A SORBENT FOR A DIALYSI S DEVI CE Technical Field The present invention
relates to a sorbent for use in a dialysis device. Background Kidneys are

vital orggpeeiistdye humans honeostasi s system Kidneys agt/saSo@d/ofibhyr al
filter in the body which renpve toxic netabolic wastes such as urea from

the bl ood. Kidney failure or malfunction may | ead to an accunul ati on of
toxins and to an i nbal anced eIectroI&te | evel in the blood, which may

result in undesirable repé SPRERNs ? BIRINEAR RS YR an i ndi vi dual ' s

health. In this regard, patients with inpaired kidney functionality wl|l
usual |y have to undergo dialysis for the renoval of toxic wastes in the
bl ood and for the restoration of tlIechyptaainlFiehd| of electrolytes in the
bl ood. For the past few years, . the predom nant faormof dialysis used for
pali ents vi th endiSEage Il HECALLO0ESROF o8 Hefoti SPYEPEL FSfodtaf ysi s
i nvol ves; the juse ofi ;aR s@xt RGAreor eal system for the renoval of toxins
directly fromthe patient's blood by passing a | arge anount of the
patient's blood through a filtering unit or dialyzer. In conventional
henodi al ysi s processes, patients nus pd..hqurs i mobilized throughout
the duration of the dialysis, encunb%??gg ?He patient's

Kidneys are vital organs of the humans homeostasis

system. Kidneys act as a natural filter in the body which

10 remove toxic metabolic wastes such as urea from the
blood. Kidney failure or malfunction may lead to an
accumulation of toxins and to an imbalanced electrolyte
level in the blood, which may result in undesirable
repercussions that are hazardous to an individual’s

15 health. In this regard, patients with impaired kidney
functionality will usually have to undergo dialysis for
the removal of toxic wastes in the blood and for the
restoration of the optimal level of electrolytes in the
blood.

20 For the past few years, the  predominant form of
dialysis used for patients with end-stage renal disease
(ESRD) is hemodialysis. Hemodialysis involves the use of
an extracorporeal syétem ‘for the removal of toxins
directly from the patient’s Dblood by passing a large

25 amount of the patient’s blood through a filtering unit or
dialyzer. In conventional hemodialysis processes,
patients must spend hours immobilized throughout the
duration of the dialysis, encumbering the patient’s
mobility. Another drawback of hemodialysis is the need to

30 utilize an anticoagulant during the treatment process,



nmobi lity. Another drawback of henodialysis is the need to utilize an

anti coagul ant during the treatnent process,which nay inevitably increase
the risk \9525@91‘35@' henorrhages . The other form of di §k¥)§ic§od§ﬁ)ﬁ&2;°r
patient wth Kidney failure is peritoneal dialysis, nost commonly applied
in the followi ng two techni ques: "continuous anbul atory peritoneal

di al ysis" (CAPD) and "autonated peritoneal dialysis" (APD) . In CAPD, fresh
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wher e, by rregg%o fhgi ffusion, netabolic waste and electrolytes in the blood
are exchange A CHE >di al ysate across the peritoneal nenbrane. To allow
sufficient diffusirae obthde eoeat rofyids land sretabdl ifomapbeiéntooditth the

dialysate is retained in the abdom nal (peritoneal), cavity for a couple of
hours bef or eXF€REVal TandUFepl 4Eendnttor the %Jp‘%ﬁ)lgjcﬁ’al y&itte) %“_EI‘FP’T%TY_esh
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in recent years. In APD, dialysis is performed at ni %ht ., or while

where, by means of diffusion, metabolic waste and
10 electrolytes in the blood are exchanged with the
dialysate across the peritoneal membrane. To allow

sufficient diffusion of the electrolytes and metabolic
waste to occur, the dialysate 1s retained 1in the
abdominal (peritoneal) cavity for a couple of hours
15 before removal and replacement (of the spent dialysate)
with fresh dialysate. Major drawbacks of continuous
ambulatory peritoneal dialysis are a low level of toxin
clearance, and the need to continuously replace the spent
dialysate, which can be arduous for the patient and
20 disruptive to his/her daily activities. _

To overcome the above-mentioned éroblems 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

still suffer from several drawbacks. For example,



the patient is resting. The dialysate is exchanged and repl aced
automatically. This allows for nore frequent changes of dialysate and

better toxopnoelgagzance with mnimal interruption to theppgisic8iivegodai |y
activities. However, all dialysis techniques described above still suffer

from several drawbacks. For exanple, henodialysis fails to renove
protein-bound toxins, while peritoneal dialysis entails a significant |oss
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device. In addition, Lhe flaw systemof known fegencraling neme- diglysi s
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alternative forms of these devices proposed for use in peritoneal dialysis,
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to be ihmprovedten too large to be portable and therefore do not

improve a patients’ mobility. Such devices are also

cumbersome due to the bulky nature of the sorbent used to

ensure adeqguate removal of the toxins, which 1is a

requirement resulting from the intermittent use of the

15 device. In addition, the flow system of known

regenerating hemo-dialysis devices requires a plurality

of pumps, which in turn undesirably increases the overall

size, weight and power consumption of the device. 1In

-alternative forms of these devices proposed for use in

20 peritoneal dialysis, the portability of the automated

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 of the

regenerating unit is the significant lowering of the

25 efficacy of toxin removal by the regenerating unit or

sorbent, which eventually 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 1light and have high efficacy in



by reducing the size of the regenerating units. However, the trade-off for
the reduction in size of the regenerating unit is the significant |owering

of the efyWwboasyised7t oxi n renoval by the regenerating unipbr®G2609/00&36, Which
eventual |y conprom ses the patients' well being. There is a need to provide

a dialysis device that overcones or at |east aneliorates one or nore of the
di sadvant ages descri bed above. Such a device should be gortable relatively
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there is provided sorbent for, renoving met.abol i St roducts froma
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toxin-treating enzyne particles intermxed with cation exchange particles.

I n one enbodi ment, the cation exchange particles are amoni a absorbers. The
cation exchange particles nay al so conprise ions of a nmetal whose phosphate
is poorly soluble in water. gp L? ke is provided a sorbent
for renoving nmetabolic maste pro ucts fron1a %n sis liquid, the sorbent
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sorbent for removing metabolic waste products from a
10 dialysis liquid, the sorbent comprising a layer of
immobilized  uremic toxin-treating enzyme particles
intermixed with cation exchange ©particles. In one
embodiment, the cation exchange particles are ammonia
absorbers. The cation exchange particles may also
15 comprise ions of a metal whose phosphate 1s poorly
soluble in water. In one embodiment, there is provided a
sorbent for removing metabolic waste products from a
dialysis 1liquid, the sorbent comprising a layer of
covalently immobilized uremic toxin-treating enzyme
20 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 enzyme particles
25 enhances the workability of the uremic toxin-treating
enzyme particles and prevents clogging of the cartridge
by unwanted precipitation within the dialysate. The
cation exchange particles not only remove unwanted
cations, but also serve as a buffer to establish a
30 relatively constant pH range for the enzymatic reaction

of the uremic toxin-treating enzyme. Furthermore, the



particles interm xed with a water insoluble ammoni a absorbent, such as

cation exchange particles. Advantageously, the presence in

a single
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contributes to the bulkiness of these systems and impairs
their biocompatibility.

In one embodiment, the sorbent of the first aspect
may be preceded by a layer of organic compound absorber
particles, or an organic compound absorber pad.
Advantageously, this layer removes enzyme inhibiting
substances, thus maintaining the activity and stability
of the uremic toxin-treating enzyme. In another
embodiment, the sorbent of the first aspect further
comprises a layer of cation exchange particies. In one
embodiment, the cation exchange particles are ammonia
absorbers. The cation exchange particles may also
comprise ions of a metal whose phosphate 1is poorly
soluble in water. Advantageously, this layer ensures that
any unwanted cations that have escaped from the layer of
intermixture of cation exchange particles and immobilized

uremic toxin-treating enzyme particles, are removed. In

.another embodiment, the disclosed sorbent may further

30

comprise a layer of anion exchange particles intermixed
with organic compound absorbent particles. The presence
of the two layers of intermixtures reduces the overall

size and height of the sorbent, facilitates the sorbent



substances, thus maintaining the activity and stability of the uremc
toxin-treating enzyne. In another enbodinent, the sorbent of the first

aspect fq&bgﬁﬂvggﬁprises a layer of cation exchange parbi-gl@Saoolobo95€
enbodi ment, the cation exchange particles are anmoni a absorbers. e cation

exchange particles may al so conprise ions of a netal whose phosphate is
poorly soluble in water. Advantageously, this |ayer ensures that any
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exchange part.cl and. | ili urem ¢ toxin eaty ridcles,
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removed by the sorbent. cording to a sec ct, there"is provided a
sorbent for sembenhng fet ahcdney Wast engiradiicitcs Wweemea drabysiks | fgond,a t he

sorbent conprising a |ayer of cation exchan%e particles, having an average
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i0 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
absorbers. The cation exchange ©particles may also
comprise ions of a metal whose phosphate 1s poorly
15 soluble in water. In one embodiment, there is provided a
sorbent for removing metabolic waste products from a
dialysis liquid, 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-insoluble
metal phosphate in protonated and/or sodium counter-ion
form, the cation exchange particles 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,
acetate, 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



enbodi ment, the cation exchange particles are anmoni a absorbers. The cation
exchange particles nay al so conprise ions of a netal whose phosphate is

poorly sqlgbl /45987\9/ater. I n one enbodi nent, there is prg&irg@;%@mg phent for

removi ng netabolic waste products froma dialysis |iqui the sorbent
conprising covalently immobilized uremc toxin-treating enzyne particl es,
the particles having an average particle size in the range of 10 to 1000
m crons. Theosgebéwt maprpunthezbeenpef swauhishicss abayibiongaparavetase such

as cation exchange.part.icle risi of. an r-phqus ter-insol.uble
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counter-ion form the anion exchange particles having an average particle
size of 10 mocwans a cogg crlorsrbdhepsot behesmay ehlivhemmemmss sEog gani ¢
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rennvah@ Whih%vantageously, the dialysate that has passed through the
sorbent may be essentially free of any unwanted ions and
metabolic waste products.
According to a third aspect, there 1is provided a
sorbent for removing metabolic waste products from a
15 dialysis liguid, 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 to 1000 microns; and
a tertiary layer and quaternary layer, at least one
of said layers comprising anion exchange particles while
the other layer comprising organic compound absorber
particles. In one embodiment, the cation exchange
25 particles are ammonia absorbers. The cation exchange
particles may also comprise 1ons of a metal whose
phosphate is poofly soluble in water.
In one embodiment, there is provided alsorbent for
removing metabolic waste products from a dialysis liquid,

