range

in 20 Step iBs sedpx2refenddphgmalk BEkREPUgGhL| ipetper FranraedofAHKRALI s are
not part'CU'@6'y7b'HbtgﬁréﬁgrﬁbﬁgeﬁﬁbkﬁeaksngEaBEth%o@'E%lh§o kyagples of

caustic alkalis may in caustic soda and caustic potassium caustic
soda being PPEeePrederahluddnt FbA, rengecoficefPPatPoi 06f mih -al Kl +525

(pref erabl y,ﬁkgeeee geghagl £AB 9hgdt \ME]@;HSB!EC alsls&lgt)mhsoff 207300 > N for

exanple. Theh, to the solution to the pre eternlne anmount ~of
oxi di zi ng agaggenhasanbaaneaddeldypPSraporAfeorolh&isonl utponewhopad el edox

potenti al haﬁaégtHES? %P%ﬂlﬁ@es§9§9&ﬁbed range (Step 30 1B) an aqueous

al kali solution (prefe an aqueous~ caustic alkali solution) is added
in such a nahfeF21 hat

Steps 1A and 1B may not necessarily be independent
steps, so that embodiments in which performing Step 1A
results in performing Step 1B and vice versa may be

15 included.
[0063]

Next, after adding a predetermined amount of
oxidizing agent in Step 1A or after confirming that the
redox potential has settled within the specified range in

20 Step 1B, Step 2 of adding an alkali will be performed.
Alkalis are not particularly limited and preferably are
caustic alkalis. Examples of caustic alkalis may include
caustic soda and caustic potassium, caustic soda being
preferred. In addition, the concentration of an alkali

25 (preferably, the concentration of a caustic alkali) 1is
from 0.5 to 5 N, for example. Then, to the solution to
which the predetermined amount of oxidizing agent has
been added (Step 1A) or the solution whose redox
potential has settled within the specified range (Step

30 1B) an aqueous alkali solution (preferably, an agqueous
caustic alkali solution) is added in such a manner that
its pH may be brought in the range of 1.5 to 5.5
(preferably in the range of 1.5 to 4.0 and more
preferably in the range of 2.0 to 3.5). Through this

35 procedure, amorphous ferric hydroxide will precipitate,



its pH may be brought in the range of 1.5 to 5.5 (preferably in the range
of 1.5 to 4.0 and nore preferably in the range of 2.0 to 3.5). Through this
35 procedure, anorphous ferric hydroxide will precipitate, --------- S
- FPO027PCT 20 providing the present phosphorus adsorbent. [0064] The
present phosphorus adsorbent is preferably in dry formfor the ease of
handling. A nethod for drying is s preferably dehydration, freeze-drying or
spray-dryi ngrpooiArcough whi ch dehydration fgom the Fe-OH bond is reduced
during drying so that phosphorus adsorptive power may remain high. [0065]
10 Further, BHﬁV%?h@ggE?@ePFﬁSBBFoPBPSHHPFHﬁ 8ASaFPeRt -drying can mininize a
decrease in phesphorus adsorptive power. The anount of glycerin added is
201 or less (preferably from3 to 7% on the basis of dry weight
(furnace-dri ed ath@oBESEBRE 2PRPSPhoRESt AAFAYPEBE 18 RURERTABLYl yBePIH i s not

particularlysbih k6¢ 8RE tasePhef BaARNYNET t eX ddt 136k usd et bgfore
drying. [0066] Next, description will bé nmade on uses and nethods for use

of the preseRFepnbabhEr deh¥a5aEbeRt . TYREZPra5¥ANT o0 FRE3PhErYaNddsor bent is

useful in vatheysqhi ghdshWaerhgaexeesai ¥eonhearheLusyapdnhi 9sak-ehycaRY cause
probl ens, such as for patients with chronic renal failures and artificial

di al ysis. Sp@ering de¥éngpePohRhdf| Phperhayes BeFewPt28e] DOBEY MAKst, when
the present phgsphonughadsorbent is used as an agent for preventing,

i mproving or treating™ phosphorus-rel ated di sorders (phosphorus absorption
i nhibitor) fdPOpAiients with chronic renal failures and 30 artificial

dialysis) it is P§££ﬁ¥§¢ QQ&EQYH§t§§§CEP§n before, during or after
drying can minimize a decrease in phosphorus adsorptive
power. The amount of glycerin added is 20% or less
(preferably from 3 to 7%) on the basis of dry weight
(furnace-dried at 105°C for 2 h). The timing for

15 admixing glycerin is not particularly limited and is

preferably after pH adjustment and before drying.
[0066]

Next, description will be made on uses and methods

for use of the present phosphorus adsorbent. The present
20 phosphorus adsorbent is useful in various fields where
excessive phosphorus and biosafety may cause problems,
such as for patients with chronic renal failures and
artificial dialysis. Specific description will be made
below.
25 [0067]

First, when the present phosphorus adsorbent is used
as an agent for preventing, improving or treating
phosphorus-related disorders (phosphorus absorption
inhibitor) for patients with chronic renal failures and

30 artificial dialysis, it is believed optimum that the
agent is filled in an enteric capsule to be orally
administered. Doses are from 1 to 5 g a day depending on
the conditions of patients, especially the severity of
renal failures and the blood concentration of phosphorus.

