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USING THE SAME TECHNI CAL FI ELD This invention relates to a
phosphat e- bi ndi ng pol yner 5 and tablets containin as J%M@éﬂs"é
for producing the tablets. BACKGROUND ART Phospthw mmmmm HW ol yners are
non- absorptive polymers having a phosphate adsorbing cap 'ty and they
are 10 useful as renedies for hyperphosphatem a |nduce6 By renal

hypof uncti on such as chronic renal failure. As described in, for exanple,

U. S. Patent No. 5496545 (Japanese HiepMydguncement Hei 9-504782),
phosphat e- bi ndi ng pol ynmers are publicly known as pol ycationi c pol yner

conpounds conpr Pﬁb??%%pﬁmﬁm aPELERAER ﬁm&wmm wﬂ@: B Hhgpar ed by

crosslinking polya am ne mnt a crossl i ng agent suc

epi chl or ohy digdunACEP#iFl® typical Iy to the USP, supra, phosphate-binding
pol ymer preparations as renedies for 20 hyperphosphatenm a can be fornul ated

into tablets usimehiMAriRihtAdH i@ dsnEloudl Pﬁo@? %‘t@'—bhﬂ&lﬁ@' FHh?ﬁ@r
However, said USP presents no specific exanple formul ati ons

Al 't houghst hearfit esiile i MR iRlG 9Nt @@ wa1pr a@uaep&aaé%Sfo bl endi ng
various additives with the 25 phosphate bi ndi ng pol yners obtained by the

met hod descrgdirthidimg RheUSBb1rast.abl ets coul d successful |y be produced.
Mor eover, )nown adsorbents for oral adm nistration, as exenplified by a
cal ci um pol BAGRGROUNDUIARTNat e preparati on
Phosphate~-binding polymers are non-absorptive polymers
having a phosphate adsorbing capabillity and they are
10 useful as remedies for hyperphosphatemia induced by renal
hypofunction such as chronic renal failure. As described
in, for example, U.S. Patent No. 5496545 (Japanese Domestic
Announcement Hei 9-504782), phosphate-binding polymers are
publicly known as polycationic polymexr compounds comprising
15 primary and secondary amines which are prepared by
crosslinking polyallylamine with a crosslinking agent such
as epichlorohydrin.
According typically to the USP, supra,
phosphate-binding polymer preparations as remedies for
20 hyperphosphatemia can be formulated into tablets using
various additives including crystalline cellulose.
However, said USP presents no specific example of tablet
formulations. Although the present inventors attempted to
produce tablets by blending various additives withgthe
25 phosphate-binding polymers obtained by the method described
in the USP, no tablets could successfully be produced.

Moreover, known adsorbents for oral administration, as

exemplified by a calcium polystyrene sulfonate preparation

I
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-1 a. 2 6 MAR 2003 ( KalimateTM nmanufactured by N kken Chem cals Co.,
Lt.d. ) , a sodium polystyrene sul fonate preparati on (Kayexal ateTM 2.6 MAR 2003
manuf actured by Torii & Co., Ltd.), an adsorptive charcoal preparation
(Kremezi nTM manuf actured by Kureha Chemical 5 Industry Co., Ltd), a

chol estyram ne preparation (QuestranTM manufactured by Bristol-Mers Squi bb
Co., and a precipitated cal ci um carbonate preparation (manufactured by

Em su Yakuhin K K ) , are all in dosage forns of bulls powders, powder

preparation ?f(ai%lﬂﬁ’ﬂlaﬂ'smﬁﬂﬂﬁggh?gggﬂ ﬁiﬁkeﬁgcff}%ﬁ%%%siégre ﬂ@&g? begn

reported no exanpl es of ora sorbents in t abl éts. SCLOSURE

OF THE | NVE h - bi, el Ny . L.he Lovention i s
preferably ?%%ggggngggyﬁiy?ﬁééf%?%ﬂ?ggﬁgq+%ﬁ§é%§%ﬂ%pHgﬁ% rat?%gﬁf (a+bh) to

c is from 45, : d ; ¢ er n Chf A vity
of 1. 18 - 2 g T o e B S B )

2 6 MAR ?003p9é?ér99959h@kﬁeﬂéﬂﬂﬁmgmﬁﬁhfﬁéfuféd09&i@@ﬁéh@r@ﬁéﬁféaﬂf
crystalline celTul ose and/or | ow substituted hydroxypropyl cellul ose; the

particl eg hayggagtayecade Red} | Ch ecihd Z&s SfraRi A Srd i ddh (err)m with at
| east 900 bei ng occupi ed by

(Questran™ manufactured by Bristol-Myers Squibb Co.) and

a precipitated calcium carbonate preparation (manufactured

by Emisu Yakuhin K.K.), are all in dosage forms of bulk

powders, powder preparation or capsules containing powders.

10 Namely, there have been reported no examples of oral
adsorbents in the form of tablets.
DISCLOSURE OF THE INVENTION

The phosphate-binding polymer of the present invention

is preferably represented by the formula

B —_ LI

NHzenHCI | | NHenHC)
oH

NHaenHCI NiHenHC!

—~ L

bi_ '—Em

15 [where the molar ratio of (a+b) to ¢ is from 45:1 to 2:1

and m is an integer] and has a true specific gravity of
1.18 - 1.24.

The tablets of the invention comprise the particles
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5 particles no larger than 500 (err)m have a water content of 1 - 14% and
are obtained by grinding a phosphate-bindi ng pol ynmer having a true I€pMaR 0%
gravity of 1.18 - 1.24, preferably Z 20 - 1.22. The tablets show adequate
tabl et hardness and exhibit rapid disintegrability and 10 di spersibility,
as well as high phosphate-binding capability. The present invention also
relates to a process for producing such tablets by conpressing the
above-defined particles of phosphate-binding polyner into tablets, 15

optional l'y tx96f oo Midt &rySididd Ho1esldlies @ randhen hewsewket birut ed
hydr oxypr opyl cellul ose. When adm ni stered oral'ly) phoSphate-bi ndi ng

pol yners adsgiyl {00 1l dROGH @Yt Alow BXHstlied ted! aylrexlypeepyllo
thereby inhibit the absorption of phosphorus via the 20 digestive tracts,

t hus contr oldd 1mg: tdxe S eHENRIBSINA L hadveVeln alResgephasithate- kizd og
polymers are taken in a relatively large single dose, i.e., from2 to 2 g.
Because of meacidmyg tidmh 4 gim,and thhet JwRlstt 99 % deidby octheied by
phosphat e- bi ndi ng pol yners can be hardly taken as such. 25 What is nore,

t abl et s pr epeardd dhe < onprieasjery tham GO0V ent,i haxle phespeat eobitedtngfpdl yners
W t hout additives have only insufficient tablet hardness, so it has been
essenti al to ilddorguol #re alistiasd dy ardmdtisgok phespakttendinddng 2 6 MAR
?nnz cellul ose and/or | ow substituted hydroxypropyl cellulose. Patients
with dial ysiPohamemndwying a&dhimies tsgregd fiilee gplevdfiyaod- Bi-A8i nglpdlyners as
remedi es for hyperphosphatem a are often required to take inlimted 5
amounts of rahly gl «Hereflordd -r edilier é@biletgeplioypadequate tablet

hardness and exhibit rapid disintegrability and

10 dispersibility, as well as high phosphate-binding
capability.

The present invention also relates to a process for
producing such tablets by compressing the above-defined
particles of phosphate-binding polymer into tablets,

15 optionally together with crystalline cellulose and/or low
substituted hydroxypropyl cellulose.

When administered orally, phosphate-binding polymers
adsorb phosphorus in foods and are excreted into the feces
to thereby inhibit the absorption of phosphorus via the

20 digestive tracts, thus controlling the serum phosphorus
level. These phosphate-binding polymers are taken in a
relatively large single dose, i.e., from 1 to 2 g. Because
of reacting with water and thus swelling rapidly, the
phosphate-binding polymers can be hardly taken as such.