30 the sorbent comprising:



allowing for a favorably |ow flow resistance and m ninmal solubility of the
respective sorbent materials. Advantageously, the dialysate that has passed

t hrough t\g w@Rept may be essentially free of any unmg&@%&%ﬁ,o@ﬁg
; .

nmet abol i ¢ waste products. According to a third aspect, ere 1's provided a
sorbent for renoving nmetabolic waste products froma dialysis liquid, the
sorbent conprising: a primary |ayer of inmmobilized uremc toxin-treating
enzyme particles 2 apddordar ylayger of cQEPSR1EXCITNPOUTST t iaRIX PG ng an

aver age partigcélr%i ilze% ior} t eOrr%rglglca_-LcofcOt %o@n%f %%é%i%%g%ﬁrq crons; and a

tertiary layer and quatérnary l-ayer, at 1 east one dyers conprising
ani on exchange parti cleermhidye tlheeot herf | ayerokcidnprdsi ngreawigani teoxciampound
absorber particles. In one enbodinent, the cation exchange particles are
anmoni a absort&as 1 h&NETiCo P tciTaiide ‘particl es may al so conprise ions of

a netal gwhose phogphats i RP0r] yyspl ubke RtYAhLEr exddhoRR eg@&euireelrgs
there is provided a sorbent for renoving netabolic waste products froma
di al ysi s |i quicghpriilsé ngor beht conpr igiorgphausni mavyteayensot ubtganinsttohpound
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ayer of i Mobi |pze(§ urem oXintreatrng enzyne particles;
the cation exchange particles having an average particle
size in the range of 10 microns to 1000 microns; and
10 a quaternary layer and quinary layer, at least one
of said layers comprising anion exchange particles
comprising of an amorphous and partly hydrated, water-
insoluble metal oxide in i1ts hydroxide-, carbonate-,
acetate-, and/or lactate- counter-ion form, the anion
15 .exchange particles having an average particle size of 10
microns to 1000 microns while the other layer comprising
organic compound absorber particles having an average
particle size of 10 to 1000 microns.
In another embodiment, there is provided a sorbent
20 for removing metabolic waste products from a dialysis
liquid, the sorbent comprising:
a primary layer of immobilized uremic toxin-treating
enzyme particles ;
a secondary layer 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 to 1000
microns; ‘
a tertiary layer of anion exchange particles; and
30 a quaternary layer of organic compounds absorber

particles.



a tertiary layer of cation exchange particles conprising of an anorphous,
wat er -i nsol ubl e netal phosphate in protonated- and/or sodi um counter-ion

form theypabizrenchange particles having an average patiriseh6omo@ei n the
range of 10 mcrons to 1000 mcrons; and a quaternary |ayer and quinary

| ayer, at |east one of said |ayers conprising ani on exchange particles
conpri sing of an anorphous and partly hydrated, waterinsol uble netal oxide
in its hydroxide- I"caimie- SMaeetBERl; ARGLSr I cPEPELIARBURt eTTRFTY or m
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to 1000 m crons e thé other |ayer conpri’sing organi c conpound “absor ber
particl es haviimgian daher agebpartt icoiwrsiszeegsf 10 to 1000 microns. | n another

enbodi nent, there is pr.ovided Jglasorben for renoving net agiol i cq%/a te
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particle size.,in. thy regﬁ%eotpa]r%irgl%rsor}s to 1000 microns; a tertiary layer
of ani on exchange particles; "and a quaternary |ayer of organic conpounds
absor ber a tertiary layer of cation exchange particles
comprising of an amorphous, water-insoluble metal
10 phosphate in protonated- and/or sodium counter-ion form,
the cation exchange particles having an average particle
size in the range of 10 microns to 1000 microns;
a quaternary layer of anion exchange particles; and
a qguinary layer of organic compounds absorber
15 particles.

In another embodiment, there is provided a sorbent
for removing metabolic waste products from a dialysis
liquid, the sorbent comprising:

a primary layer of organic compound absorbing

20 particles or an organic compound absorbing pad ;

a secondary layer of immobilized wuremic toxin-
treating enzyme particles intermixed with cation exchange
particles ;

a tertiary layer of <cation exchange particles

25 intermixed with anion exchange particles ; and

a gquaternary layer of organic compound absorber
particles

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

30 liguid, the sorbent comprising:



particles.ln another enbodi nent, there is provided a sorbent for renoving
net abol i ¢ waste products froma dialysis liquid, the sorbent conprising: a

primary |\@§%0 fs7¢%0ani ¢ conpound absorbent particles ObcRREQEBADS0
conpound absorbent pad a secondary |ayer of inmmobilized uremc

toxintreating enzynme particles ; a tertiary layer of cation exchange
particles conprising of an anorphous, water-insoluble nmetal phosphate in
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In another embodiment, there is provided a sorbent

for removing metabolic waste products from a dialysis
10 ligquid, the sorbent comprising:

a pfimary layer of organic compound absorbing
particles ;

a secondary layer of immobilized wuremic toxin-
treating enzyme particles intermixed with cation exchange

15 particles and anion exchange particles.

In another embodiment, there is provided a sorbent
for removing metabolic waste products from a dialysis
liquid, the sorbent comprising:

immobilized uremic toxin-treating enzyme particles

20 intermixed with cation exchange particles, anion exchange

particles, and organic compound absorbing particles.

Definitions
25 The following words and terms used herein shall have
the meaning indicated:
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



particles . In another enbodinent, there is provided a sorbent for renoving
met abol i c waste products froma dialysis liquid, the sorbent conprising:a

primary |\ayshodfs@59ani ¢ conpound absorbing particles o
conpound absorbing pad ; a secondary |ayer of IﬁﬁDbI|IZgg%§P%ﬁ?%ﬁ&ﬁ9

toxintreating enzyme particles interm xed with cation exchange particles
and ani on exchange partlcles , a tertiary layer of org ni c

onpound
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conprising: a primary layer of organic conpound absorbing particles ; a
secondary | apeesehti imobhéi kedaor Aty . toxintreating enzyme particles

interm xed with cation_exchange particl s"and ani,on e qngggg t| I n
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particles, afPBAtékERBR§e pHithéPes? afldadr§aricc ééﬁﬁouﬁﬂxhbé¥ﬁQﬁﬁé}

particles. Dgtipicthons, ThenbA! hiing, wonds .andi eape used Masei neshald have

removed in a dialysate detoxification process. Typical
contaminants include, but are not limited to ammonium,
10 phosphates, urea, creatinine and uric acid.

The term "cation exchange particles" as used herein
refers to particles capable of capturing or immobilizing
cationic or positively charged species when contacted
with such species, typically by passing a solution of the

15 positively charged species over the surface of the
particles.

The term "anion exchange particles" as used herein
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 or 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 there will be some particles above and some particles

below the specified size. The peak in the distribution of

11



t he meaning indicated: The term "sorbent"” as used herein broadly refers to
a class of materials characterized by their ability to absorb the desired

matt er ofw'b%@gr/g%WThe term "non-toxic" as used _herei n @%&%@069%0&29
substance that causes little to no adverse reactions when present 1n the

human body. The term "contam nants"” in the context of this specification,
nmeans any constituents,_t{pically toxic constituents, within a dialysate
that are genBRAELgLRAr WEdH teveurarshRGHfHeandlahi chhife dosi A% be

removed in a;di ghysalee A OXphi-eatian PIOCess. ofy Bl £alo£ONt BRLABNLA 11
i nclude, but are not Iimted to ammoni um phosphates, urea, creatinine and
uric acid. Theiter poheatdaort iecrange ggardrel £g¥gas asdd shereipantefdress t o

particles capable of capturjing or i bil.izing cationjc or positivel
char ged specggécmhéﬁecdﬁW%EV%% EP?%ngﬁcﬁu§H§Hg%s%”f5p %3IP988§|6§§§Vﬁ© a
sol utiog of phe dpsi phyekyi1ebar gad speqies ovel thesuptaecerablyheos,

particles . The term "anion exchange particles" as used herein refers to
particl es capablebsf atapparicranei eilimeli MiFNeF SafiNofilg orregafiardt i

charged speclgs When GaNtaghed Wb UGRSRAGhepe bYPLARL DY passing a

sol ution of € negaflvely charg species over the surface of the

particles . The tehm "daracohpagerndeditas asedisker eieraief ersfeéns to the
action of detoxifying dialysate by absorption of uremic

10 toxins.