35 Thus, when the present ferric hydroxide is used for



agent is filled in an enteric capsule to be orally adm nistered. Doses are
froml to 5 g a day depending on the conditions of patients, especially the
severity of renal failures and the blood concentration of phosphorus. 35
Thus, when the present ferric hydroxide is used for - ------------- - -
FPO027PCT 21 patients with chronic renal failures and artificial dialysis,

the ferric hydroxide will bond wth phosphate ions to formwater-insoluble
i ron phosphatmp2abirch will be excreted wih stool. The reaction of the
ferric s hydroxide with the water-sol uble phosphate ions will _conplete

within one nPﬁE%@nt?h€FEPoF€r08Fﬁn§?n§é0f%}épre§h6§ﬁhéﬁélﬁéﬁ§aéroduced when

foodstuff pagsgsythsoudhet RerrseBhl airBkesti Be1fobohwowtient Phegphawks W Il be
adsorbed by the iron hydroxide to be excreted. In addition, en 10 the

agent is oralPPSaBfi APEPeladerniprastiPdsl 14e8ephosphate, uMbiied ¥idhat iron

i ons der'VedbéreﬁbEB%equitﬁnE%ooiccOTHé“Eeé@ti@ﬁ PEesgOt sbpyeation are
absorbed in the gestlve tract is The present phosphorus

adsor bent5 na})YBEoKidg Hétanthéraﬁtﬁreﬁ@%&bﬂ@nphﬁsphéﬁﬁoﬂOEﬁeVéﬁﬂlng vari ous

di seases at tphputabl itai8X6REShY BuRROSPHRRLHSEHAL ak&lmoéeeﬁbél gabky, when
the present preparation is orally taken along with foods and beverages or

phar maceut i cRRSSPbagent anfi RFOPHESPhYRER, TPRESENELI Pagers Shaeuedd the t he

i ntestines wshhibe;adagrbad By t RGopresenl-caubs,2RCG11TRUS adfs%%b@@esent
preparation is extrenely effective in preventing phosphorus-rel ated

di sorders dubYt6h€hérpﬁtB¥§r06ﬂd§hé§ph§té§CFﬁtE§rgeI@u®ﬁ@1§1@@, WosBs are
from1l tg,5 @ﬁeaﬁﬁgﬁ fB%a?ﬁ? &1HQE g@ﬁng grBG%l%Qq @%@e@e' ght of a

person and the uant i erage e taken or the
| i ke. The préganaﬂﬂbﬁlyayhbé aa@@dlp@s ﬂ@@dyedndr@@véhggéybﬁﬁance

phar"aceUt'CQEéoE8198 ehakh¥ b3kelnel Ah@ehle oROdY-o( additinke 1hOf Hexanpl e) or

may be taken
dlgestlve tract.

[0068]

15 The present phosphorus adsorbent may be used as an
oral preparation in view of preventing various diseases
attributable to excessive phosphorus intake.
Specifically, when the present preparation is orally
taken along with foods and beverages or pharmaceuticals

20 containing phosphorus, phosphoric acid produced in the
intestines will be adsorbed by the present substance.
Thus, the present preparation is extremely effective in
preventing phosphorus-related disorders due to the intake
of phosphates in large quantities. Doses are from 1 to 5

25 g a day, for example, depending on the age and weight of
a person and the kind and quantity of a food or beverage
to be taken or the like. The preparation may be added to
foods and beverages or pharmaceuticals to be orally taken
into the body (additive, for example) or may be taken in

30 a physically separate form (supplement, for example).
EXAMPLES
[0069]

Production of Phosphorus Adsorbent (Agent for
Preventing, Improving or Treating Phosphorus-related

35 Disorders, Oral Preparation)



30 a physically separate form (supplenent, for exanple). EXAMPLES [0069]
Production of Phosphorus Adsorbent (Agent for Preventing, |nproving or
Treati ng Phosphorus-related 35 Disorders, Oral Preparation) FPOO27PCT 2 2 A
61 sodi um hypochlorite (active chlorine 51) solution was added dropw se
while stirring to 800 mM of a 0.1 Maqueous ferrous sulfate solution
(amount added dropwi se = 29.8 g, equivalent ratio = 0.588) in such a s
manner that f¥Hos27pedox potential was 650 n and the solution was left for
three mnutes while stirring. Next 1IN caustic soda was added to the

sol ution until i®s6hHEOGMEMhBPFRIeAite $27tiveoERaPRiRReSFhosphor us

adsor bent a§§13u€|i6ﬁ w8st haaeyanpbgwidbewniiat stherend ob she 49 beagtion
was 2.7 and the redox potential was +584 nV. 0070] nponent Anal ysis (1)

Quant i t at i veO Ahally3fdeque of BFRgUE SR EEBE BRI BR1OR0K 2PRENENBSFRET Us

adsor bent Obaﬁbﬁﬁﬂsébovﬁ9 é5gquéghh%§§éﬂé apakysisowaggperfhosped with
respect to T-Fe, MFe, Fe 2+ and Fe3+ ("T" neans total and "M neans netal)

