WD 2009/ 157877PCT/ SG2009/ 000229 A SCRBENT FOR A DI ALYSI S DEVI CE Techni cal

Field The present invention relates to a sorbent for use 5in a
di al ysi s devi ce. Background Kidneys are vital organs of the humans

honeost asi s_system Kidneys act as a natural filter in the which 10
renove t oxy & Oﬁlé? Bbol i ¢ wastes such as urea fromthe bPS@’&GZ%?IH%e? failure

or mal function may lead to an accumul ati on of toxins and to an i nbal anced
el ectrolyte level in the blood, which nmay result in undesirable

repercussi ons that are hazSORBENTt FORNAI RIALYSLSIDEVICE, health. In this
regard, patients with inpaired kidney functionality wll usually have to
undergo dialysis for the renoval of toxic wastes in the blood and for the
restoration of the optimal |evel Tekhakealr®igles in the blood. 20For the
past few years, the predom nant form of dialysis used for atlents Wt h
end- st age renal dﬂéeeééees(eééRD)nY%nWe%ﬁ%H&%% “efodPaPFEFs TPAvaSFes t he
use of an exgﬁaé:%mrﬁqls estiem.for the removal of toxins d| rectly from
the patient's blood by passing a | arge 25anmount of the patient's bl ood
through a filtering unit or dialyzer. In conventional henodial ysis
processes, patients nust spend hourﬁag,g’gmn[cj zed t hroughout the duration
of the di aI ysi's, encunbering the patient's nobility. Another drawback of
henodi al ysi s | s tfkﬂéiﬂfe’@d a%r 30Ltal | 2e9ans apfi E6&g Ul EROSd IR SHFS 15
treatment prg %9/ Q?%Z_JPCE §gg99945999gg : hich By, |wr111e_L\é|ht ably

i ncrease the of i nt henor r hages. he ot her form of

di al ysilé usederh@ve paplxent wt@bd(ltknewafSé;IEISureuqﬂs pﬁ@rl uogeal fxhml ydies, nost
comonl y 5a Iled e o] u

anbul atory pefr‘)clt’)?onealiaaE %gul?}(%c&%lf) V\ﬁagl ﬁ omate yge?%tggng&? §al ysi s"
(APD). | n CARB:urfuleshicoh achys-acbems enflused anntnonkidielrp?&id exltec ralidor nal
(peri toneal) cavity where ans,of . diffusi AT nmet abol | LSiaste . and 10
el ectrol yt estFHE embIBIB?I & Oo ch&Rg&d With Redital YEat'd Serds® the
peritoneal neghsanessitasal |t(D1WtSUfafr1eCl eatadibhisisi om ofn t hendlwectu=al’ ¢t es and
nmet abol i c waste to occur, the dialysate is retained in the sbdo i nal

(perit Real ) Pe&MTRYy £Br HicoupPEebR’ hEFS S8 BEFdt e FBADYS ney

repl acement £ghcthsh-spent «hial yﬁeueihw hslviareshuelee&gaatdeallyajler sdrawbacks
of continuous anbul atory peritopeal alysis are a_l ow | evel _of
t oxi ncl ear ang®e &REVAL ﬁéed“?’él%oh’talsﬁﬁéus‘iry Pl &ee°FhexhehP di*REysat e,

Whlt ch f?‘” berardious F0ro# henpabpehadnde20di skuphicve rbovRks/ har tdai |y
acti vitl es.

blecod.

20 For the past few years, the - predominant form of
dialysis used for patients with end-stage renal disease
(ESRD) is hemodizlysis. Hemodialysis invelves the uss of
an extracorporeal syetem ‘for the removal of toxins
directly from the patient’s blood by passing &a large

25 amount of the patient’s blood through a filtering unit or
dialyzer. In conventional hemodialysis pProcesses,
patients must spend hours immebilized throughout the

- duration of the dialysis, encumbering the patientis
mobility. Another drawback of hemodialysis is the need to

30 utilize an anticoagulant during the treatment process,



To overcone the above-nentioned probl ens of conventional henodial ysis and
conti nuous anbul atory peritoneal dialysis treatnents, autonated peritoneal
di al ysis (APD) devi ces have been developed in recent 25 years. |In APD,
dialysis is perfoimed at night, or while the patient is resti n(%. The

di al ysat ®Q ¥0¥3&¥#Anged and repl aced automatical |y. ThPSTEFPEHL™#Sr nore
frequent changes of dialysate and better toxin clearance with m ni mal
interruption to the patient's daily activities. 30However, all dialysis

t echni ques deset bedyabevevstiablysulfieredsomtseyverdlskdr aibadkseFopl

exanpl e, WD 2009/ 157877PCT1SG20091000229 henodi al ysis fails to renove

pr ot ei n- bourFRPERIE*whi | e peritoneal dialysis entails a significant |oss
of beneficial prat@instior tbempaii eaialylerddiakysimr GAPDiand ARDhfail to
provi de optimal clearance for urem c 5toxins, because of limtation in the
vol ume of dikldnsat e fadéBTRduRS t PTOSONES st PAfhYEYS/ | M¥HseSRREFEYt he
henodi al ysi s, device ¢aNMPELSESEa TQGENET @libNgtdBhhi gisdeh agcatrianbast
cartridge that regenerates spent dialysate, the overall size and i ght of
these di al ysimbuleicces ResitoBeedn oo Ydrge t62BR) pottbl é”‘%ﬁﬂ‘aﬂ:\égr efore

do not inprave . i~ent.s. Qid i e SUCh, dexbses raeenaksglguaber sgnme due
to the bulk eﬁraltacl?[r}l:etaolf %%elj% ben% us}ed to ensure adequate _renoval of the
t oxi ns, whi cinfitseal riguui rigrenpaesil t9 mpdowmathe FEREOREPEenCaT$EYof t he

15 device. |n addi tib&”’ dds. J 1 ow syﬁgﬁsqorhno%tra%g)qq@_r alR¥e and

. ‘W e,. .a
heno-di al ysi's devi ce requires a plurality of punps, which in turn
undesi1@abl y d nereaseseshe overaghd sbiepdwepght snghpowes coAShnptisn of

the device. |n alternative forng of these iC rapased-for _ysg,in 20
perit oneal o‘%‘lﬁ%ﬁ’sﬁagﬁe t HE 5611 agtisrﬁt o %n%%\gut g%a“t&er B%éri tTtgnegl dial ysis

devi ces i s afifenmiectd odgberiapsoved yha edlethgoineesi apdofmetiadpolic
regenerating units. However, the trade-off for .tshe 7ﬂreetflul(I:lteidoniimn shze of

t he regener af3Hif uni® i THe si'ght fi Y9%Wer iy of The 25 &t ficacy of
toxin renmovalpdmihe regererahicad)untivoty s@dient, whighe event haulg
conprom ses the patients' well being. Tﬁergl is a neecgl to%tmfi de a
di al ysi dewwkoihatenvErtorBe SFPAECPBERE AREI iF8FarEBE oné Gr o€ of t he

30di sadvant ages, descrdipeds ahQue . «SUChad cdeviegwshors d be parri@hh@us
relatively light and have high efficacy in renoving toxins. Accordingly,
there i s al sonznlpsedtyt OPFoIRRE Feybreratify fonBBneht Sor “SortPént® t hat

I's compact angd, & SUReY 119fe GRRADIHY hnfi n(8ABYY NBe NS IARNGpanti Ch can
be incorporated into the dialysis device. 5 Summary In a first -
aspect, theréiakygriovi dedighsordentdd oRTAERBGI nEPTretdBol PREHRRT e Poduct s
fron]agbalyséfsruptive £o his/her daily activities. _

To overcome the above-mentioned problems of
conventional  hemodialysis and continuous ambulatory
peritoneal dialysis treatments, automated peritoneal
dialysis (APD)- devices have been developed in recent

25 'years. In APD, dialysis is performed at night, or while
the patient is resting. The dialysate is exchanged and
replaced automatically. This allows for more frequent
changes of dialysate and better toxin clearance with
minimal interruption to the patient’s daily activities.

30 However, all dialysis techniques described above

stiil suffer Ffrom several drawbacks. For exanmple,



10 liquid, the sorbent conprising a primary |ayer of imobilized uremc
toxin-treating enzyne particles inte ixed with cation exchange particles,
wherein the primary layer is arranged within the . sorbent such .that
when in use, the pressure drop of the . 15dial ysate acgr th rimary

| ayer is%ﬁ’@?{b@ﬁ% on the size of said cation exchanggC?Qj(§1§'?(1‘}%"ﬁ°32‘2.9 In
a second aspect, there is provided a sorbent for renoving netabolic waste
products froma dialysis liquid, the sorbent conprising a |ayer of cation
20 exchange parddidies ikaviidig sarc Avemage pardtiedne bsiune itoxtihe, r angéeof 50
mcrons to 200 mcrons. . , In a third aspect, _there i rovided a
sorbent for PERIHRGnmetdbty T Hhastt $rotuct s g?%ﬂ?%lﬁfi‘%ﬁ ys?%g§5 Ptquid,
the sorbent wOFiSiag pofid@r Yol ayge ehthienebi HezediHlgBis, CAPD
toxin-treating enzynme particles interm xed with cation exchange particles
. and a secorfar pPPaykrilof tEatPHIV EIR hQRGE™PAr tqlt,elaé’&n‘:?oﬁp%ng‘r@ 6di ment ,

there ig proyided asorhent for) fenmmikeg et abel veiwast @ Ppraduskscbrom a
dialysis liquid, the sorbent conprising a |ayer of immobilized urenic
t oxi n- treat i wRpdnZgHe pad t icOISEs FRARBERANEE W t h Bat C8Fe8xcfiie PAPti cl es.

|h one embodh el o (8 LAULANLEXEHAROLAATL | ¢LEEnaEE AIEDOLA: ADSAEREY 5.
The cation exchange particles may also conprisSe ions of a nmetal whose
phosphat e i sapoar syrisoitubteri riogs efhal regrEmicd maFnt tqﬂr@rl_é(sia§§pr ovi ded
a sorbent fof,Jepying MRLabalic Maghe BEoycls &romd dilysks Liguid
the sorbent conprising alayer of “coval ent y 1mobi |71 zed urem c

toxi n-1oeat iafrenzyne paatdel € | heermiked 1w tdnad wateripnsoldidl acammoni a
absorbent, such as cation exchange particles. Adva sl t resence
in a single YOposite I%@r}elrerb 't hglogétg‘il h exc %%er%irgt%%%l e%:lr oggﬁﬁer with
the i mobi | i g@fbairame dueXitd ttheabiungyvenayoee paf tiod esoermEncesdt he

wor kability of the uremc toxin-treating e me, particles .and prevents
- cloggi ng of ¥FFT&r FAHEWy TETted B?ecgé%/t a?%)ﬂl% t Hﬁﬁ%elﬁi afysat e.
- The cation e Naenal t 6L @5 Nod @by RerRDve HHYMERIedtcaidonst hue al so
serve as a buffer to establish a relatively constant pH range for the

enzymatPc redRYiGHh of t A8 urRSIE WX n-teat FHY ensyHeS™ FuPtheRBFB, the

spatial proxighdye Ooft UL &md 0 4§ 0At hogi Y ABganee£aki @n uexgharger
particles may increase the efficacy of the absorption of enzyne produced
unwant ed cat®orisumps f oftiedy iadvarragedepésabhy t HectRRR et MYSBPLEzat i on

of 5 the Urgﬂ}&, ,t%&ghkreﬁ{a Y GRZY By & HRSERY PEEVEM Ngotpakagenof the
enzyme into the dialySate. Advantageousl i; this renoves the requirenent

for an additabredndteywsr DPrworbéntthege RS St RRATEEYSSt | BT - 18 di-Bwback
oL o S i FECIELEl 0, oot s 00| e80!tk ut s
peritoneal dialysis devices is attempted to be improved
by reducing the size of the regenerating units. However,
the trade-off for the  reduction in size o©of the
regenerating unit 1is the significant lowering of the
25 efficacy of toxin removal by ﬁhe regenerating unit or
sorbent, which e&entually compromises the patients’ well
being.
There is a need to provide a dialysis device that
overcomes or at least ameliorates one or more of the

30 disadvantages described above. Such a device should be

portable, relatively light and have high efficacy in



their biocompatibility. I n one enbodi ment, the sorbent as defined
above may be preceded by a | ayer of organi c conpound absorber particles,
or an organi ¢ conpound absorber pad. 15Advant ageously, this |ayer renoves
enzyme inhibiting substances, thus maintaining the activity and stability
of the uremic toxin-treating enzyne. In another enbodinent, the sorbent as
defi ned above further conprises a |ayer of cation exchange particles. In
one 20 enbodi nent, the cation exchange particles are_anmonia a(;PS r bers.
The cation exchmvgsgpaoricises AREPTHIGIYoneEE ilohs2bFCa netel \Aﬁ%se
phosphate is poor.ly sol ubl e i r. gegys! Yorhdrs l-aper easures
that any un Oé’d%at?oﬁ%%#%}a\#g&g egég%%dmrfﬁrlo%yt hi@I ayer of i

25i nt er ni xt urengliceathanhexchasgpepart i chrapididyi mfoFiemoFaautenies
toxin-treating enzyne particles, are renpv I t-her. .e Lgent, the
di scl osed sord¢ht ¥ 9hf‘fﬁ1? H& Jc%crﬁfﬁosréa%gel gg%? %{‘E gdr}%c% éfcﬁgﬁggggarti cles
interm xed with organi c conpound absorbent particles. The presence 30of
the two | ayers of interm xtures reduces the overall size and hei ght of the
sorbent, facilitates the sorbent production and reduces the overall
pressure drop caused by the soghambhrithen used in the dialysis device.
Advant ageously, this increases the portability and userrﬁc%)ﬁrg ort of the

sorbent without davér $afry tafsRadtng tve st PEovtEPrdid TH fstabol i ¢
waste products are re t b ducts fhidr@NQt herggpiadidrent,
there is pr ol%/eﬁ“d)ec}%gr s‘g‘%%ﬁ?ﬂgr hgae%tg%i ﬁlg}[orréltcagol Ic waste products froma
di al ysi 301 i quicghid,he tser bestrbeanpr compgiaihayer gbrimarpn lawerexcifange
particles, having _an average particle sjze in the range of 10 mmcrons to

1000 ni cr onstWaPidigesnhotiset, EREIRAtFBRCEXB haffGEYP%Er t iR s &% ammoni a
absorbers. The Gati.y {cRANGR R HxehahigRByagkse1e@nprise ions of a netal
whose phosphate 1s poorly 15 soluble in"water. In one enbodi nent, there
is provided a sorieieifotheeprihag nNetyabolisc amastgedraididhs theoma

di al ysis liqui he - sor.hent nprising coval |y i bil.ized urenmic .

t oxi n-treat iqﬁag'?ae _Ez"yﬁ%glf')atﬁsffil@clwég? ﬁﬁeus%ér fg%%?%zgen%avien%?n Désvérg.%g'e_ particle
si ze inlthe  daageaoé a@fosk) the FOO08ary crayes. iFhdependsant omayhé urt her
conpr i se_ammg) 2 bsgidiag; BATLIELAS, el amLalion axchange particl es
conprising of an anor phous, -wat er-insol ubl e metal phosphate in protonated
and/ or sodi um count ey -1i r cati exch i gl Aauiig an
average 25 part:f(;r} easfggolkﬁ %seéérlgtn'ge{:% P?O)i%‘i cté onspﬁ%&lo%ogélom crptpns. The -
sorbent may £t BERoGCORRT et a1k exadtangprodntis| ésoporpr $6a2AESHE an
anor phous and, partly hydrated, water-inso] uble tal _oxide in_its

hydr oxi 25 kBt e Fh§c P ATRENE N FIFPT LY e T odREE™ i B forT-19R ani on
e

30exchanhye pardy PR NG AD BUGEAGE PArdIGl RS Barelcll Bigonmto 1000
m crons. The soralq){ficf%tS y lfurt her con%ri se
the range of 50 microns to 200 microns.

In a third aspect, there is provided a sorbent for
removing metabolic waste products from a dialysis

liquid, the sorbent comprising:

25

' -1 ?rirr;ary layer 'of- {mmobilized uremic toxin-treating.
eﬁzyﬁe particles intermixed with cation exchange
particles ; and -
a secondary layer of cation exchange particles.

30 In one embodiment, there is provided a sorbent

for removing metabolic waste products from a



or gani ¢ conpound absorber particles having an average particle size of 10
to 1000 mcrons. It has been found by the inventors that the use of this
specific particle size range of the uremic toxin-treating enzyne
particles, 5 cation exchange particles, anion exchange particles and

or gani ¢ conpound absorber particles greatly inproves the efficacy of

nmet abol i ¢ waste products renoval, while allowng for a favorably | ow fl ow
resi stance and mninal solubility of the respective sorbent material s.
10Advant ageously, the dialysate that -has passed through the sorbent nmay be
essentially free of any unwanted ions and netabolic waste products. In
anot her enbodi nent, there is provided a sorbent for renoving netabolic

waste productg:idr@msa 1%duabysi shéi qsbsherdde compbesiing orpr iskBg: acpri mary
| ayer of inmmobilized urem c toxin-treating enzyne particles ; a secondary
| ayer of catidiPEcH&tde paFITT es tRFIPAGISH Hi%er aBe?y30F t | BRETEFERSin the

range of 10 20mM&mpRsdt 04,4000 AneRs; akthaagterbhatyciayer and gyaternary
| ayer, at |east one of said |ayers conprising anion exchange particles
whi | e the ot FEPAHyenteorptd sFR§LORgHHTBGAPRATY 1gbser Fare pammerizs. |In

one_embodi e, dohe Cat | ghcexchangs 2anihglespate AADN g, absorpers. The

cation exchange parficles nmay also conprise’ion a neta 0se
phosphat e i s gowripesolod e afh wat Betal n wrseenpodépherite, tikerpodslyrovi ded

a sor bent fOrsmluble in water. In one emboc_liment,.- there is provided a |
sorbent for removing metabolic waste products from a
dialysis liquid, the sorbent comprising a layer of
covalently imobilized uremic toxin-treating enzyme
particles intermixed with a water insoluble ammonia
absorbent, such as cation exchange particles,
Advantageously, the presence in a single composite layer
of the cation exchange particles together with the
immobilized uremic  toxin-treating enzymé particle.s
enhances the workability of the uremic toxiﬁ.—treating
enzyme particles and prevents c¢logging of the cartridge
by unwanted precipitation within the dialysate. The
cation exchange particles not only remove unwanted
cations, but alsc serve as a buffer to establish a

relatively constant pH range for the enzymatic reaction

of the uremic toxin-treating enzyme. Furthermore, the

4a



removi ng netabolic waste products froma dialysis |liquid, 30the sorbent
conprising: W?2009/157877PCT/ S&009/ 000229 a primary |ayer of

or gani ¢ conpound absorbi ng particles or an organi c conpound absorbi ng pad

; a secondary |ayer of imuobilized uremic toxin-treating enzyne
particles ; 5a tertiary layer of cation exchange particles conprising of
an anor phous, water-insoluble netal phosphate in protonated- and/or sodium
counter-ion form the cation exchange particles havi@gfan averageﬁégrticle

size in the rafRRCiGE 1OFoNIeHdYs 06 HOGTM YR TIRGTIRE L Aer Rty

| ayer and quit tyiolnaye‘%rchaﬁbeke%?EtQEflem§§‘i OnbAYEES SRAPEESEAG-ANGHN
exchange particles conprising an anor phous and partly hydrated,

wat er - i nsol ublsharetbsonptice | of i eszimedr @rodeced c arhendes. | Caldenst-e-2

and/ or | actate; unter-ion_for ' N chaRes 1RaLti &l ess havi ng
an aver age par?F%ﬁ?rsﬁgga%EaQ% %%%%gﬁ%q?gggﬁaééﬁﬁgﬁons mh%?e t%e ot her

| ayer conpri sidg onganic conpointdeaitdiagbeenpymd,i clids iy ngrameaverage
particle size of 10 to_1Q00 m crons. v ot i.pent,
there i s provildéfegesef beht FHBIE roFsy iR %%3%#%%#%@ ﬁgg%%ﬁgggggg?%’fron1a
di al ysi s |iquitghist hemdoeberheCompuisbngnt for am pubiraiyndhykayef of

i mobilized uremc toxin-treating enzyne @articles L_a sqaganr | ayer of
cation exchan@@rﬁﬁﬁﬁiéPESEﬂEQ“@bﬁﬁVﬁ§5ﬁ§Piéﬁ§ 6f5%.%iﬁ%ﬁa 0%t %Wﬁ?%hate
is poorly sol yhl.g Lpcyat ebgehBeaEBhd ONde¥ebasnge pREELC! @5ghaviagnaly
average particle Size in the range of 10 mi.crons to 1000 microns,;, a
tertiaryl®ayercoptranivbes éxe HarigPWBEADEEFeSt BIRFSGY FERSePRS Y™P2YET of

or gani ¢ conpo aps i;gles. WO 2009/ 157877PCT/ SG2009/ 000229

I n anot her en%%’?ﬁe§?§géﬁ§ﬁ%¥ﬁ%§lgybvided a sorbent for renoving netabolic

wast e products fromna chal peibedinenitd, the SerbeRt cdfpdediimgd above
Y aboy menben e 8 TpoU"dagR3 b BlgaRAL! bBhBEuRlh 2Bs0LBBR' ©
particles, or an organic compound - absorber pad.
15 hdvantageously, 1this' layer removes enzymé inhibiting
substances, thus maintaining the activity and stability
of the ufemic .toxin~treating enzyme.- In another
embodiment, the sorbent as defined above further
comprises a layer of cation exchange particles. In one
20 embodimeﬁt, the cation exchange particles are ammonia
absorbers. The cation ~exchange particles may also .
comprise ions of a metal whose phosphate is poorly
soluble in water. Advantageously, this layer ensures that
any unwanted catiomns that have escaped froﬁ'the layer of
25 intermixture of cation exchange particles and immobilized
uremic toxin-treating enzyme particles, are removed. In
_another embodiment, the disclosed sorbent may further
comprise a layer of anion exchange particles intermixed
with organic compound absorbent particles. The presence
30 of the two lavers of intermixtures reduces the overall

size and height of the sorbent, facilitates the sorbent



a secondary |ayer of immobilized uremic toxin-treating enzyne particles ;
a tertiary |layer of cation exchange particles conprising of an anorphous,
wat er -i nsol ubl e nmetal 10phosphate in protonated- and/or sodi um counter-ion
form the cation exchange particles having an average particle size in the
range of 10 mcrons to 1000 mcrons; a quaternary |layer of anion exchange
particles; and a quinary |ayer of organic conpounds-absorber 15particles.