The term "reconstitute" as used herein refers to the
action of converting regenerated dialysate to essentially
the same state and chemical . composition as fresh
peritoneal dialysate prior to dialysis.

15 The word “substantially” does not exclude
“completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

20 Unless specified otherwise, the terms "comprising"
and "comprise", and grammatical variants thereof, 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,

o

typically means +/- 5 of the stated value, more
typically +/- 4% of the stated value, more typically +/-
3% of the stated value, more typically, +/- 2% of the

30 stated value, even more typically +/- 1% of the stated
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the property of a material that does not cause adverse biol ogical reactions
to the human or animal body. The term"particle size" refers to the

di amet er Wo wevisygbent di aneter of the particle. The tepgpsgsqopgeparticle
size" neans that a mmjor anmount of the particles will be close to the

specified particle size although there will be sonme particles above and
sone particles below the specified size. The peak in _the distribution

of particl es WRfMeha\dd SHERI fIURE styBICTALY, o 8xampldE thRet idahRdt age
particle sizg_ 550 mcrons, there will exist sone particles which are

| arger and sone particles which are smaller than 50 m crons, but the major
amount of the par Theoeghoprteftgriabl i 802 smne e peefeiablepb@oiyuenitls] ey at

approxi mately 50 .m crons,in size and eak in_the distribution of
particles wi ﬁe 5 orﬁeéjr offs. THE E& %dpﬁ"?gce‘ng%t Ehogzdu &d uH'ie‘i]eeriSntc?oe ers
to the actionnhak dehexi f¥kRgigiabysats byaa§sor pbima: of iyr e et pxiMss The
term"reconstitute" as used herein refers to the action of converting

regener at ed §CANFEAEECEO 28k OTEVAILYY arite shive S ttte DhF YR as an
" Substant |l Ei 8000 Rt “Sder ade Teon el By 678" & cormeei (L on Which i

npl etely" e.g. a conmposition which is

"subst anti al kyniyeee" Afclc@m‘irmiw,be:k@orquatrempﬁqm@ﬁ reomavige \MEJ_'Lel_d .be
Pﬁge?ﬁSE%iigggngg%%r;%Ubﬁagnt gbéy"éB@éf%iégTﬁ}eqdiégféégg d%ﬁ&“'ﬁhﬁ? of

10 possible sub-ranges as well as individual numerical

values within that range. For example, description of a

range such as from 1 to 6 should be considered to have

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 individual 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
a dialysis device will now be disclosed. The sorbent may
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 of immobilized uremic toxin-treating enéyme
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
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Unl ess specified otherwise, the terns "conprising" and "conprise", and
grammatical variants thereof, are intended to represent "open" or

"i ncl usi WO 2be@uege such that they include recited el epefisg2idioodhs O
permt inclusion of additional, unrecited elenents. A s used herein, the

term"about", in the context of concentrations of conponents of the
formul ations, typically neans +/- 5%of the stated value, nore typically
+/ - 4% of thelseabedsval vd® nofetigpi c&GPaRde 3BBFEIREESt aFdd vaAWR® nore

typically, +Lon2%Qk theystated yalye eveponie tydigaldy Hs 1hnh fhe
st at edval ue, and even nore typically +/- 0.5% of the 'stated val ue .
Thr oughout t sicdudilscl dsur ewatert ai Anentodi neetisodayehe, di sbkosebriberd range

format. It should.b tood that the description i for.mat_ i
roraly for CORVERSRGe S BrodTey. nd-RGULE D RE-LORA ligd e Y

inflexible | it atkbeniaryt heageepe ofihéheidi schosesk y angesl yAacordivigl v,
t he description of a range shoul d be considered to have specifically,
di scl osed al Pasgespdserbise isubrigRges layareltc &iichdisktdedly Mansy cale

val ues wi thin_that rapgg. for; exanpl ey, desgri-RinaR 0f 18.Lange suchhas. from
1 to 6 shoul ablé c%ns?ge?gg t'o have S|onec;g |(::Lal l'y gi sc?gged sub-rangess,c such
as from 1l tocdmpolundmabsoabér, ravomlbat @b indlomd? itno the, sforbmr2 .to 6 ,

from3 to 6 etc., _.as well _as ind'viddual nu rs vvitkklji htthat range, for
exanple, 1, 2, §D1 En9t§eF afnges }mﬁﬂtg agplS esoroen comprises a

10 primary layer of immobilized uremic toxin-treating enzyme
particles; a secondary layer of cation exchange
particles, said cation exchange particles comprising ions
of a metal whose phosphate is poorly soluble in water; a
tertiary layer and quaternary layer, wherein said

15 tertiary layer and quaternary layers are respectively a
layer of anion exchange particles and a layer of organic
compound absorber particles, or vice versa. An additional
layer of organic compound absorber may also be included
in the sorbent.

20 In one 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 layer,

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

30 quaternary layer.

14



regardl ess of the breadth of the range. Detail ed D sclosure of Enbodi nents
Exenpl ary, non-limting enbodi nents of a sorbent for a dialysis device wll
now be digglH 0@,?,@7 The sorbent may be capable of renovin ste,
such as urea, oerlthe fluid in contact with said sor be%%j%{(%&%h)b&zw
enbodi ment, the sorbent conprises a primary |ayer of inmmobilized uremc

t oxi n- treatl ng enzyne particles intermxed with cation exchange particles;

a secondary |ayer Lof %@tl@ﬁb%@(@m@e Ehfét ISOESNta PP ¥ £F2§ apy RTaYETL Yof

ani on exchan rtiele Lrm o bsorb
particles. 9 %g e dﬁr#aan{ C’rtr(f)eé?n g\t{\‘ALl on g%g?glﬁéé ??Q?jg%gar(gf Pad,

anmoni aabsorlﬁe&$ow$lﬁe bat | on sxchadgey pardy et es:ﬁrammioe:alcnmmil sedardres of a

nmet al whose phosphate is oorl%yqsol ubl e | wat.er. I n one enbodi ment,. the

sorbent conpFP¥ed theaseBanddr eay@?erEl 8S bt WSS Pt hr Vg2
tertiary lay%éorw@ﬁr;elﬁaawlw@s dprysikg fLat dopasseshddam srird Rnidmry

| ayer to said tertiary Tayer via said secondary |ayer. An additional |ayer
of organic comymmélabsorcb%r ?dy ab®orbboirael udfefi)t@l?rm}%oklmb%nt metgpl
anot her enbod the sorb nt )rise p f . ipmhili.zed
urem ¢ toxin? Peg |ng enzf etpar 35 esang/<'§lfec%!r>1§%f1 géé%egf l((:Dat orjn{
exchange parti ¢lesiasd dGald aif exahanye Pasdrioies perpiciesy isons efs a

nmet al whose phosphate is poorly soluble in water; a tertl ary | a Ly and
quat er nary |g?égonmh%¥%@%n%%|&artlcles comprising of amorphous,
10 water-insoluble metal phosphate in protonated- and/or

sodium counter-ion form; and a quaternary layer of anion

exchange particles comprising of an amorphous and partly

hydrated, water-insoluble metal oxide in its hydroxide-,

carbonate—,bacetate—, and/or lactate- counter-ion form,
15 intermixed with organic compounds absorber particles.

In one embodiment, the sorbent comprises the
secondary layer bound between the primary and tertiary
layers and the tertiary layer bound between the secondary
and quaternary layers, wherein in use, dialysis fluid

20 passes from said primary layer to said quaternary layer
via said secondary and tertiary layers.

In another embodiment, the sorbent comprises a
primary layer of organic molecule absorber particles or
pad, a secondary layer of immobilized wuremic toxin-

25 treating enzyme particles; a tertiary layer of cation
exchange particles comprising of an amorphous, water-
insoluble metal phosphate in protonated- and/or sodium
counter-ion form; a quaternary layer and quinary layer,
wherein said quaternary layer and gquinary layers are

30 respectively a layer of anion exchange particles

comprising of an amorphous and partly hydrated, water-

15



tertiary layer and quaternary |ayers are respectively a layer of anion

exchange particles and a | ayer of organi c conpound absorber

particles, or

Vi ce verggozﬁﬁvg%ggtional | ayer of organic conpound abs?ﬁ?@&n&@Xm@h?ﬁebe

included int
primary |layer bound to the secondary |ayer, the secondary |
the tertiary layer and the tertiary |ayer bound to the quat

e sorbent . In one enbodi nent, the sorbent conprises

ayer bound to
ernary | ayer

wherein in ud@sodiblgsi Befpbi dopaslesitr oht Sailty Praeds | ay@rhats o

secondary | ayer. JtLom sgig secondarye L aysnote s tash ary

said tertiary Tayer fo sai'd quaternary l[ayer. A " one erfbo

n&age@aigp from

Iment, t

secondary | apér orgadiispasagohetinveesosaied prirtecy eand czaivd deertararay. | ayer
and said tertiary_| ayer is disposed between_ said secondg%y | ayer and said
£

quaternary | ayer. 'R SRE ERBGEMRERL, ThE SOFBERT SORPNIS

iy Ay er

of orgamic ceapRYNGARRIOIRer tRar bkebesia®y Pathief 0l tR¥edcbYndassconday
| ayer of inmmobilized urem c toxin-treating enzynme particles internmxed with
anmoni a absobbiing par tihe deudraslawet ontkRchangeapir tieyeds beomst itst ng of

h ter-i | .ubl I ' = di
count or i on FoPmIE ARty R AEE: B anmonra b2t ng birt i CPEnt OZh s

cation exchange parntiaclyes sg@amr ivdidreial am aser phauad yswat €rluins gladdes et a
phosphat e in _protonated- and/ or sodiumcounter-ion form aTd a qu%gernary

| ayer of ani épom said primary layer to sald secondary

10 said secondary layer to said tertiary layer,

ayer, rom

from said

tertiary layer to said quaternary layer, and from said

quaternary layer to said gquinary layer. In one

embodiment, the secondary layer is disposed between said

primary and said tertiary layer, said tertiary layer is

15 disposed between said secondary layer and said

quaternary

layer, and said quaternary layer is disposed between said

tertiary and said quinary layer.