For T-Fe,5 stAAHBES ERRbrifHe F@@Q%tpgﬁeﬁéﬁaésWéﬁ15EPCWV0ﬁ§@etPEtrat|on was

used for neagyigpesh, wéeré%Eefor”EKEHé'ﬁlﬁﬂEQE'QﬁlﬁbséghBE&HB PRESSI UM
dichromate 20 titration was used for neasurenent, for Fee+, inert gas-

filled acid &NsSaletienspdra¥apuaidrehteanhhe EPLHALPBNUNRAS G5EdPHOr

measur enent gnd, sﬁgﬁlfﬁééd 8%'§UbaEbOBBtﬁﬁﬁethgaﬁﬁo§BEBEQEnQdEBrbEﬁtequat'0“
[ Fe3+ = T-Fe- (M Fet+Fe2+) e results are sunmmari zed in le 1. Sanple

No. 1 is a 28cpaséeéengi ke ‘p}i@s@ﬁémnéeadsﬁ’#%eﬁ?ﬂ ot Isanpne qxb.tlzeu s a
frooze: did edrBROSPHAr UsAds9 BRA! cnb00Zbx pIRBHEAL QUANLGLAlhye Analysis
Results (unit
[0070]
Component Analysis
(1) Quantitative Analysis according to Fe Formation
For the phosphorus adsorbent obtained above,
15 quantitative analysis was performed with respect to T-Fe,
M-Fe, Fe?' and Fe®* ("T" means total and "M" means metal).
For T-Fe, stannous chloride reduction-potassium
dichromate titration was used for measurement, for M-Fe,
mercuric chloride dissolution-potassium dichromate
20 titration was used for measurement, for Fe?', inert gas-
filled acid dissolution-potassium dichromate titration
was used for measurement and, for Fe®', calculations were
made according to the equation [Fe’' = T-Fe- (M-Fe+Fe®')].
The results are summarized in Table 1. Sample No. 1 is a
25 paste-like phosphorus adsorbent and Sample No. 2 is a

freeze-dried phosphorus adsorbent.

[0o071]
[Table 1]
Quantitative Analysis Results (unit: wt%)
sample T-Fe M-Fe Fe®* Fe’*
No. 1 43.6 less than 0.1 0.5 43 .1
No. 2 43.8 less than 0.1 1.0 42 .7
30 [0072]

(2) Identification of Compositional Phase by X-ray
Diffractometry (XRD)



—t— B ]

sanple T-Fe M Fe Fez+ Fe3+ No. 1 43.6 less than 0.1 0.5 43.1 No. 2 43.8
less than 0.1 1.0 42.7 30 [0072] (2) ldentification of Conpositional Phase
by X-ray Diffractonmetry (XRD) FP0O027PCT 23 Equi prment: Type RI NT-2200,

Ri gaku Corporation Tube: Cu Voltage-Current: 40 kV-40 mA Scan Rate: 4/mn
5 Scan Range: 5 to 80 (20) X-ray diffraction experinent was performed under
the neasurenent conditions above. X-ray diffraction charts are shown in
Figs. 1 to 4rmoghetihe results of analysis mye sunmmarized in Table 2. 10
[0073] [Table 2% X-ray Diffraction Results conpositional phase/sanple nane
rel ative intensi EFUIRBENE: NoTYRe REPT toe? Oci REIFEECRFPPEFTERR  anor phous

i ngredi ent +++ +pgpgel atgye intensity: ++++ very high, +++ high, ++
noderate, + |ow, i+) very low, - undetectable 15 [0074] Based on the

anal ysi s resul t VOl epP8oEHBERRE: (y- FoFH)4Nd®Pr det ected as very low in
intensity for bothynSpgpkes No/minand No. 2. Al so, the both sanpl es showed
general |y broadened profiles except the diffraction peaks 20 obtained in the
X-ray dif¥racti ofic@RaR®&BIeel PciEPngC ek®Penely hi gh anorphousness. [0075]
Phosphorus Adsorptigp destrferidat ekpLpingnPhRsR oéﬁéerghaé% pawer, 20

_ Beo ngeys
m of 25 an annnnlun1ghosphate solution (5.9 ¢ 1) were added to
measurement conditions above. X-ray diffraction charts

are shown in Figs. 1 to 4 and the results of analysis are

summarized in Table 2.

10 [0073]
[Table 2]
X-ray Diffraction Results
compositional phase/sample name relative intensity
No. 1 No. 2
Lepidocrocite y-FeOOH (+) (+)
amorphous ingredient +++ +++

relative intensity: ++++ very high, +++ high, ++ moderate,
+ low, (+) very low, - undetectable
15 [0074]
Based on the analysis results, lepidocrocite (y-
FeOOH) was detected as very low in intensity for both
Samples No. 1 and No. 2. Also, the both samples showed
generally broadened profiles except the diffraction peaks
20 obtained in the X-ray diffraction charts, eliciting
extremely high amorphousness.
[0075]
Phosphorus Adsorption Test
For determining phosphorus absorptive power, 20 ml of
25 an ammonium phosphate solution (5.9 g P/l) were added to
0.5 g (dry weight) of the phosphorus adsorbent according
to the example and the solution was left for 24 hours
with occasional shaking. The solution was then filtrated
and the concentration of phosphorus in the filtrate was
30 determined and calculated. For comparison, adsorptive
power was also tested in a similar procedure for ferric