I n anot her enbodi nent, there is provided a sorbent for renoving netabolic
wast e products f(rjocgnC aondlagll&/sgéd‘{)degw&e t B 1201 D QHe s6ARRT dEbpg cagspti Mary

| ayer of orgaHFS %oﬁboun absorbing 20particles or an organic conpound
absor bi ng padpy atsecosudarant ayéenof userpbihi Z8E ur@Rlyseéxi #EVEC&at i ng
enzynme particles inteLm xed with catio C g b "

atertiary Iaﬁ@VaEﬁaQ%ﬂﬁséﬁ'ef@ﬂind@mﬁﬁgfgélggg2gfﬁ?é%%$§g% A eh Saon
exchange partighesrt 8ndthe sordefiuatwdthany ladyersetyordénttieonmsdbend

absorber particles . I n anot her. enbodi nent here .S prQui ded a
sorbent for refbBYFIRPGYet #ESH ¢ “RdSte B?Bﬁﬁ8£%?fr%ﬁﬁz§(ﬁéﬁ 9§F§§30F?éuid,
the sorbent cogprisd Mg +h¥0s30884457877PCT/ SG20091000229 -a primry

| ayer of organic conmpdund absorbin j.cle n 9oL gapi-6,sasgouRd
absor bi ng pad ; In an§888ﬁdafyﬁgﬁﬁg%§%' iﬁ%%%ﬁ?ized u?enyc

toxin-treatin%OQEéﬁgefgfr}gﬁb@§n§nﬁ@tﬂbﬁkﬂcwﬁ&hteapfo@u@R@héng@ Zparticles
2 )

and ani on exchange particles ; , . o ) . '
dialysis liquid, the sorbent comprising a layer of cation

10 exchange particles, having an average particle size in
the range of 10 microns to 1000 microns. In one
embodiment, the cation exchange particles are ammonia
absoibers. The cation exchange particles may also:

‘ of a metal whose phosphate is poorly

comprise ions
15 soluble in water. In one embodiment, there is provided a
sorbent for removing metabolic waste products from a
dialysis liguid, the sorbent comprising covalently
immobilized uremic toxin-treating enzyme particles, the
particles having an average particle size in the range of
20 10 to 1000 microns. The sorbent may further comprise
ammonia absorbing particles such as cation exchange
particles comprising of an amorphous, water—-inscoluble
metal phosphate in protonated anid/or sodium counter-ion
form, the cation exchange pérticles having an average
25 Particle size in the range of 10 microns to 1000 microns.
The sorbent may further comprise anion exchange particles
comprising of an amorphous and partly hydrated, water-
insoluble metal oxide in its  hydroxide, carbonate,
aceﬁate, and/or lactate counter-ion form, the anion
30 exchange particles having an average particle size of 10

microns to 1000 microns. The sorbent may further comprise



a tertiary layer of organic conpound absorber particles . In

anot her enbodi nent, there is provided a sorbent for renoving netabolic
waste products froma dialysis 10liquid, the sorbent conprising: a
primary |ayer of organic conpound absorbing particles ; a
secondary | ayer of inmmobilized urem c toxin-treating enzyne particles
interm xed with -cation exchange 15particles and ani on exchange particles.
I n anot her enbodi nent, there is provided - a sorbent for renoving netabolic

waste products froma dialysis Liqui £§@h BeNtL GOMY | shNGverage
i nobi | i zed uPEFET oXPHETTR tiar?gsgglﬁgfx particles 20{% erm xed with

cati on excha Pasld glies, oZFnilontext®dhgel gamsi cleshaankeer giind &¥npound

absorbing particles. Definitions, 25The follQw rd1%; jygsed
herein shal | HerelRvatREEn TR T ﬁ}a?c’é?%aof ent¥ ggew%%e@%%&'{%ﬁbent " as

used herein by y Jeef BhS t9ranie) as6x0h-tndaringl s eohgnactpaitded sy t heir

ability to absorb the desired matter of interest nV\le) articles and :

2009/ 157877 PCTSGRO0HGEOIHD Partickhge (HHA™ FBFPR e PHs (560 ferei n

refers to a sgpigﬁ@%og%%hnga%rbgg bgrt;ggme adtvestsky ragotdvess tiken
uman body.

present in theé The term "contam nants” in_the cont egil%f this

5 speci fi catiefficeans odny mesabeligerasts yREOIRFY St oXFEOEDrst it uent s,

within a dialysate that are y 10ar #hyk teshyrmncheatd manhashi ch
are desirabl egljtsjoo"b]élgr gtr%vead i?eﬁ;})gcra ilgl %sat & detoxification process. Typi cal

cont ani nant s gdmlnidatybut odr e nbe | i nésrrEtiyeanmsAFERPT 10pRRSPHESs, urea,

creatinine and uric acid The " i exghapgerpasidicles’ as
used hel8in rAAEAGFORS Y cIFEE géﬁgﬁgé%fﬁg%p?%rsi %ggor@ i rmrobi 11 2 ng

cationic or pgsiddielmaychas gashandeiley Wiea cbntart BaWaREed SIRIF L es,
typically by passing a solution of the 15positively charged species over :
the surface ofetahrolisgr teslk&sPTOdUCESThe term "ani on exchange particles" as’

used herein refershfo ;9%5&156% eSerBHabhenef capewei ng.or probidd zi@g
ani oni ¢ or negatively charged speci es when contacted w.th
sorbent for removing metabolic waste products from a

15 dialysis liquid, the sorbent comprising:
a primary layer of immobilized uremic toxin—treating

enzyme particles ;
a secondary layer of cation ‘exchange particles
having an average particle size in the range of 10

20 microns te 1000 microns; and

a tertiarxry layer and quaternary layer,'at least one
of said layers comprising anion exchange particles while
the other layer comprising organic compound absorber
particies. In one embodiment, the cation exchange

25 particles are ammonia absorbers. The cation exchange
particles may &also comprise ions of a metal whose
phosphate is poofly scluble in water. '

In one embodiment, there 1is providgd a sorbent for

removing metabolic waste products from a dialysis liquid,

30 the sorbent comprising:



20such species, typically by passing a solution of the negatively charged
speci es over the surface of the particles The telL "Pi oconpatible" as
used herein refers to the property of a nmaterial that does not cause
adverse 2p8hflAdsspl reactions to the human or ani mal pioedg2009/000229 The
tell (" "particle size" refers to the dianmeter or equival ent di aneter of

the particle. The term "average particle size" neans that a major anount.

of the particles will be close_to the_ specified p ' si -haugh
30there will be sBmePpalit¥le a%i%%veo%ndog %lgarﬁééogjg%bela%\%vogk%%
speci fied si ggrtgmge@e@ﬁ am dieardicStcbimbotindnaio$orbing pad ;
- W2009/ 157877Pal/ SG 20091000229 parti cl ES W | Ibh ve % speci.fi e(jw%{ii%g. Thus,
for exanple, if the S9ePRRRTYartd¥@% °&i zé™EP50 AF8r o tther€ Wi i | exi st

some particles.uwhigh arelangerandssgne particles which are snmaller than
50 m crons, bu{a t}lﬁeerraj%?harrﬁlﬁlt 5 of the particles, pref era%l.y 80% nore

preferaldly 90% wkl|tpetigrapptaxefmtefy SOLHRr oFECHAYS 2 @3Nd 4 Feak in

the distribut] ;“ rti%les Mﬁl] Q? ﬁguglCrQ&&er—insolﬁbﬁetehﬁhal
"regener at e" E?@Bﬁgeﬁﬁer gi n raef er éamt opt he action of detoxifying dialysate

by absorpti ophotpuresi tn1prokPnatedhean@ OF RUHSHR t (RN S *8ed 8 ei n
refers to the, actl 9988‘( e§8fl¥§éé' pg-L egpneral et di Al Vsale O agsanrtieal 1y
chemcal“¢c

t he sane state an m nposi tion as fresh peritoneal dialysate

prior to di abysesinlbfherangt substCamticaohy" d0esRdP eREtLARE " @Gpl et el y"

e.g. a_conposition whigch is "substantially.freg" I Y chercoppl etely
free frlgjm Y. Wher®@ ﬁgéggga?f/?’ ﬁge\}f\o?aé" g&%&%%ﬁt %fgﬁ'lgg/]" raralg;ﬁ/l be om tted from
the definities okathe nAverki oromROibless spewh fiexdcharmr wirseg tichest er ns
J"conprising” and "conprise", and grammaticgl variants ihereof, are_ '

i ntended to FEPPELEREY" GperP o‘?“m@?m‘?‘ﬁ%i 958 Pgﬁégggglys(jt]:g%e hatwatacﬁey

i ncl ude recitgd,ehBEntgetilt @xs@cpeini tiinchysironidb-addiditomalte-,
unrecited el ements. 25As used herein, the term"about", in_ithe _context of

concentrat i ORSEBATRONPGIEHICE of 2ERRTS Or MAMAEFORSORt Vi TCHl | FiRedRsOF - 5%
of the,sfat egxgﬁéﬂge gQE@:L&l’Qé CRb¥¥ng an 4% &fagdpSinilad walzue ofme
typically +/- 3%of the stated value, nore typically, +/- 2% of the
microns to 1000 microns while thé other iaye: comprising
organic com?ound. absorber particles having an average
particle size of 10 to 1000 microns.
In another embodiment, there'is,provided a sorbént
20 " for removing metabolic waste products from a dialysis
liguid, the sorbent comprising:
a.primary layer of immobilized uremic toxin-treating
enzyme particles ; 7
a Secondary layver of cation‘ exchange particles
25 comprising ions of a metal whose phosphate 1is poorly
| soluble in water, the cation exchange particles having an
average particle size in the range of 10 microns toVIOOO
microns; _
a tertiary layer of anion exchange particles; and

30 a gquaternary layer of organic compounds absorber

particles.



30stated val ue, even nore typically +/- 1% of the stated WO

2009/ 157877PCT/ SG2009/ 000229 val ue, and even nore typically +/- 0.5% of

t he stated val ue. Throughout this disclosure, certain enbodinments
may be di wolo®edrdrn a range format. It shoul d be underestigedosdonimt t he .
description in range format is nmerely for conveni ence and brevity and
shoul d not be construed as an inflexible limtation on the scope of the

di scl osed ranges. _Accordi ngl cri.pti.on:af -sh

considered to havénsSélgigbflga?é?'?%gﬁggﬁgéeggghg %%ep%fgégggs%b%grg&%?r anges
as wel |l as i mdirvi tttedvimgmenetabo Vad ueasnet firedulas ramge. aFotidwadsl e,
description %f‘ a,range such as from 1 t.o 6 should be considered to have
speci fi cal | y 1di%8¢PosEd® sTBE PNy IR A from 1 to 3, froml to 4, from1
to 5 from2 to 4,4 fpgmngrgyo Baybromyf1503g4wi 6 et@upowlrsi waddscadent

i ndi vi dual nunmbers _w thin that range, for ex le, 1, 2,.3, 4, 5, and 6.
Thi s appl i es PRE§aFdPessT o#™ t Hed HHeadtHPeH hgg?‘éﬁ%%x?t K%t ai | ed Disclosure
of Enmbodinents 5 sEXem@lary,.1ey|idy tiiRgopabodéaentsemic a taasibent for
a dialysis device will now be disclosed. The sorbent may be capabl e of
removi ng net AF6Rréngasteyns kI ECifi%ed, fromthe fluid in contact with
sai d sorbent. 25l ong,efbodi MeRert Ngr SOERENGN CONRER SRF: a RIAdTRIIks| ayer
of inmobilized uremic toxin-treating enzyne particles interm xed with

cati on exchangeppasingl esf a secomd@rphPhyer o tEariloFCeRBh&NgESHAMt i cl es;
and a tey ti apy Layer . of , anl a0 oxEIANaE, PRL T St NeGR kel R0WcL, or gani ¢
conpounds ab or ber particies. I n one enbodi nent, the cation exchange
particl es arehammenian WO-RO0OE 157B8TIRPCTE SGROUY (000 220 g0 rieaits C1The
cation exchange partjcles m ' cQnprise.io f | whose
phosphat e i s Spg6r 1§ JEB?UJB‘—I’%‘J ng%mgtcberxr%; rr?n%ngoe %@i%{@%he sorbent
conpri ses the secandasyetwyes bownd dfetanden thehpngempartSlasd wedtiary

| ayers, wherein in use, dial yii s fluid passes, fromsaid pri r’r%rs)érlb%xer to
said tertiary |ay8r FPANREYd $B¥BhdaPy | 87877 An AWt Ehal Tayer of '
organi ¢ sconpeudrdiabserber may. al so be included in the sorbent. In another
enbodi nent, the sorbent conprises a 10 primary |ayer .of i nmobilized

ureni ¢ t oxi n- t r eabPngneRBGie SFRCCIEFBS; h§§€oﬁ5ar%‘°lv&§igfi Gf SO
exchange par ¢l esanSaind CALi Mo EKEhaRgeePidRices CoOMg i si ngidlanssof a
met al whose phosphate isS poorly soluble in water; a tertiary |ayer and
quat ernary | ayepidwhehei sosker: AWRESHE@ry | ayer and quaternary |ayers
are respectively a3 Ig¥ ag; a@hQQrexg@angggQ@[él cl&spAMh @ dsibiek

organi ¢ conpound absorber particles, or vice versa. An additional |ayer of
or gani @0conppeantiabserderameyradsie FenoeeingddeBsPRCERE R blent . 201 n one

enbodi ment, the Sgrbggéo£&£9§iSﬁ;yégnad¥1 T¥bilized uremic toxin-
| treating enzyme partiélas intermixed with cation exchange
particles ;
a tertiary layer of «cation exchange particles
25 intermixed with anion exchange particles ; and
a quaternary layer of organic compound absorber

particles .
In another embodiment, there is provided a sorbent
for removing metabolic waste products from a dialysis

30 liquid, the sorbent comprising:



| ayer bound to the secondary |ayer, the secondary |ayer bound to the
tertiary layer and the tertiary |ayer bound to the quaternary | ayer,
wherein in use, dialysis fluid passes fromsaid primary |layer to said
secondar ywledrs78725 from sai d secondary | ayer to sai drgichémoywzayer, and
fromsaid tertiary layer to said quaternary layer. In one enbodi nent, the
secondary |l ayer is disposed between said primary and said tertiary |ayer
and said tertiary layer_is diigosed bet ween_ sai d seconq%{y hgcgr.%nd sai d
30quat ernary | ayef. 689/ 157877PCT/ SE2OTG 00077 " R
enbodi ment, thetsenbenbr CONPSI SRS @A dompdany hayerbdig asghani ¢ compound
absorber particles or pad, followed by a second rz | ayer of immohilized
ureni c -t oxi n-t r eai n§ECEAZYREY patd V] e nﬂ@?ﬂpkgﬁ Ff t RGN £°ZB80r bi ng
particles suchcas:aat LRDRXCHAPEE: NS tinGkemi GOAH1 Bk NEh©f ord i RIFRnRROUS,
wat er -i nsol ubl e netal phosphate in protonated-_and/or sodi um counter-ion
form a Rertiparyicdgerand anhohi S dBSOEbPRGTPEIEF ¢l es, such as cation
exchange particleg coppgigig ohyan agpr phossni 10 WIS Qi et al
phosphate in protonated- and/or Sodium counter-ion form and a quaternary
| ayer of ani paréichange particles conprising of an anorphous and partly
hydr at ed, water-insol I i ngi hydr oxi.de-_ scar ,
acetate-, and/or ?gcﬁggggeggﬁﬁ%ggﬁhgﬁtfot&%?%tégngégggafghgo?ggﬁ%gt
“conpounds abSorberengariricc| ®stabolic | nashe @rivddictentfratheasaotisdmsis

conpri “the.secqgnd | ayer_bound hetween the primary and tertiary
Iayerssgﬁd tﬁéqPégtigﬁ% ?%%%ﬁ”%éﬁﬁ‘rﬁgﬁn én the secondary and quaternary
| ayers, wherein ig uge;mdial yibgef! uctl 20passies foampaaidl mbspabyinkayer to
sai d quaternar _LaXer via said secondary and tertiary |ayers. In
anot her enbo&?%EﬁF,thé sorbent conprises a prinmary |ayer of organic
mol ecul e absorber gpagtich@Sror Rahr acsecontdaryll syer Wienigrokiokized
uremc toxin- 25 treating enzyne particles; a tertiary |ayer of cation
exchange par tFERESNE oRPFYRE RO ArFSandrFRBEES Wit &f - THSHITUE N RegE
phosphat i N pLet oAt etha and N SediwFecouprtecréon form a quaternary
| ayer and quinary |ayer, wherein said quaternary |ayer and quinary |ayers
are 30respecti vel ynaanaybrrormipriénerkchiRges paft PEPFSIEENHr iSSTRGDST an
amor phous: ang part L, IYr ahednyler yas V02008648787 4ACH 5620091040229
insol uble netal oxide in its hydroxide-, carbonate-, acetate-, and/or
| act at e- countgridiontfiersyriamn admprdsiob:or gani ¢ conpound absor ber
particles, or vic SA. _ n_0 bod] ar - ri ses
the primary Iayerg%%ﬁéﬁf%%Fthrgéggn ggggFggég?fﬁ%eggggggdgggkﬁgggg bound
to the 20erti anyerhayed ,witie d¢aridraragchapge bauhiicies t e quatechanygel ayer
and the quaternary,layer bound t.o the Lha .ej-n_i n use,
di al ysi s quPargéé%%i’f?Qéaﬁﬁﬂa ﬁ%ﬁcth§H#§yé¥S:§¥§g &ﬂggégﬁ gfy | ayer,
from 10 said secondary layer to said tertiary layer, fromsaid tertiary
| ayer to said quaternary |ayer, and fromsaid quaternary |layer to said
qui nary layer. In one enbodi nent, the secondary |layer is disposed between
said primary and said tertiary | ayeefigatflohertiary |layer is 15 di sposed
bet ween said secondary |ayer and said quaternary | ayer,, ag& 3ig
quat er R&ry | ayer T2 i FpsREdDSHEEn 285 doFBF 1359 i aé i RAF§ | ayer
The urem c toxinadieatd ng, ENAH@®Ry:particles may be capabl e of converting
urea to anmoni um car bonate. In one

: The term “sorbent” as used herein broadly refers to

a class of materials characterized by their ability to

absorb- the desired matter of interest.