25 What is more, tablets prepared by compressing the
conventional phosphate-binding polymers without additives
have only insufficient tablet hardness, so it has been
essential to incorporate substantial amounts of crystalline
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phosphat e- bi ndi ng pol yner preparations in dosage fornms that can be ta@%nMAme,
with small anpbunts of water. One of the prom sing dosage forns is tablets °
whi ch can be reduced in size by conpression and coated tablets are

preferred since 10 they will not disintegrate in the nouth and can be

i ngested snoot hly. However, when processed into tablets by conpressing, a
phosphat e- bi ndi ng pol yner al one gives only poor tablet hardness and thus
cannot be processed as such into a tablet preparation. Further) due to the

N1 G 15 hYSIQSAD i Yl HboS S IS RAOREEH 55l PRASEAALE Hond ng

polymer, it 1s al'so 1npo I’'e to produce a phosp rndi ng polyme
preparation by a gﬁ§1 [ t anul at k.an I ry or a bi nder
sol ution contajrn%§f¥§ co @ﬁgﬁqéﬁﬁﬁggh g%%s@%&?nF%dfgﬁﬁggsg%&%g order to

over come 1Nasp MuFbe I %f%@%g&%%i hed rfedgpsl ¢ a production

process whi ch conprises bl endi ng ery phosphat e-bi ndi ng polymer with

powdery @dmHﬁﬁé%bHB?ﬁHHié%%&ﬂéfﬂﬂoﬁﬂﬁﬂE@guﬁgéﬁaQbe&%%%i%% aned:1¢e@Pr essi ng
t he obtai ned m xture. Such a preparation 25 should be designed by taking

into consi demdhiry GFRRGASH.N e i Thekedbdlel #BoRALRAN tthededRdop

di spersibility acconpanyi ng the conpression. Since a phosphate-bi nding

pol yner is tphdphatieshinding ¢aliymes] prepagationgl anddseage Forms2 thaWAR
Z003 special regard should be paid to give a preparation with a high
content of tdam & itekerowidhersmallTlasmopnésentt watemt.or Onat b€nprhed to
produce phosphate binding polynmer preparations in the formof tablets by 5
usi ng t he varomisiaddidossge Fegmsi ed tehleSP 5h96B48anbbe tledycedulia not
produce any favorable tablets which contain phosphate-bindi ng pol yner
havi ng a sufsfiz& &m Qanﬂﬁ§§§PnaaP§pFQa@ﬁ§iﬁﬁgéﬁéﬁi@§edp§§§ﬁ§F§ﬁIBﬂ?cﬁnd an
ability to bind to _phosphate. 10 Under these circunstances, the present

i nvent ot¢ hdveYesrddcfeF iddedidieggateudredtenmerdbr apg 8Py et fagested

b ti d bl As |t th h fully f d that b

e HRISI) o S aSkaPR A SE T2 L
- bi | |

Phosphat - bealmiesbiryiea Endthadke pIHAThE bedimb o 893h3] 4ife8 ohi% .

that had adeguat & RALENEST adRd JMaheh tRXEI BhhadL BRI frélekBEagsabsLhy and
di spersibility, as well as high phosphate-binding capability in an acid to

neutral regigto 20 thpd e pIeparatvent.i orubdseleequaceonphiesheédnon the basis
of this finding.

15 hygroscopicity and swelling properties of the phosphate-
binding polymer, it is also impossible to produce a
phosphate-binding polymer preparation by a process
comprising wet granulation using water or a binder solution
containing alcohols, etc. and subsequent drying.

20 In order to overcome these problems, it has been
reqguired to develop a production process which comprises
blending a powdery phosphate-binding polymer with powdery
additives having excellent molding characteristics and
compressing the obtained mixture. Such a preparation

25 should be designed by taking into consideration changes in
the disintegration properties and dispersibility
accompanying the compression. Since a phosphate-binding
polymer is to be taken in a relatively large single dose,
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BRI EF DESQRIPfICN OF THE DRAWNGS Fig. 1 is a graph showi ng the
di sintegration characteristics of the phosphate-binding polynmer 25 26 MAR 2003
preparation of Exanple 3 in terns of the relationship between the nunber of

strobes by a disintegration tester and the tabl et hardness);

and Fig. 2is

a graph show ng the phosphate-binding - 5 2 6 MAR 2003 profile of the
phosphat e- bi ndi ng pol yner preparation of Exanple 4. MODE FOR CARRYI NG OQUT
THE | NVENTI ON The present inventors found that excellent 5 characteristics

hi bi b bl i d.th i cl f . \
Droeprate. b Shpeleborsdhia LBhufamnd A8 1S OO 4 et mat o SR f ne
[ | ul : Lt d |_cellul i fied
Soul L1 oee MHLEN LA SHPobt G el O R O | OSe A SPee hada 10
t i fi i 8. - 4 R ,
parti ol e size of Mt TePtetnd i dts MELHANY 1o Plodicl Bl G0N
W (h al | easis QQUADLONACEUR: 6 Y DA | £l 05N LA o LAALDRLer 1) m

preferably no [arger t m and a water content

The 15

stated vl Uags DlgLERE SREEHES Call BVTes W SorBRsd!rafl ode 5 @ daase ShAci fic
gravity neter Accupyc Mddel 1330 of Shimadzu Corp. The phosphat e- bi ndi ng

pol ymer to benaékedold tAEL | P& NariRYE R FHISIRAMEM 1t & g kS icorfailnhe

process 20 described in USP 5496545, 'supra. In that process,

a specified

polynmer is qgrossphakedbimding sePeahdt athving a sufficient hardness, a

rapid disintegrative dispersibility and an ability to bind

to phosphate.

10 Under these circumstances, the present inventors have

conducted intensive studies in order to solve the above-

mentioned problems. As a result, they have successfully

found that by using a phosphate-binding polymer having

certain properties on its own, phosphate-binding polymer

15 tablets substantially consisting of the phosphate-binding

polymer in the absence of additives could be obtained

that had adequate hardness and which exhibited rapid

disintegrability and dispersibility, as well as high

phosphate-binding capability in an acid to neutral region.

20 The present invention has been accomplished on the basis of

this finding.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the disintegration

characteristics of the phosphate-binding polymer

25 preparation of Example 3 in terms of the relationship

between the number of strokes by a disintegration tester

and the tablet hardness); and

Fig. 2 is a graph showing the phosphate-binding
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crosslinker in the presence of solvent water. According to the present
i‘nvention) the phosphate-bi ndi ng pol ymer having a true specific gravw MR 1003
the stated range can be produced 25 by replacing water with a m xed sol vent
system consi sting of water and acetonitrile in a volunme ratio which usually
ranges from 10:90 to 90: 10, preferably from40:60 to 60:40. The thus
obt ai ned phosphat e-bi nding polyner is dried - 6 ~ 6 MAR ?~JO and ground
unto particles having an average particle size of no nore than QLOO (err)m

bar 1ol o5 nb Taras han edd Tangte Hr Qe et BT A )

The 5 parti%ﬁﬁﬁ%§m§ hen adjusted to 1 - 14%in water content. Anobng the
phosphat e- bi ndi ng pol ynmers thus prepared, a crosslinked pol yner obtai ned by

treating pohyd YR driY it RITC e olwaiNTIde particularly suitable for

use in the present 1nvention. This polynmer i1s represented by the 10 fornul a

[where the mol ar mad igrerdtatihvdndoird FdurRiNthatl ek@ed1bntPref erably from
20:1 to 4:1, nore preferably fromabout 10:1 to 8:1, the nost preferably

about 9:4, amdradtedsiideofile IRiPiNER Wie taitasRRate=h RGNS PRy Mer of
the invention is a crosslinked polyner, min the above fornula is a |large