The uremic toxin-treating enzyme particles may be

capable of converting urea to ammonium carbonate. In one

20

25

30

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
can be absorbed by a sorbent. Preferably, the material is
able to convert 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

and combinations thereof. In one embodiment, the ions of
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exchange particles conprising of an anorphous and partly hydrated,
wat er-i nsoluble nmetal oxide in its hydroxide-, carbonate-, acetate-, and/or

| act at e- WweUGkkIs7¢7®N form interm xed with organi c conpedhee 26RmesRe"
particles. In one enbodi ment, the sorbent conprises the secondary | ayer

bound between the primary and tertiary layers and the tertiary |ayer bound
bet ween the secondary and quaternary |ayers, wherein in use, dialysis fluid
passes from Saitetr} nPPSrayRoIRNEF d 1§uRW MY y SPAYELevilh sHR8SEecthdary
and tertiary,Layers. | n another enbodinent, the sorbent conprises a prinmary
| ayer of organic nolecul e absorber particles or pad, a secondary |ayer of

i mobi |i zed urem &nt conat reedodigestzymehpardatdlaes; eachengear yd @yierl axf
cation exchang%ggarticles conprisin anor phous, , wat er.i nsol ubl e et al

of
phosphate in€ df&Ced- °hnd/ BF so %ﬂ?%%ﬁﬁter- BrEForh O R tRt e | ayer

and qui mary bayephawherie nssdshauader aadyotayetiand cdbinRamy- iloay efsrmar e
respectively a | ayer of anion exchange particles conprising of an anorphous
and partly hybezeés, wceriniciubleayretde ofRPdectadi t STRydr dXisde-group

car bonat e- , %8?1%%‘%%96‘”0”0%' 'a&fg%sr?iurﬁ})“_”t CLrEOAiLAr M 8¢ A hayer,,of

or gani ¢ conpound absorber partic or’ vice versa. [n one enbodi nent, the
sor bent conprobsesintheopsi nagyréayer oundet cerhihed Secondarahe ayetalt hies
secondary | ayer bound to the tertiary layer, the tertiary |ayer bound to

t he quat er nafyrF&¥feM™and the quaternary |ayer bound to

10 Poorly soluble phosphates are to be understocod here
as phosphates having a solubility not higher than 10 mg/1l
in water. Preferably, the cation exchange particles are
zirconium phosphate particles.

Thé anion exchange particles may comprise 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, hafnium 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' diatomaceous
earth. The organic compounds absorber particles may be
activated carbon particles. In one embodiment, the
organic compound absorber in the primary layer 1is an

30 activated carbon filter pad. In another embodiment, the
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the quinary layer, wherein in use, dialysis fluid passes fromsaid primry
| ayer to said secondary |ayer, fromsaid secondary |layer to said tertiary

| ayer, frRoe@@dmertiary layer to said quaternary | ayepcrgedodofogstsai d
guaternary layer to said quinary layer. In one enbodi nent, the secondary

| ayer i s disposed between said primary and said tertiary |ayer, said
tertiary layer is disposed between said secondary |ayer and said quaternary
| ayer, and sardagust ecomppungy eabiseiiedposediydtsAgen adiiyvatead i &13rRa sai d
qui nary | ayer .ar'[h%l%rserri c toxin-treating enzyne particles nay be capabl e of
converting uPé4 "t 0 amioni um carbonate. I'n one enbodi ment the urenic

toxi n-treati ng enzTwee urgade maastbeonemolbilriease, unddseasdsndicyest indnase .

In a preferred enbodinent, the urem c toxin-treating enz is.urease. In
one enbodi meRE, THERIrEFES ndy BBYr &R RPNy W‘gFEFFéEtI"i’ Shs GHte to

convert sur eapt @ RLHRAUGHSH halz £anperabsenked, ya & sgsbenticbr efiar allly, the
material is able to convert urea to ammoni um carbonate. | n one enbodi ment,

the ions of amierdmentiose thitosph@rernts pedrEniadol uld e 8 n dirampatelhons of
net al s selecte%fromthe gup pf titaniu zir Lum - haf ni. ym
combi nati ons St grtégﬁe'l n gh% e 68%%%%1%8 i oﬁggéggg%reta é#hogggphoasphate
is poorly sokubbenhiydiradiebaisedzi rpobyier, | n ane erbediicent polheeeat i an
exchanger particles conprises of an anorphous, water-insqluble netal,
polyamide, a polyester, or an inorganic polymeric
10 material. The biocompatible substrate may be a homogenous
substrate made up of one material or a composite
substrate made up of at least two materials. The

biocompatible substrate may be at least one of cellulose,

Eupergit, silicium dioxide (e.g. silica gel), =zirconium
15 phosphate, zirconium oxide, nylon, polycaprolactone and
chitosan. '

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

20 consisting of glutaric aldehyde activation, activation
with epoxy groups, epichlorohydrin activation,
bromoacetic acid activation, cyanogen bromide activation,
thiol activation, and N-hydroxysuccinimide and diimide

amide coupling. The immobilization techniques used may

25 also involve the use of silane-based linkers such as (3-
aminopropyl)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 polyethyleneglycol, and with suitable linker- and
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phosphate in protonated- and/or sodiumcounter-ion form wherein the netal
may be selected fromthe group consisting of titanium zirconium hafnium
and conbiwghieisgsdhereof. I n one enbodi nent, the metal ipgrEGREPRIY Poorly
sol ubl e phosphates are to be understood here as phosphates having a
solubility not higher than 10 ng/1 in water. Preferably, the cation
exchange particles are zirconium phosphate particles. The ani on exchange
particles magtebapicss ofMmareAMRHhoasCcANnd gsar t Yhwieradeaningt er di-fsol ubl e

netal oxide in_jt i de-, [ -, acet - r._l actat e-
counter-ion ?g?héﬁﬁﬂégégé’the %@?ggqgg%%gé’sele%%§5 F?%%&tagcgroup%nd
consi sting otrkhkhabsem Uzkeacenicam bealiBedmiangucdmbicdatficans tdrerieofchd n one

enbodi nent, the metal is zirconium The ani on_exchange aéticles be
zi rconi um oxt8&Mpdth | EFEEe PRSI 9T R KanPaA"8x 5@ par tsiuc}lt@ e

hydr ous 5zi r cgpidBL0xLde-parti cl es. The organi c conpounds absorber nmay be
sel ected fromthe group consisting, anongst others, of activated carbons,
mol ecul ar si eves, Izeodbie escrrtdientonaddeususarsh. TaLtHEHARI ATOIPEINds

cbsorber par Lk esamys E a6l Aad 5B DO Pl by |00, sl Tt
filter pad. hacanetheb apbodi MOV, mtikeohganiadomanmownchiahsorsber eimud ses
activated carbon , ,
900 microns, about 200 microns to about 900 microns,
10 about 300 microns to about 800 microns, about 400 microns
to about 700, 500 microns to about 600 microns, about 25
microns to about 250 microns, about 25 microns to about
100 microns, about 250 microns to about 500 microns,
about 250 microns to about 1000 microns, about 125
15 microns to about 200 microns, about 150 microns to about
200 microns, about 100 microns to about 175 microns, and
about 100 microns to about 150 microns.

In one embodiment, 1000 toc 10000 units of urease are
immobilized on said biocompatible substrate. The overall

20 weight of immobilized urease and the substrate ranges
from about 0.5 g to about 30 g.