10



20 enbodi nent the uremc toxin-treating enzynme is at | east one of urease,
uri case and creatininase. In a preferred enbodi nent, the urenic
toxin-treating enzyne is urease. |In one enbodi nent, the urease nay be

repl aced by any material that is able to convert urea to produ %3 t hat
25can bevebHOYEEH by a sorbent. Preferably, the mat er?‘éT’S‘iE')%mQé??ﬁ to
convert urea to amoni um car bonat e. I n one enbodi nent, the ions of a
met al whose phosphate is poorly soluble in water are ions_of netals

sel ected from t hengr cigrmof “hohanbrit” ziasconsefn NREARAPUNSERIRI ¢6nif nat i ons

thereof. In one enbodjpent, the ipns of . 8 b SER0PREH00229 a
metal whose THRSSHREEeCIET pORPFTS slg Ubte § x\qﬁ.ét%glr%/e%ggziz%g%i um I'n

one enbodi Mg sdhftei gath@mexshangey. particles conprises of an anorphous,
wat er -i nsol ubl e metal ' 5 phosphate in_ protonat QL -SOodisum 1 4 g

counter-ion folLmThRheF®FR t He THet W 3ty belel Btt e (fj({rtomthe group
consi sting of JditanLum,nzi meonidimnhafqinsniandnconbimaticris t hepsss. | n

of
one enbodi marﬁ, the nmetal is zirconium -10Poorly.sqluhle p are to
be under st ooebrhErigugstphosphafiie’d h%vi?‘ﬂga%y %biyﬁhiat%y %&% h!a%ﬁ‘%?gﬁﬁin 10

ng/1 in watef rrﬁuﬁf %%bhﬁ{maﬁ he Gatihonexchange paet iddsdsa@le zie cbai um
phosphat e para% cl'es. The anion exchange particles nmay conpri 8€ cn::agn 15
anor phous arcengardd yithyalr diedysaat efefASof LB e FetBFCOXTde i nFis

hydr oxi de-, carbonate- cet-al &, ghd/ akel agdrat Brmcout €6 - iaamohdnm,
wherein the ?‘r%lf‘taarmlafrrﬁl?}tge%sgﬁ[ ect ed f_‘#pm the group consisting of titanium
zi rconiom hsfcdpiatasd comrbi nareehsnineraed LIif &fe20enbodi ment, the

nmetal is zirconi «The .anj change part gk es sy ele hairecani um
oxi de particles. qI%’eefteerrgbl yc,aect %21 gér%?cg%r% Ie%)%c%%nge particles are _hygrous

Zi rconi um oxigeepartd cpas iclies orayatile cOhPHRATES 1a9s Gb M) & 88| ect ed

from 25 the group consisting,. anongs r of; sact i Nat ed-GarkeRrsg,
nol ecul ar si 8¥esCNFeofft é%o%fn“dlvcﬁr% oﬁéggégg Zsfret h-"The or gani ¢ conpounds

absor ber par ;i ¢h es,dmysgeeiaeti tabadacaybbr passing es.sehoRs &fbéditnent,

the organi c conpound absorber in the primry_| [ acld vated
car bon 16i | tepoggﬁ%"eflri’ A ROPHEE et Ea Rt , Stks Yo Suffhcladsd

2009/ 157877?5%4%@39_/ 000229 organi c conpound absorber conprises activated
carbon partic eS-The term "anion exchange particles” as used hereain
refers to particles capable of capturing or immobilizing
anionic or negatively charged species when contacted with
20 such species, typically by passing a solution of the
negatively charged species over the surface of the
particles.
The term “biocompatible” as used herein refers to
the property of a material that does not cause adverse
25 biological reactions to the human cor animal body.
The term "particle size" refers to the diameter or
equivalent diameter of the particle. The term "average
‘particle size” means that a major amount of the particles
will be close to the specified particle size although
30 rhere will be some particles above and some particles

below the specified size. The peak in the distribution of

11



The urease may be i nmobilized urease. The urease may be i mmopbilized on any
known support material, which can 5 provide imobilization for the urease
particles. In one enbodi ment, the support material is a bioconpatible
substrate. The bioconpati ble material nmay be a carbohydrate-based pol yner,
an or ganMO #8YiAT8Y a pol yam de, a pol yester, or an iﬁ%T’E]ﬁ’f?P%m’Bagyrreri c

10 material. The bioconpatible substrate may be a honbgenous substrate
made up of one material or a conposite substrate made up of at |east two
material s. Faethicoeenpatibhaveubstspate fimy bézat Thust 6nt ©FagRiful ose,
Eupergit, siliciumdioxide (e.g. silica_gel),.zifrconi p. €,

zi r coni um oXifdetPsyR Bt a %ol §%ﬁgjr%f%c§6ﬁ% and c(ﬁirﬁlo%;énrgp lépép%nag%é

enbodi nent, dhe+ gmki Ipazaticoesokhiectaseconatrerbeodospaei bretsabesrate is
carried out by inmmobilization technjques sel ected féoem ItheOgr olV] R

20consi st i ngiofchyl&itearta ldisde Hythi att | PRETIE " adtF varT oRi® ot hoepoxy
groups, 5 epi ¢l orQhydri-p; agti vabirererbboppanal,i cnéed dpaefevationP08yanogen
brom de activation, thiol activation, and N hydroxysuccininide and diim de
ami de coupl iwig.] Tite atnABBEPRIEEFBAY t 26 HAT USeFiF5aP88 Fnbofve Phe use

of silane-based i Ghoaspant neps opyl 11 niettoxysirbase,
gl yci dyl oxyg%%pﬁl)#??%g?%gxygi I%neOr mer-capt oq;i)ropyl )trinethoxysil ane. The

surface of bi ocorfirat itsimm SlisaenaE@trdy e F3PF NBPEFMCTFORET i 28d 3Bwith a

reactive and/ar. stabiljzing ta ch,as. dextr apsgrppobyebhyleargkycol ,
I L b R e M R e

nol ecul @s sucdkiass.et hyl enedi am ne, 1, 6- di am nohexane, thioglycerol,

mer capt oet hanol d trehal,ose, Ore cap_be used iy purddd-edHokme or in
the form of crude iRt or]ac\?&%gﬁégﬁs o7 STRAr SUITaBIS Surease Sour ces.

I n one enbodid®enin diheocurveasenpartbehesahadeddml wsalrade FEcEnNEié-3i¥ze in

the range of from about 10 m crons to _about 1 L6 , oute
mcrons to ab¥ut ¥ ni TN, aBbut C%@ ﬁlat(l:ro%g% (E)ngrf)jgg!tSr 9%(% m (]:%%%s, 10

about 300 migdONSodiakaul y888embeionstoaival y409. m crons to about 700,
500 microns to about 600 m crons, about, m crops .to ut M4Gr ons,
about 25 nicrons T abdRTA00 mETOREt 3 t 25 O%SCI’O?#S%%IO %%%&tud%oo

m crons, about,25Q.¢d1G/0Ns. ¢ 0 abekinptEQ:ibhchonsh dloutsli2B antSadilorons to
about 200 m crons, ﬂabout 150 m crons to about ZQ:O m crons, .abo e;%o
mcrons to aborg” 175°9% cFonBaYande abtRIP 10 crrof§ t o Bout” 150 i crons.

In one e”bo%é@é‘%saﬂp,ootﬂ@ 10090 ~unbLs 2af ; HI e@senay ebemahitkieded rom sai d
bi oconpati bl e substrate. The overall ,
the definition of the invention.

20 Unless specified otherwise, the terms "comprising”
and "comprise™, and grammatical variants therecf, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

25 As used herein, the term “"about", in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated wvalue, more
typically +/- 4% of the stated value, more ﬁypically + /=
3% of the stated value, more typically, +/- 2% of the

30 stated value, even more typically +/- 1% of the stated

12



20wei ght of imobilized urease and the substrate ranges fromabout 0.5 g
to about 30 g. ~ In one enbodi nent, the urease nmay be replaced by any
material that is able to convert urea to a non-toxic conpound. Preferably,
the material is able to convert 25urea to anmoni um carbonpat e, The

zi r coni uMPHBYPHETe particles may have an average par EFEPE24YY2%, the
range of from about 10 m crons to about 1000 m crons, about 100 mcrons to
about 900 m crons, about 200 mcrons to about 900 m crons, 30about 300

m crons to ahouie,808ndi erens meateout ydEh 1icrons DoSabaft 700, s§80e#i crons
to about 600 m crons, about 25 WD 2009/ 157877PCT/ SG2009/ 000229 mi crons to
about 200 NtV or from about 25 microns to about 150 microns or from

about 25 mi crons e Rkeh 86 HisC % 15 uireg Mcabeut n2 erbai mest s omapout 50
m crons or from about 50 m crons to about 100 m'crona or fromabout, 5 125
n

mcrons to aWoulisosAtrihs® BRNERoAPABBAt 150SRPEFBnE®t §28656F°300

mcronsg or firom ahout 3100-MhEfQRS 10 akeufe 1E8-ber ons, mirefizomeabout 100
m crons to about 150 m crons or from about 150 m crons to about 500

m crons, or fomvRmiEnge 250 Frevehny £8apborld vt RTrGERSETUEs FRed®

zi rconi um phasphatg,parbighescaBy bsy i MRDI Li-agd 0pr anshknauscsupeart
material, which can provide Inmobilization for the zirconium phosphate
particles. |remoyes efodingemslyy hsheupperrimhier i@l & sFad5i 6&GHPSEt PBl e

substrate. |n one embodinent, fhe Lopmpbilizafjongof {h€q 1571 rcepum
phosphat e pa?ct’i 1€ 9% a physical conpaction of the particles into a

predet 8bm nesbaminine. sub-ceegesbodsmerellt hasi nwbitidustli omuseripel

zi rconi um phosphat e rti c%es i s_achi eyed ' Q%er' ng.ZiLEON ugy o
phosphat e, of&niSd u‘?”g i r ot uﬁ%ﬂ%%ph\g%a%égglhl ébPe %c%ramc
mat eri al . Therdi@cospat | bt esubst natw nayshealdonegenosssabsdr apeimadeup of
one materialora conpagsite_ substrate nmade up of at. | east :
specifically disclosed sub-ranges such as” from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
15 3 to 6 etc., as well as individwal numbers within that

range, for example, 1, 2, 3, 4, 5, and 6. This applies

regardless of the breadth of the range.

20 Detailed Disclosure of Embodiments
Exemplary, non-limiting embodiments of a sorbent for
& dialysis device will now be disclosed. The sorbent mey
be capable of removing metabolic waste, such as urea,
from the fluid in contact with said sorbent.

25 " In one embodiment, the sorbent comprises a primary
layer ox immebilized uremic toxin-treating eniyme
particles intermixed with cation exchange particles; a
secondary layer of cation exchange particles; and a
tertiary layer of anion exchange particles intermixed

30 with organic compounds absorber particles: In one

embodiment, <the cation exchange particles are ammonia

13



two materials. The bioconpatible materi al may be acarbohydrat e- based

pol ymer, an organic polynmer, a polyam de, a polyester, a 25 polyacryl ate,
a polyether, a polyolefin or an inorganic polynmeric or ceramic naterial.
The bi oconpati bl e substrate nay be at | east one of ce ergit,
silici um™ B HEnyl on, pol ycaprol actone and chit osa#ﬂk‘cﬁ)ﬁ]ggr{%@nbodi ment ,
the zirconi um phosphate particles 30may be replaced by any particles that
are able to absorb ammoni umions and other cations. Preferably, the WD
2009/ 157877 RBESGE20G9/ 000229 patridrc| esxehangth| eP3 B BbSRSr b B | oRsS%el ect ed

fromthe group caonprising iops of anmgni al gi nesi upyo$9¢i um and
pot assi um ‘ﬁfg“%?‘:%m éoagso?gan? f)nfﬂglicl ggbﬁ%y 1%11[\%%91} e; ease iglr%g sﬂch as
sodi um and hydrggen iih exghemge fon abser bedbadmmanum i bhs andrbener

cations. In one enbodi ment, the ammoni a absorban | so f t |.0F a
buffer for eXMAISEH Mg TORAIHY p£?¥%‘? %?‘é @e ?g‘é% ?oﬁﬂgThggéﬁr oni um

oxi de particles maychave anaavespgestkdeipar incl essj zelialysie r ahgedof from
about 10 microns to about 1000 mcrons, about 100 m crons tg aboyf 900
m crons, aboRASSEHD THEY Gad S BTABEEY 9BBSHi £F offsi e ddur- 2300 "R crons to

about 800 nicrons . ahout 1400 4LF ONAnt 0a@kotior00, 1896 nief opsgroiabout
600 m crons, about 10 15 "microns to about 200 m crons or f%omcabout 10
microns to abouowsd aHserdes SRYf R&FPaBButP 1B L ridhd 1% SREBET 30 mi crons

or from about 10 i crans .0 akguby2QeALCr Ofe OF s FR@RbQUNS2E sBkcr ans to
about 50 m crons or from about 25 m crons to-about 50 mcrons or from

about 30 m cpohsa2P 1layeEmbdutirsebiilszefs UEEMEE ohPAEUTE 4G WS FERY™Fo about

150 microns or_ from about 80_ to;about 120 nikgfoss okexihamgabout
160 mi crons ?%r%%%it?s’woaor ?%%O%{Cg%?ut 259rri crons to about 250 or from

about 250 mi gsenscles abaotitd 500 ion Exchrabeupa25iche e reMPRiF @0 dC"$000.

25The zirconi um. oxi de_ particles be i i ny K support
materi al whi¢h %aﬁe'b?%)v‘l?}d%s? r%%%rﬁazta% i%ﬂ%éé%%?zlﬁ%é%nﬁam%%%ge

particles. |pepngagpbodapent, ahbie igmmbirhiszat i dayef .t hetheireéoni Fmid
Dt odet 3P heEe o ue. 1Yo SBRGIPRENT ot e LYaBB! LAt GR C6r ¥ heY 2 r coni um
oxide particlggetSor anion exchange particles and a layer of orgamnlc
| compound absorber particles, or vice versa. An additional
layer of organic compound absorber may alsc be included
in the sorbent. .

20 In cne embodiment, the sorbent comprises'the primary
layer bound to the secondary layer, the secondary layer
bound to the tertiary layer and the tertiary layer bound
to the quaternary layer, wherein in use, dialysis fluid
passes from said primary layer to said secondary laver,

25 from said secondary layer to said tertiary layer, and
from said tertiary layer to said guaternary layer. In one
embodiment, the secondary layer 1is disposed between said
primary and saia tertiary layer and said tertiary layer

is disposed Dbetween said secondary layer and said

30 quaternary layer.
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WO 2009/ 157877PCT/ SG20091000229 achi eved by sintering zirconi um oxi de, or
a mxture of zirconiumoxide and a suitable ceramc material. In one
enbodi ment, the support material is a bioconpatible substrate. The

bi oconpati ble material may be a carbohydrat e-based pol rganic
pol yrmer , W0 ¥8¥{d¥i’de, a pol yester, a polyacrylate, a Béo(ﬁg‘é%"ﬂ@@f'ﬁﬁ

pol yolefin or an inorganic polyneric or ceramc material. The

bi oconpati bl e substrate may be at |east one of cellul ose, Eupergit,

si licium di oxi de,1nnyren, erdfpiilmecapr dract ormpentd eWiRosRE & PIIIREY one
enbodi ment, the zirconium oxide particle e by, .a articles
that are abl’@¥sd aBsor¥ FHosphSPEPP N fﬁjé%%%ﬁle%r %%?%%gf&m éfrep%%clﬁ)ﬁ/, t he
particl es arg,jablgd opabsgr bsariranasellegted ¢ ommirodil5 zgouprewhgri sing
ions of phosphate, fluoride, nitrate an sulquhtgte.. Trgje %J{JCOQM :%i de
particles nEPHEINSE IFalteRSe SRV R B &t HIe THatt at 'S thi €4 Dohat e and
hydr oxi de in, Rge f9ftifgeanisons absorhedon! nertargydboghnenties he

zi rconi um oxl de particles are also good binders for, 20 jran, al um num and
heavy net al sauidctiad from t B8 gr YUPrRIEHS st | ¥Y-of S bg,e bi‘%ﬁ‘g%-ﬂ,

cadm um Cog%lés copper, J.6adnRICULAG /BiClsekiiupalcbadt - aod sotmer .

The acti vat czfr%on particles nmay have an average particle size in the
range of fr o adouitars0 Yavemorest (Es igh GRS OTBaDInPEr6AS e aboBECA 0% i cr ons
to about 250 mi.cron . S S0t 20@:m &f oRgorgheut, 25
ncrons to a%aoEJJtOﬂS%anﬁ%g(g%s%oaa 3&{1%%0 %n&tér ons ntgg about 100 m'@cr ons, about
25 mcrons twetaholn2BGbtiecr nasabr Fraspabsut S0P GRS 0 dBB(IPT 200

m crons or from about 30100 ni crans aho Oi-cr QS 0r o&r gay ghout 150
mcrons to abSHt"BJIEH Srons or o1’rri;hc3m ado%t l@@é%%ncrgns ?o WO

2009/ 157877 PGIHS@RAO P NA022% salautpr3GAngi ofors emofrpbrrabste BEOTHY crons
to about 900 m crons or from abaqut .500 m.craqns _to.ab L.CHANS Or

f r om about Wﬁ@%n?qtc?%mﬁ% it SRs Oor r&?ﬁ g%%uﬁggggk%ﬁgrbns to
about 500. m.crons - fromeebost, 250450t ci ensate- abountefodomi £pohs.

I n one enbodi ment, the activated carbon ‘garti | es may %Qtri%gle%ced by any
particl&s t hbterlxs &4 BI6R5 of GHRP n@%n%ﬁﬁf:&)s? referabry, the
particles are ablg, to,absoehnergmahe, coppeundsrasdtor congansesmethbol ites
10 selected fromthe group conpri sg{% creatinine,. uric aci dtar}%.gg:her
smal | and nes¢wenddpedlayganeURsl WSy touPT 1B BastRY & (hrAg in

exchange. The, gotl valed canhon.ast ekes BBunal 5o beerphyal ealdonceogpact ed
into a predete

m ned vol unme for the purpose of space eco orr%. Lﬂlulgone
enbodi nent, &he askeitearedycardisF par vherest ard i CSFF‘SYE fpact'ed into
an act Lyat eo'p%?éé’ neLLLt SEiB.agrimar\ﬁ 1EDe@ne ceradi NR-erbheysauhent is

e

housed™i'n at*Teast one cartridge. The aorbent cartridges may be configured
such that theyaas®sidasidondanpealsl éetitéaryhé2deafysis 20 device. The

sorbent cartridge may al.so be conpact. -and gpde of ge @t &fd@rilhal &S
resistant to wear-andtear.  The cartri ge may be nade fromresilient,

chemical |y apdibioyogkgat| pii negandat edlaicsl cThéseaPeri dge thaySal $6 be
able to withstand the pressure within the systeam Qf .25 thg:idial ysis
device wit hoﬁ?gt edkag& COFRE dar \tﬁnﬁfﬁﬁe fray %Jéﬂ%\érr%dé %r om materi al v?/hi ch can
withstand sterihtzadi enzgardipionsisuch as thedatiasveridyezat Pon,c38UM ene
oxide sterilization and sterilization wth ignizing radiation._Jln.qne
embodi ment, EREPIBFBHeMETCAFdgES AT € Mitte “of %pgpﬁggbg%ét e. The
sorbent cartejdgespi@ymakso bhgndmsetef in protonated- and/or sodium

counter~ion form; a gquaternary layer and quinary layer,
wherein said quaternary layer and quinary layers are
30 respectively & layer of .  anion exchange particles

comprising of an amorphous and partly hydrated, water— -
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pol ypropyl ene or polyethylene. In one enbodinent, filter WD

2009/ 157877PCT/ SG2009/ 000229 pads and filter papers nay also be | ocated at
the in- and outlet of the sorbent cartridges and/or between the individual
| ayers within the sorbent, to filter off any particles arising fromthe

| ayers oWereYs9BBent. 5 Brief Description O Draw ngECT’SGZO"Wg‘ﬁé”
acconpanyi ng drawi ngs illustrate disclosed enbodi nents and serve to
explain the principles of the 10 disclosed enbodinents. It is to be

under st ood, Hroweverle thatalheotliadn Ags ate degignedidqr parposeseof
illustration only, and not as a definition of the limts o:{ ‘%‘h? i nvention.