hydroxide produced by rapidly stirring 1IN NaOH into a 1M



0.5 g (dry weight) of the phosphorus adsorbent according to the exanple and
the solution was |eft for 24 hours wth occasional shaking. The sol ution
was then filtrated and the concentration of phosphorus in the filtrate was
30 determ ned and cal cul ated. For conparison, adsorptive power was al so
tested in a simlar procedure for ferric hydroxide produced by rapidly
stirring 1IN NaOH into a 1M FPO027PCT 2 4 aqueous FeCl3 solution in such a
manner that pgog2ptirmay be brought in theygange of 7.5 to 8.0 and hydrous
iron oxide (comercial product) produced through dehydration of ferric
hydroxi de. TREUPESEI FECAr eSSUR PR 760 $WCHablRANBER tRYD76FS PHaBRE 3]
Exanpl e ferrie seauBhei 2h eaedyahgeh»s@r exsd%o( l@y@r QHY hiBR % G€bn

phosphor us adsorptlve 156 g/ k 14.8 power “[ 0077 Exanpl e of
Addi tion of @Kjyeerilgommegciag EF?ééﬁFg Pé@ﬁ&ﬁéﬂ éﬁéoﬁghnﬁéﬂy 1@&r e added
to the 70% Bydrays;iphasabekyscadsprbentsplodused aamRisingst en thsiabove
procedure each at 5% by  wei ght based on the phosphorus adsorbent and were
freeze-dri ed3-Phosphorus adsorptive power of each of these dried products
is 15 summarijggdein Table 4. [0078] [Table 4] freeze- 5% glycerin 5% Et OH
5% ski nmred hydrous dri ed added, added, m |k added, freeze-dried

freeze-dri ed[Fprbége3dri ed phosphorus adsorptlve 156 g/ kg 102 g/ kg 130 g/kg

117 g/ kg 128 g/ kg power Example ferric commercial product
hydroxide | (hydrous iron oxide)
phosphorus
adsorptive 156 g/kg 56 g/kg 14.8 g/kg
power
[0077]

Example of Addition of Glycerin, etc.

10 Glycerin, ethanol and skimmed milk were added to the
70% hydrous phosphorus adsorbent produced according to
the above procedure each at 5% by weight based on the
phosphorus adsorbent and were freeze-dried. Phosphorus
adsorptive power of each of these dried products is

15 summarized in Table 4.

[0078]
[Table 4]
freeze- 5% glycerin 5% EtOH 5% skimmed
hydrous dried added, added, milk added,
freeze-dried | freeze-dried | freeze-dried
phosphorus
adsorptive | 156 g/kg 102 g/kg 130 g/kg 117 g/kg 123 g/kg
power
[0079]

Test Example 1 (Test for Confirming Action of
20 Reducing Blood Concentration of Phosphorus Using Rats)
Groups each consisting of three male SD rats (eight
weeks old) were bred for a week by dietary administration
of a feed to which the present phosphorus adsorbent
(agent for preventing, improving or treating phosphorus-
25 related disorders) was added. Blood was sampled before
the administration (Day 1), two days after the
administration (Day 3), four days after the

administration (Day 5) and seven days after the



[0079] Test Exanple 1 (Test for Confirm ng Action of 20 Reduci ng Bl ood
Concentration of Phosphorus Using Rats) G oups each consisting of three
male SD rats (eight weeks old) were bred for a week by dietary

adm nistration of a feed to which the present phosphorus adsorbent (agent
for preventing, inproving or treating phosphorus 25 rel ated di sorders) was
added. Bl ood was sanpled before the admnistration (Day 1), two days after
t he adm ni stmoat7ipom (Day 3), four days afdr the admnistration (Day 5) and
seven days after the --------------- - FPO027PCT_ 25 adm nistration (Day 8)
to determ ne?BPoBYSELALEATr APRYNE) bP PRESPROFEsLIPRE §PBGFTKCAR18NFeed not

contai ning the pREEEERFUBNOSTHOrHso@sISPItIeNd FBsd dest dnahesiasn&ophsol  and
the groups with feeds containing 1% 3% and 5% of the 5 present phosphorus

adsor bent wePE€88Bf gRAPERNPEYPeeiFQEP§ t a¥2PhESEREREECAISEr FERET P

Phosphor us Adagr brat g38ug8dwi PhosRBAEUE-ALEQHRARt 18% BB Lhe deawrngheFi g.
5). Also, a significant difference in phosphorus concentration from
Control &t eRERSERRePBOFREOWMS RABPERERE Wre+depigngipd re§PPOBAVELlYest

Exampl e 2 (SgBl bhbBpest-iBeakksiBeand1 PhosnREpHS ruddaasBbaRtTast ah Smal |
Intestine System) Inh order to sinulate the conposition of the enteral fluid
with the conpPBSFPhBKUST ASPERENEOPEt iBNthesdrgrIng (Fagml Sof aMlaQuedus

sol ution of §Egﬁ?§%§§hthEEEEE@ﬁc5|@HtﬁhoégﬂbN§§C%€h85ﬁ8¥5t§%n’f%bﬁ-) was

mxed with 1 L0 nger solution adjusted to pH 7.2 as a small intestine
fluid nodel CPBtpPbvRrHecachesimgoPa@inbnWaFoindacatedf byhd*t d5<0-88)uti on,
0.178 g {gry yekeht) of the phosphorus 20 adsorbent (oral preparation) of
t he exanpl e was added and the concentration of water-soluble P in the
system was det eFabhelxanpse, 2f dfmadhpanteshingi Flnad gadePRPARLPEHS were

made for casgy W-hHPosh TBELPhASBRQNYS 1AFSAERAR! system)