In one embodiment, the urease may be replaced by any
material that 1is able to convert urea to a non-toxic
compound. Preferably, the material 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 900 microns,

30 about 300 microns to about 800 microns, about 400 microns

to about 700, 500 microns to about 600 microns, about 25

19



particles . The urease may be inmobilized urease. The urease may be
i mobi | i zed on any known support material, which can provide immbilization

for the uyeas®/ B cles. I n one enbodi ment, the supporpciRi8hdopboié a
bi oconpati bl e substrate. The bioconpatible material may be a

carbohydr at e- based pol yner, an organi c polymer, a polyanide, a polyester,
or an inorganic polyneric material. The bioconpatible substrate may be a
honogenous sdBstease tvadd A0 Qriel weers i f 6FOR @berpdsilde mipIsate® nade

up of at 'ea%to oo ’?6%1?&&5%% by 0¢ OXI%&P' éss%ﬁséﬁfoe}ie E@yf%%u%t g gast

one of cellul0se, u er Sstlici um e (e Zirconi um

phosphat e, zm@@l@mmdmﬁeom ngbout pal yroaﬁmisactt@neb@mﬂ 6hi trasans mmwne

enbodi ment, the immbilization of urease on ths bi oconpati bl e substrate is
e

carried out By Mmolut 24 i idehniquakodkl el eBIFEBRTt RE Jrrolih FUMET sti ng

of glutaric abdehyderggti viad i Qo RCT bYBL I RN YA, EROXY FGBAUPShout 150
epi chl orohydrin activation, bronpacetic acid activation, cyanogen bromi de

activation, mhlco“lonacttm/aab@m’; and mw@mxymcfmm decnhd 180i mider e de
coupl i ng. Th%lol myobi. | | in?in technl gues_use t he use. of

: bolit c ? O micr%hgeto bo
si | ane- based AKErS su as Ji%n ‘ami nopr opy 53 PI’I et oxysilane, 33
gl yci dyl oxypnepy! hitrbfet hexysit@ne aout3- 150 microns to about 500

microns, or from about 250 microns to about 1000 microns.

10 The zirconium phosphate particles may be immobilized

on any known support material, which can provide

immobilization for the zirconium phosphate particles. In

one embodiment, the support material is a biocompatible

substrate. In one embodiment, the immobilization of the

15 zirconium phosphate particles is a physical compaction of

the particles into a predetermined volume. In one

- embodiment, the immobilization of the zirconium phosphate

particles is achieved by sintering zirconium phosphate,

or a mixture of 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 of 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 absorb

ammonium ions and other cations. Preferably, the

20



mer capt opropyl ) trimethoxysilane. The surface of the bioconpatible
substrate nmay be further functionalized with a reactive and/or stabilizing

| ayer sucRoasowiergszan or pol yet hyl enegl ycol, and wi th sgictrglgheolobsdser -
andstabi |l i zer nol ecul es such as ethylenedlanlne 1, 6- di am nohexane,

thi ogl ycerol, mercaptoethanol and trehal ose. Urease can be used in purified

form or in the formof crude extract of Jack Beans or other suitable
urease sour c®SIYF1Fe FboBPAENIEC tHeSAFRaSE TPANS cPebeRbse éﬁoﬁvéﬁﬁbe

particle size./j th@orﬁ@?ﬂ&ﬁ’ L absut, rr%&;rmu%{ ONg,§0; gRoULy, ke r ONS,

about 100 m cron m crons, Jo mcrons’'to about 900
m crons, aboubdaﬁmlmm@r@m&a@@1abouﬂh&oammqnmanabSﬂﬂhﬁnuuﬁhnnxnkﬁs nay about

700, 500 mi t 0 ,about .600 baut 25 to about 250
i of ons,aboit 95 R ER0fs {00 aBHT: £30 ey th & RUB S50 i e POHE S 8 Bbour

500 m crsons, fRROULL2SLLEH Cr@isorturabadh s1080d M &dans, cakawinsl251A1 cswas to
about 200 mi crons, about 150 m crons to about 200 m crons, about 100

mcrons to aEBROILTEIF,crohs, Eﬁﬁﬁ”ﬁﬁbu?bﬁggbﬁﬂéro%%s@of%%ﬁﬁ@‘&%b APcradns.
I n one enbodi B 1q9g:to ;QQQQlyﬁ?ﬁgeof ur 4§ ?HDbE|&Zqu&§é§§Id
a I mmobi | Tze

bloconpatlble substrate. The over ight o d urease and the
substrate ram@estﬁ©@n1about 0.5 g to about 30 g . In one enbodi nent, the
urease may be replaced by anymmterigl thatl, i bl g (o comvert, uga g, a
non-t oxi c

10 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 900 microns, about
300 microns to about 800 microns, about 400 microns to
about 700, 500 microns to about 600 microns, about 10

15 microns to about 200 microns or from about 10 microns to
about 100 microns or from about 10 microns to about 30
microns or from about 10 microns fo about 20 microns or
from about 20 microns to about 50 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 microns to about 1000.

25 The zirconium oxide particles may be immobilized on
any known support material which can provide
immobilization for 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 embodiment, the

immobilization of the =zirconium oxide particles 1is
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conpound. Preferably, the material is able to convert urea to ammoni um
carbonate. The zirconi um phosphate particles may have an average particle
sizeint f fromabout 10 microns to about 100 JeE- out 100
m crons tygﬁe%%%{/}tg% 0 mcrons, about 200 microns to abou?cg’gg;zgnﬁ?%zzg, about
300 microns to about 800 m crons, about 400 m crons to about 700, 500

m crons to about 600 m crons, about 25m crons to about 200 m crons or from
about 25 ni creehs evedabat S1B0 eHiLELonEs BFOT YN aBdde, 231 8r Sk tugFcabdlit 80

m crons or fr.om m Ccr 0 t.-50 m r.f abaout
mcrons to abzc%tftC%%ggﬁnm%lcrg\eg %Eaf 1F‘om ao%étﬁlselz %@?gng‘a{%&g%m Cig]OO ©
m crons, or fammddhent:,15@Hs craanpdre abeitte 2000 miis ons, letodsmpatabioig 100

m crons to about 175 mcrons, or from about 100 m crons to about 150

m crons or fPORSAEGHE 150 Thiccr oR4 OFEMRBEGP 1500 BRERPGASL or™BYom BBoutd 250

microns ¢ 0 aboul,L0RR aHCHRR®d TheoZifeeni um phosphale par bibehrsrmy be
i mobi li zed on any "known support material, which can provide i nmobi 1 i zat i on

for the zircoevlyanikdesphat @ogaesitelres. a | pode caydadienent , PoHg eigpor ta
material is a hiocompatihle suhstrate. In.one enpodi nen t he :

i mobi | i zati &Y o the "ziTc St ulrﬁopﬁ%snplhcatpe()lﬁ’al?etrllc es icse%ar%gsrfl%%?rlal'
conpacti on ofrneheppacbmglags bilrt 0 sabpredeker fikgedbeol Hoe. 1éasdneowabasit ment
the imobilization of the zirconium phosphate particles js achi eved by
sintering zi C63MMSShosphdt @SSt mi xtUr'e Of % r c i Uht PhosphR &L d¥md a

SUitabh% polycaprolactone and chitosan.

In one embodiment, the zirconium oxide particles may
be replaced by any particles that are able to absorb
phosphate ions and other anions. Preferably, the
particles are able to absorb anions selected from the

15 group comprising ions of phosphate, fluoride, nitrate and
sulphate. The zirconium oxide particles may also release
ions such as acetate, lactate, bicarbonate and hydroxide
in exchange for the anions absorbed. In one embodiment,
the zirconium oxide particles are also good binders for

20 iron, aluminum and heavy metals selected from the group
consisting of arsenic, bismuth, cadmium, cobalt, copper,
lead, mercury, nickel, palladium and silver.

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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ceramic material. The bioconpatible substrate may be a honobgenous substrate
made up of one nmaterial or a conposite substrate made up of at |east two

mat eri al swoho®/Brgeonpati bl e material may be a car bohydpatrgBamadene! yner,
an organi c polyner, a polyam de, a polyester, a polyacrylate, a polyether,
a polyolefin or an inorganic polynmeric or ceramc material. The

bi oconpati bl e substrate nmay be at | east one of cel | ul ose, Eupergit

sil'ici um di o*PEBT APPomiEENPc &5t di Rt 0RO W4 EHhi THSEANS | hOoRE R b IH thent

the zirconi um phgaphaterpant bebee BBY hE replsaced Rk any opartidles that are
able to absorb ammoniumions and other cations. Preferably, theparticles

are able to &bsworbbeati 6A§ mekeconed thr amoulte '§lomg ceomsr iogi g oo R Bft
anmoni um calcjium . nagnesi.um sodi.um.and potassium The apmoni a .absarbant
oS s TR S o  cB s BEaRRh T T e A 2 R

particles ma uch 0 I'n” exchange for
absor bed ammmntuBhk08s apduét hevocatcedss.l n one enbodi nent, the ammoni a
absorbant also functions as a buffer for establishing a constant pH for
urease reaction. TRe %19 cBRPAALBRNGe pEiti GCEd VRRPThaGRI PR aP&AgE 5 ti cl e

ize in th f b ] t 0 1 S t 100
size in eaﬁggggsggekp%@b%‘ﬁg 48, %%55@1&9 Ahout 5 1009 ALcrons,, /hoy

mcrons to crons, “about O mcrons to about 900 nicrons, about
300 m crons bogabout c8PomncisonEredlrnebl400 therpast tolapoatre76d1e500

m crons to about 600 microns, about 1 nicrgns to about 200 qi%{ ns or from
abOUt 10 mc?gﬁgr}f)o organlc compounds an /or organic metapolltes

10 selected from the group comprising creatinine, uric acid
and other small and medium sized organic molecules
without releasing anything in exchange. The activated
carbon particles may also be physically compacted into a
predetermined volume for the purpose of space economy. In

15 one embodiment, the activated carbon particles are
physically compacted into an activated carbon filter pad.