Fig. |a shoabidaayRd/Gr o dnsodi Tt~ e r 8t For28%0i al ysi s

devi ce. of[gﬁbaﬂﬂ%'hgmﬁegﬂﬁ bheotypUtaafi Qldigr ot ffieeertreabodi ment s
of the sorbent for a di al@éSi S devi ce. Fig. 2a is_an isonetric
view of a CAD of IrhensorReReingRtri Hye WPy .cophises GREsETSBEIYonal

view of gt he bheninfard rtdgesebohbfry 28ayer, thEl GecdbdhByalekess
sectional view of a CAD of another enbodi nent of the sorbent cartridge

havi ng partitdwis to dendrecatiamhed adiekth e-8at tREFerEYolaVRE BBFBENEC 25Fi g.
3 shows a palycarpolaclane (Bl seal Lold dplcdisgags B hl.0conhati bbe
he 1 nobi'li zatfon o

substrate for urease” as di sclosed herein.
Fig. 4 showstke pplirecanpdlaactoneieR@in scafissl d dodygse aduadbPeesfpati bl e

substrate for_the_immobil.ization 30of_ zir [ gt}%@éatg di s¢lgsed
her ei n. V\Déﬁfﬁ@/ i%’r%ﬁﬁc‘:ﬁ“ﬁéézgjﬁa‘%oroo‘éég S‘I:a)th@‘ai e SCri p??%%’ Referring to
Fig. 1ap theg£id sssbawirmonel epbodicoertaid ofrtikeysordnesnt, (100 gséd in the

di scl osed dial ysis device. The first |ayer (la-1) of the,so nt. .( L00)
conpri ses antHctidft etP¥Hr boR FAdS( J’Su.a%emaﬁ:YThlea)}*’vs‘?étcfon%hcl1 a?%?ﬁ(%ggé) of

the sorbent §dri=svarrasngesl i Roserses] adpaseny tdavee.first | aper
(la-1), 10 and conrpises of a m xture of immgjlélssi zed uFbe%se 2)Saa8d
Zi r coni um pHERIIETEFar (6 € PRI IPUAEEd 16 ES8°56 arrEd SFlront Jack
Bean, crude Jagk BeathHovwles eerethey souscesséstcheasibagt eevak, is

reconbi nant, thelLnostable urease nutants, etc.) is covalently imobilized.
The 15 dispesed between said secondary layér and sald quaternary
layer, and said gquaternary layer is dispcsed between said
tertiary and said guinary layer.
The uremic toxin-treating enzyme particles may be
capable of converting urea to ammonium carbonate. In one
20 embodiment the uremic toxiri-treating enzyme 1is at least
one of urease, uricase and creatininase. In a preferred
embodiment, the uremic toxin-treating enzyme is urease.
In one embodiment, the urease may be replaced by any
material that is able to convert urea to products that
25 can be absorbed by a sorbent. Preferably, the material 1is
able to converi urea to ammonium carbonate.
in one embodiment, the ions of a metal whose
phosphate is poorly soluble in water are ions of metals
selected from the group of titanium, zirconium, hafnium

30 and combinations thereof. In one embodiment, the ions of
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15 solid support material or substrate used is cellulose. The inmobilized
urease (2) is in the formof particles wth particle sizes in the range of
25 mcrons to 200 microns. The total weight range of the immbilized

urease particles used is in the range of fromO0.5 gra gr ans
The zircd¥? @85S phat e particles (3) have sizes fron?ngg}sﬁf@?’gwg%to 250

m crons, obtained from MElI, New Jersey, United States of Anerica. The
total weight range of the zirconium phosphate particles (3) is from about
100 grans toz 1880ayr af®se2Shtesdthitted 1ayerotla- 3plobleheirsovbeat (£00) is
arranged in series, adjacent to the second |ayer (la-2). The third | ayer
(1a-3) conprisE ™Y oni um phosphate particles (3) of sizes from 25

mcrons to 250 miGy opge ER®cHamahtyweighd cangen obxthengér cerirtmhcikesphat e
30particles (3) is fromabout 100 grans to 1000 _grapns. V\q
2009/ 157877 PEINSERFE9/ 00622920  AWCRRIOMGyr ¢ hw?agﬁ?lf&%%l-% Sf K& 3dor bent

(100) is arrghasthddr SBl iesotSliacentaddy dhesddiivid doarerert-ian3)orkhe
fourth layer (la-4) conprises a mxture of hydrous zirconi um oxide
particles (4yhergiractihfat &bt batY 5 Brar ticlissdeds) IrPe FHifcoMTMPoxi de

particles (4&015@1\/%%]92% J4 om0 41 GhONS 10 250 ilsGr ONSia FRRLAT Nednkr om
MElI, New Jersey, United States of Anerica. The total weight range of the
zi r coni um ox¢eb paErtticgisestiiayed s. f dom abouempodgRant, t FIE00MGF&hs 1SThe
activated caglppg(gp%&i cles (5) 10 have sizes fromb50 mcrons to 300

m crons, obtarne rom Cal gon Carbon Corporation of Pittsburgh,
Pennsylivani a, UniRed1St atcdsidfe Asrsptaetefharncottal beeiygistensdngd &erehe

activated carbon particles (5) is fromabo Q0 gy 1 15When
in use, the 3BrfEHEEGE) iaérl)él rg‘ngsggg}}ﬁgt’ﬁg %?%%%g%%gcv}%ce such ft hat
t hefl directiwnwatet hepdiakysiale, f kow icstficomebdvaabhgestarayeieglare) to

the fourth layer oxidants activity.enzyne. organic and/or heavy netals,
and stabili t§/¥’6?°rflﬂ.§“ ﬁﬁﬁ‘ﬁ?&aﬁﬁr ?,ar¥ﬁF§e§0npounds, such as uremc the
di al ysate passes @md i watied cazbomgad uhstareespavuchmasise of an

15 amorphous and partly hydrated, water-insoluble metal
| oxide in its hydroxide-, carbonate-, acetate-, and/or
lactate—- counter-ion form, wherein the metal may be
selected from  the group consisting of titanium,
zirconium, hainium and combinations thereof. In one
20 embodiment, the metal is zirconium.

The anion exchange particles may be zirconium oxide
particles. Preferably, the anion exchange particles are
hydrous zirconium oxide particles.

The organic compounds absorbef may be selected from

25 the group consisting, amongst others, of activated
carbons, molecular sieves, =zeolites and- diztomaceous
earth. The organic compounds absorber particles may be
activated carbon particles. In one embodiment, the
organic compcund absorber in the primary layer 1is an

30 activated carbon filter pad. In another embodiment, the
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thus maintaining the toxin-treating renoves toxic fromthe spent

25di al ysat e. As the dial ysate passes into the second | ayer (la-2),
the m xture of imuobilized urease (2) and zirconi um phosphate particles
(3) renoves urea and anmoniumions fromthe dial ysate ptian, as the
zi r coni uMBHWPHEEPHat e particles (3) not only exchangePFdﬁgﬁﬂ%@hgﬁso act as
a buffer, the pH conditions around the urease (2) WO

2009/ 157877PCT1SG20091000229 are kept stable, thereby protecting the
urease actiwifgarand eskesdhag kbsokbée tiomprifren taweidisdkysaterpasses

t hrough the second | ayer (l1la-2) and enters the internediate third | ayer
(la-3), the BATESHI®SM phosphate 5 particles (3) present in this |ayer,
quantitatively reqve @lk-apEYNbeMiinAes:iosseduitdedche Srecandakayeey (| a-2) .
After which, the dialysate passes into the fourth Ia¥er (1a-4éh The

m xture of Hyadroweokd Fizsf (¥R oxF¥e kKPaFEi EMEBCTH) "Rt ARt i vEPRE: c&PBon
particles ( TR e ; erhON§roEoduged: byiéhe pat bast or

| eache froﬁ%?ﬁgﬁgﬁr%gﬁ%%%?%%%ggﬁiggﬁ%artic[es (3)§in t he second ﬁla-Z)
and/ or t hi r centicrii3jertay etheTheuRPREGr eMar 861 2 bnoves &r &HAFRE L 8HFc aci d
and ot her uremnm i ns sent. i iadys e C F natdeon af the
15 differentsrgékééy%'n tEé%sop%%%€béé%%%g%%ﬁorg%ggrgﬁe ogg?%ll ef fi cacy of
t oxi N renovataznshyddicedashd oveeByes) zeasf (MGG henP{ IRy, 2
Referring nowto Fig. Ib, the ' hown.a seco e t-he

sor bent (1023°i¥ﬁﬂﬁé%rheE?nn%%???ééﬁé’zggﬁregge-?’cﬁgggggon?ﬁﬁsgﬁgéphate
particies (Pacdyidiousha danompatibde pabstiches iay beact ihacegnedFbon
particles (5) and the respective substrates_us for .the f i | ayers
are the sanmeS#StHse i B8 o véxF%rqﬁ%f£¥%% The ?ﬁrg%J gﬁg%e(lb-l)
of the sorbegip{dfXe HadzONpip sest | mpbilézed uneasenytPridlse ufdgse (2)
used is in the formof particles with prticlﬁsﬂ;eﬁérkéh%fqﬁ%%éﬁ 25
microns to 2BEPFRBRTHL L eTRIDSSEAI CWaghP of it hE2Tir ed¥e Part cles uded i s
in the rangez@fef&0m Osb1 E AR §002048r 485 g. 3@Ehecseeend | ayerconlii?) of

the sorbent (102)"is arranged in series, adjacent to the._first I%Xﬁg
(|b-1)15 phosphate, zirconium oxide, nylon, polycaprolactone

chitosan.

In one embodiment, the immobilization of urease on.
the biocompatible substrate is  carried out. by
immobilization  technigues selected from the group

20 consisting of glutaric aldehyde activation, activation
with epoxy groups, epichicrohydrin activation,
bromcacetic acid activation, cyanogen bromide activaticn,
thiol activation, and WN-hydroxysuccinimide and diimide

amide coupling. The immobilization technigues used may

25 also involve the use of silane-based linkers such as (3-
amincpropyl)triethoxysilane, (3-
glycidyloxypropyl) trimethoxysilane or (3~
mercaptopropyl) trimethoxysilane. The surface of the

biocompatible substrate may be further functionalized
30 with a reactive and/or stabilizing layer such as dextran

or polyethyleneglycel, and with suitable linker- and
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WO 2009/ 157877PCT/ SG2009/ 000229 The second | ayer (1b-2) conprises

zi rconi um phosphate particles (3) of sizes from25 mcrons to 250 m cronS.
The total weight range of the zirconium phosphate particles (3) is from
about 100 granms to 1000 grans 5 The third | ayer (1b- r bent
(102) i sVAF8NGEH i n series, adjacent to the second Ig%lggé%&%&g%g The
third layer (1b-3) conprises hydrous zirconium oxide particles (4) of
sizes from 10 microns to 250 mcrons. The total weight range of the

zi rconi um oxtd@ipakrkircl em1EHdEsi s fucdm about ety Yeaedidawi k00 gt aers.

The fourth | ayer (1b-4) of the sorpent (.102) is_arran LN, seri

adj acent toqlﬁ@lﬁﬁpfe&a%‘ﬁyer (E%g%gfy%olf,ourtﬁle|r§§g§0%§g§ﬁ lcorrp%l?%es
activated carhonipakti ckessébra0fbsizess firomu2s ftiedr aosm} 003000 niles ons.
15The total weight range of the activated carbon particles g5}1 islfrom
about 20 gr &t eRoerBRAMEXtTaCt fhereth HEEBRSt KE UrEnt SE1D2)F s
arrangegl in.the dialyshssdevice such that the direction of the dialysate

flowis fromthe first layer (lb-1) to the fourth |ayer 20(%}12-4) as shown
by the arrow. In gpen aedmenisat BhentBieesehePFT 5T 92y &R VEl b21), the

i mmobi |i zed ag;r%aa%% (égrp{gfé(s down L eqHr esgnde | Rt hergth alapsate 1o

. 1= . . -
anmoni um car bonate ence rel easi ng anmmoni um and bi carbonate ions into the

di al ysate. Asidhums 25 ababysafel passeens ntaPde WEcHIFPRFeFO(3B°2Y, the
Zl rcont um pf‘&ﬁphg&grgg%y t%lﬁ%%fti( ?ﬁ @b%;}@o?m unL,6ati oftfH apk sk-pgsfrom the

deconposi ti on of "urea st layer (I'b-1). The zirconium phosphate
particles (3pant O aicabhentexehanyedO® onbbsorh et 8P BASTSYEh as

cal ci um 30pot assi um._and nesi um__rel easi i yn hydrggen,in
exchange. As% t?}%}‘ze_?ogbf' the’ 2 5’%%%%%%5‘%%&%@% %?Bﬂs, d 8
20091157877RCH @200 000229 Pa0 thttesnd 3) abwed 25 mhctdms rangePont 25

mcrons to 250 mc¢rons, the absorption of the_ unwanted i Qn t he

flow resi st afte BFCERRS 5ot ié%n“tlﬁé"o&ﬁti%%m%r%gﬁge.gﬁi glggﬁgﬁ?'es t hat
the di al ysatg,axi tizng fromrbhe |@yeramfutzi .oo0i um ghmsphateopartilgbes (3)
is essentially free of any unwanted cati 0[1?2). Thg ﬂi al%sate t hen ga?ses
into the thitgEqeRfertq BRONE Y FHETR I 0GPt ¢3Ni Bri-6%1 de “Bartreres (4)

renove any phwsphat.e,0nsheducrd kdhe pat iesucon7beachednt| oantihe
zi rconi um phosphate particles 10 (3) in_the second |layer (1b-2). In

sunmary, thexlmur AP FiiceerisuirPoRPEBt par i BHEPLY®) act as an ani on

exchanger by bi nding, ani.gns sHeh-as;pbesebai 6oendudiwordrderaader akeases
acetate and hydroxide ions in exchange. I'n addition, the hydrous zirconium

oxi de parti clreeotid)izade kb saild d Yot tiddes THEtresh; APEPRGRPaNd heavy
netal s, After_passing t. r, of QUS -ZK GO UK OXt fer partihgkes (4),
the di Za?ysat‘"éﬂeﬂ}saerggt hlgrﬁ[}%%i?ﬁeﬁaylg%g{(ll b- 2). and the activated cgr bon (5)
resident in fdwm feduntth 0.8y er telbb4apabsorbs organi c netabolites such as

20creatin ne, urig, acld andother SURL! oL, UEdhlnSl 26t rganig mRyecul es
Wi ou

fromthe dial ysat el easi ng ‘anything 1 exchange. Referring
now to Fig. th&sedier ethat shewnalhet her enroeithentesaf tchea soBeRC=EE04)
used. The aCééIrYpachendd. Preferably, the rmaterial is able to convert
25 urea to ammonium carbonate.
The zirconium phosphate particles may have an
average particle size in the range of from about 10
microns to about 1000 microns, about 100 microns to about
900 microns, about 200 microns to about 300 microns,
30 about 300 microns to about 800 microns, about 400 microns

to about 700, 500 microns to about 600 microns, about 25
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25 carbon particles (5), immobilized urease particles (2), zirconium
phosphate particles (3), hydrous zirconium oxide particles (4) and the
respective substrates used for the following |ayers are the sanme as those

descri bed above for Fig. la. 30The first layer (1c-1) i ctivated
carbon pY¥QEYE5) of sizes from25 microns to 300 815@3@%"'3?’%6%

2009/ 157877PCT/ SG2009/ 000229 The total weight range of the activated
carbon particles (5) is fromabout 20 grans to 200 grans The second
| ayer (1c-2)moirdrhe tsordentc (4 nicarina ne ifmwebiabbzed 26r easeonadtps.

arranged in series 5 adjacent tq the first yer (lc-1). The | bilized
urease (2) i¥PIH t%\r’-zof’aikﬁ!f%]fls part %c?P@s E\HOL‘% pia‘c’?triuc"f P ;%os ?lﬁmtl#hg’g?ange of
25 microns tg 200,47 &F Ofseom ThSok Ot 26 MeEgbhs ofot ABowt easemparbnsl es is in

the range of fromO0.5 granms. to 30 grans. 10The third Ia)éer glc-g) of the
sorbent (104579% ReEnRY TS 6L 3RGUYceN 6 TRESs8Cohd Taferific- 2) .