In order to simulate the composition of the enteral

fluid with the composition of a test solution, 187 g/700

15 ml of an aqueous solution of an enteral nutrition Elental
(AJINOMOTO PHARMA Co., Ltd.) was mixed with 1 L of Ringer
solution adjusted to pH 7.2 as a small intestine fluid
model to provide a test solution. To 100 ml of the test
solution, 0.178 g (dry weight) of the phosphorus

20 adsorbent (oral preparation) of the example was added and
the concentration of water-soluble P in the system was
determined. Also, for comparison, similar determinations
were made for cases without the phosphorus adsorbent
(Tests 1 and 2). Further, similar determinations were

25 made for cases where water-soluble phosphoric acid was
added (in the amount based on the assumption that the
total amount of organic P in the enteric nutrition was
digested in the intestines) to the test solution (Tests 3
and 4). The results are shown in the table below. As

30 can be seen from the table, the water-soluble P was
eliminated by the present phosphorus adsorbent (oral
preparation) and, when a large quantity of additional
water-soluble P was added, the amount of phosphorus
eliminated by the present phosphorus adsorbent (oral

35 preparation) increased. In other words, the lower the



(Tests 1 and 2) Further, simlar determ nations were 25 made for cases
wher e wat er-sol ubl e phosphoric acid was added (in the anmount based on the
assunption that the total amount of organic P in the enteric nutrition was
digested in the intestines) to the test solution (Tests 3 and 4) The
results are shown in the table below. As 30 can be seen fromthe table, the
wat er-soluble P was elimnated by the present phosphorus adsorbent (oral

pr epar at i on) FRwghpcnvhen a | arge quantity afe additi onal water-soluble P was

added, the anount of phosphorus. elimnated by the present phosphorus
adsor bent (oWﬁFe§5SBFBBé?aPPSﬁPhPHHFe§§BHenFﬁaBEHEP WheddesehéNoner t he

FPOO27PCT 26amwaher aggbubka phesphar uheCBRGaBET @hkORatkhe sbaspihe anmunt
adsorbed was and the higher the water-sol uble phosphorus concentration, the

more the anpBRAPSBRASEHEeONGAERET#h&CN: of AR POTEnChRe 2MQHNE PESPESERs a tot al

value s of waher - sphaibiecend pat ok -t RSotabl & PLOSPEORLS. aALSal VABue

"wat er -i nsol ubl e phosphorus" refers to phosphorus _that is not

wat er - sol ubl f yégﬁra§09H§9eféﬂﬁdwﬁﬁeﬁrépépﬁgble[GGQfPhP?&ﬁle A}sadded

wat er - annunthef"Batekahneoluw@bephoggh@thne&bﬁbﬁat%@ YioRpHors@! ubl e P,
ppm P adsorbent P, ppm 1 test solution - 29.8 - 6 test solution + P -
21.1 8.7 155tBatad§oPBEnaiera§PLybiari SHCR a&dé@a£5§0@n985n4Progfﬂnf
wat er - sol ubl ggBg4jtest solution + added 155.6 83.7 102.7 311.2
wat er - squbIe P + P adsorbent 10 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
is a chart illFableabing X-ray diffraction for

added water- amount of P total P,
water- soluble eliminated by | ppm
soluble | P, ppm P adsorbent
P, ppm
1 | test solution - 29.8 - 155.6
2 | test solution + P - 21.1 8.7 155.6
adsorbent
3 | test solution + added 155.6 185.4 - 311.2
water-soluble P
4 | test solution + added 155.6 83.7 102.7 311.2
water-soluble P + P
adsorbent

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a chart illustrating X-ray diffraction for
Sample No. 1;
Fig. 2 is a chart illustrating X-ray diffraction for
Sample No. 1;
15 Fig. 3 is a chart illustrating X-ray diffraction for
Sample No. 2;
Fig. 4 is a chart illustrating X-ray diffraction for

Sample No. 2; and

Fig. 5 shows the results of Test Example 1 (action by

20 phosphorus adsorbent of reducing blood concentration of

phosphorus using rats) .



Sanple No. 1; Fig. 2 is a chart illustrating X-ray diffraction for Sanple
No. 1; is Fig. 3is a chart illustrating X-ray diffraction for Sanple No.
2; Fig. 4 is achart illustrating X-ray diffraction for Sanple No. 2; and
Fig. 5 shows the results of Test Exanple 1 (action by 20 phosphorus

adsor bent of reducing bl ood concentration of phosphorus using rats).
FPOO27PCT 2 7 CLAIMS 1. An agent for preventing, inproving or treating a
phosphor us- retoat7zedTdi sorder, which contaims ferric 5 hydroxi de as produced
under such conditions that a ferrous species is present. 2. The agent for
preventing, inproving or treating a pHdsPhorus-rel ated di sorder according
to daim1l, wherein 10 the ferric hydroxide is produced by adding to an
aqueous solution of ferrous iron an oxidizing agent in an anount |ess than
the equival ent akour®no?9deRe fefrBUSVFRBANGndIMPHEKIBAIPAGCEA2EIREI & i n such

a manner thaﬁhb&?h@fhétrémgteén61§5r58§ reacthoBopRY ke adi-wgted in the
range of 1.5 15t . The agent for preventing, inproving or treating