I nt eger thatheepeaseidlsed hef retphosphatte+tEimd nef pollgmeso editheite d lamnd
ext ended pol ynmer and can theoretically be
or in combination with crystalline cellulose and/or low
substituted hydroxypropyl cellulose as specified additives,
provided that the phosphate-binding polymer particles had a
10 true specific gravity of 1.18 - 1.24, preferably 1.20 -
1.22, an average particle size of no more than 400 pum,
preferably no more than 250 pm, with at least 90% being
occupied by particles no larger than 500 um, preferably no
largexr than 300 um, and a water content of 1 - 14%. The
15 stated values of true specific gravity were measured with a
true specific gravity meter Accupyc Model 1330 of Shimadzu
corp.
The phosphate-binding polymer to be used in the
invention may be prepared on the basis of the process
20 described in USP 5496545, supra. In that process, a
specified polymer is crosslinked with a specified
crosslinker in the presence of solvent water. According to
the present invention, the phosphate-binding polymer having
a true specific gravity in the stated range can be produced
25 Dby replacing water with a mixed solvent system consisting
of water and acetonitrile in a volume ratio which usually
ranges from 10:90 to 90:10, preferably from 40:60 to 60:40.
The thus obtained phosphate-binding polymer is dried
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2 6 M-4R 2003 as great as 1 x 10". Since this polynmer is crosslinked é@é@
networ k, each of the particles into which it has been ground is in ef Rgm3
single nol ecule; therefore, the nolecul ar weight of the polyner is
equi valent to the weight 5 of an individual polynmer particle. If the true
specific gravity of the phosphate-binding polyner is greater than 1.24,
tabl ets conpressed fromthis polyner alone do not have adequat e hardness.
Phosphat ebi ndi ng pol ymers whose true specific gravity is |less than 10 1.18
are not suited t dl j 10 i &1 RGP Ca 04 ticlessiwying a
greater avéyggeg %ﬁ?ﬁc#%ggiégl%ﬁg%éaob ~%ﬁ§are not preﬁgﬁfed since they do
not have the e y fhebemh JResShie B8 ey rasaed 30t en t abl et s.
If the maté?fggﬁtﬁﬁﬁéoFﬁ?hetho%pha e-bindiﬁg polymer is less than 15 1%
it again fai to. h hgoRegessar y {L81 Pt pdeE thass d® perdget
conpressioﬁ”#%?ogFag¥§f§ g%a ?? a%y %ab ets g?épforned, their surfaces are
liable to i £ tBBeBEEH1 60N elhr§ér t figawmphat e- itrei ng pol yner

0
exceeds 14% ?@ ﬁgs guff?c?ent hégdness to permt 20 conpressing into

t abl et sgbut,, . op; EhesoLber theRdaajhete@stbting 1ebl b svatstergon pdrest i
deformation to %econe no | onger suitable as pharmaceutical preparations. In

order that ghenfabhetpneaphheetBkaaingrposymetsl yhus hegepased have a

har dness that gives a reading of at least 6 KP on a 25 tabl et hardness
neter and acseskacAkelr pogimerhabtgived byweregatih@spolbyabbyhdmelehan 1% in
a friability test (100 revolutions). Wuat is nore, the tablets should not
under go pl asitn dpfichaarbbydrio heeparhdcvlavcdyi seheshse foe usg 1P 2 6
MAC 2003 phosphat e-bi ndi ng pol ymer nust have a water cgntenﬁe%n thﬁhgange
of Z - 140.tHheperpeossionensin: er Thdft BALYBET 118 496Kk EREEAPEi i Reans
that after drying at 105C for 16 hours, the polyner weight is reduced by 1
- 140. Ithe Soﬁmégérred dryi ng wei ght |oss of the phosphate-bi ndi ng pol yner
ranges from2 to 14% If the phosphate-bi ndi ng pol yner per se absorbs

noi sture in the course of griding to give a water content of 1 - 14%
there is no particular need #t ' t efcontent of the polynmer and
it may 10 be directly used™T 2tis of the present invention.
The phosphat e- bi ndi ng pol yner i thl any known nodel of mlls
such as an inpact m |l that d $ no larger than 500 (err)m
and produce an average 15 par ore than 400 (err)m The
wat er content of the phosphate- bi ndi ng clan, be adjusted either with
a noi sture-adjusting agent sych as a sa ﬂqueous sol ution of sodium
chloride (25C, RH 75.30 , a saturated & 5ol uti on of cal ci um 20
chloride (25C, RH 84.30 or a ol uti on of nmagnesi um
nitrate (25C, RH 52.80 or by absorb noisture in the air
at nosphere. The phosphat e- bi 1 desired water content can
al so be prepared by performi inits

\

[~
m

[where the molar ratio of (a+b) to ¢ is from 45:1 to 2:1,
preferably from 20:1 to 4:1, more preferably from about
10:1 to 8:1, the most preferably about 9:1, and m is an
integer].

15 Since the phosphate-binding polymer of the invention
is a crosslinked polymer, m in the above formula is a large
integer that represents the network structure of the
crosslinked and extended polymer and can theoretically be
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25 'production process in such a way as to give a water content of 1 - 140.
‘The crystalline cellulose to be used in the invention is not |imni t26 MAR2&Ay
particular way and use may be made of _ g = 2 6 MAR ?Q03 one that gives a
wei ght | oss of no nore than 70 after drying at 105C for 3 hours.

Preferably, comrercial products such as Avicel TM PH101, PH102, PH301, PH302
and Ceol usTM KG- 801 (all manufactured by Asahi Chem cal 5 Industry Co.,
Ltd.) may be used either alone or in adm xture. The | ow substituted

hydr oxypropyl cellulose that _can be used.in the invention is such that it
nas S 0 - 1% GERRLLBS Lt A by R R ORI E R ferqs s EERKBB LD 10

g%ﬁiéi cial ;ﬁi‘?‘é’%ﬁ@g acheqe BE Eﬁ?séﬁﬁigiﬁgyﬁﬁé@é{ﬁ%ﬁﬁﬁEﬁﬁi AL

ey Gty S Such® . .

adr ure. dﬁe%a‘%ﬁ%ulﬁ%’ 1B E?Elé%lr %‘2?2?5%%3'"%2??8?8%e%éﬁﬁfgggﬁgiv%
hosphat e biteh ng ol et ofif| PRCPAE RAFmBET1EPbLARRRL B LG hE Wiany, o

in consigergi¢ ofy, ofn§ 618058 ggégﬁgraﬁ?ﬁgagig:binding pol ymer to be taken

as an oral preparation and th Ich it can be taken. 20 In a

preferred enbOdiﬁﬁ@tthéOfrﬁéagﬁééifiéegféV§E§|bfn%héebhééﬁﬁétéibiﬂaih?w
substituted hydroxypropyl cellulose is used 1n an anount of at |east IO

W% nore prdBidE Vidt gke€asér3thah % . basetdapletBecompHdsséd £H6m this
phosphat e- bi ndi ng pol ynmer having an average particle size of no nore than
250 25 (err)polyier eakdndO0dobrotighave updequayephatdntes. noPhasphratekhan 300
Vim and a water content of 1 - 14% |If both of the crystalline cellul ose
and t he | owksiuding wpelyheds owpsepytue espetbEic agrantitedisi less phafier abl e
that the sumof the - 10 2 6 MAR 2003 contents of these conponents is 10
w % or k®r el prkefarabrgt 3puhied oko nardlingnin htnduelpbrht appliaations.

adm ni stration properties, etc, of the preparation, the upper .limt of the
content of HRFEIGLES PRKLAGCR| TSR AV SFagRPRELLEI (BLTS ( Hhap 400

Phosphat o- DR JTS R SEHHEbd R iy o (i s it P P oy
Subst it Ut ed ek AR DML 6L LU 05 T AAFe 811 £ LD [ 0T SESenbt 1S

recormended that a 10 harden e us I'n a continuous fabl et ng
process in QifA&Ir [Coi EEWE Cof Nend QKb sEhd 18- B AR B4 § NG TRRY NEs dUes § Otk Ak
jarring action of punches. A useful hardened oil 1s a comercial product

such as1subnigyaxk 'adgainf Bei Ls etb yave athel Hesksddiyl suFEicidmt

hardness to permit compression into tablets and if any
tablets are formed, their surfaces are liable to abrasion.
If the water content of the phosphate-binding polymer
exceeds 14%, it has sufficlent hardness to permit