The thied | aysr (1oy3hsCOMPr i$88:2i sEPNdmrpRasPhat e rpant i s ( 3po0f
sizes from25 mcrons to 250 mcrons. The total Wi range of the

ht
zi rconi um phospirte Uspapeitel 880 (B}crans s ofFabso™ 2DOVEr aRE 31666 gr ans.
The fourth lw?%eékfé]&‘gﬁS afs 406, SOrdhent, dol OdhodsS 120" 3gednkn tSEabeS:
ethir

adj acent to ayer (1c-3). The fourth layer (1lc-4) conprises
hydr ous zir cb® umicxiode partitiws EPPUTThESE| MdeFionm ok? delsartt i eP8s (4)

have 20 sizes from 19 fErCfos%%%Q 389 microns. . Jnsdal dbotehghionange of

the zirconi UMX{te particle 5 from about grams to 100 grams.
The optiponal fiftihd ayercdrlicns phobphheesprbentl¢d 0wy ite drmahgad zed

ies, adjacent to the fourth | L. ,25 4 .he fifth
ayer (Lo 5) SRonp T scenakti vALBHCthar BB5C (4) THETAL(| VAL o CRIBO

particles (5)mhavel Sizzesrd e 2541 cions hon 30 aphertenparthelest allnwei ght
range of the activated carbon gar'ti cl es &5% is_fromab u:.LtOCZ(]?n rame to 200
grams 30Wier®}®H GEROAYRE sor bRRt SPEBRT i §2APFARged®i § tHe ‘i alysi s “devi ce
such that diggetionof theogiakysatiembhow tWO 2008515787 7RGT/ 5626681000229

is fromthe first layer (1c-1) to the fourth Ia}ger,é]jtc% as_shown by the
arrow. 1As t hel ere Eniharadeds PREGCREST iPst PRYRICHT COMPATHE Plyer
renoves enzype.inbipiilng substances gReidoxinG ridaRics ueenpounds one
including uremc toxins, same as the activated carbon pad described above
(Fig. la). emboditeenthe tdicaliydpbd 1558880 AEotPRe? KetThd™ KEPPORESE2) , the
i mobi |'i zed ) jde red tO AMMRAIGUM i ,0R% :@akd phosphate,

car bonat e/ bi Cflar 6%%% %%ng%ﬁ\%ﬁzﬁatﬁg dsiqal ysatgulOpasses tk?roué)h t he second
| ayer (1lc-2)cand: emtigrteireheof zirconium phosphate and a suitable

20 ceramic material. The biocompatible substrate may be a
homogenous substrate made up of one material or a
composite substrate made up oI at least two materials.
The biocompatible material may be a carbohydrate-based
polymer, an organic polymer, a polyamide, a polyester, a

25 polyacrylate, a polyether, a polyolefin or an inorganic
polymeric or ceramic material. The  biocompatible
substrate may be at least one of cellulose, Eupergit,
silicium dioxide, nylon, polycaprolactone and chitosan.

in one embodiment, the zirconium phosphate particles

30 may be replaced by any particles that are able to aksorb

ammonium ions and other cations. Preferably, the

20



third layer (1c-3), the zirconium phosphate particles (3) 15phosphat e
i ons produced by the patient or |eached fromthe zirconi um phosphate
particles (3) in the third |ayer (1c-3). As the dialysate noves forward
and |l eaves the fourth layer (1c-4), it may enter a fifth layer (1lc-5) of
activat edV@ A& 78Farticles (5). Where present, this fFFIREIOMEYE (1c-5)
renoves creatinine, uric acid and other uremc toxins present in the

di al ysat e. Referring nowto Fig. |d, there is shown another

enbodi ment ofathecsas bent 6H08) tusethscire axtiwet edetactbad padn( the

i mobi | i zed urease (2), .zirconium 25 phosphate particles (3 hydr ous
zi rconi um oxgﬁ%u%aFg’F‘éFégiTa) ,llogiét i%?@W@%%ﬁpﬁ&ﬁhﬁn%gr(%”)negﬁb‘mf ﬁe

respective sybsisdtHs Ysott f@imt hehbobhawhng dBYefiSadd e cSaremay t hose
descri bed above for Fig. |a. Arranged in series, an activated

carbon pad (33SPnrSae fiqnst SPEPers( FALIYR ARG AW HhEXHROEE i zed

urease gartieles f2h-a8ad ZidLAnidm phesphale BehtiCleIioWE. In one
2009/ 157877PCT/ SG2009/ 000229 (3) in the second | ayer (1d-2) of the

sorbent (106ymbe@dindnt sakbcasmde oFbINEPFNr sflfGo JUafeisenflRa and
| b-2) el aborﬁg%f ins%é‘g dgscry, PLiping or o Fi gonkRandhepfihi kd-| aygkakld- 3) of

t he sorbent arranged i n series, adjacent to the second | ayer
(1d-2). The téacdidmmayer (1d-3) conprises a m xture of zirconium phosphate

particles (3) and,hydr zi rconi 0XlJ parti 4) he l..wei ght
range of the zi rg%lh%/u%g’up%%%%‘gt Skgg%tﬁ”éﬁgée?ﬁ% ?Asa%?sr}gam%b%ut atlv%tor%é’? ams to
1000 1Q¢r anspadheclot alzewightheangagef dtheftyr abosutzi Eeomigrroki de

particles (4). is fr about 10 grans to grans, The f.our, | ayer
(1d-4) of t &Pk bert- Y 1865 PE5ar r%?%ue% ﬁ%%seﬁlgg?nﬁdj%%en"t%t%thgté)%t hird
| ayer (1d-3)midhend ousbbutager midréhscanpraisest agdivatiedonar baouts
particles (5) which is sane to that (1b-4) of Fig. -Ib he.t ot al weight
range of theg%%tWSFEHSCQPb&}?OHért Y - EEIS s ‘T‘l?%lfﬁ a%8@_n T36T5FEmE “t 0 200
grans. aMben oouseodt hei sairhento (186Lti SsaEr rangeshd n &beudi alysi s

devi ce such that direction of the dialysate flow _

15 microns to about 200 micrors or from about 10 microns to
about 100 microns or from about 10 microns to about 30
microns or from about 10 microns to about 20 microns or
from about 20 microns to abocut 5C microns or from about
25 microns to -about 50 microns or from about 30 microns

20 to about 50 microns or from about 40 microns to about 150
microns or from about 80 microns to about 120 microns or
from about 160 microns to about 180 or from about 25
microns to about 250 or from about 250 microns to about
500 or from about 250 micromns to about 1000,

25 The zirconium oxide particles may be immobilized on
any known support material which can provide
immobilization fer the zirconium oxide particles. In one
embodiment, the immobilization of the zirconium phosphate
particles is a physical compaction of the particles into

30 a predetermined volume. In one embodiméné, the

immobilization of the zirconium oxide particles 1is
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20 is fromthe first layer (1d-1) to the fourth layer (1d-4) as shown by
the arrow. As the dialysate passes through the first layer (1d-1), this
| ayer renmoves enzyne inhibiting substances and toxi c organi c compounds,
including uremc toxins, sanme as the description of the 25 activated
carbon p3D WOUISTFi g. |a). Wien the dial ysate enter sPEHECHRYINE?| ayer
(1d-2), the mxture of the urease particles (2) and zirconi um phosphate
particles (3), same to those descriptions in the section of Fig. |a,
renpve urea,;Nmpdny 0asnabdi ffhetreahions pxiide, oal cé umixBOragnési um
and potassiumin the sane way. Wen the dial¥sate noves lnio &he %Qird

| ayer (1d-3)zixmnixiiide ER2089P 15787 7PCTF 5836691808529 of “%i PConi um
phosphate pagtislesd3) and hydbpustzi fsoat um oxige pardicdaparepdees said
cations escaping fromthe second | ayer (1d-2) as well as phosphate_and
ot her unwantseosimiases. TABSspabiafoPRabdis y SR AEdni URTS piSsphite

particles (3{):alar§1(gptyr%rt%u_ e ong)yi%gég'de Rartiglfmi(4) pBYyhae) | ikate the
of [‘eake . re

re- absorption phosphat e advant ageousl y, m xing of both
types of i onpeXedrainiger sai wodyesteonbi medPP BT Wiy f | eaRPLYSFAPFoves the

per formance of. bot h particle fLer 10t QHS- PrQGUCI DG SIS |
consi st ent p??%%%ﬁ%jinor%l it n%% ?gﬁgsggemﬁroﬁghou? the sorbent's use.
Meanwhi | e t hinse mipdtasrompaltddiredaubst tiree sinay ofoet hetsotbedt (SFHHG) Wi t hout

conprom sing the toxin renpval capabil iLty. n the; diglysate $s€s into
the final Ia?%rl‘(Jﬂﬁeﬂ) of 11"'?«331“-:;]1.’%’sor bg%glf%ﬁ), tﬁle acte?'/'vat eéﬁéar bon (5)
f urt hen pabsopdsycd@adlidtitimie Wricc cadicdsand ot her uremic toxins present in

t he spent dial ysate. . Referring.nowto Fig, le e j own
anot her enbodi ment® A& FERGHFEN " ( fé@) gagsaFl‘f‘Heoa%:?r v%?]]‘:e%é%oé ?éigon pad
(1), inmobiljzedcpneasa (), adhl GaMdimlpiosphat e spar tacles tE3)gbdnrdr ous
zirconium oxi de particles (4), activated carbon par tP| cles é&:‘% andchtehe
respective sBhetPREs udEHSf orrMhe PPFowi AGIPEFer s Are RS Eane &S t hose

described abgyer fofoFi 9ral a1125A00 aGlisvabethGiadhonspade{dg iEmomheid r st
| ayer (Ie- 1? Is sane to that of Fif(g. | a el abor at ed abhove.

, I n, the
second 15ay er gf bep 2JORIT 1 Hen S crdiento N PHSFPRETEr r AhGREI PR, s FEL® ddihcent
to the I rstoh¥plid %ﬁé;z]@@m?mn&i&eyeﬁaﬂ&fés GRIPra 58S ferdagddire of

S

30i nmobi | i ze ease particle 2), zirconium phosphate particles (3) and
hydrous zi r conhsinsoxi desparekstes (aytatsyd POOAYasTEy PETd StP0Y6t0229

The total weight range_ of-_ur e pardiclesdid=d.S f 0. Smbey Bk ans.
The tot al vveilgh %5 aﬁﬁ% %F%cgtﬁll%um potonlésphate paerti cles (3) is from about
100 grams totA80@igransumTheideoralrtwelght arange sef I HRAMBREE A% Cconi um

oxi de rticles (4).is.fromabout Ay t I T | ayer
(rle- 3) %gf !thérgla’ﬁ béﬁlflmi“ﬁ'd@) alng g’rerair gg‘{dﬁg‘% s%rﬁa%%tgggf%ccgnﬁ%%%ﬂlﬂse%:/ond

layer (Ie-2)cofbesthng dofapesetie; 3piconpni segdatunyatellbbr betPRRE i cl es
(5 0L 0t Sh PRI A, Al gThe b igl e ot 10t o o
The activated carbon particles may have an average
particle size in the range of from about 10 microns to
25 about 1000 microns, about 10 microns to about 250
microns, about 20 microns to about 200 microns, about 25
microns to about 150 microns, about 50 microns to about
100 microns, about 25 microns to about 250 microns or
from about 100 microns to about 200 microns or from about

30 100 microns to about 150 microns or from about 150

microns to about 300 microns or from about 200 microns to
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V\hén in use, the sorbent (108) is arranged in the dialysis devi ce 's,uch
that direction of the dialysate flowis fromthe first layer (le-1) to the
third |l ayer (le-3) 15 as shown by the arrow. As the dial ysate passes into
the first layer (le-1), this layer renoves enzymne .i nhioitJ t ances
and t oxi MO 26 %ﬂ?@é"&s in the description above (Fig. | a?&lﬂ%ﬁmﬁg/t %gdi al ysare
enters into the second |l ayer (le-2), the mxture of the urease particles
(2), 20 zirconium phosphate particles (3) and hydrous zirconi um oxi de
particl es (4pouenBd0ésmiceanscati 6aotsabhuas48fmBhEteRs oRs, 2karei I

magnesi um and potassi um and_ani on hosphat.e apd fikuprhdesr

Advant ageoué”llf,roﬁfxpﬁggé?mi ﬁ’isr%%?l ?%ggﬂl}r%ghssg an% both types of ion
25exchanger Friokr @apeucosbd nadctayertsi gmdi ¢t micirgpeovesfrhe peeRor mance
by facilitating i rmedi ate toxin abs ti_on. _and produgj r.e.Copsj st ent
pH condi ti oY% NPt RECH alty%ataé’otuﬁr oggﬁoﬁl%ﬁ%ﬁso? eﬁ%c;s}rgusgg’?%f\cﬂean ile
this mxturegialsas edugesut heosd zeiofoidie sorbent (108) 30wi t hout
conprom sing the toxin renoval capability. Wh t s into

| di.al
the final |ayer @EPe-%)e ofMPREM QO@Flﬁ?f?%%ﬁfggiﬁ%%i%g%%%gEgg?gent
(108), the %ﬂt}; Rt edaaken pRardnyces-t(is) egbsaab ereatbhenep ebsoriaci d and

other urem c toxins present in the dialysate. Referr ng now tolgi 5 if
there i s showvaaict FORPoSNEFHodTRERE2BE Yt hEhEOPBEHCJ(i 07+ Tsgai®The

i mobi | i zed yrease (o_%)g,anaicr C QnHBRIRRS PRale opar irghas o 3nethydtouss
zirconium oxi de particles (4), activated carbon particles éSé and,t he
respectd ve sidisttadedrogedioranh® fSIMPGHSHGYl &FEFE1AEBSt hBTGnECAE t hose

descri bed ahqQve for FEig 1 10A4f i pshihayes: afy acdidgwatied eanbeqiparticles
(5) is the saanrf‘g toghtegat Sﬁ%‘géri %eg abovéu(Fi g:.L | c). g\é@l The second | ayer
(1f-2) of thetseutenteldd®ings aantariged in Sechesgeadj Hrentctd VERE3 i r st

| ayer (1f-1). The second.l ayer f.- O J=S8S 13 MxtHEer8f 4B

i mobi | i zed GHease pﬁgr%tlicéleéss 2) ,]alz% (?géni‘urxs?)_hospﬁat e %arti cl es ?S)a and
hydrous zi r gafidé#teaxiigedpaciuokesof4rhe Therpotal ofvangne caRgerst dfease

particles (2). is from0.5 to 30 grans. t i e zi.Econium
phosph&? e pa{%“tq c-Ieé‘g)O(J\%“%ng’fro eaboa(f:tng’s‘lv(f&%gir aqrr%%g%qo %Efgfgcrl%%xs é‘%’he t ot al
wei ght rangeifsitdaa 1Ry doaps czieric antumeoxadei pardd claabod)fiilgefr padabout 10

grans to 100 grans. When in use, the sorbent. (110) .is _arr din
the dialysis devilde %ﬁcﬁnpﬁgﬁm&i@ecg%ns FoeRe o a[}é/%sa% c?\% i:%g%?om t he

first layer {0 -dQrd@idhe seeondokpynt citt2)dg25 masyshbewrdnfigmeedr row.
As the dialysate passes into the first |ayer g):,ff-lg?1 th%g | ayer, renoves
enzyme i nhi fitdhgtBabsitafdes®as REEE1Ks rc%[é’a‘ftai Ene- Wi & Gcid “and ~ot her
urem \%@ OXi NE-PIESENtHE N B eial YAt Siads hayt hesdesss | pohpacabawe (Fig.

lc). en the dialysate enters 30into the second | ayer §1f-2), the m xture
of the ureaswdsarei chegateriand Fidcont uRfHhdsdHat &€ pifef cPES (8 Tand

The cartridge may be made from resilient, chemically and
biologically inert materials. The cartridge may alsc be
able to withstand the pressure within the fiow system of
25 the dialysis device without leakage. The cartridge may be
made from material which can withstand sterilization
conditions such as heat sterilization, ethylene oxide
stefilization and sterilization with ionizing radiation.
In one embodiment, the sorbent cartridges are made of
30 polycarbonate. The scorbent cartridges may also be made of

polypropylene or polyethylene. In one embodiment, filter
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WO 20091157877PCT/ SG20091000229 hydr ous zirconi um oxi de particles (4)
renoves urea, cations such as anmmoniumions, calcium magnesium and
pot assi um and ani ons such as phosphate and fluoride in the sane way as

descri bed above (Fig. le). The advantage 5herein is s

descri pt P‘%Z"a%Wé "I(Fig. le). Referring now to Fi ggﬁ’ﬁ‘g?‘”’ Ebg%zg i s shown
anot her enbodi nent of the sorbent (112) used. The activated carbon
particles (5), inmobilized urease particles (2), zirconium phosphate
particles (JPadshydidods 1zkrcpapanms m@yoad:ste lqmrltqcealtesi @4) thadicheand
respective sub trat es used for the foll ayers, are t hose
descri bed a%fé OFj gtt sorbeet cafrer Elgl S o%%é/homéjeeggus le}lzzlén
(1g-1) for tlf}@ils;qrd%%nt J(a%rlaZ:)s Wik ifr Itlhmgsd:m/eert (kg Wiltem (btbfmglemous
15m xture of inmmobilized ur ease artic é é__l r coni E’ ghosphat e
particles (E)ar%re@u§fir°—'ﬂ88nﬁﬁ ok'dle ‘?:ﬁé‘? HedbEaPOERE Act i vat ed car bon
particlegs (5). The total weight range of urease particles (2) is fromO0.5
grans to 30 granms; the total weight of the zirconium 20 phosphate
particles (3) is fromabout 100 granms to 1000 grans; the total weight
range of the hydrous zircapsu® B5kdeipaish EDAAJings from about 10 grans
to 100 grans;' the total weight range of activated carbon particles is
from 20 grams toTZ@O RAPWIOIBNEh | ArEsERIt he 14bPBERETY 11§)15F%°§??1anged
in the dialysj di.r.e f ysate fdowehs from
t he bottom |rren5| orl?ct% ‘*ﬁ% %gﬂr%l n%ng%}égﬁgfgg-&%eaﬁs&%{hom%% b¥1 the arrow. As
t he di abysatei passesl tehnthmgllmenﬁes -sortbeht [212F, WWRETHRIRPBr e NOFSVRE.

i mmobi |i zed ase_30particl.es (2) ir ho t es,£3),

hydr ous zi rctgrh I)%l Fde %‘ﬁﬁr‘"’tjincgl es ?43; %%gllg%gate Qia?%lgﬁﬁéég Oé
2009/157877FIﬂT&£EﬁﬁﬂkﬁDQﬂﬂgfpantickesacsp.mEﬂbmeglaneeﬁ taei 6ABisACh as
anmoni um i ons, cal ci um _magnesi um and potassi um anions such as phosphate

and fluoride?* e‘ﬁ’if 1Ahi bi ti ng substances and small to nedium size
organic rretabolltes h s 5. creatinine, uric a 4 upem c
toxins. This arraﬁfg?erre ﬁﬁ%g ttﬁ‘g ENSH 5ot B (lgﬁrr'%r)ovee per?or mance of

bot h pakticlesrssnta du el atilves speedieeng more consistent pH conditions
in the dialysate throughout the sorbent's use. Mre advantageously, m xing
of inmobilized I%idireage;ighoshokypeshof ligouexchangertsemndidéereated
carbon in one conbined | ayer gitves the_benefits. of d{mch nor e conpact

a

size of the ¥RPPERSHELE) &RE §|9F%|e8| FehPTt BxTHE HEHDY ‘capability. It also

reduces the pressure drop caused by the sorbenL to mnl

facilitates the M5 pridddeét i%n lﬁr"f%éﬁc f?ta%tq}?/p 9% &5 r%lo%%tges t he
risk of havigg-unaupn s beng. | ayers, Mtﬁﬁsy\nﬂedtbﬁlaalcm £6r theemat ur e
exhaustion of the sorbent |ayers._. Referring to Fig. 2a and Fig. 2b,
there £8 sho¥®rkeardatitddeoel®f, fi6r KBusing the sorbent (102) as 20
descri bed above. The cartridge (18) is made of _polycarb ate op (20)
of the cartridge {i8) &Rd the oCEBAT of STHER  rTage (¥8) ha%ze fIo nges

for slotting, gt hes i isdrs deyd ceghdhesdierd orcaftrtiligecantridge (18)
is divided into three conpartnents. The first _
partitions to demarcate the different layers of the

sorbent.

25 Fig. 3 shows a polycarpolactone (PCL) scaffold for
use as a bioccompatible substrate for the immobilization

of urease as disclosed herein.

Fig. 4 shows a polycarpolactone (PCL) scaffcld for
use as a biocompatible substrate for the immobilization

30 ~  of zirconium phosphate as disclosed herein.
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25 conpartnent (26) houses the m xture of immbilized urease (16) and

zi rconi um phosphate particles (14). The first conpartnent has a hei ght of
27 mm a length of 113 mmand a breadth of 57 mm The second conpart nment
(24) houses the zirconium phosphate particles (14). The second

30conpar WEHOYEITY has a hei ght of 27 mm a | ength of P4YSCHRMAE a breadth
of 57 mm The third conpartnent (22) the WD 2009/157877PCT/ S&009/ 000229
m xture of activated carbon particles (10) and hydrous zirconi um oxi de
particles (12). The third conpartnment (22) has a height of 13 nm a length
of 113 mmand a breadth of 57 mm O5Referring nowto Fig. 2c, there is
shown a cross sectional view of a cartridge 18 having a nunber of

technical features that are the sa the.cartridge 18 described above
which are indicated by the sa%ﬁ%@%@écﬁﬁﬁéa‘i‘ but with a prine synbol

("). The bottom (ZherdNdgl@ct o0 ¢(2h)n,0f neakt nisdgaodl’' cde roboddmeatn
fl anges and have reduces the overall external  dinensions dgf thﬁ cartridge
(18'). Fhe caf t tihggeSPUBENt cdid 008 | RERt e | AN AES JodiT &8 End

secured by fastien ng-hpeans; ssch 1asnut $1a00) bJt sthdheswasdnd dgeo(18' )
al so contai ns 1355e'par ators (19) for a better demarcation of the different
| ayers of theomwrizes an activReper FREGCROBAE ol Pig. 3, there is shown a PCL

scaffold or substfk} t gﬁéggé(é;)slﬁag,gror (upease Jenmphi | iszablan asiagsciikbed

above. The PCL sca a di aneter 20of about 7cm
Referring toaFignoel] imeserissshadhasePCltachPeofdrEB2)2¥6ht aitATAY’ 40%

25 30 0 2008 187FRET SoobdTGh0590 Exarblee Eerdence of i oproved |

urease acti vitiycandmst aphdsplyaty nbaxibygclesobil Bl sedPuréased OVLERase

ZirCOﬂiun]phSﬁ%Ef%éé(gggm Jack Bean, crude Jack Bean powder or other
sources {such as bacterial, recombinant, thermostable
urease mutants, etc.) is covalently immobilized. The

15 solid support material or substrate used is cellulose.
The immobilized urease (2) is in the form of particles
with particle sizes in the range of 25 microns to 200
microns. The total weight range of the immobilized urease
particles used is in the range of from 0.5 grams to 30

20 grams. The zirconium phosphate particles (3) have sizes
from 25 microns to 2530 microns, obtained from MEIL, New
Jersey, United States of BAmerica. The total weight range
of the zirconium phosphate particles (3) is from about
100 grams to 1000 grams.