a phosprrugYﬁéPéﬁéﬁ BﬁsBFﬂ@PcﬁécBﬁéﬁﬁgSP6hCF8Pﬁ#IloﬂﬁeF@?ﬁ athe ferric

hydr oxi de i srppdusedpbyiaddi Bgparsextdi zi ng 20 agent to an aqueous sol ution
of ferrous iron in such a nanner that its redox potential may be brought in
the range of +400 to 770 nV and then adding an alkali in such a manner

that its pH at the efideofgthe ES@C%kQOeHBYnQG ipgiystiad bp theatapgesof 1.5
to 5.5. 25 4. The agent for preventing, inproving or treating a

phosphor us- rEhQﬁEBOQP§orééﬁtaécd#épﬁgeﬁoaepérdﬂmg fRefdpam fhewhereis
hydroxi dg, | St REOgHEed by addLNget 9s2BrBAURRHS by adding to an aqueous

solution of ferrous iron an oxidizing agent in an amount

less than the equivalent amount of the ferrous iron and

then adding an alkali in such a manner that its pH at the

end of the reaction may be adjusted in the range of 1.5
15 to 5.5.

3. The agent for preventing, improving or treating a
phosphorus-related disorder according to Claim 1, wherein
the ferric hydroxide is produced by adding an oxidizing

20 agent to an aqueous solution of ferrous iron in such a
manner that its redox potential may be brought in the
range of +400 to 770 mV and then adding an alkali in such
a manner that its pH at the end of the reaction may be
adjusted in the range of 1.5 to 5.5.

25

4. The agent for preventing, improving or treating a
phosphorus-related disorder according to Claim 1, wherein
the ferric hydroxide is produced by adding to an aqueous
solution of ferrous iron an oxidizing agent in an amount

30 less than the equivalent amount of the ferrous iron in
such a manner that its redox potential may be brought in
the range of +400 to 770 mV and then adding an alkali in
such a manner that its pH at the end of the reaction may
be adjusted in the range of 1.5 to 5.5.

35



solution of ferrous iron an oxidizing agent in an amount 30 | ess than the
equi val ent anount of the ferrous iron in such a manner that its redox
potential may be brought in the range of +400 to 770 nV and then addi ng an
al kali in such a manner that its pH at the end of the reaction nmay be
adjusted in the range of 1.5 to 5.5. 35 FPO0O27PCT 2 8 5. The agent for
preventing, inproving or treating a phosphorus-related disorder according
to any one ofpoofZparns 2 to 4, wherein theupxidizing agent is a
hypochlorite. 5 6. The agent for preventing, inproving or treating a
phosphor us-rel ated dT3®r@aeenbcEe¥ dPAGVEBL &RY . ohBPHPViTHaPHstTeRE1BT @herei n

the ferric hﬁﬁé@%hgﬁubSréﬂBEEBOH§soer¥ alberagapt tbohnR’ BKENLiENg, | nproving
or treating horus-rel ated di sorder according to"any one of Clains 1

to 6, furthe?lﬁh@ﬁu i kg @V y¥Bpraingthyhexagéringopdppévént Bng, i nproving or
treating a g§?ggﬁ§3995g$ rel ated di sorder according to any one of Clains 1
to 7, wherein the disorder is hyperphosphatema. 9. A process for producing
an agent ¥or preventing, inproving or treating a phosphorus-rel ated

di sorder, the 2p agent gQ8hei RHAY £§0éh51H¥dr9ﬁb98v1ﬂ@'69 €QARFiagSt he
steps of adding to an aqueous sol u?lon of ferrous iron"an oxidizing agent

in an anount PheseheruR-rRéaEqdi daFerferappgarddndt ke ABYr &S Pfon and then

adding an al&@shmgnl §HCB 2w iBREgh &H@tfb&§letha¥oQ§d@dhgsgﬁerbﬂoh@e range
of 25 1.5 to 5.5. . A process for producing an agent for preventing,

i nprovi ng or treatlng a phosphorus-rel ated disorder, the agent containing

ferric hygroxidey whifb ouptises pbev3f:-oh pshagraqgh 9opncoxLdizing agent

to an aqueous solutlon errous 1ron In mann r that 1ts
potential nByobphbrvaghelanetdhdisangerohcesdding T20any ang oien

Claims 1 to 6, further including glycerin.

8. The agent for preventing, improving or treating a
15 phosphorus-related disorder according to any one of

Claims 1 to 7, wherein the disorder is hyperphosphatemia.

9. A process for producing an agent for preventing,
improving or treating a phosphorus-related disorder, the
20 agent containing ferric hydroxide, which comprises the
steps of adding to an aqueous solution of ferrous iron an
oxidizing agent in an amount less than the equivalent
amount of the ferrous iron and then adding an alkali in
such a manner that its pH may be adjusted in the range of

25 1.5 to 5.5.

10. A process for producing an agent for preventing,
improving or treating a phosphorus-related disorder, the
agent containing ferric hydroxide, which comprises the

30 steps of adding an oxidizing agent to an aqueous solution
of ferrous iron in such a manner that its redox potential
may be brought in the range of +400 to 770 mV and then
adding an alkali in such a manner that its pH may be
adjusted in the range of 1.5 to 5.5.