In one embodiment, the sorbent is housed in at least
one cartridge. The sorbent cartridges may be configured
such that they are easily removable from the dialysis

20 device. The sorbent cartridge may also be compact and
made of a material that is resistant to wear and tear.
The cartridge may be made from resilient, chemically and
biologically inert materials. The cartridge may also be
able to withstand the pressure within the flow 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
sterilization and sterilization with ionizing radiation.
In one embodiment, the sorbent cartridges are made of

30 polycarbonate. The sorbent cartridges may also be made of

polypropylene or polyethylene. In one embodiment, filter
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about 100 m crons or from about 10 mcrons to about 30 microns or from
about 10 mcrons to about 20 mcrons or from about 20 m crons to about 50

m crons ofofoemsadeut 25 microns to -about 50 m crons opcifsenyd@posshe 30
m crons to about 50 m crons or from about 40 mcrons to about 150 m crons

or fromabout 80 mcrons to about 120 microns or from about 160 mcrons to
about 180 or from about 25 mcrons to about 250 _or from about 250 n crons

to about 500P8ASf AER ABSHEI2HGPRLS 8RY ©Bd S&hdGt 1Oededrid Al dmiuitki de
particles may,beimmphilized Qar@@aft knoww: SURPOst Avad &5 alp WhiLd cahe

provi de inmmobilization for the zirconium oxide particles. In one
enbodi nent, tihdiviwdobill ilzatdon withhe Zhec@mmnpthosmafelpart pélfexanys a
physi cal co ac%ygﬁgof t he .particle o a_pre rnlne% lume. I n one

embodi ment , 5i Pr2&6] nfgpniﬁge Peoficum f Je 55arti"¢es i sachi eved

by sintering zirconiumoxide, or a mxture of zirconiumoxide and a
suitable ceramc material. In one enbodi nent, the support material is a
bi oconpati bl e substrate. The bi oconpatible material may be a

car bohydr at e- based poIynerqugfobg%@&gﬁQggﬂn@f pailnyam de, a pol yester,
pol yacryl ate, a pol yet her pol yol efi i or an inorganic polynerlc or

ceramic material . Thee hhoconpatyihe substviatges naylbesttateastdiemd axfed
cel l ul ose

, Euper i 1'i ci um di oxi de, p rolactone and
chitosan.,lne§ﬁ8géW88 %nﬁﬂy Fﬁﬁvﬁlrébn?%%f%§?d3%% T ey © 82" the
10 disclosed embodiments. It is to be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

Fig. la shows the layout of one embodiment of the

15 sorbent for a dialysis device.

Fig. 1lb-1lg shows the layout of other different

embodiments of the sorbent for a dialysis device.

Fig. 2a is an isometric view of a CAD of the sorbent
cartridge and Fig. 2b is a cross sectional view of the

20 sorbent cartridge of Fig. 2a.

Fig. 2c 1s a cross sectional view of a CAD of
another embodiment of the sorbent cartridge having
partitions to demarcate the different layers of the

sorbent.

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

of urease as disclosed herein.

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

30 of zirconium phosphate as disclosed herein.

24

a



be replaced by any particles that are able to absorb phosphate ions and
ot her anions. Preferably, the particles are able to absorb anions sel ected

fromthe \gﬁl%&)/ﬁ%ri sing ions of phosphate, fluoride, %E&fs%ﬁﬁm%ﬁt%m
as

sul phate. The zirconium oxide particles nmay al so rel ease ions suc
acetate, lactate, bicarbonate and hydroxi de in exchange for the anions
absorbed. In one enbodi nent, the zirconium oxide particles are al so good
bi nders for iron, alum num and heavy netals selected fromthe group
consisting of arsenic, bisnmuth, cadm um cobalt, copper, |ead, nercury,
ni ckel, palladiumand silver. The activated carbon particles may have an

average particle size in the raﬂggagij%érlgg;gggg 1%9 m crons to about 1000

m'cro_ns, about 10 m'cro_ns t o abou m Cr ons, about 20 mcrons to about
200 nicrons, abouReZ3riieHons tHiAboE, 160 he CLONSho&howhnebGrdationmtt 0
about 100 m crons, about 25 mcrons to about 250 m crons or from_.about 100

m crons St o aBéut theo sREPIMs orlFHomusssut 1200 RE crdhsc oS eb o 386 I cr ons

or from abou{y13Q.m C@Hgs fPr%pOL![[a nierans ek fEem aboute 200 miggons
t oabout 300 m crons or from about 400 microns to about 900 m crons or from

about 500 m cropsitsesaboutc8iFatiecr cagbon forom(@bout 600 microns to about
700 mcrons or fr about 250 n‘icerron to gbou 900 m_cr n%tordé about
250 microns to ab 1906° P crishs” | i 16né en%%dl %ent, F% actlvaﬁg]d car bon
particles mayrbkangepl acedsdyiasy paphkehes thathar eiabt e 1bgeabsard-1),
10 and comrpises of a mixture of immobilized urease (2) and
zirconium phosphate particles (3). Purified |urease
obtained from Jack Bean, crude Jack Bean powder or other
sources (such as bacterial, recombinant, thermostable
urease mutants, etc.) 1is covalently immobilized. The
15 solid support material or substrate used 1is 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 1is in the range of from 0.5 grams to-30
20 grams. The zirconium phosphate particles (3) have sizes
from 25 microns to 250 microns, obtained from MEI, New
Jersey, United States of America. The total weight range
of the zirconium phosphate particles (3) 1is from about
100 grams to 1000 grams.
25 The third layer (la-3) of the sorbent (100) 1is
arranged in series, adjacent to the second layer (la-2).
The third layer (la-3) comprises zirconium phosphate
parficles (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 to 1000 grams.
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organi ¢ conpounds. Preferably, the particles are able to absorb organic
conpounds and/ or organic netabolites selected fromthe group conprising

creatini ne 2969‘)1%78979i d and other small and nedi um si zed 9&%%@2509%962‘3 ul es
wi t hout releasing anything in exchange. The activated carbon particles may

al so be physically conpacted into a predeterm ned volune for the purpose of
space econony. |In one enbodinent, the activated carbon particles are
physi cal |y conpactég i heereh deviarat ddacdr bonf f ifhcer spagentn 6h@0) 1is

enbodi nent, r.ne [ ed_jr east e i The _sor\bent
cartridges négggégggngﬁgué%gés%’cha!tjﬂaté&rljﬁega/c%are eagl?{%&rgg \?gbI@afS?%rﬁ t he
di al ysi s devirae. fkhertsor bepercarlter-4dgecomyratse be rcionpact afd hypdlewd a

material that (is resistant, to wear_and tear, The cartridge y be de from
resilient, cRERCOREFY ardificol df a9y neft) maf B ala§.tl%ﬁ‘éggar 59 may

al so besabl ephetwichRst apsh t herHpr essuegnWkhigkide bhewisyskem of thsre
di al ysis device without |eakage. The cartridge may be made from nateri al
whi ch can w shgeand romerlil i@y clond? 29 oRsCEQBRA, agbheanest dmam 285 on,

et hyl ene oxi sterjlizati.or dsteridizati M th i-Qnl zi adjati.an. In
one enbodi rregljt%w t‘ﬁe:aggséc}%’be{rjlggtég?t rs;%ﬁgtgss a%g %gl erwg-'po ycalrcggﬁgt g’%éaﬁ%kg@
sorbent cart rhdges ofayha so hemade @fi ol ypropylene (o) pel yetdnylabreat | n

one enbodi nent, filterpads and filter papers nmay, al so be | ocated at, the in-
and outl et of Ot AE3ESr EQntl%QargtrF‘Fﬁgeghﬁn&/c&'wﬁ&e\ﬁeéﬁ‘? 2 BT WA éa)yers

wi t hi njphe sgphents; 4@ fAddners ©fdi @Whs to 300 microns, obtained from
Calgon Carbon Corporation of Pittsburgh, Pennsylvania,
United States of America. The total weight range of the
activéted carbon particles (5) is from about 20 grams to
200 grams.

15 When in use, the sorbent (100) is arranged in the
dialysis device such that the direction of the dialysate
flow is from the first layer (la-1) to the fourth layer
(la-4) as shown by the arrow. As the dialysate passes
into the first layer (la-1l), the activated carbon pad

20 (la-1) removes enzyme 1inhibiting substances, such as
oxidants and/or heavy metals, thus maintaining the
activity and stability of the uremic toxin-treating
enzyme. Furthermore, this layer also removes toxic
organic compounds, such as uremic toxins from the spent

25 dialysate.