25 The third layer (la-3) of the sorbent {100} is
arranged in series, adjacent to the second layer (la-2).
The third layer (la-3) comprises zirconium phosphate
parﬁicles (3) of sizes from 25 microns to 250 microns.
The +total weight range of the zirconium phosphate

30 particles (3) is from about 100 grams o 1000 grams.
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Pure 11U (Table 1)

Pressure drop 120 nmHg 30 mmHg 120 mmHg One | ayer pure ID, one |a
ZP (Table 2) yer P ’ Yot

10

15

20

25

30

WO 2009/137877 PCT/SG2009/000229

The fourth layer {(la-4) of the sorbent (100) is
arranged in series, adjacent to the third layer (la-3).
The fourth layer (la-4) comprises a mixture of hydrous
zirconium oxide particles (4) and activated carbon
particles {(5). The =zirconium oxide particles {4) have
sizes from 10 microns tc 250 micrens, cobtained from MEI,
New Jersey, United States of BAmerica. The total weight
range of the zirconium oxide particles (4) is from about
1¢ grams to 100 grams. The activated carbon particies (D)
have sizes from 50 microns te 300 microns, obtained from
Calgon Carbon Corporation of Pittsburgh, Pennsylvania,
United States of America. The total weight range of the
abtivéted carbon particles (5) is from about 20 grams to
200 grams.

When in wuse, the sorbent (100} is arranged in the
dialysis device such that the direction of the dialysate

flow is from the first layer (la-1l) tc the fourth layer

(la-4) as shown by the arrow. As the dialysate passes’

intc the first layer (la-1), the activated carbon pad
(la~-1) removes enzyme inhibiting substances, such as
oxidants and/or heavy metals, thus maintaining the
activity and stability of the uremic toxin-treating
enzyme. Furthermore, this layer alsc removes toxic
organic compounds, such as uremic toxins frem the spent
dialysate.

As the dialysate passes intc the second layer (la-
2), the mixture of immobilized urease (2) and zirconium
phosphate particles (3] removes urea and ammoniwum ions
from the dialysate. In addition, as the -zirconium
phosphate particles (3) not only exchange ions but also

act as a buffer, the pH conditions around the urease (2)

26

3h 5h 10h pH 8.6 8.6 8.6 Urea renoval 1 94% 98% 86%

pure



3h 5h 10h pH 7.6 8.22 over-pressure over-pressure Urea renoval 99% 99%
Pressure drop 70 mmHg 720 mmHg over-pressure |U and ZP, one m xed | ayer
(Table 3) 3h 5h

WO 2009/157877 PCT/SG2009/000229

are kept stable, thereby protectlng the urease activity

and extending its life time. When the dialysate passes

through the second layer (la-2) and enters the
intermediate third layer (la-3), the zirconium phosphate
5 pérficles (3) present in this layer, quantitatively

remove all ammonium ions formed in the second layer (la-
2). After which, the dialysate passes into the fourth
layer {la-4). The mixture of hydrous zirconium oxide
particles (4) and activated carbon particles (3) removes
10 any phosphate ions produced by the patient or leached
from the zirconium phosphate particles (3) in the seceond
(1a-2) and/or third (la-3) layer. The mixture also
removes creatinine, uric acid and other uremic toxins
present in the dialysate. The combination of the
15 different 1layers in the sorbent (100) dimproves the
overall efficacy of toxin removal and reduces the overall

size of the sorbent (100). |
Referring now to Fig. 1b, there is shown a second
embodiment of the sorbent (102} used. The immobilized
-20 -urease (2}, zirconium phosphate particles (3), hydrous
zirconium oxide particles (4), activated carbon particles
(5} and the respective substrates used for the following
layers are the same as those described above for Fig. la.
The first lavyer {ib-1) of the sorbent (102)
25 comprises immobilized urease (2Z). The urease {2) used is
in the form of particles with particle sizes in the range
of 25 microns to 200 microns. The total weight of the
urease particles used is in the range of from C.5 grams

to 30 grams.

30 The second layer (1b-2) of the sorbent (162) 1is

arranged in series, adjacent to the first layer (ib=-1).
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10h PH 7.6 8.5 8.5 Urea renoval 100% 99% 98% Pressure drop 70 nmmHg 70 nmHg
70 mrHg From t he above data, it can be seen that V\Een | D and gP are
m xed in one |layer, a high level of urea renmoval 15 can be achieved over a
| ong period of time (10h), while maintaining a relatively stable pressure
drop acr B¥x2004EB786r bent as shown in Table 3. On the oFhEPCHEEY Y Rhen 1D i s
~used alone, the urea renoval  efficiency decreases over tine ana t he
pressure drop across the sorbent increases 20 significantly over tinme as
shown in Tabie lseddhd haagrse wher2) DcamgrZPear eziisethibmt phospipifat e

| ayers, althou%h t he urea renoyal effici?gc 1S mal nﬁtai E@&' at .g.high WO
;

2009/ 157877 PEF$c2669/(F00229 Feoef, Tdris &% 0r & drops occurs ove

tine acrossqifie serhent a3 hoWsanReTable Zhel eadirdgntomovphpsessuee and
damage to the sorbent and/or the dialysis device, 5 udy of _Absor bance
Capacity of pzintéearam(Phosphaten #bewheftfe & b tﬁaibi gl g g'%e

5 The third layer - (ib-3} of the sorbent {102}y is
arranged in series, adjacent To the second layer ({(1lb-2).
The third layer (1b-3) comprises hydrous zirconium oxide
particles (4) of sizes from 10 microns to 250 microns.
The total weight range of the zirconium oxide particles
10 (4) is from about 10 grams to 100 grams. .
The fourth layer (1lb-4) of the sorbent (102 -is
arranged in series, adjacent to the third layer (1b-3).
' The fourth layer (lb-4) comprises activated carbon
particles (5) of sizes from 25 microns to 300 .microns.
15 Thertotal weight range of the activated carbon particles
(5f is from about 20 grams to 200 grams.
When in use, the sorbent (102) is arranged in the
' dialysis device such that the direction of the dialysate
flow is from the first layer {(1b-1) to the fourth layer
20 (1b-4) as shown by the arrow.

When the dialysate enters the first layer (1k-1),
the immobilized urease (2) breaks down urea present in
the dialysate to ammonium carbonate, hence releasing
ammonium and bicarbonate ions inté the dialysate. As the

25 dialysate passes into the second layer (lb-2), the
zirconium phosphate particles (3) absorb ammonium cations
arising from the decomposition of urea by the first layer
(1b-1). The. zirconium phosphate partiéles (3) act as a
cation exchanger to absorb other cations such as calcium,

30 potassium and magnesium, releasing sodium and hydrogen in

exchange. As the size of the zirconium phosphate
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| Og ZP (batch PP835A- Nov08), 0.3L/h, 12mmvol /L NH4+ (Table 4) Particle Size

Pressure Drop Absorbance Capacity (mol NH4+ per g ZP) < 50 um 460 - 500

ErgH? g gggmlég gg) 100 pm 80 - 120 mrHg 0.90 mmol /g 10 | &g ZP
atc - Jan , 0.3L/h, 12mml /L NH4+ (Table 5 | LWze

Pressur eM& P REE6r bance Capacity (mmwl I\U-lgl per g )Z‘|5§>13}g(t;i‘]@/&oz§b

particles (3) used 1is in the range of 25 microns to 250
microns, the absorption of the unwanted cations and the
flow resistance of the sorbent is in the optimum range.
This ensures that the dialysate exiting from the layer of
5 zirconium phosphate particles {3) is essentially free of
any unwanted cations. The dialysate then passes intoc the
third layer (1b-3) and the hydrous zirconium oxide
particles {4) remove any phosphate ions produced by the
patient or leached from the zirconium phosphate pérticles
10 (3) in the second layer (1b-2). In summary, +he hydrous
| zirconium oxide particles (4) act as an anion exchanger
by binding anions such as phosphate and fluoride and
releases acetate and hydroxide ioms 1in exchange. In
addition, the hydrous zirconium oxide particles ({4) are
15 also good binders for iron, aluminum and heavy metals.
After passing the layer of hydrous zirconium oxide
particles (4), the dialysate enters the fourth layer ({lb-
4) and the activated carbon (5) resident in the fourth
lavyer (1b-4) absorbs organic metabolites such as
20 creatinine, uric acid and other small or medium sized
organic molecules from the dialysate without releasing

anything in exchange.
Referring now to Fig. 1c, there is shown another
embodiment of the sorbent (104) wused. The activated
25 carbon particles (5), immobilized urease particles (2},
| zirconium phosphate particles (3), hydrous zirconium
oxide particles (4) and the respective substrates used
for the following layers are the same as those described

above for Fig. la.

30 The first layei (lc-1) comprises activated carbon

particles (5} of sizes from 235 microns to 300 microns.
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< 50 pm 340 - 360 mmHg 0.90 mmol /g 50 - 100 pm 140 - 160 mrHg 0. 91 I
100 - 150 pm 30 - 50 nmHg 0. 83 P ' ol ’g

WO 2009/157877 PCT/3G2009/000229

The total weight range of the activated carbon particles
(5) is from about 20 grams to 200 grams.
The second layer (lc-2) of the sorbent (104}
contains immobilized urease and is arranged in series,
5 adjacent to the first layer (lc-1). The immoblilized
urease {(2) is in the form of particles with particle
sizes in the range of 25 microns to 200 microns. The
total weight of the urease particles is in the range of
from 0.5 grams to 30 grams;
10 The third layer (1¢-3) of the sorbent (104) 1is
arranged in series, adjacent to the second layer (lc-2).
The third layer (l1c-3) comprises zirconium phosphate
particles (3) of sizes from 25 microns to 250 microns.
The total weight range of the zirconium phosphate
15 particles (3) is from about 100 grams to 1000 grams.
The fourth layer (lc-4) of the sorbent (104) 1is
arranged in series, adjacent to the thirdé layer (ic-3).
The fourth layer (lc—-4) comprises hydrous zirdonium oxide
particles {4). The zifconiunl oxide particles (4} have
20 sizes from 10 microns to 250 ndérons. The total weight
range Of the'zirconium oxide particles (4) is £from about
10 grams to 100 grams.
The optional fifth layer (lc-5) of the sorbent {(104)
is arranged in series, adjacent to the fourth layer {lc-
25 4). When present, the fifth layer (lc-3) comprises
activated charcoal (5). The activated carbon particles
(5) have sizes from 25 microns to 300 microns. The total
weight range of the activated carbon particles (5) is
from about 20 grams to 200 grams.
30 When in use, the sorbent (104} is arranged in the

dialysis device such that direction of the dialysate flow

30



mml /g 150 - 200 pm 20 - 30 mmHg 0.79 mml /g 15The pressure drop caused
by zirconium phosphate particles is shown to be strongly dependent of the
particle size of the zirconium phosphate under consideration. Thus, while
|l ayers of particles of |ess than 50 mcrons size produce unaccept ably hi gh
pressur e VeO200LFPY, particle sizes of 50 to 100 m cr oRSTAGFEYHRNY2Br oduce
significantly lower pressure drops in a favourable range for application
in the sorbent WO 20091157877PCT1SG20091000229 cartridge. |ncreasing the
particle size tfaok0@htorib8tnigyens{iaiid rs0the Z00rmhcitapsrf (k¢er

reduces the pressure drop caused by th articles under_consider on
Mor eover, i 2Scai P& @erﬁfer o?ﬁ%f?i‘b\/ep‘sdaﬁig ER A S’Et%ep""asos“‘seosr bangoe J%?a%am ty

of the zircaniAm pheerhates 1yndeniconsider atnones Sehighestnhsipargicl es
of 50 to 100 microns size. The optinmum bet ween mmnl a. absorbti on. capam ty

and pressur SURSEETICS St H@Fieft@lxécatorﬁlafléﬁnFBWPBH’B f)haf‘%cb‘é 17¢1%°SYes of 50

to 100 g Cr%lfnjso %takh@y a2Qf tﬁ@s%rcl%aaﬁee@aeaﬁbw phd HigEeHSLZE r sieovaim Oxi de
in Dependence Particle Size 2g HzO (batch ZrOH 304- AC -
Mar09), O0.3L/Myg-11@}i5mol/L P (Table 6)

As the dialysate passes into the second layer (lc-
2), the immobilized urease (2) degrades urea to ammonium
ions and carbonate/bicarbonate ions. When the dialysate

10 passes through the second layer {lc—-2} and enters‘ the

“third layer (lc¢-3), the zirconium phosphate particles (3)

remove ammoniium ions from the dialysate. When the

dialysate moves forward and enters the fourth layer (lc-

4), the hydrous zirconium oxide particles (4) remove any

i5 phosphate ions produced by the patient or leached from

the zirconium phosphate particles (3) in the third layer

(ic-3). As the dialysate moves forward and leaves the

fourth layer (lc-4), it may enter a fifth layer (lc-5) of

activated carpbon particles (5). Where present, this fifth

20 = layer {lc-5) removes creatinine, uric acid andr other
uremic toxins present in the dialysate.

Referring now to Fig. 1d, there 1is shown another
embodiment of the sorbent (106) used. The activated
carbon pad {1y, immobilized urease (2), zirconium

25 phosphate particles (3), hydrous zirconium oxide
particles (4), activated carbon particles (5) and the
respective substrates used for the following layers are
the same as those described above for Fig. la.

Arranged in series, an activated carbon pad (1) in

30 the first layer (1d-1), a mixture of the immobilized

urease particles (2) and zirconium phosphate particles
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Particle Size Pressure Drop Absorbance Capacity (nmmol P per g HZO < 50 pm
30 - 40 nmmHg 0.68 mml /g 50 - 100 pm 20 - 30 mmHg 0.63 Mol /g ' The
pressure drop caused by hydrous zirconium oxide particles is shown to be

significantly | ower than that caused by the zirconiumph h articles,
even at 2‘6053&%57&% sizes of smaller than 50 mcrons. P%ﬁ’gégqﬂg’%@ﬁﬁtly due

to the smaller quantity of hydrous zirconium oxide required for the
cartridge functionality. Thus, a layer of hydrous zirconi um oxide

particl es of (3essnthien S8candr bagef > (9892 W bhi hha0sbobBOtmM{EPE6NSRISI ze
produces an 25 acceptable pressure dro of. use in the.cartri _-while
particl es of i A8 alP&5°sh vytﬁfarprgfé{i %‘FI sphate a sbor%‘baar?éigglc;%ap2 city
over particlepfrffeatiar thBane56ri Y0 300844 57:87.7 RGT/ SO2009/ 000229 i crons

size. The preferred particle size for application in the so t cartridge
is therefore 10 tS0thiEfon@yYsSt Udf-df ABSorBncE°ESRaLI t{/ﬂﬁé} Acti vat ed

Carbon En De of Rartdg! e fz@nt to tHee Lapae lyuyelr actd-zat.ed
carbon to absorb creatinine is shown to be dependent on the flow rate of
10 di al ysat eTz@dtishrd hbayer t { ¢fe35i £eTBFLERR €afBSRYGRIST IS Ferdt i on.

Crucially, 100G d Lendanaysonshi obeh Capasily, Abdriieasiige

pressure dro smal'l er particle size. The optinum between acceptabl e
pressure dropazni-leexi Mim aBber barted ivweisthta RIS cPE §hfe FldTRE L™

phosphate particles (3) is from about 100 grams to 1000
10 grams. The total weight range of the hydrous zirconium
oxide particles (4) is from about 10 grams to 100 grams.
The fourth layer (1ld-4) of the sorbent (106) 1is
arranged in series, adjacent to the third layer (1d-3}.
The fourth layer (1d-4) comprises activated  carbon
15  particles (5] which is same to that (l1b-4) of Fig. Ib.
The total weight range of the activated carbon particles
(5) is from about 20 grams to 200 grams.
Wheﬁ in use, the sorbent (106) is arranged in the
dialysis device such that direction of the dialysate fiow
20 is from the first layer {(1d-1) tc the fourth layer (ld-4)
as shown by the arrow. As the dialysate passes through
the first layer (id-1), this iayer removes enzyme
inhibiting substances and toxic organic compounds,
including uremic toxins, same as the description of the
25 activated carbon pad above (Fig. la). When the dialysate
enters the second layer (1d-2), the mixture of the urease
particles (2) and zirconium phosphate particles (3), same
to those descriptions in the section of Fig. la, remove
urea, ammonium ions and other cations, i.e. calcium,
l30 magnesium and potassium in the same way. When the

dialysate moves into the third layer (1d-3), the mixture
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150f 50 - 100 pmas shown in the experinental results tabul ated bel ow.
Series 1 Activated carbon from Calgon, first batch Conditions: 20Synthetic .
henodi al ysat e contai ni ng 135pnpl/1 creatinine, 37C (Table 7) Particle Size

Anount Carbon Fl ow Rate Absorbed Creati ni ne Absorb '
Cr eat i ni WO PEYIF¥Car bon) 0 - 50 pm2 g 0.6 I/hs "DANCERERGH AT

of zirconium phosphate particles (3} and hydrous
zirconium oxide particles removes said cations escaping
from the second layer (1d-2) as well as phosphate and
other unwanted anions. The spatial proximity of zirconium
3 phosphate particles (3) and hydrous zirconium oxide
particles (4) may fadilitate the re-absorption of leaked
phosphate. More advantageously, mixing of both types of
ion exchangers in one combined layer significantly
improves the performance of both particles as a buffer,
10 thus producing more consistent pH conditions in the
dialysate throughout the sorbent’s use. Meanwhile this
mixture also reduces the size of the sorbent {106}
without compromising the toxin removal capability. When
the dialysate passes into the final layer (1d-4) of the
15 sorbent (106), the activated carbon (5) further absorbs
creatinine, uric acid and other uremic toxins present in

the spent dialysate.
Referring now to Fig. le, there is shown another

embodiment of the sorbent (108) wused. The activated

20 carbon pad (1), immobilized urease {2y, zirconium
phosphate particles (3), hydrous zirconium oxide
particles (4), activated carbon particles (5} and the

respective substrates used for the following layers are
the same as those described above for Fig. la.

25 An activated carbon pad (1) in the first layer (le-
1) is same to that of Fig. la elaborated above.

| In the second layer (le-2) of the sorbent (108) is

arranged in series, adjacent to the first layer (le-1).

The second laver {(le-2) comprises a mnixture of

30 immobilized urease particles (2), zirconium phosphate

particles (3) and hydrous zirconium oxide particles (4}.
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Ni | (over- pressure) 50 - 100 pm3 g 0.6 |/h 440pnol 145pnol /g 100-150 pm
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WO 2009/157877 PCT/SG2009/000229

The total weight range of urease particles {2y is from
0.5 to 30 grams. The total weight of the zirconium
phosphate particles (3) is from about 100 grams to 1000
~grams. The total weight range of the hydrous zirconium

5 oxide particieé (4) is from about 10 grams to 100 grams.
The third laver (le-3) of the sorbent (108} is arranged
in series, adjacent to the second layer (le-2). The third
layer (le-3) comprises activated carbon particles (5}
which is same to that {1b-4) cf Fig. 1b. The total weight

10 range of the activated carbon particles (5) is from about
20 grams to 200 grams.