35



adding an alkali in such a manner that its pH may be adjusted in the range
of 1.5 t0 S. S 35 ... . FPOO27PCT 2 9
11. A process for producing an agent for preventing, inproving or treating
a phosphorus-rel ated di sorder, the agent containing ferric hydroxide, which
conprises the steps of adding to an aqueous solution of ferrous iron an 5
oxi di zing agent in an anount |ess than the equivalent anount of the ferrous
iron in suchrmolveoner that its redox potential may be brought in the range
of +400 to 770 nz and then adding an_alkali in such a manner that its pH
may be adjusted }h- thePFaFges of 04 . Bredusing ap agentheOpr BER¥SNAERSr ding to

any one of G g@bfsvOn§Oorliredbengi 8 EH@S%?théLﬂglégéﬁtdh§o§d3¥poﬁhéor'te
13. The process according to any one. of aims 9 to 15 12, wherein the

ferric hydrox@eRt| §0%ﬁ%%ﬁheasfezzlcTh@dsPﬁéégs Wha6RdFARPE S8Ry tBRe of

Caims 9 to séépsf@ftaéalhgctadaﬂgaaﬁéoﬁgeeo@ﬁt@eﬁl89 gbye8kNiréd an. The
process according to any one of Clains 9 to further including the step

of dehydrati 8hidfFERIeIBRYi 4Y BR §EPH§td?9ﬁﬁgth§B thReegré¥ads8NEccording to

Caim 15, whgnshne 8ftehe 2&ribEssStiesnfon BhcadhushABBYL, thhe step of adding
glycerin is perforned before, during or after the step of dehydration,

freeze-dryi n§e8PXspPRGLEIFE NP2y 19 PReughbcéBsthec5PBIRgCL0+4RY bRe of

Caims 9 to 730 46, aMBeLRER 8381H?59ﬁd§ﬂkh§1hXHeéHBHSQhﬁEﬁﬁbé thgc An oral
preparation for adsorbing phosphate ions in foods and beverages or

phar maceut i caFs, Pihner eenedinstefeini hhydrogrdetfasd - pr 6@ubed - under such
conditions that a 35 ferrous species is present. - --------- -- FPO027PCT

30
12. The process according to any one of Claims 9 to

11, wherein the oxidizing agent is a hypochlorite.

13. The process according to any one of Claims 9 to

15 12, wherein the ferric hydroxide is amorphous.

14. The process according to any one of Claims 9 to

13, further including the step of adding glycerin.

20 15. The process according to any one of Claims 9 to
14, further including the step of dehydration, freeze-
drying or spray-drying.

16. The process according to Claim 15, wherein, after
25 the step for pH adjustment, the step of adding glycerin
is performed before, during or after the step of

dehydration, freeze-drying or spray-drying.

17. The process according to any one of Claims 9 to

30 16, wherein the disorder is hyperphosphatemia.

18. An oral preparation for adsorbing phosphate ions
in foods and beverages or pharmaceuticals, which contains
ferric hydroxide as produced under such conditions that a

35 ferrous species is present.



19. The oral preparation according to Claim218, wherein the ferric

hydr oxi de i s produced by adding to an aqueous solution of ferrous iron an
oxidizing agent in an 5 anount |ess than the equival ent anmount of the
ferrous iron and then adding an alkali in such a manner that its pH at the
end of the reaction may be adjusted in the range of 1.5 to S.S. 10 20. The
oral preparation according to Claim18, wherein the ferric hydroxide is
produced by p@dimrgran oxidi zi ng agent toz@n aqueous sol ution of ferrous
iron in such a manner that its redox potential may be brought in the range
of +400 to 770 ny and then adding an alkali in is such a manner that its pH

at the end of theor e@ﬁé'@f‘aﬂ%reﬁ&r&@héﬁt secbﬂdmg £angea9h 1g5 to S.S. 21
The oral preparation according to Claiml wheréin the ferric hydroxide is

produced by HHGFﬁgntBhSnfe2@18qB§§@§X§§Puﬂﬁoﬁr@ﬂuﬁéﬁr8Nsaﬂﬁéﬁgaﬁcb%ﬁd|2|ng

agent in an é&ﬁéBhs'@éiu&EéH b@eféggbﬁ§|@anagﬁu6klgﬁzﬁﬁﬁ £6eneUSn KRHoN in
such a manner “that its redox gotentla may be Dbrought in the range of +400

to 770 mp andMPHBR AB8Fn§han thPk&AMivAlenshamomatnet thet TRESOMS at the end

of the 25 reagbhonnARYhRA ﬁéﬂ%ﬁbegn'alkgﬁlréﬂgﬁugh 3. Rah@e® Shat24tslhe oral
preparation according to any oné of Cains 19 to 21, wherein the oxidizing

agent is a R¥pdEhtBei eBd 96 2Be TRacsign 9ﬁ¥p§ﬁaﬁﬁdﬁsé@éoﬂ@|ﬁ@eto any one
of dains 1§ah§ e28f WherepnstBe ferric hydroxide is anorphous. 35 24. The
oral preparation according to any one of ------------------ - -
FPOO27PCT 31 Clains 18 to 23, further including glycerin. 25. The oral

prepar at jgn accop ngnkOoany 8PEp0Lac LAl HBclBdiRg2e Whieh 1§ a food and

beverage additiv verage adj uvant, armaceutical additive or
wherein the ferric hydroxide 1s produced by adding an

oxidizing agent to an aqueous solution of ferrous iron in

such a manner that its redox potential may be brought in

the range of +400 to 770 mV and then adding an alkali in
15 such a manner that its pH at the end of the reaction may

be adjusted in the range of 1.5 to 5.5.