20 compressing into tablets but, on the other hand, the
resulting tablets ‘undergo plastic deformation to become no
longer suitable as pharmaceutical preparations. In order
that the tablets can be taken more smoothly, they must have
a hardness that gives a reading of at least 6 KP on a

25 tablet hardness meter and a surface strength that gives a
weight loss of no more than 1% in a friability test (100
revolutions). What is more, the tablets should not undergo
plastic deformation. To meet these requirements, the
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15 To produce the phosphate-bindi ng polyner tablets of the present
invention, the crystalline cellulose and/or |ow substituted hydro&y?mﬂpmmj
cellul ose, together with fillers (e. g. lactose, sucrose or nannitol), a

| ubricant (e. g. magnesium stearate or polyethylene glycol) and other 20
additives conventionally enployed in the art, perfumes) coloring agent etc,
may be added and m xed with the phosphate-binding polyner and the resulting
blend is conpressed into tablets. The phosphat e-bi ndi ng pol yner tabl ets of

the nvent i gn 28 1mab be LHINGlo REACESRAM IR f Lncoaled dall gbs iy

coating therr ces W I''m-coating process, use nmay

d f t er-sal fil I ]yl d
noryl Lo aci aendpy U O, ITREI O Eoban sl O/ RRE, OB TR L 0C A
met hyl cel l uhqge i R%fetd G uriltrK ggﬁﬁer{ﬁ& afted A QWNg tPreRaE ak | Pneg and

exanpl es axe provided for ustrating the présent invention but

are in 5 non¥isl 0 Ui RIS Wil N JIhRRA Byl AN -1h 480l yakley! amine vas

subj ected to crosslinking polynerization in a watér/acetonitrile (ca. 50:50

ww mxed pel¥eitrad draRic WAl didds RE e gdiedphgtd -Bnaiags! i nker,
t hereby produci ng a pol ycationi c phosphate bi nding polynmer in which about

40% of the poilFRier R s( Froh Wl 1% segongar phodphe teldifaragd) for med
hydrochl ori des. The pol yner was then vacuumdried to give a dry powder,

whi ch was gpeugthes tferase mpacirbd Inodisthurel Inpahei ebassel ofapgeindantai ni ng
phosphat e- bi ndi ng pol ynmers (true specific gravity, 1.209 - 1.211; water
content) 2. to2g5Fe nd@rte30@omdrenimadi e = 193,0 the®e. 66 no Peapacafilaon 2]
Pol yal | yl am ne was subjected to crosslinking 20 polynerization in water

wi t h epi chl 8e6tlydo mddaisty thedapter £antesd] ofkdhe PrAVEBY prddadi MgYa

pol ycati oni ¢ phasphat ebi ndi ng pol ynmer in _which _about 40% of the primary

i e (L. 2P0 R ATl s GO, PRARRES T8e8 TSGR St OEnEReh paEsERLor | dex.

The pol yner .was then dried with air to 25 give a dry powder, which was
ground wit hiRNE LR i1l into particles of a water-containing

S e S0P Y L BB g =
known model of mills such as an impact mill that can yield
particles no larger than 500 um and produce an average

15 particle size of no more than 400 pm.

The water content of the phosphate-binding polymer
can be adjusted either with a moisture-adjusting agent
such as a saturated aqueous solution of sodium chloride
(25°C, RH 75.3%), a saturated aqueous solution of calcium

20 chloride (25°C, RH 84.3%) or a saturated aqueous solution
of magnesium nitrate (25°C, RH 52.8%) or by letting the
polymer absorb moisture in the air atmosphere. The
phosphate-binding polymer of the desired water content can
also be prepared by performing the drying step in its

25 production process in such a way as to give a water content
of 1 - 14%.

The crystalline cellulose to be used in the invention

is not limited in any particular way and use may be made of
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2 6 MAR 2Q03 [ E~canple 1 The particles of the water-containing phosphate

bi ndi ng pol yners obtained in Preparation 1 (to give true specific gralyiMAR e}
of 1.209 - 1.211) and those of the 5 polynmer obtained in Preparation 2 (to
give a true specific gravity of 1.253) were conpressed under various static
pressures of 500 - 1750 lcg into tablets of 10 mm' each wei ghing 300 ny.
These tablets were neasured for hardness with a hardness neter

(Pharmatest). The results are shown '10 in Table 1. Table 1 Preparation

1Preparat i Onord rtiga € PELY & & Ca VR ¥ 1t G lo £ Tldl idolrlel -3l 725 3\atear
content 2. 5%2. 19%?. 1983. 693. 8%nder 300 ~, m

Si ze99. 0999. H%Pth 3980 VIFT U IRTIsNIPPesFerabl$00ckaretckRE. 7 KP2. 0
KPO.5 KPO.8 KP750 kg5.1 KP9.2 KP4.0 KPO.8 KP1.5 KP1000 kgl0.8 KP11.6 KP8.5

KP1. 3 KP2.5 iKRIGRO K 0Adc &5180v Lcdd 1p1 KP2. 2108, PHIUIS0PHapkd.and<P20. 0
| CP13.8 KP2.6 KP4.6 KP1750 kg23.9 KP24.3 KP15.5 KP3.6 KP5.6 KP As one can

see from TaenIusToKe-8h 1t hell ahhehsactnps®sise dhsai elghdntizal he
phosphat e- bi ndi ng polynmer with a true specific gravity of 1.253 had

adequat eShardmasst Y @Go 15 IKR). ) rmags fectuse] ofither edopeessi g pressure
applied; on - 13 2 6 MAID a003 the other hand, the tablets conpressed
fromthe phaspiateants ndi ng polyners with true specific gravities of 1.209
1. 211 had adequate hardness when they were conpressed at pressures of 1000
| cg and nore. The low substituted hydroxypropyl cellulose that can
be used in the invention is such that it has 5.0 - 16.0 wt#%
substitution by hydroxypropoxyl groups (-OC,H,OH).

10 Preferred examples of such low substituted hydroxypropyl
cellulose are commercial products such as LH-11, LH-21 and
LH-31 (manufactured by Shin-Etsu Chemical Co., Ltd.) that
may be used elther alone or in admixture.

The amounts of the crystalline cellulose and/or low

15 substituted hydroxypropyl cellulose that are optionally
added to the phosphate-binding polymer in the present
invention may be set at any values in consideration of the
dose of the phosphate-binding polymer to be taken as an
oral preparation and the ease with which it can be taken.

20 In a preferred embodiment, for example, the crystalline
cellulose or the low substituted hydroxypropyl cellulose is
used in an amount of at least 10 wt%, more preferably at
least 30 wt%, based on the weight of the phosphate-binding
polymer having an average particle size of no more than 250

25 pm, at least 90% being occupied by particles no larger than
300 pm, and a water content of 1 - 14%. If both of the
crystalline cellulose and the low substituted hydroxypropyl

cellulose are added, it is preferable that the sum of the

- 10 -~



5 [Exanple 2] Two hundred mlligrans of the particles of the water
cont ai ni ng phosphat e- bi nding polymer with a true specific gravity gf é'ﬁﬁg
whi ch was obtained in Preparation 1 were mxed with 100 ng of an a &i MAR 2203
crystalline cellulose 10 (Avicel T"'"" PlIi 101 of Asahi Chem cal Industry Co.
, Ltd. ) and the blend was conpressed under static pressures of 500 kg) 750
kg and 1000 kg into tablets of 10 mm-' each wei ghing 300 ng. These tablets
were neasured for hardness with a 15 hardness neter. The tablets conpressed

at a pressuic®n@ent’l dCa e Aot @stLd Mitd) v Hicy MAY , atr@F @H1§
(Toyama sangyo) using water as a test fluid. The results of "both tests are

shown in Tabloe wds TabhRre Takkedm heidRess RSNt O alieddministration
ti meConpressi ngpressure: 500 kg5.7 KP20 seconds750 kg9.0 KP1000 kgl3.6 KP

20 As one cairopratiie@n Bt e o the praffaia ieanprassepderomitie birend of
t he phosphat e- bi ndi ng pol yner and crystalline cellu7.0se at pressures of
750 kg and nmbee deatentldf tlhie cryftalldhe cellulose and/or the low
5 substituted hydroxypropyl cellulose is in the range of 50 -
200 wt#%,
Since the phosphate-binding polymer, the crystalline

cellulose and the low substituted hydroxypropyl cellulose

produce great frictional forces, it is recommended that a

10 hardened oil be used in a continuous tableting process in
order to reduce the load on the tableting machine due to
the jarring action of punches. A useful hardened oil is a
commercial product such as Lubriwax™ manufactured by
Freund Industrial Co., Ltd.