When in use, the sorbent (108) is arranged in the
dialysis device such that direction of the dialysate flow
is from the first layer (le-1) to the third layer (le-3)

15 as shown by the arrow. As the dialysate passes into the
first layer (le-1), this layer removes enzyme inhibkiting
substances and toxins, same as in the description above

(Fig. 1a). When the dialysate enters into the second

layer (le-2}), the mixturse of the urease particles (2},
20 zirconium phosphate particles (3) and hydrous zirconium
oxide particles (4) removes urea, cations such as

ammonium ions, calcium, magnesium and potassium and
anions such as phosphate and fluoride. Advantageously,
mixing of immobilized urease and both types of ‘ion
25 exchangers in one combined layer significantly improves
the performance by facilitating immediate toxin
absorption and producing more consistent pH conditions in
the dialysate throughout the sorbent’'s use. Meanwhile
this‘mixture also reduces the size of the sorbent (108f
30 without compromising the toxin removal capability. When

the dialysate passes into the final layer (le-3) of the
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sorbent (108), the activated carbon particles {5} absorb
creatinine, uric acid and other uremic toxins present in
the dialysate.
.Referringr now to Fig. 1£, there is shown another
5 embodiment of the sorbent (110) used. The immobilized
urease (2), zirconium phosphate particles (3), hydrous
zirconium oxide particles (4), activated carbon particles
(5) and the respective substrates used for the following
layers are the same as those described above for Fig. la.
i0 A first layer of activated carbon particles (5) is
the same to that described above {Fig. 1lc).
The second layer (1f-2) of the sorbent (110) is
arranged in series, adjacent to the first layser (2£-1).
The second layer (t£-2) comprises a mixture of
15 immobilized urease particles (2), zirconium phosphate
particies (3) and hydrous zirconium oxide particles (4).
The total weight range of urease particles (2) is from
0.5 to 30 grams. The total weight of the zirconium
phosphate particles (3) isvfrom about 100 grams to 1000
20 grams. The total weight range of the hydrous zirconium
oxide particles (4} is from about 10 grams to 100 grams.
When in use, the sorbent (110) 1is arranged in the
dialysis device such that direction of the dialysate flow
is from the first layer (1f-1) to the sscond layer (1f-2)
25 as shown by the arrow. As the dialysate passes into the
first layer (1£f-1), this layer removes enzyme inhibiting
substances as well as creatinine, uric acid and other
uremic toxins present in the dialysate, as in the
description above (Fig. 1lc). When the dialysate enters
30  intc the second layer (1f-2), the mixture of the urease

particles (2} and zirconium phosphate particles (3) and
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10 g 0.6 1/h 300pnmol 30nnol/g Series 2 Activated carbon from
Cal gon, second batch 5Conditions: Synthetic henpdial ysate contai ning
135gqnol/ 1 creatinine, 37C (Table 8) Particle Size Amount Carbon Fl ow Rate

Absor bed Creati ni i i ni
100 pm 2&02099/'15%796 Absorbance Capacity (pmol Creatinjngc.pabodosarbon) 0 -

hydrous zirconium oxide particles (4) removes urea,

cations such as ammonium ions, calcium, magnesium and

potassium, and anions such-as phosphate and fluoride in

the same way as described above (Fig. le). The advantage

5 herein is same as the description above (Fig. le).

Referring now to Fig. 1lg, there is shown another

embodiment of the sorbent (112) used. The activated

carbon particles (5}, immobilized urease particles (2},

zirconium phosphate particles (3), hycdrous zirconium

10 oxide particles (4) and the respective substrates used

for the following layers are the same as those described
above for Fig. la. |

. There 1is one homogenous filling ({ig-1) for the

sorbent (112). The filling layer (1g—1) is a homogenous

15 mixture of immobilized urease particles (2), zirconium
phosphate particles {3), hydrous zirconium oxide
particles (4) and activated carbon particles (5). The

total weight range of urease particles (2) is from 0.5
grams té 30 grams; the total weight of the zirconium

20 phosphate'particles (3) is from about 100 grams to 1000
grams; the total weight range of the hydrous zirconium
oxide particles (4) is from about 10 grams to 100 grams;
the total weight range of activated carbon particles is
from 20 grams to 200 grams. _

25 When in use, the sorbent (112) is arranged in the
dialysis de#ice such that direction of the dialysate flow
is from the bottom dimension to the top dimension {lg-1)
as shown by the arrow. As the dialysate passes through
the sorbent (112), the mixture of the immobilized urease

20 particles (2), zirconium phosphate particles (3), hydrous

P zirconium oxide pazrticles (4) and activated carbon
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0.6 | /h 80pnol 40pnol /g 100-200 pm 4g OM 1/ h 220pnol 55prm|/g-200- 500 Pm
49 0.6 1/h 140prmol 35pnol/g 10 Series 3 Activated carbon from Sorb

Condi ti ons: Synt heti ¢ henodi al ysate contai ning 110pnol/1
creatinine, 1537C (Table 9)
WO 2009/157877 PCT/SG2009/000229

particles (5) removes ures, cations such as ammonium
ions, calcium, magnesium and potassium, anions such as
phosphate and fluoride, and enzyme inhibiting substances
and small to medium size organic metabolites, such as
5 creatinine, uric acid and -other uremic toxins. This
arrangement gives the benefits of an improved performance
of both barticles as a buffer, thus producing more
consistent pH conditions in the dialysate throughout the
sorbent’s use. More advantageously, mixing of -immobilized
10 urease, both types cf ion exchangers and activated carbon
in one combined layer gives the benefits of & much more
compaét size of the sorbent (112) and sufficient toxin
removal capability. It also reduces the pressure drop
‘caused by the sorbent to a4 minimum, and facilitates the
15 prbdugtion process significantly. It eliminates the risk
of having uheven sorbent layers, which would be a cause

for premature exhaustion of the sorbent layers.
Referring to Fig. 2a and Fig. Z2Zb, there is shown a
cartridge (18) , for housing the sorbent {102) as
20 described above. The cartridge {18) is made of
polycarkeonate. The top (20) of the cartridge (18) and the
bottom of the cartridge (28} have flanges for slotting
into the dialysis device. The interior of the cartridge
(18) is divided into three compartments. The first
25 compartment (26) houses the mixture of immobilized urease
(16) and zirconium phosphate particles (14). The first
compartment has a height of 27 mm, a length of 113 mm and
a breadth of 57 mm. The second compartment (24) houses
the zirconium phosphate particles (4. The second
30 compartment (24) has a height of 27 mm, a length of 113
mm and a breadth of 57 mm. The third compartment (22) the
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mixture of activated carbon particles (10) and hydrous
zirconium oxide particles (12). The third compartment
(22) has a height of 13 mm, a length of 113 mm and a
breadth of 57 mm.

5 Referring now to Fig. 2¢, there is shown a cross
sectional view of a cartridge 18° having a number of
technical features that are the same as the cartridge 18
described above which are indicated by the same reference
numeral but with a prime symbol (’). The bottom (27) and

10 top (21) of cartridge 18’ do not contain flanges and have
reduces the overall external dimensions of the cartridge
- (18’). The cartridge (18’) can be inserted in the
dialysis device and secured by fastening means such as
nuts and bolts. The cartridge (187) also contains

15 separators (19) for a better demarcation of the different

layers of the scorbent.

Referring now to Fig. 3, there is shown a PCL
scaffold or substrate (30) used for urease immobilization
as described above. The PCL scaffold (30) has a diameter

-20 of about 7cm.

Hh

Referring to Fig. 4, there is shown a PCL scaffold
(32) containing 40% zirconium phosphate. The PCL scaffold

(22) has a diameter of about 7cm.

25

- 30
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Examples

Evidence of improved urease activity and stability by

mixing Immobilised Urease (IU)} and Zirconium phosphate

(2P)
Pure IU (Table 1)
3h 5h 10h
pH 8.6 8.6 8.6
Urea removal 94% 98% 86%
Pressure drop | 20 mmHg 30 mmHg 120 mmHg

One layer pure IU, one layer pure ZP (Table 2)

3h 5h 10h
»H 7.6 B.22 over-pressure
Urea removal 99% 99% over-pressure
Pressure drop | 70 mmHg 720 mmHg over—pressure

IU and ZP, one mixed layer (Table 3)

3h 5h 10h
pH 7.6 8.5 8.5
Urea removal 100% 99% 98%
Pressure drop | 70 mmHg 70 mmHg 70 mmHg

From the above data, it can be seen that when IU and
7P are mixed in one layer, a high level of urea removal
can be achieved over a long period of time (1Ch), while
maintaining a relatively stable pressure drop across the
sorbent as shown in Table 3. On the other hand, when IU
is used alone, the urea removal efficiency decreases oveXr
time and the pressure drop across the sorkent increases
significantly over time as shown in Table 1. In the case
when IU and ZP are used but in separate layers, although

the urea removal efficiency is maintained at a high
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6.0 1 /h 275 pnol 7 pnol/g 5Layout and design of sorbent cartridge

The Sorbent cartridge disclosed herein is designed to renove urea and
other waste materials that are present in the spent dialysate and enable
the regeneration of the dialysate for its repeated usg.] | bS. This
will 10 MEMPe¥IYHE anpunt of dial ysate used in convenf?t#ﬁﬁhﬂgﬁg#ities of
about 120 litres in a 4-hour haenodi alysis session or 70 to 100 litres in
a week typical peritoneal dialysis. In henodialysis, the cartridge can be
used to regererate the=shiatysatesthat dwpbk pasurshroiggh tHee 18Cross
henodi al yzer. The di al ysate can he regenerat [ ' I t he

di al ysate fd?m?é%ﬁﬁprtﬁFiEﬁoﬁﬁdl@oﬁ?%ﬁﬁe&’uggaﬁghgi5?yé?§?£¥%é%%£%toneal
di al ysis, thgLakhhiydgeocanebeotisett tand agendraieafveidi deysate wi t hdrawn
fromthe patient's peritoneal cavity. The 20 regenerated dial ysate nmay
then be nade available to reconstitution systens allowng its-
re-introduction into the patient's cavity. The sorbent cartridge is
designegl, in pensy of MbscrmicbevEiagphici tiyoolfeZiearnibime Rliqsphate darrier

di scl osed 25 herel n when insertsgﬂin t dieg fé:ﬁf%%yice (collectively
known as the wearabl e peri PERERPEBFEI §5i s hachine or WPDM) . This enabl es
patients to be nore nobile in WD 2009/ 157877PCT/ SG009/ 000229 carrying
out their daily activities and to be nore econom cally productive. The

di al ysis device copprisi ngatbe @ipsgbrsrevs®y beat 3LAN, r emvel (k eNilé+t oxi ns
24/ 7, and is effective in renoval of the uremc toxins in 5 conparison to
any ot her cuf¥ante rfodalities available in the market. From
experinment carried out, it is observed that-the-sorbent g; S erein
is able to [dmoric BOG M) OFemeEaS( BEOB. 3| gr AMSOGPAFES sar bent
cartridge iis 10 also a sfterjle, single use uAPpol i or in
conbi nati on i 3t itshe pr esicr £ bed~ an®e it Iurnqp0r§4hEmPAKErpnraijd,
t hrough t hel ®mr+ cliitenim molduléé® in 12Hemy®DM [ 1 n sumPa®p, ™ Re/Br ef err ed
sorbentgl ayouts, quantity of the conmponents in each |layer and function are
represented 15in the followng tables: 20 25 30 35 WO

2009/ 157877PCT/ SG2009/ 000229 Ceneral principle (Table 10)

neaod
USCU

&1
ac

10g ZP (batch PP911C-Jan09), 0.3L/h, 12mmol/L NH4+

(Table 3)

Particle Si:ze Pressure Drop " Absorbance Capacity
(mmol NH4+ per g ZP)

< 50 um 340 - 360 mmHg : 0.90 mmol/g

50 - 100 pm 140 = 160 mmHg 0.91 mmol/g

100 - 150 pm 30 - 50 mmHg 0.83 mmol/g

150 - 200 pm 20 - 30 mmHg 0.79 mmol/g

15 The pressure drop caused by zirconium phosphate

a

particles is shown to be strongly dependent of the
particle size of the zirconium phosphate under
consideration. Thus, while layefs of particles of less
than 50 microns size produce unacceptably high pressure
20 drops, particle sizes of 50 to 100 microns already
produce significantly lower  pressure drops in a

favourable range for application in  the sorbent
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Regenerated D al ysate Flow Direction Quantity, g Function Renovesfrom
the Dialysate Rel ease into the Dialysate Hydrous Zircinium Oide (HZO and
Activated Carbon (AC) HZO :10 to 100 AC: 20 to 200 Creatinine,uric

aci d, phosphat e andor gani ¢ nol ecul es
WO 2000157877 9 PCT/SG2009/000229

cartridge. Increasing the particle size to 100 to 150
microns, and 150 to 200 microns further reduces the
pressure drop caused by the particles undexr
consideration. Moreover, it can be seen from above data
5 that the absorbance capacity of the zirconium phosphates
under consideration is highest for particles of 50 to 100
microns size. The optimum between ammonia absorbtion
capacity aﬁd pressure drop 1is therefore at zirconium

phosphate particle sizes of 530 to 100 microns.
10

Study of Absorbance Capacity of Hydrous Zirconium Oxide

in Dependence of Particle Size

2g HzZO (batch 2ZrQH 304-AC -~ Mar{9)y, 0.3L/h, 1.0
15 mmol/L P (Table 6)

Particle Size Pressure Drop Absorbance Capacity
- (mmol P per g HZO)

< 50 um : 30 - 40 mmHg 0.68 mmol/g

50 - 100 um 20 - 30 mmHg 0.63 mmol/g

The pressure drop caused by hydrous zirconium oxide
particles is shown to be significantly lower than that
caused by the =zirconium phosphate particles, even  at

20 particle sizes of smaller than 50 microns. This is partly
due to the smaller quantity of hydrous zirconium oxide
reguired for the cartridge functionality. Thus, a laver
of hydrous =zirconium oxide particles of less than 50
microns (> 95% within 10 to 50 microns) size produces an

25 acceptable pressure drop for use in the cartridge, while
particles of this size also show improved ‘phosphate

absorbance capacity over particles of greater than 50

41



Acet ate Zirconi um Phosphate (ZP) ZP100 to 1000 Anmoni a, cal cium mnagnesi um
and potassi um Sodi um and hydrogen-ions | nmbilized U ease (IU) and

Zirconi um Phosphate (Zr') IU. 0.5 to 30 ZP : 100 to 1000 Urea, amonium
cal ci um magnesi um and pot assi um Anmoni um car bonat e, sodi um and

hydr ogen W@pwy/seit Di al ysate ft Flow Direction PCT/SG2009/000229

microns size. The preferred particle size for application

in the sorbent cartridge is therefore 10 to 50 microns.

5 Study of Absorbance Capacity of Activated Carbon in
Dependence of Particle Size

The capacity of activated carbon to absorb
creatinine is shown to be dependent on the flow rate of

10 dialysate and on the particle size of the carbon under .
consideration. Crucially, there is a tendency for higher
capacity,' and increasing pressure drop with smaller
particle size. The optimum between acceptable pressure
drop and maximum absorbance is at a particle size range
15 of 50 - 100 um as shown in the experimental results

tabulated below.
Series 1

Activated carbon from Calgon, first batch

Conditions:
20 Synthetic hemodialysate containing 135umol/l creatinine,
37°C
(Table 7)
Particle Amount Flow Absorbed Absorbance
Size Carbon Rate Creatinine Capacity
: (umol Creatinine
per g Carbon)
0 - 50 pm 2 g 0.6 Nil (over-
1/h pressure)
50 — 100 um 3 g 0.6 :
1/h 440 pmo 1 145 umol /g
100 - 150 4 g 0.6
m 1/h 450 pmol 110 pmol/g
150 -~ 200 5 g 0.6 460 nmol 100 umol /g
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51n Vitro Test 1. Purpose The purpose of the in-vitro test is to
verify the sorbent cartridge's functionality under conditions 10
sinmulating its application in the regeneration of patient henodi al ysi sate.
To this end, the patient spent dialysate is replaced by synthetic spent
henodi al Ye&a289/1681t ai ni ng the uremic toxins urea, creB%Pﬁ&H@W%W3”phosphate
I n the expected concentrations for continuous henodi alysis. 15 WO

2009/ 157877PCT/ SG2009/ 000229 2. Cartridge conposition (Table 11)

Regener at e &gaiysate i Frow DTt egyron[Quantity, ¢ Activated Carbon (AC)
55 ¢ FNdrO:?&%leHi§UbCXigegfl-ngl6bU g Zirconi um Phosphate (ZP)

um i/h 440 pmol 70 pmol/g

360 - 1000 10 g 0.6 '

m 1/h 450 pmol 60 ymol/g

1000 — 2000 10 g 0.6

jm 1/h 300 ymol 30 pmol/qg

Series 2

Bctivated carbon from Calgon, second batch
5 Conditions:

Synthetic hemodialysate containing 135pumol/1 creatinine,

37¢C

(Table 8)

Particle Amount Flow Absorbed Abscrbancse

Size Carbon | Rate |Creatinine Capacity
(umol Creatinine
per g Carbon)

0 - 100 um 2g 06 1/h 80 pmol 40 umol/g

100 - 200

i 4g 08 1l/h 220 umol 55 nmol /g

200 - 300

um 4g 06 1/h 140 pymol 3B5umol/g

10 :

Series 3

Activated carbon from Sorb

Conditions:

Synthetic hemodialysate containing 110pmol /1l creatinine,

15 37°C

(Takle 9)

Particle Amount Flow Absorbed Absorbance

Size Carbon | Rate |Creatinine Capacity
(umol Creatinine

per g Carbon)
0 - 100 pm 29 06 1/h 242 umol 121 nmol/g
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335 g I'mmobilized Uease (I1U) and Zirconium Phosphate (ZP) U :6 g ZP 120
q Activated Carbon (AC) Pad, 3mmthickness Spent Dialysate ft Flow
Direction 3. In Vitro Test Conditions The test was conducted at a

di al ysate tenperature of 5 37C and a continuous flow rate of 1,/h.
Exhaust i 90 08%H8%7ned as the point where at |east one ST’SFH)@WB‘W@% cal
conponents of the regenerated dialysate is out of the acceptable range
(see 3.2 below). The followi ng tables show the conposition of a 10
typi cal spdnigcheno-dp@lysate, [the nedically accepted ranges for the
conponent s |qfn r egener at ed,di al ysate/rand 3demgdanti ti es 80fibhégabsor hed
t oxi ns wher{pent dighysate 1S passed|through one enbodi ment of the

sor bent di ;%ised her ein Q'Eabl epd 1) /h 1537k fanposi ti onogiodyat heti ¢ Spent

Heno- - Di al ysgig CTapgs 112) Conponent $I uni ts Al fernative Units Na 140
ol /L pm 37g |60 1/h | 275umol 7 mol /g
5 Layout and design of sorbent cartridge

The Sorbent cartridge disclesed herein is designed
to remove urea and other waste materialis that are present
in the spent dialysate and enable the regeneration of the
dialysate for its repeated use in dialysis. This will

10 reduce the amount of dialysate used in conventiocnal
modalities of about 120 litres in a 4~hour haemodialysis
session or 70 to 100 litres in a week typical peritoneal
dialysis. In hemodialysis, the cartridge can be used to
regenerate the dialysate that will pass through the

15 hemodialyzer. The dialysate can be ragenerated intc a
reservoir of the dialysate for reconstitution and
‘continued use in dialysis. In peritoneal dialysis, the
cartridge can be wused to regenerate the dialysate
withdrawn from the patient's peritoneal cavity. The

20 regenerated dialysate may then be made available to
reconstitution systems allowing its re-introduction into

the patient's cavity.

The sorbent cartridge is designed, in terms of size

and weight, to be wearable with the carrier disclosed

25 herein when inserted in the dialysis device (ccllectively
known as the wearable peritoneal dialysis machine or

WEPDM} . This enables patients to be more mobile in
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140 nEg/L Ca 1.50 mmol /L 3.00 nEg/L My 0.50 mmol /L 1.00 nEg/L K 2. 00
mrol /L 2.00 nEq/L WD 2009/ 157877PCT/ SG009/ 000229 C 111 mol /L 111 nEqg/L
HCO8 31 mmol /L 31 snEg/L ducose 111 mmol /L 200 ng/ dL (anhydrous) 220

ng/ dL (dextrose) Toxins
WO 2009/157877 PCT/SG2009/000229

carrying out their daily activities and to be more
economically productive. The dialysis device‘comprising
the disclosed sorbent can remové uremic toxins 24/7, and
is effective in removal of the uremic toxins in
5 comparison to any other current modalities available in

the market.