As the dialysate passes into the second layer (la-
2), the mixture of immobilized urease (2) and zirconium
phosphate particles (3) removes urea and ammonium ions
from the dialysate.. In addition, as the zirconium

30 phosphate particles (3) not only exchange ions but also

act as a buffer, the pH conditions around the urease (2)
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particles arising fromthe layers of the sorbent. Brief Description O
Drawi ngs The acconpanying drawi ngs il lustrate disclosed enbodi nents and

serve to wyBh@3-4-he principles of the disclosed enbodi BeRisemodoloodset 0 be
under st ood, however, that the draw ngs are designed for purposes o

illustration only, and not as a definition of the limts of the invention.
Fig. la shows the | ayout of one enbodi nent of the sorbent for a dialysis

devi ce. Fig. arg- lkgrshoweek by | BPSHEPEF RRANGUITT eflett LERBEEI MEHIS  GTY t he
sorbent for g.d ae'ge%él%r_ifkggv' £Es. Tide 22448 ARRLROML | 6141 GWPL LA OT Lhe

sorbe_nt cartridge an is a cross sectional view of the sorbent
cartridge of thirgugBa. the. 2edosda ciegsrsectiotial vieew of eat©AD ofthenot her

enbodi ment of the saqorbent cartridge hayjng. partjitions to demarcate the
different | a&é‘it§r6‘19dtlﬁ§_es ?‘H@ﬁjt _Jta%f—?lb. Y%aé%gm%hep(ﬂlﬁgé’%&macﬁ%?éﬁtﬁ)
scaffol @ for use;ase<a bN9§0”E§%%QhQ sybst ratie faraydie | i zadi v of
urease as disclosed herein. Fig. 4 shows a pol ycarpolactone (PCL) scaffold
for use as arbmovenpatli Emeaonibst riqns fopre@ ihmbBEl isegonen 1efyeA r et um

phosphate asdi sclased herehn. esd aidied Jaase | BLLORS R 1 et Cediln | @
layer (la-4). The mixture of hydrous =zirconium oxide
particles (4) and activated carbon particles (5) removes
10 any phosphate ions produced by the patient or leached
from the zirconium phosphate particles (3) in the second
(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 layers in the sorbent (100) improves 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) wused. 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 layer (1b-1) of the sorbent (102)
25 comprises immobilized urease (2). 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 0.5 grams
to 30 grams.
30 The second layer (1b-2) of the sorbent (102) 1is

arranged in series, adjacent to the first layer (1lb-1).
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of the sorbent (100) used in the disclosed dialysis device. The first |ayer
(la-1) of the sorbent (100) conprises an activated carbon pad (1). The

second Ia‘y,ﬁram@/l%z%), of the sorbent (100) is arranged inp%%;s%;?‘gmmg@jz@cent to

the first yer a-1), and conrpises of a m xture of immbilized urease
(2) and zirconium phosphate particles (3). Purified urease obtained from
Jack Bean, crude Jack Bean powder or other sources (such as bacterial,
reconbi nant , ThRersoeead| danssasd loant SOMPrESTS| sz bt Bt | phoamtsitis zed.

The solid su . erial r S i | l.ul.ose he .imphi |'i zed
urease (2) iggf%&f:gggf oﬁ% o(?{: p%lri?i%%l Zére%{nyt ggpgnﬁtcic%nes s?ie??;n%}lhe range of
25 m crons toh200twitanonsweibie t ataadgevei ght thagezatcbhe ummmpbhidsgted eur ease

particles used is in the range of fromO0.5 granms to 30 grans. The zirconium
phosphat e paPBFEFESCE3) Shavé ST2Bs 2PPEM ég’omg&aﬁlﬁsttoolﬁ)%@ #i*&MSns, obt ai ned

from MEE, New Jersgy, {hitgd X@tes ofp,-Anerigga. cfbe s9tgbnwei ghd2y ange of
the zirconi um phosphate particles (3) is fromabout 100 grans to 1000

grams. The thrrdnbagerin(lserdesof adimevrbene thoopersndr Lavgad (lbser es,
21 coni um phoAan g1 e partiAtes 155 b CHSEAL P oY SEERE e T4 T80 e ons.
The total wepghtitaege @f) the ziizeenifwaphdsphdteopar ticl 250( Hidrorfs.om
about 100 granms to 1000 grans. The fourth |ayer (la-4) of the sorbhent (100)
is The total weight range of the zirconium oxide particles

10 (4) is from about 10 grams to 100 grams. -

The fourth layer (lb-4) of the sorbent (102) 1is
arranged in series, adjacent to the third layer (1lb-3).
The fourth layer (1b-4) comprises activated carbon
particles (5) of sizes from 25 microns to 300 microns.

15 The total weight range of the activated carbon particles
(5) 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 (1lb-1),
the immobilized urease (2) breaks down urea present 1in
the dialysate to ammonium carbonate, hence releasing
ammonium and bicarbonate ions into the dialysate. As the

25 dialysate passes into the second layer (1b-2), the
zirconium phosphate particles (3) absorb ammonium cations
arising from the decomposition of urea by the first layer
(lb-1). The. zirconium phosphate particles (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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arranged in series, adjacent to the third layer (la-3) . The fourth |ayer
(la-4) conprises a mxture of hydrous zirconiumoxide particles (4) and

acti vat edypapgeizparticles (5). The zirconi um oxi de par picglseSodotboBave
sizes from 10 microns to 250 mcrons, obtained fromMEl, New Jersey, United

States of America. The total weight range of the zirconium oxide particles

(4) is fromabout 10 granms to 100 grans, The activated carbon particles (5)
have sizes fPBRESELRScrics YSFBObS nikr bAE, T6H9& Mfd 47 o €aPEdn tearddh

Corporation gf -BLhESbungh, o Pennsyl yanba, tHai ted @ eScof 1 ANBT Laa. cHe
total weight range of the activated carbon particles (5) 1s fromabout 20
grans to 200fgpransesWsémnas usk, thhessobbent i(s100) tkeappanged inandes

di al ysis devjce such that th i rection of the.di.al te flow.is fromthe
First layer €Ras: PRe8=PRe “Paer CRel Ayan eraoar ad B oBl The A dnCTa o
the di abysat eipassesm phostheth nsirdiayers (I3 1)s tbeeaethvayedrear kegn pad

(la-1) renoves enzyme inhibiting substances, such as oxidants and/or heavy
netal s, thusahii BREPALRE CRE1EEI-vi rcand adtvaBitlei 1 osf PasS afr efit® the

toxin-treatipg; @RZYRE, FUr {AGLARr €4 Lhi $ play @l B3 I eMOYeS LI ¢,.argani ¢
conpounds, such as urgnlc toxins fromthe spent §1alysate. A's the
di al ysat e papsesichte t{e semork | aygr phloaph2)e timgn xtodeced bpmolyid i zed
urease (2) aggtﬁgggogkquached from the zirconium phosphate particles
10 (3) in the second layer (1b-2). In summary, the hydrous
zirconium oxide particles (4) act as an anion exchanger
by binding anions such as phosphate and fluoride and
releases acetate and hydroxide ions 1in exchange. 1In
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
layer (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. 1lc, 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 layef (lc-1) comprises activated carbon

particles (5) of sizes from 25 microns to 300 microns.
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phosphate particles (3) renoves urea and amoniumions fromthe dialysate.
In addition, as the zirconium phosphate particles (3) not only exchange

ions but @hSRAGhsas a buffer, the pH conditions aroundplhR4bRAsE0s 2) are
kept stable, thereby protecting the urease activity and extending I1ts life
time. Wen the dial ysate passes through the second |ayer (la-2) and enters
the intermediate third layer (la-3), the zirconi um phosphate particles (3)

present in tAhS [toFerl, Wil t2andRl 91 r Bhdvaciil 2&Rrfo Fiadiono iR FiokdstP i n
t he second | a%ﬁir 16 3 o) aA ttﬁrZ(QW%jr%lﬁvs. t-he ~dipal e passes into the fourth
ydr

| ayer (la-4). Thé m xture o us zirconi um’oxide particles (4) and
activated carbon parti deen(b) IYagrmaves(hoy2 phosphateei ossrpeaduced Bd) t he

patient or |eached fromthe zjirconi um phosphate particles, (3) in the second
o 5) andl of SPEed (| A5} A HHERA AT e GFod TERARS LPedaiaty, uri g

acid ang ot hgy;uremicC texi frepresest iMayde diptysat e.Trlhe iG@Hdnatian of
the different layers in the sorbent (100) inproves the overall efficacy of
t oxi n renovalrgader efites st heénovdral Fogshzeobf PEiE isdElsenti thoPar ReFl& ri ng

now to Fig. Lbedhere iposhomya sgcond amhadlient oo ddiensarhest (102)

used. The i mobiITi zed ureas Zi rconi um phosphat € particles (3),
hydr ous zir capitamn edidtmtpast | thes uféhsecagtdntatcdd scardboin pahei chege( Hf and
the respective substrates used for the following |ayers are the same as

those descri Bé@Talove JGPSFitg. 3qgrams.
10 The third layer (lc-3) of the sorbent (104) 1is

arranged in series, adjacent to the second layer (lc-2).
The third layer (lc-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 1layer (lc-4) of the sorbent (104) 1is
arranged in series, adjacent to the third layer (1lc-3).
The fourth layer (lc-4) comprises hydrous zirconium oxide
particles (4). The =zirconium oxide particles (4) have
20 sizes from 10 microns to 250 ndérons. The total weight
range of the zirconium oxide particles (4) 1is 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 1layer (lc-5) 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) 1is
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
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The first layer (Ib-1) of the sorbent (102) conprises immobilized urease
(2) . The urease (2) used is in the formof particles with particle sizes

in the r aReso ”5%§7nicrons to 200 mcrons. The total wei rease
particles used is in the range of fromO0.5 granms to 30 gggﬁge&?ﬁ@ﬁggcond