15 To produce the phosphate-binding polymer tablets of
the present invention, the crystalline cellulose and/or low
substituted hydroxypropyl cellulose, together with fillers
(e.g. lactose, sucrose or mannitol), a lubricant (e.g.
magnesium stearate or polyethylene glycol) and other

20 additives conventionally employed in the art, perfumes,
coloring agent etc. may be added and mixed with the
phosphate-binding polymer and the resulting blend is
compressed into tablets.

The phosphate-binding polymer tablets of the invention

25 may be further processed into film-coated tablets by
coating their surfaces with a film. In the f£ilm coating
process, use may be made of water-soluble film bases such
as hydroxypropyl methylcellulose and acrylic acid

- 11 -



hardness values of at least 6 ItP and e~~hibited rapid disintegrability.

[ Exanple 3] To 767.7 g of the particles of the water-containing 5
phosphat e- bi ndi ng pol ymer with a true specific gravity of 1.209 that 76a¥AR 2003
obtained in Preparation 1, 349.5 g of crystalline cellulose, 5.6 g of a
hardened oil (Lubriwax~'" 101 of Freund) and 2.2 g of a |ubricant magnesi um
stearate (Nitto Kasei) were added and the ingredients were m xed 10
together. The resulting blend was set on a single-action tableting nachi ne

(Model N-30 SipSicafarSei kodo a0 SARRRASELA B ibivtiddeallet s of 10.5

mm~ each wei ghing 375 ng. This yiel de ncoat ed tabl ets each cont ai ni ng

about 250 nu,Hffdve1 &Yy Phpspdat&s bi nding 15 polyner. These tablets were
nmeasured for hardness with a hardness neter (Contester), which read a val ue

of 10.9 KP. They Biowesh PoiH g WL A4 0bid B PleampBREONE® prevh ddaui d,
water). 20 The tablets each containing 250 ng of the phosphate binding

pol yner wer ecyoat @it i Bl did €7 €0Mprited Nerébedh Nhvain ol OuPaeRY lin
met hyl cel | ul ose 2910 (HPMC TC-5- RWof Shin-Etsu Chem cal Co.) Ltd.), 1.26

rng of pwlyeidwanergllyeotalodWlad Nppitig! and Fats Co., Ltd.)) 1.8 ng of
25 titanium oxi de (A-100 of Ishihara Sangyo Kaisha, Ltd.) and 0.69 ng of
tal c. The cd@wmeppmeicivmel Was Doria Coater Mydel DRC- 500 of Powrec
Corporation. The filmcoated tablets were tested with a - 15 7 6 MAR
2003 di si nt egr at iRmlyaklrlamineg wa83Guwijeakas] par qrosstldnkdingg t wo t est
solutions (pH 1.2; nedium 1St specified in Japan Pharmacopoei a and water).
The test refflEnesdzaionmh 1m Fivpter/ B efpritariden (e BOGHOFWEW)1) t he
phosphate-bindng )
mixed solvent with epichlorohydrin being added as a
10 crosslinker, thereby producing a polycationic phosphate-
binding polymer in which about 40% of the primary amine
(81.2 mol%) and secondary amine (18.8 mol%) formed
hydrochlorides. The polymer was then vacuum-dried to give
a dry powder, which was ground with an impact mill into
15 particles of water-containing phosphate-binding polymers
(true specific gravity, 1.209 - 1.211; water content, 2.1 -
2.5%; under 300 pm size = 99.0 - 99.6%).
[Preparation 2]
Polyallylamine was subjected to crosslinking
20 polymerization in water with epichlorohydrin being added as
a crosslinker, thereby producing a polycationic phosphate-
binding polymer in which about 40% of the primary amine
(81.2 mol%) and secondary amine (18.8 mol%) formed
hydrochlorides. The polymer was then dried with air to
25 give a dry powder, which was ground with an impact mill
into particles of a water-containing phosphate-binding
polymer (true specific gravity, 1.253; water content, 3.6 -

3.8%; under 300 pm size = 99.3 - 99.7%).

- 12 -



pol ynmer preparation showed rapid disintegrability in an acidic to neutral
regi on without being affected by the strength of agitation (number @fb MAR 2003
strokes). (Exanple 4] QLO Four of the coated tablets prepared in Exanple 3
each containing 250 ng of the phosphate-bindi ng pol yner were subjected to
the follow ng simulated evaluation of drug efficacy: 4.7 g of sodium
chloride, 21.3 g of N, N-bis(2hydroxyethyl)-2-am noet hanesul fonic acid and
0.544 g of 15 potassi um di hydr ogenphosphate were di ssolved in water; after
pH adjustneq%faﬁﬁﬁetfﬁ solution was warnmed to 37C, 200 ml of the thus
prepared test solution was stirred with the paddles rotating at 100 rpmto

nmeasure the phosgﬂg;&%%gﬁg?%?ﬁ%&amﬂé1ﬁﬁggrj 29! rph@@?@a& e tablets 20

disintegrated, the p i ndi ng pol yner di sperséd-to sorb the

phosphat e) gawaiiRg LRA vl Uitlt LRGP R %Ixie%r%ftifol?xe 1PhesPlate iRyEhe test

solution to vary wth tine. The initial phosphate level in“the test

sol ution wagplediel Ayrhand e val.y9 at- e 169Mmhat kaksel J#hegrhat e
adsorption as 25 0. e results of the neasurenent are shown in Fig. 2.

Cbvi ously, g yilkas pratndd dinn @ He@lapayi g epaiat igare exhirdie! epecaptie
phosphat e bi nding capability. | NDUSTRI AL APPLI CABILITY - 1G 2 6 MAR 2003
The phosphapeabiing ©F Q0258 weire tompresydd undett vatioas lkeatacnul ated as
tablets irrespective of whether it is used alone or conbined with

addi tives. Yhessenres dfe Stase, U150 kablistto Habd exat o€f A0t omy dachiness,
contain the active 5 ingredient in high proportion, have high

phosphat e- bivedighd nga PP Ima.y i sex Hialpilte trsapieded meirsuzgdalfiori hypridness
acidic to neutral region while having little sensitivity to the strength of
agi tation. VhA&EhePohardness fisiters (Fhagmatentdnt | Ghearesslis| &gt shown

pharnaceutiﬁal preparations that 10 undergo reduced variations in
bi oavait%bi Pt?ap&eéﬁfte of novenents within the digestive tracts and pH
changes. - 17
Table 1
Preparation 1 Preparation 2
True specific gravity 1.209 1.211 1.211 1.253] 1.253
Water content 2.5% 2.1% 2.1% 3.6% 3.8%
Under 300 um size 99.0% 99.6% 99.3% 99.7% |99.3%
Compressing
pressure: 500 kg 2.1 KP 4.7 KP 2.0 KP| 0.5 RKP | 0.8 KP
750 kg 5.1 KP 9.2 KP| 4.0 KP | 0.8 KP|1.5 KP
1000 kg 10.8 KP {11.6 KP{ 8.5 KP{1.3 KP{2.5 KP
1250 kg 13.1 KP |19.0 KP|11.2 KP| 2.2 KP|3.5 KP
1500 kg 19.5 KP [20.0 XKP |13.8 KP| 2.6 KP{4.6 KP
1750 kg 23.9 KP |24.3 KP15.5 KP| 3.6 KP|5.6 KP

As one can see from Table 1, none of the tablets
compressed solely from the phosphate-binding polymer with a
true specific gravity of 1.253 had adequate hardness (= 6