From experiment carried out, it is observed that the
sorbent disclosed herein is able to absorb 190 mmol of
urea (or 5.3 grams of urea-N). The sorbent cartridge is

1C also a sterile, single use unit, used individually or in
combination with the prescribed amount of glucecse to be
incorporated, through the enrichment module in the WPDM.
In summary, the preferred sorbent layouts, guantity of
the components in each layer and function are represented

15 in the following tables:

20

25

30

35
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Urea 6.00 nmmol/L 36.0 ng/dL urea 16.8 ng/dL urea-N Creatinine 203 rnol /L
1.53 ng/ dL creatinine Phosphate 720 pnol/L 149 ng/dL P 3. 2. P
Accept abl e Range for Regenerated Di al ysate (post sorbent cartridge) (Table

13): Component SI units Alternative Units Na 120 - -
NEQ/ L Cavi® 2009157877 0 - 130 E0Rdooms0 - 150
General principle (Table 10)
Regenerated Quanfity, g Function
Dialysate Removes from | Release into the
ﬁ the Dialysate Dialysate
Flow Direction .
Hydrous HZO - 10to 100 | Creatinine, uric | Acetate
Zircinium Oxide | AC : 20 to 200 acid, phosphate
(HZO) and and organic
Activated Carbon molecuies
(AC)
Zirconium ZP - 100 to 1000 | Ammonia, Sodium- and
Phosphate (ZP) calcium, hydrogen-ons
magnesium and
potassium
immobilized W:051t030 Urea, Ammonium
Urease (IU)and | ZP: 100 io 1000 | ammonium, carbonate,
Zirconium calcium, sodium- and
Phosphate (ZP) magnesium and | hydrogen-ions
potassium
Spent Dialysate
Fiow Direction

10

15

1. Purpose

In Vitro Test

The purpese of the in-vitro test is to wverify the

sorbent

cartridge's

functionality

under

conditions

simulating its application in the regeneration of patlient

hemodialysisate. To this end, the patient spent dialysate

is replaced by synthetic spent hemodialysate, containing

the uremic toxins urea,

creatinine and phosphate in the

expected concentrations for continuous hemodialysis.



O nEg/L My O mol/L O nEg/L O mmol/L O nEg/L C 111 mmoVL 90 - 115 nEq/ L
HCO3 5-37 mmoVL 5-37 nEq/L ducose O0- 13 mol /L 0 - 234 nyg/dL
(anhydrous) 0 - 258 ng/dL (dextrose) Toxins Urea 0 - 0.60 moVL 0- 3.60

ng/clL urea
WO 2009/157877 PCT/RG2009/000229
2. Cartridge composition (Table 11}
Regenerated Dialysaté Quantity, ¢

U

Flow Direction

Activated Garbon (AC) 55¢g

Hydrous Zirconium Oxide (HZO) 60g

Zirconium Phosphate (ZP) 335 g

immobifized Urease (IU) and IU:6g

Zirconium Phosphate (ZP) ZP:120g
Activated Carbon (AC) Pad, 3mm thickness
Spent Dialysate

U

Flow Direction

3. In Vitro Test Conditions

The test was ccnducted at a dialysate temperature of

5 37°C and a continuous flow rate of 6.0 L/h. Exhaustion is
defined as the point where at least one of the chemical
components of the regenerated dialysate is out of the

acceptable range (see 3.2 below).

The following  tables show the composition of &

10 typical spent hemo-dialysate, the medically accepted
ranges for the components of regenerated dialysate and

the quantities of the absorbed toxins when spent
dialysate is passed through one embodiment of the scrbent

discleosed herein (Table 11).

15 3.1. Composition of Synthetic Spent Hemo-—-Dialvysate
(Table 12}
Component Sl units Alternative Units
Na 140 mmol/L 140 mEa/l
Ca 1.50 mmol/L 3.00 mEg/L
Mg £.50 mmol/L 1.00 mEg/L
K 2.00 mmol/L 2.00 mEg/L
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O - 1.68 ng/dL urea-N Creatinine O - 20 pnol/L O - 0.23 ng/dL creatinine
Phosphate 0 - 70 pnol/L O0- 0.22 ngldL P Amonia (fromurea) 0- 1.4 moVL O
- 2 mg/dL N 4.Test Results Exhaustion: The anmonia concentration in the

10 cartridge outfl ow was greater than 1.4 mml/L (2.0 Ly affer a total
of 32L ofVeyWPEETc spent dial ysate has passed througﬁg?/ﬁgﬁg%ﬁqgézﬁt

cartridge. Al other analytes were still within the acceptable limts. 15
WO _2009/ 157877PCT/ SG2009/ 000229 4.1. Total Anpunts of Absorbe
Toxins at tf@ Tinme of Exhaustijantfrieidl e 14) Toxind!SpEehits Alternative
Units Urea | HCO3 31 mmol/l 31.mEgiL

Glucose 11.1 mmol/L 200 mg/dL (anhydrous)

' 220 mg/dL {dexdrose)
Toxins _
Urea 6.00 mmol/L 36.0 mg/dL urea
168 mg/dL urea-N
Creatinine 203 pmol/L | 1.53 mg/dL creatinine
Phosphate 720 umol/L 1.49 ma/dt P

3.2. Acceptable Range for Regenerated Dialysate
(post sorbent cartridge) (Table 13):

5
Component S units Alternative Units
Na 120 — 150 mmol/L 120 — 150 mEg/L
Ca 0 mmal/L 0 mEg/L
| Mg _ 0 mmol/lL 0 mEg/L
K 0 mmol/L. 0 mEg/L
Cl 111 mmal/L 90 — 115 mEg/L
HCQO3 _ 5— 37 mmollL 5-—-37 mEg/L
Glucose . 0 — 13 mmollL 0 — 234 mg/dL (anhydrous)
0 — 258 mg/dL (dexirose)
Toxins
Urea 0 — 0.60 mmol/L 0 — 3.60 mg/dL urea
0 — 1.68 mg/dL urea-N
Creatinine 0 — 20 pmollt 0 — 0.23 mg/dL creatinine
Phosphate 0 — 70 umoliL 0-0.22 mgidL P
Ammonia (from urea) 0 — 1.4 mmol/L 0 — 2 mg/dL N
4. Taest Results
Exhaustion: The ammonia concentration in the
10 cartridge outflow was greater than 1.4 mmol /L (2.0 mg/dL)
after a total of 32L of synthetic spent dialysate has
passed through the sorbent cartridge. 211 other analytes
were still within the acceptable limits.
15
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190 mmol 11.49 urea 5.3 q urea-N Creatinine 6.6 mmol 750 ng creatinine
Phosphate 23 mml 710 ng P 54.2. pH  Sodium and Bi carbonate Bal ance at
time of exhaustion, and Pressure Drop (Table 15) Conponent Sl units

Alternative Units pH 6.3- 7.2 Na 250 mmol total rele
rel ease BOHYH ol total rel ease pefisenilobiis total

4.1. Total RAmounts of Absorbed Toxins at the Time of
Exhaustion (Table 14)

Toxins Sl units ' Alternative Units
Urea - 190 mmol 11.4 g urea
5.3 gurea-N
Creatinine 6.6 mmol 750 mg creatinine
Phosphate 23 mmeol 710mg P
5 4.2. pH, Sodium and Bicarbonate Balance at time of

exhaustion, and Pressure Drop (Table 15)

Component Sl units Alternative Units
pH 63-7.2
Na 250 mmo! fotal release 250 mEqg total release
HCO3 70 mmol total reicase 70 mEq total release -
Pressure Drop 140 - 170 mmHg
5. Conclusion.
10 The performance of the sorbent cartridge met or

exceeded all regquirements defined in 3.2 and 3.3 above
for use in the regeneration of spent hemodialysate. ItT
had a total capacity of 5.3 g urea—N, 750 mg creatinine

and 710 mg phosphate-F.

15
Applications
The disclosed sorbent for a dialysis device may
be used for ©peritoneal dialysis or hemodialysis.
20 Advantageously, the disclosed sorbent when used in a

dialysis device is capable of removing protein-bound
toxins which is usually not possible with several known

dialysis devices.
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70 nEq total release - Pressure Drop 140- 170 mmhHg 5. Concl usi on 10The
performance of the sorbent cartridge net or exceeded all requirenents
defined in 3.2 and 3.3 above for use in the regeneration of spent
henodi al ysate. It had a total capacity of 5.3 g urea-N,. 7520 reatini ne
and 710 MW PRYLYFEL e- P. 15 Applications The ﬁFE@%ﬁ@%ﬂm rbent for
a dialysis device may be used for peritoneal dialysis or henodialysis. 20
Advant ageously, the disclosed sorbent when used in a dialysis device is
capabl e of renovi ngryps oliesa:beemdsbokens Wsi &h ¢onpestial diyd nperpakss bl e

with several known dialysis devices., 2 57877PCT[ S 29
The di scl osePEEeitats §%€8nﬁ§ &ﬁb¥%%r3§%?%‘38?68§?et§§??93£§%£used in
the WPDM (wearal)e sperddoneal, dial ysipsbrechihepbsosbimpablleé off abser bi ng

all of the urea, phosphate, creatinine and Q&her uremc toxin 5$£gduced
by the pati eHtezand B5sBBAter n ERE2HHRISRat¥C prdvisdi ng 6Pt Fral°%

ear ance

for ur e%‘ C t e Adv@antagequsdtentt hgngorphkeraents igonfhgueediynatemanner
that achi eves conpactness W thout conpromising on its capacity to_renove
et abol i ¢ wastay ifdiom t heordilfleysat €Lepgagarckl yand EEFBE iveFé?l?ﬁ‘one

preferred e | t iy isgroBL} k s@eh-4H €ase Aangagheeoni um
ggg%%ﬁ%@kbu%ﬁ"t She WABRLERE 14 Q6 a

phosphate p coexi st in one |ayer of the sorbent, an optinal
wor ki ng envittemeathiisves eatambacomneske VhrpORT | FOAPHEFPBAEEMAs Fhe*2ZFr coni um

phosphat e particles 18 3¢, 3% QEd{ar.1.9. cQUBter #loraMndHaghaneas.

Advant ageoust3F>thi's rRcreases urease activity and prolongs the life of
the i noobi | iqed-iineased Mifeecdwaitvagebus|gne aprehesrepesippgdiment,

confi guration {nvolves  material's fchhesLayers-afsd shre ofibbRisar bent
phosphate particles coexist in one layer of the sorbent,

an optimal working environment is created for the
immobiiizéd urease as the zirconium phosphate particles
15 act as buffer to counteract any pH changes.
Advantageously, this increases wuresase activity and
prolongs the life of the immobilized urease. More
advantageously, as this specific configuration'involves
the combination of one or more materials in the layers of
20 the sorbent, the overall size of the sorbent is reduced
significantly. As a result, the portability of the
dialysis device 1is improved, thereby providing' greater
patient mobility. At the same time, the zircqnium
phosphate particles also act- as cation exchangers and

25 remove unwanted cations from the dialysate.
In one embodiment, the zirconium phosphate
particies provided have an average particle size of 25
microns to 100 microns. Advantageously, this specific
particle size range haé been found by the inventors o

30 increase the efficacy of the unwanted cation removal

capabilities of the zirconium phosphate particles.
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result, the portability of the roved, thereby providing greater sane tine,
the zirconium phosphate particles also act as cation exchangers
and 25renove unwanted cations fromthe dial ysate. In one

enbodi ment, the zirconi um phosphate particles provide er age
particl e "¢ AW¥855 nicrons to 100 nicrons. Advantagegﬁgﬁﬁﬁm?ﬂpgﬁspecific
particle size range has been found by the inventors to 30i ncrease the

ef fi cacy of the unwanted cation renoval capabilities of the zirconium
phosphate particles. WD 2009/ 157877PCT/ SG2009/ 000229 Wi | e
reasonabl e efforts .have_been_enpl oyed. e i.be iV Lments
of the present i%@ﬂ' i oA TEPPTTT bggﬁégﬁgeﬁgk%g F%gﬂpeggggggggFﬁgg in the
art 5 aftergdadiveg d4hevhoeagoengedisethos e, thichairesanicodsvenheen,
modi fi cations and_adaptations of the inventiqﬂlnax.gfegaq% thereLp. w t hout
departing frigm ¥he: spier i IPRHFEcop8 S RETTVention ahd 1t 15 i nt ended
that alt sucherymdi fegat hgnstigad adapidtigongisobesmi¢ hi nthatte seopeusf 10t he
appended clainms. alPinmg 1. A sorbent for renoving ,netabolic waste
product s frcﬁﬁ&?%ﬁ@ﬁﬂkﬁ%?ﬂq%ﬁﬁsd?PdtW€E§EFEéHPSC8ﬁpFP§iﬁ@vsngﬁ?ﬁa?§ylayer
of imobilizgd HLeEl G %R ty AAldNRY BBENFEI AT Eir6hes Hent st xedaniit h
cati on exchange particles, wherein the primary |ayer i S arrag ed thin

the scope -@friemt LBURM-1¢hatnheh 1A UBESIERE pRRsstré grop o the
10di al ySat e acrass fhe orianiy Layeh- i snslepsndent taant haisi 2eopd sai d
cation exchange particles. 2. The sorhent as clainmed in.claim1l1 further

conpri $dng aclecepmaded gerimel cati on exchange particles.

51



15: The Sorbent as claimed 'in .claim2, further conprisi n Zﬁéﬁ b@dz%
g

| ayer of anion exchange particles-interm xed with organl

absorber particles: 4. The norbent as claimed in claim 3 i 2910
secondary. | ayer .is di'sposed between said primary andsaid terti ary Iayer
5. The sorbent as 'clainmed in claim1l1, wherein said urema.

25toXin' -treating enzynme particles c_onvert. urea to ammoni um . car bonate
6. The sorbent ‘as clained in claimb5,. gdhegein said urenidtokin--treating
enzyne is Urease. 30 7. The sorbent as.clained in any .one of- the_
preceding clainms 1 or 2, wherein said cation exchange partlcl es' "are

zi rconi um phosphat eAp@arﬁoeutegor 3eBFing -RETSER0092800 ZZPAREER| VE| 22

April 2010 8. The sonbent As Gleai pRd Lohxhgl eam?zmwrﬂﬁgea NSty ATk -

exchange particles aré“zireoniumoxide particles-. 9. The sorbent as
claimed in clai m3,ofhemmsiildard oremt ct%’r?ﬁﬁﬁ?l%}'smﬁbsﬁ’rzé@? ﬁ&f"’ﬁ%lleés are

activated carbon partiek&s with. &Qcﬂ':lﬁeeﬁ@ﬁéz@atp@s:ﬁmwed in claim s,
wherein said urease 10is I nmobilized on at _l.east. one of cell ul 0se, nyI on,

pol ycapr.al act one and chVRSAF, tiﬁ? 'ﬁ?é‘méﬂbéﬁ]ferasl | & REFST nEHE :
‘wherein sai d zi r cQpipentOdu@a tﬁahytd{aau&nzuse,omhemp@esske:e 2op The e bent.
as clained in-.claim6, wherein said urease a Vel agf
particle*8ize iv i e RE3EEN FET8F f FEm T T to %0 é%ﬁl&%%tgns 013.
The sorbent as cl aisied oM sehidi cathon ehepwios B@rtdclzﬁr coni um phosphat e
particles have an average particle size in the range of from 10 mcrons to

1000 ricrons. -14. The sorbent as clainmed in claim-8 wherein said -
' 2. The sorbent as cla:.med in .claim' i further compr:LSLng a

_ seconciary layer of cation exchange partlcles
lS: il - - . . -
' 3. The sorbent -as: -claimed ‘in claim 2, further comprising a

tért'iary iayer of _é.'ﬁicn exchange  particles intermixed

with ofga_ni'c, .coquduzi‘ds absorber particles:.

20 - 4. The . s'orbent " as cla:Lmed in c'l'a.im 3, wherein- s&aid-
secondary layer is’ d.'LSpOSEd betwee.n sa:Ld pr:.mary and .
said tertlary_ layer. )

5. The sorbenmt as claimed in claim 1, vhérein said uremic
- 25 - 'tox:i..n'-treat-ing eﬁiyme pa.rticies' convert urea to "amm‘?ﬁiml_'l .

carbonate .

6. The éorben£ as -c:;l‘a‘imed in claim 5, wherein saiél uremic .

" toxin-treating enzyme is urease. '
30 ' ' |
N 7. The sorbent as claimed in any .one of the preceding
claims 1 or 2, wherein said cation exchange particles’

- are zirconium phosphate particles.
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25 zi rconi um oxi de. Testicles have particle size in the range O from 10
m.crons to 1000 mnicrons. 15. The sorbent as-clained in cl aPGTSG200HEI2A
said activated carbon particles have an average parti cl eRegéived 2258prils3048 i n
t he range,” of from 10 mcrons to 1000 merons. - | : 16. A sorbent: for
renoving Metabolic waste products from4 5dialysis liquid, the sorbent

conprising a layer hf cation exchange particles having an average particle
- Size it the range of 50 Mcrons_to 200 rn'cg‘r_ignsa_ herein sat aé”tO%r bent
for -renovi ng mefabdP cSWRAE FrofdBtET r'dima* T todn aT’yS| SR

sorbent conpri si NQgexclmnpe paryidiapesre af. redmimpbetidee dpaurinties. t oxi n- '

" -treating enzynme particles . interm xed with cation exchange particleés -;
and a Secondary |ayer of cati'dn exchange.particles. 15 18.The sorbent as
cl ai.red isn cl ai ;. 1The whretteinn &hechemPOnin :dréhahgeiparin ciads REFRIHEN

average-particle Slcczxgpc!lﬂndtshe absb 80 % rL0s10:CT QRS _t Qcé—ﬂ%@em CE&¥son

- particles.

.10. The sorbent -as claimed in claim 6, wherein said urease
10 . : is immobilized on at least one of cellulose, nylon, -

polycaprolaétone and chito"_.san.-'

All.The sorbent’ as ciaimed in c.laim- 8,  wherein said
. zirconium oxide is hydrous zirconium oxide. ‘
15 | | o
| : 1z. 'I‘he sorbent as claimed in claim 6, i wherein ‘said urease
'Dartlcles "have an average part:.cle size im in the range

of from 10 microns to 1000 microns.

20 13.The sorbent as claimed in claim 7, wherein ‘said
zirconium phosphate part:lcles have an average partlcle

 size im the range of fro_m 10 microns to 1000 microns.

14, 'I'he_ sorbent as claimed in claim 8, wherein said
'2'5 3 z:chomum oxlde part:.cles have part:.cle 'size in the

range of from 10 microns to 1000 microns.
15.The sorbemt as- claimed in claim ‘9, wherein ' said

activated carbon particles have an average particie

30
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2019. The sorbent as cl ai med in any one of claims. 1, 2,:
sai d cation exchange particles are ammoni a absorbers

sor bent as. cl ai ned

wat er .

s
inclains 1, 2, 17 or 18, wherein salg*FQFﬂ PEXC ange

particles conprises ions of a netal whose. phosphate is poorly soluble
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size in the range of from 10 micromns.to 1000 microns.

16.A sorpent £or removing metabollc waste products from a

.'d1a1y51s liquid, the sorbent ccmprlslng a layer of

cation exchange particles hav1ng an average 'Dartlcle

-s:Lze,:.n the range of 50 microns to 200 mlcrons.

17.A sorbent for remov1ng metabolic waste products from a

18.

_dlalys:Ls llqu::.d the sorbent comprising:

-a pr:.mary layer of J_mmoblllzed uremic toxin- treat:.ng.
enzyme pa.rtlcles lntermlxed with cation exchange
partlcles *; and

a secondary 1ayer of cation exchange partlcles

The sorbent as cla:.med in claim 17, where:.n the catlcn

._-' exchange partlcles “have. an average particle s:.ze :Ln the.

19.

_,range of 10- m:.crons to 1060 microns.

The sorbent as claimed in any one of claims 1, 2, "17 or -

'18', wherein sa:,d cat:.on exchange partlcles are ammonia

absorbers
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20.The sorbent as claimed in claims 1, 2, 17 or 18, wherein
said cation .ex'chai;g’e particles comprises ions of a metal

whose phosphate is poorly soluble in’ water.
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