21. The oral preparation according to Claim 18,
wherein the ferric hydroxide is produced by adding to an
20 aqueous solution of ferrous iron an oxidizing agent in an
amount less than the equivalent amount of the ferrous
iron in such a manner that its redox potential may be
brought in the range of +400 to 770 mV and then adding an
alkali in such a manner that its pH at the end of the

25 reaction may be adjusted in the range of 1.5 to 5.5.

22. The oral preparation according to any one of
Claims 19 to 21, wherein the oxidizing agent is a
hypochlorite.
30
23. The oral preparation according to any one of
Claims 18 to 22, wherein the ferric hydroxide is

amorphous.

35 24. The oral preparation according to any one of



pharmaceuti cal adjuvant. 26. A process for producing an oral preparation for
adsor bi ng phosphate ions in foods and beverages or 10 pharnaceuticals, the
preparation containing ferric hydroxide, which conprises the steps of
adding to an aqueous solution of ferrous iron an oxidizing agent in an
amount | ess than the equival ent anmount of the ferrous iron and then adding
an alkali in such a manner that its 15 pH may be adjusted in the range of
1.5 to S.S. 2ho27Acprocess for producing am oral preparation for adsorbing
phosphate ions in foods and beverages or_ pharmaceuticals, the preparation
cont ai ni ng fErRIBS208hjar 8% dEUTHAFEN1IBEAPRIBEsILHECEEBps of adding an
oxi di zi ng agent to an aqueous solution of ferrous iron in such a manner
that its redox potential may be brought in the range of +400 to 770 nV and
t hen addi ng an afkal Th¢ nCT3bLcRr8P#HH é@ntﬁﬁFOF@énﬁkgﬁa?nbeOEGj9§ted in the

range of 25¢155mE01B. Bo 28, AnREACESSaf @boRr aHHCHRYeRA AN BHaREERAr ation for
adsor bi ng phosphate ions in foods and beverages or pharmaceuticals, which

conpri ses® t hEOSEepRAoPeHAURAG REI8U2RA- aghiesliacsstitréna8liftdveo®¥ iron an
oxi di zi ng aggRhrhBcedbiagPualjliogatt han the equival ent amount of the ferrous
iron in such a manner that its redox potential may be brought in the range
of +400 to 770 nmV and then adding an alkali in such a manner that its pH

may be adjusted bp 3g %f@céﬁQQEOprﬁoéuEQné-én oral preparation” £or™ """
---- FPO027PCT 32 29. The process according to any one of Clains 26 to 28,
wherein the 89parking RBeAPhprsealpPpoehl §pPee. and3bevEragpro&ss accordi ng

to any ofe ofntt#hEBuRchos, 20newhebphiathenf Eohia fudgOrede ks anor phous.
31. The process according to any one of Cains 26 to 0, further including
the step of gydrﬁglépycy igh ¢omprises the steps of adding to an

aqueous solution of ferrous iron an oxidizing agent in an
amount less than the equivalent amount of the ferrous
iron and then adding an alkali in such a manner that its

15 pH may be adjusted in the range of 1.5 to 5.5.

27. A process for producing an oral preparation for
adsorbing phosphate ions in foods and beverages or
pharmaceuticals, the preparation containing ferric

20 hydroxide, which comprises the steps of adding an
oxidizing agent to an aqueous solution of ferrous iron in
such a manner that its redox potential may be brought in
the range of +400 to 770 mV and then adding an alkali in
such a manner that its pH may be adjusted in the range of

25 1.5 to 5.5.

28. A process for producing an oral preparation for
adsorbing phosphate ions in foods and beverages or
pharmaceuticals, which comprises the steps of adding to

30 an aqueous solution of ferrous iron an oxidizing agent in
an amount less than the equivalent amount of the ferrous
iron in such a manner that its redox potential may be
brought in the range of +400 to 770 mV and then adding an
alkali in such a manner that its pH may be adjusted in

35 the range of 1.5 to 5.5.



32. The process according to any one of Clainms 26 to 31, further including
the step of dehydration, freeze- drying or spray-drying. is 33. The process
according to Caim 32, wherein, after the step for pH adjustnent, the step
of adding glycerin is performed before, during or after the step of
dehydration, freeze-drying or spray-drying. 20 34. The process according to
any one of Clains 26 to 33, wherein the oral preparation is a food and

beverage adgighiper food and beverage adjigvant, pharmaceutical additive or
phar maceuti cal adjuvant.

29. The process according to any one of Claims 26 to

28, wherein the oxidizing agent is a hypochlorite.

5 30. The process according to any one of Claims 26 to

29, wherein the ferric hydroxide is amorphous.

31. The process according to any one of Claims 26 to

30, further including the step of adding glycerin.

10
32. The process according to any one of Claims 26 to
31, further including the step of dehydration, freeze-
drying or spray-drying.

15 33. The process according to Claim 32, wherein, after
the step for pH adjustment, the step of adding glycerin
is performed before, during or after the step of
dehydration, freeze-drying or spray-drying.

20 34. The process according to any one of Claims 26 to

33, wherein the oral preparation is a food and beverage
additive, food and beverage adjuvant, pharmaceutical

additive or pharmaceutical adjuvant.