15 KP) irrespective of the compressing pressure applied; on

- 13 -



2 6 MAR Q003 CLAIMS 1. A phosphate-binding polymer that is represented by
the formula NHznHC1L f NH-nllIClL Ja OH NHgnHC 1 N1-1 _nNCl1 -~~J ~. [where the
mol ar ratio of (a*b) to c is fxom45:1 to 2:1 and mis an integer]Z &R 2003
which has a true specific gravity of 1.18 - 1.24. 2. The phosphat e- bi ndi ng
pol ynmer accord~.ng to claim1l which has a true specific gravity of 1.20 -
1.22. 3_ The phosphat e- bi ndi ng pol yner according to claiml1 or2, wherein
the nolar ratio of ( a*b) : ¢ is from20 :1 to~ .4 :~1. 4. A tablet

conpra. sing the AN Hedd Ofcr RRASRNAAL %@%@geaotem +RavbRgspRag¥er age

particle size of no nore than 400 Vim wzth at | east 90% being occupi ed by
particles nein@i9®y godmeaQ0 witHNtRfRd s %h%&ca E%%&t&%%coffhczﬁéaV'ty of

1.18 - 1.24 and a water content of 1 - he tabl et according to
cla.~m4 Whuphlha%a@1aﬂ%?dﬁﬁﬂﬂﬂaﬁadﬁ%%VMhbnokhkyQQerelc% gr@ssgﬁeaﬁab|et
according to claim4 or 5 wherein said - 18 MAC 2003 pa=titles of a

phosphat e- bipr@isghre@ YWFen vy &kAxnd aloda@e particle size of no nore than 250
pm wth at |east 90~ being occupied by particles no | arger than 300 ~zm

7. The tmabl dExamparedi2lg to any one of clains 4 - 6 which furth ez contains

crystalline cellul ose.and/or | ow substituted hydzoxy~ropyl cellul ose. 8.

The tab~. et accolsionpundreldaimilligraesecioff tthe pamttéclesf ofhéher yatakki ne

cel l ul ose and/ or~l ow substituted hydroYypropyl ce.lxulose is at |east 10
w % of the wendiatindna pdosdatieattdndingdiped ypeT. yikh. adtrfhespeabliéic

accordlng to claim7 or 8 where~.n the 1'ow substituted x| ydroxypropyl

cel I ul ose h§§a§hGY-°f6102®ﬁ~“@95%tV@ﬁtP@ﬁaﬂyeﬁyéﬂofyspéﬁé%§PngﬂoWB§e 10.

The tabl et according. to any one of clains 4 - ~ohere~.n_t he

phosphat e- bﬂﬁﬁfﬂgw o0 g Pﬁéa@héd8é§&WPb€HYFﬁaéliBe PELLHIORE. 5496545,

ey {g) 090U SIYPULHLSS R LATTAL Y LaviRg hhg bor i a

the blend was compressed under static pressures of 500 kg,
750 kg and 1000 kg into tablets of 10 mm* each weighing
300 mg.
These tablets were measured for hardness with a
15 hardness meter. The tablets compressed at a pressure of
750 kg were also tested with a disintegration tester
(Toyama sangyo) using water as a test fluid. The results

of both tests are shown in Table 2.

! Table 2
Tablet hardness Disintegration
time
Compressing
pressure: 500 kg 5.7 KP
20 seconds
750 kg 9.0 KP
1000 kg 13.6 KP

20
As one can see from Table 2, the tablets compressed
from the blend of the phosphate-binding polymer and
crystalline cellulose at pressures of 750 kg and more had

- 14 -



R N R a or a copolynmer Thereof, wherein n is an integer and each R
i-ndependently, is Hor a |lower alkyl (e.g., having between 1 and 5 ggﬁ@ﬁﬂ
atons, inGusive), alkylamno (e.qg., haV|ng between 7 and 5 carbon & 3

i nclusive), or aryl (e.g., phenyl) group; or -19 2 6 MAR 2003 (b) a

pol ymer characterized by a repeating unit having the formula RI1. xN+-R | R
n or a copolynmer thereof, wherein nis an integer and each R,

i ndependently, is Hor a lower alkyl (e.g., having between 1 and 5 carbon

at ons, '”C'Hﬁk&ﬁbssabbiﬁéénbﬁoaée1QakthQVKPQaQ&t&ﬁﬁﬂbitéﬂdrépiafbO” at ons,
|nclu5|ve) or aryl (e.g.) phenyl) group, and each X- is an exchangeabl e

negatively gﬂg&gggggggﬂgg&yon sel ected fromthe group consisting of organic
i ons, inorganic ions or conbinations thereof; yr (c) a copol yner according
to (b) mhlcmEkgmpmar@qterlzed by a first repeatlng unit having the formul a
RI X N--R1I1 Rn wherein nis an integer, each R independently, is H or

a Power al kyl (erg. 76havi ggobetneepattadled 687 tHE WhH0EB - cONELUBING) )
al kylam no (e.g., having between 1 and 5 carbon atons, inclusive), or aryl

group (e g_phpbphste-bandingchoXymes aDtkxshongeadppechegat gvalvyteghat ged
counterion selected fromthe group consisting of organic ions, inorganic
I ons or conbi 28Pi bhatt weseobtadnddaisekPveparapban i hg 84Pt5havofig t he
formula RN R n -20

crystalline cellulose, 5.6 g of a hardened oil (Lubriwax™

101 of Freund) and 2.2 g of a lubricant magnesium stearate

(Nitto Kasei) were added and the ingredients were mixed

"10 together. The resulting blend was set on a single~action
tableting machine (Model N-30 of Okada Seiko) and
compressed at 1750 kg into tablets of 10.5 mm’ each
weighing 375 mg. This yielded uncoated tablets each
containing about 250 mg of the dry phosphate-binding

15 polymer.

These tablets were measured for hardness with a
hardness meter (Contester), which read a value of 10.9 KP.
They showed a disintegration time of 67 seconds (test
fluid, water).

20 The tablets each containing 250 mg of the phosphate-
binding polymer were coated with a f£ilm comprising 8.25 mg
of hydroxypropyl methylcellulose 2910 (HPMC TC-5-RW of
Shin~-Etsu Chemical Co., Ltd.), 1.26 mg of polyethylene
glycol 6000 (Nippon 0Oil and Fats Co., Ltd.), 1.8 mg of

25 titanium oxide (A-100 of Ishihara Sangyo Kaisha, Ltd.) and
0.69 mg of talc. The coating machine was Doria Coater
Model DRC-500 of Powrec Corporation.

The film-coated tablets were tested with a

- 15 -



~ 6 M wherein Each n, independently, is an integer and each F!

i ndependently) is Har a lower alkyl (e.g., having between 1 and a Tgman03
atons) inclusive}, alkylamna (e.g.) having between 1 and 5 carbon atons,

i nclusive), or aryl group (e.g., phenyl); or (d) a polyner characterized by
a repeating unit raving the formula N,~ R or a copolynmer thereof, wherein n
Is an integer and F1 ifi Hor a lower alkyl group (e_g., having between 1
and ~ carbon atons, inclusive}, alkylamno (e.g.) having between 1 and ~

carbon at ongy; rélgﬁcﬂé\ﬁféﬁon Ve A QUR (B %t)ro‘?é?ees"ﬂe)r m‘i'hut(ee)usian.n%()pm ymer

according to Haracterized by a first repeatlng unit “havi ng

the formil a R uher egdmlo%saw;mtle%r Gl is SheinAduer aded (e, 0

havi ng between 1 and cartoon atons |nc usi ve rnlno ~e. g., having

betveen 1 apgharnfdiib i YR wdtErUsS] Vahe %sachesgﬁ%paﬁ:% Qhowﬂh‘iﬂyl} and
a second repeating unit haV|ng the -21 2 6 MAR ?003 fornula ~ Rrt

wherein eaclri,, ijndependently, is an integer, and Ris Hor a Iomer aIkyI
(e.g., having between 1 and 5 carbon atons, inclusive)) alkylamno (e.g.,

havi ng ketween 1mndie GHDHeAlRB A gcl usi Wele pllosphiitedbanaing. 9. .
phen7l); or (f) a polynmer characterized by a repeating unit having the
formul a polymer preparation showed rapid disintegrability in an
acidic to neutral region without being affected by the
strength of agitation (number of strokes).
[Example 4]

10 Four of the coated tablets prepared in Example 3 each
containing 250 mg of the phosphate-binding polymer were
subjected to the following simulated evaluation of drug
efficacy: 4.7 g of sodium chloride, 21.3 g of N,N-bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid and 0.544 g of

15 potassium dihydrogenphosphate were dissolved in water;
after pH adjustment to 7, the solution was warmed to 37°C;
200 ml of the thus prepared test solution was stirred with
the paddles rotating at 100 rpm to measure the phosphate-
binding capability of the polymer. When the tablets

20 disintegrated, the phosphate-binding polymer dispersed to
adsorb the phosphate, causing the residual concentration of
the phosphate in the test solution to vary with time. The
initial phosphate level in the test solution was taken as 1
and the value at the completion of phosphate adsorption as

25 0. 'The results of the measurement are shown in Fig. 2.

Obviously, the phosphate-binding polymer preparations
exhibited rapid phosphate binding capability.

INDUSTRIAL APPLICABILITY



X R N Rz nor a copol ymer thereofi, wherein n is an integer, g ﬁﬂﬁq
or R2, independently, is Hor a |ower alkyl (e.g., having between b @3
carbon atons, inclusive), alkylamno (e.g., having between 1 and 5 carbon
atoms, inclusive)) or aryl group (e.g., phenyl), and each X is an
exchangeabl e negatively charged counterion selected fromthe group
consisting of organic ions, inorganic ions or conbinations thereof; or (g)
a polynmer characterized by a repeating unit having the fornmula -22 2

MAR 2003 R~ l N | | .
cach Ry or Re, i nisanpifhredTy Doty oBTRHE Brlschts Tavebigs)
Car bon’ at O ALY AT A AR e, 1280 achstecse am@rmfé Gar hon

atons, inclusive or an aryl group contalnin atons (e.g.,

phenyl}; %rse@)al%n%olwom@{e%cm&hz«aaaah%ersepewmeaewb:t thaVicaget,he

formula R ~- R n or a copolyner thereof, wherein n is an integer and

each R) RZtmd t%%lét%d@%@%%tﬂﬂéfa'c%oﬂy ﬁarahléxéls gteHRagaNkAkNhog it 0 20
carbon atons, an al kylam no group (e.g., having between 1 and 5 carbon

atons, imcl li%'g\t%lil@ntaﬁ.rﬁflﬁgw&ﬁ'é@oﬁﬂbﬁl NhagelhtighlhakpABtecbdndiBen—l),
and each )C is an exchangeabl e negatlvely charged counterion selected from
the group ceapadptiiligyofand @xNidittorapidndiganitegirabslatycanbianakicadsc
thereof. 11. The tablet according to any one of clains q. - 10> wherein the
phosphat e- bitednegtpal weyiars wiidet hatving dhtiileedebgialivawyngo the

epi chl orohydrin to act on poJ.yallylamne in a water/aeton~.trile m xed

sol vent sysisémesgtbhaif tded tediiyal.| yThpireéoire ,ctbestiahetls L£2thEhe t abl et
according to any one of clainms 4 - 11 which further contains a hardened

oil. -23 INVeNRRM @EFE EXcefdentapharmaceytdrad Pﬁeﬁﬁyaéﬁ@néftbﬁélns 4 -
12 which is coated on the surface with a water-s | uble fil m base.
processt 4 or UPBAGHSS; ﬁ&dwﬁﬁgbW@F&aﬁﬁﬁaﬁnéanPQﬁﬁPlﬁaﬁﬂéF§ywﬁn Eﬁlﬁﬁnﬁﬁlses

movements within the digestive tracts and pH changes.
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grinding a phosphate-bi ndi ng pol ymer having a true specific graV|? MéN 3
.18 - 1.24 into particles having ~an avezage particle size of no ﬁn m%an

400 ~, with at | east 90~ being occupied by particles no |arger than 500
urn) said phosphate-bi ndi ng pol ynmer being e~.ther polyahl am ne or obtai ned
by crosslinking the sanme; adjusting the.~hosphate-binding pol yner particles
to a ~caater content of 1 - 14~; mxing the particles with crystalline

cel lul ose and/or | ow substituted hydroxypropyl cellul ose; and conpressing
the m-.~ture into tablets. 15. The process according to claim 14, whexein
sai d phosphat e-bi ndi ng pol ynex is gro%p into particles having an average
particle size o~ no nore than 250 Euﬁ h at | east 90g bei ng occupi ed by
partlcles

A @ o . ek SBhokp R, BaRa g ool g thet A ASDRESENtEd AT he

ALh A9( . 3§¥FT§%n1NBl45 C
11(1# #2777 >89p?????????88888 X~X~8| 8?| 8?| 8?7888XXXXXXX?XXXXXXXX??X??X
XXX? p?p?p<p<p<p?p??8??8p8p?88?8pp?p?8?7?7?78788?78?788788X??X?XXX>??X>?X<X?<X?<
X<?2X X KX KX KX SXSXSXSXS>X>X>X>X <xx<x<x8x888888x8—8x8x8x8x88888888xxxxxxxxxxx
XPPPPP<P<p<p<p<p888x8x8x8x8x834 ae12 XOILHXX XXX XX 2XXXXX 2XPPP>X>2X>XX 8
x8x8x8x8888888x78x 78787888 o : ?28>>8=p8xp8s8>8787?8?8x~~xx| X
XSXSXSX X 22X XXX KX <KX <KX <X <X <X K<8?788887?8888XXXXXXXXXXXXXXX
XXXX<<<<<<<BB8<<<<<<<BB888<I<< £ <38 B>888<<<|<|<><><<<<<<<<<<|<
<>87888888888~8>87<<<<<<<<< << LT K<>8<x8<xp8<<08<>0>x<8<~x| 8<
) | <<<<<<<?<><~<<<<LLLLLLL?<~
<<LLLLLLLL?<<~<<B88BBB8BX 2 X X ~<~<<< <K<K <LK LR KL LLLLLLLLLLLLLLLLL L] | <<<<
<?<<P<?<PX?<X?<p?<p<p<p<p<p F<Kk8xxx2pxp| p| p| | | <?| x<| <p| >p
>p|>|>7xp>xxx<8<x<<78<p<<x8 KX <BX<BIX<XX?<~| X<~| X<| | Xx<xX
XXxx| <| <| <] <| <| <| ?<| <| <[ <] <]

<x<x<x<x<x<x<x<x<x<|<|<|<|<:<x~ 'y K <<<<<<<<<88| x| X]| | <] <] XXXXXX
XXX XXX XS KX <X <X <X KX KX <KX KX <H<X KX < KXRXIKX KX FX <Y KKK KK KK KK KX KX KKK <X | X<| X<<x><
X>KX>KX><KX><X><X>| X>| <s| <g< ?<4<< 2?7%7 é B8<8<87<?787<<<<<<??<8897878<8
?2<82788228?2xXx?x82x8?x8?| p| pHT™? >sT3ak<p| <pl <p| <p| <p| <p| <p| <<<<<8
<X<X<X<X<X<X<X<X<y<<?????xxo-apppppppp>p| Fa&s PC

#H(H#. #.>>?7> p?p~p| T Xx8p?p>p~p~| | | ~~>?<?<<<ppp<pp?ppx3???7?| ??2?7<<0<???2<X?pX?

PX?PXPXPXXX 2XPX?2PX?2?2PX" P2X?PX2PX ?PXPXPXPX ?PX2PXPX2PXPXP?X?| P2XXPXXPXXP2XXP?
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ca] ca] caj a] c cRal.c(a! %&0

yz~+SUf | p%ﬂ?{h 4(JoaéZ] @La{gc;]ﬂc%ﬁat] %] ca] ce] a]oc?é:]lgé]ega]bga]laartlt]l é':] calcalc

e S ol R e et e

ca] ca] ca] o3 qalpl 8] cfy cl gl GRGA Cdtent of 1 - 14%.
5. The tablet according to claim 4 which has a true
specific gravity of 1.20 - 1.22.
6. Tﬂe tablet according to c¢laim 4 or 5, wherein said
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109& () -! IBSULEAR Kt ewkf O 1 OBAR 6545 , yvanaed/& () - 10U () -

109%&' ()-109%&' () - &&10%&' () - OgdE@ 109&' ()-&*:10%& ()- Y(10%& ()-& 10%& () - By

109& (') - 8@1@ Iymer cHa}EcteQﬁiéQ%&'a(bedeﬁﬂiﬂg«&'n(tha@@#ﬂxe‘%&'nmlalz

109%&' ()-/GLO%& ()--109& ()-+fl mopsbC&mLO%&' ()- @s10%& ()-s 10 10

10, #f >109%&' () -: F3=10%&' ()- @z 10%& ()-h

dEbC, f' 109%&' ()- @O0%& ()-10%& ()-,!10%& ()-LF10%& ()-@ 10%& ()- 5"dEbC@

109%& () -, L910%& ()-, Y710%& ()-f5 "10%& () ! MLO%& ()-3: 10%& () -,
\
R

n

or a copolymer thereof, wherein n is an integer and each R, independently, is H or
a lower alkyl (e.g., having between 1 and 5 carbon atoms, inclusive), alkylamino
(e.g., having between 1 and 5 carbon atoms, inclusive), or aryl (e.g., phenyl)

group;

or
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101 =109&' () - 5qZ4pD} *<_ @ S$#H10%CCE () --fs" 109&' ()--!fs"10965& () - - y#10%&' () -
e! y#10%B0agolymer dredadlefize ObyarrEsking unit-Halbab& i¢ymula 10 10

101 3=10%&' () - ! ~S #10%+& () - @ S- #10900& () - @$#10%1&' () - - NYdEg\ : ! +! | @&

10% & ()-sSLF! 10% & ()- @L10% & ()- @y1l0% & ()- @ 10% & () - Sy

10% & () - POnHAEQ\ : ! +1 1, -410% & () -, #10%4 & () -, $9

10% 0& ()-"""10% & ()-,10% & ()- #10%l& ()-NEEg\: ! +! 1 9210% & ()-1710% & ()
-5T 10% & ()-,310% & ()-110%\ ()-/ 'ZR)-#.bC+H @

109%&' ()- @10%& ()-9',109%& ()-"\0t_Aot +10t F=10% & ()-S; @0% & ()-. R dEbC +!
109%&' () - Ms! 109&' ()-M 109%&' ()- 93! IRU&' () - Sz10%& () -, s10%& () -

ICl Iyl 1 "dBbCl +! 1 0, 10%&' () - & 109%&' (@ - Y( S109%& ()- &10%& ()-$

109%& ()-"#109& ()-"S"""#B#~#dEbC! +! | L9! 109& () - Y7- _ .

109& () - yyB'aoogolyyes thamsog whergin n tvan (ntegen ambgach B-ingdepsrdgshyCisrHi & | 10%

& ()-f 10%&50@&(%9!%%.&), having between 1 and 5 carbon atoms, inclusive), alkylamino
(e.g., having between 1 and § carbon atoms, inclusive), or aryl (e.g., phenyl)
group, and each X is an exchangeable negatively charged counterion selected

from the group consisting of organic ions, inorganic ions or combinations thereof;

or

(c) a copolymer according to (b) which is characterized by a first repeating unit
having the formula

wherein n is an integer, each R, independently, is H or a lower alkyl (e.g., having
between 1. and 5 carbon atoms, inclusive), alkylamino (e.g., having between 1 and
5 carbon atoms, inclusive), or aryl group (e.g., phenyl), and each X is an
exchangeable negatively charged counterion selected from the group consisting

of organic ions, inorganic ions or combinations thereof, and a second repeating
unit having the formula
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10=810%& () -! y@ &#109& () - ! x@ &#10WNV& () -! @ &#10%QE () - 272@@ Af AALYD: AR 2003
110t " 109& ()-f"109%& ()-!f"10%"& ()-

f"10%/NV& ()-!f"10988& ()- 1f"10% : & ()- ACBBB$CcC?DxY7dY: 10! f-#10%+& ()--f;
#109& () -!f; #100& ()- f;#10%e& ()-!if; #1090M& ()-!f; #109%>& ()-?DE

E! E" EXEOE=EnE~_ @ 10! Y 10%1|& ()-,f10%| & ()-' nml0%| & ()- 10 10 10
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1&" 10%4| & () - & 10%4| & ()-&" 10%] & (- &' 10%4| & () - F10%4| & ()- YMLO%| & () -
10%4| & () -' C6G6G7GMESGYXY: 5@ H
18" 10%4| & () - & 10%4| & () - &" 10%4| rl"(
CEY: 5@ *
1&" 10%4| & ()- & 10%4] & () -/ K" &" 10 mg\a ) &[10%4| & ()- &' 10%4| & () - GGEGEGGGET: 5@
18" 10%4| & ()-/ K" & 10%4| & () - &' 10%| & 1) - & 10%4| & () - &' 10%4| & () - GEEEEEEE55@
1/ K" & 10%4| & ()-&" 10%| & ()- &' 10%4| & ()- & 10%| & () - & 10%4| & () - GEEEEGEEG ¢3

1094 & ()- &' 109 & () - YG GeGkd &

@

[ K" &" 10%}| &viigredy 2ewh| 8 iNdegendent|\s i Jandinladet| &nd)R &8 10%4|Rloper 8IA%e| &, () -
GGGGGHHeF3S - . o . :

/K& 100%4| &Y% AYYEER () 280 FodkRrRAn) 2BemBodnR sy ek AYRMING ) (-1 dWA¥ing () -
H HHH' H) HOHe¥n :

/& 100/;? & (). & i@(j]t))afgd(s‘)carbfg A BS CEh E IEHR (SN o7 HBHG@HHP
HAHXY: 3@

/& 109 & ()- & 10%| & () - &" 10%| & () - &" 10%4| & () -/ K" & 10%4| & () - WH HeHf HNHv
H-HXY: 3

& 109 & ()- & 10%| & ()- &' 10%}| & () -/ K" &" 10%}| & () - &" 10%| & () - ~HHHHHHHS Y:

(f) a polyrner characterized by a repeating unit having the formula

or a copolymer thereof, wherein n is an integer, and each R, or Ry, independently,
is H or a lower alkyl (e.g., having between 1 and 5 carbon atoms, inclusive),
alkylamino (e.g., having between 1 and 5 carbon atoms, inclusive), or an'/l group
(e.g., phemﬂ), and each X is an exchangeable negatively charged counterion
selected from the group consisting of organic ions, inorganic ions or combinations

thereof;
or

(g) a polymer characterized by a repeating unit having the formula
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or a copolymer thereof, wherein n is an integer and each R,, Ry and Rs,

0 R Ro

independently, is H, an alkyl group containing 1 to 20 carben atoms, an
alkylamino group (e.g., having between 1 and 5 carbon atoms, inclusive) or an

aryl group containing 1 to 12 atoms (e.g., phenyl), and each X is an
exchangeable negatively charged counterion selected from the group consisting
of organic lons, inerganic ions or combinations thereoi.

11. The tablet according to any one of claims 4 - 10,

wherein the phosphate-binding polymer is one that is

obtained by allowing ep::Lchlorohydrin to act on

polyallylamine in a water/aetonitrile mixed solvent system

so that the polyallylamine is crosslinked.
12. The tablet according to any one of claims 4 - 11 which

Further contains a hardened oil.
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mixing the particles with crystalline cellulose and/or
low substituted hydroxypropyl cellulose; and

compressing the mixture into tablets.
15. The process according to claim 14, whexrein said
phosphafe-binding polymex is ground into particles having
an average particle size of no more than 250 um, with at
least 90% being occupied by particles no larger than

300 pm.
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