}ayer flb-Z)(?L T?e ﬁorbent (102) is arranged in series, adjacent to the
irst layer -1).The second | ayer (lb-2) co i ses zirconi um phosphat e
particles (S}SpfrgmzégefFbﬁ?ESlﬁYEFo&$Cf6;ZBGnELEr ﬁEFt%hgaVSFaRqﬁégéht
range of the,zi cegnhumphosphateopartiokes (e iysdvomabout 180ogkas to
1000 grans. e third lI'ayer (1b-3) of the sorbent (10 is arranged in

series, adjateénsttdavhe décond,| aydrs (laye?) . ramevedi edzyaged npikpig)ing
conprises hydrous zirconium_oxi.de parti.cles (4 Si 1 iGgrons to
250 microns. STHat¢BtaP ﬁngﬁP%ﬁ%1(§Q%nﬁ9m§%ﬁ$%%ﬁ$%h1égﬁég&ggbtgg%ggc(4) i's

fromabgut 10o9fA8F £amé0@ sy ackhierdtud tdatsyerpddbdéscet bbhe aboreent
(102) is arranged in series, adjacent to the third layer (Ib-3). The fourth
| ayer (Ib-4) (Ed#prides activated carbon particles (5) of sizes from 25

mcrons to 300 m &5OR%e m%ltz}%aaée \;Eégg'és rapnge ofhd heeasid vangdrearikon
particles (5) is fromabout 20 grams to 200 grams. When in use, the sorbent
(102) is arrapgedhin itdmebdildlzesi simadece( Yucheghades herdir &6t BBWMOBHL Uhe

dialysate flggkgsa%kpngérebéééé}bié?%%oéé@@llo%g.tQﬁmLQUERQ b%%ﬁ&sate

10 passes through the second layer (lc-2) and enters. the

third layer (1c-3), the zirconium phosphate particles (3)

remove ammonium ions from the dialysate. When the

dialysate moves forward and enters the fourth layer (lc-

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

15 phosphate ions produced by the patient or leached from

the zirconium phosphate particles (3) in the third layer

(1c-3). As the dialysate moves forward and leaves the

fourth layer (1c-4), it may enter a fifth layer (lc-5) of

activated carbon 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 is shown another
embodiment of the sorbent (106) used. The activated
carbon pad (1), 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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(I'b-4) as shown by the arrow. Wen the dialysate enters the first |ayer
(I'b-1), the inmobilized urease (2) breaks down urea present in the

di al ysat eyboo@mEeg¥yum car bonat e, hence rel easi ng amoni pgrRedoddioedprdonat e
ions into the dialysate. A s the dialysate passes into the second | ayer

(I'b-2), the zirconium phosphate particles (3) absorb amoni um cati ons
arising fromthe deconposition of urea the first layer (IDb- k%ﬁ The
zi rconi um phdsSphate 1 t PeFe’d(3pvaet | a? cf§ ohhexEeREREE SO ot her

cations such iy SSi n n
hydrogen in eg%hggh% % tpl%%% ?lfgg]h%f qlhengcﬁj(%mat}frﬁ%phosm epar H’r%:?@g (3)

used is in tleéaba;mgeedf 185 tivec dess rietash Micar dhig,. tlkee absorption of the

unwant ed cati ons d the fl t ft bent t
range. This ensur E‘et hﬁ?lfﬂgmﬁd?rgg’;:a g%(?tl rg] ft?]%;n %Hgb%ﬁ%? %&gk?%c%mjz]m

phosphatse pabtirghged( 3h iseressentd@ dyeht e@oof:hén}ée@@ﬁ@ntl%&at!m\sm The
di al ysate then passes into the third layer (Ib-3) and the hydrous zirconium
oxi de particlfas (indknbyeeanylphdsphar®riiges i oBbEETr By otthez peeehim or

| eached frO%Qtzpyaftgonbgqgemghat PALHL g8 detlud 0 4 l%oﬁ@)%d SBYEL

(I'b-2). Ins rous 2|rc ni um oxi particles act as an
ani on exchan@arrthlxtllalsndd@g amhens csuch wsighosphalge antl theori decamtim

(ol cases acelote S0 midoride L ong, [D.oxeianan, Ln Al Lioh, Lhe g oue

heavy netal Sgrams. The total weight range of the hydrous zirconium

oxide particles (4) is from about 10 grams to 100 grams.
The fourth layer (1d-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 (1b-4) of Fig. 1b.
The total weight range of the activated carbon particles

(5) is from about 20 grams to 200 grams.

Whén in use, the sorbent (106) is arranged in the
dialysis device such that direction of the dialysate flow
20 is from the first layer (1ld-1) to the fourth layer (1d-4)
as shown by the arrow. As the dialysate passes through
the first layer (1d-1), this 1layer 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, 1i.e. calcium,
30 magnesium and potassium 1in the same way. When the

dialysate moves into the third layer (1d-3), the mixture
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After passing the layer of hydrous zirconium oxide particles (4), the
di al ysate enters the fourth layer (Ib- 4 ) and the activated carbon (5)

resi dent Wwop hdish@yrth [ayer (1b-4) absorbs organic net ab@lsich@nogssd as
creatinine, uric acid and other small or nedium sized organi c nol ecul es

fromthe dialysate without releasing anything in exchange. Referring now to
Fig. Ic, there is shown another enbodi ment of the sorbent (104) used. The
activat ed capbon FaHIqEIWs (BROSPRADBEI | iRTEC1FEAZe garti cded ( BYATAYSconi um

phosphate pagi}chesuh 3y edrots: 21 Contuiloelde £AFt LG e5ntdkosanh
respective substrates used f the Tollowmng layers are the sane as those
descri bed ab6yemf athdFi gecbad Theydrn rsidhayeraq | eel) eenpphesshatei waced

carbon particles (5) of sizes, from ﬁ%ﬁm crgns to 30Q _m.crons. The tatal

wei ght range®bPethBNYBRF§5t 88188FPhon PFarPRtés PP T YoM afddt g Yt ans

to 200 gramsphdBghaeeondakayenckl c-(2) ohnthenserbent iQ4breemt aidisde
i mmobi li zed urease and 1s arran%ed in series, adjacent to the first |ayer

(|c-_|)|. The panbbrlezed4dr @se {aifstate t ke f semRBFOPRELPRI €3 Wisdked

particle siz Ln r (o) 1 n 0 .m.Cr e I i ght
of the ur easéﬁﬁgw%g?és%%l ng?%%n%(%%%u%ﬁfrg%%% éﬁ;?@o%—}g Eg%?ar?s\f '?'he
third | ayer (bfi-3exehankersor hant ¢rid4)combanedngédyenm seriiges,fiadjredent to

t he second | ayer (Ic- 2)h.
ifnproves €

e 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. 1le, there is shown another
embodiment of the sorbent (108) wused. The activated
20 carbon pad (1), immobilized wurease (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.
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 layer (le-2) comprises a mixture of
30 immobilized urease particles (2), zirconium phosphate

particles (3) and hydrous zirconium oxide particles (4).
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The third layer (lc-3) conprises zirconium phosphate particles (3) of sizes
from25 mcrons to 250 mcrons. The total weight range of the zirconium
phosphat eypaoédGkes (3) is fromabout 100 granms to 1000 pghREBeooie2éd ourt h

| ayer (lc-4) of the sorbent (104) is arranged in series, adjacent to the
third layer (1c-3). The fourth layer (lc-4) conprises hydrous zirconium
oxide particles (4). The zirconium oxide particles (4) have sizes from 10
m crons to 25Denitorteds. wah@ht orandfeight UFaage SRITAE LES cohl uif oXiridd
particles (4 S b 0 gr 0 T onal | ayer
(lc-5) of thé gor entngd?lg% H}]ss' ar@%ﬁg‘égt%g s‘g%? t %Fagcg{nét ??) tcfﬁjléu?llc?)nurtﬁ

| ayer (Ic- 4phospWlen presdnilest hes)fifs hflramerab(olud:—SJ)OQ:ogmamseSOadIQQDat ed
charcoal (5). The activated carbon Eartl cl es have sizes from 25 m crons

to 300 microf&3™Phe tdtal EARFHhYSISRGe r(i‘fngteheo cY?%apgﬁrSHFb&ﬁrﬁé’ﬂﬁu& es
(5) is Erom ghouk %Qrgrl@ri%stmﬁoqsgr@f&n Mhen: | Do ugeambhecsanbertrrk04) is
arranged in the dialysis device such that direction of the dialysate flows
fromthe firShel &perd 1lay9r t 61ehd) f obr tthlel Barbgnte- 4108% Sﬁomwgﬁi’e
arrow. As the d| al ygate gag%% |ntotthlge sk ha ?9 r (Ilcé o)y, Lﬁls

g-subst g I )r%%{ udi ng

renoves enzyrre | nﬁ SI tin ances an tOXI c ani C corpoun

urem c toxingaysane(nhs-3he asip Matead aarthcmtpaid desboan&hﬂhﬂvﬁeei Fig) |a).
A s the dialysate passes into the second | ayer (lc
which is same to that (lb-4) of Fig. ib. 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) 1is 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 inhibiting
substances and toxins, same as in the description above
(Fig. 1la). When the dialysate enters into the second
layer (le-2), the mixture 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

34



2), the inmmobilized urease (2) degrades urea to ammoni umions and
car bonat e/ bi carbonate i ons. Wen the di al ysate passes through the second

| ayer (| oydhodn@renters the third layer (1c-3), the zir ¢ehisdésdesphat e
particles (3) renove ammoniumions fromthe dialysate. Wien the dial ysate

noves forward and enters the fourth layer (lc- 4), the hydrous zirconium
oxi de particles (4) renove any phosphate ions produced by the patient or

| eached fronmSPHESRLr d3HiBUm pHEs pHat eV perd | €2 EROL 3ParhichBSt HioY d AbsRe
lc-3). A i al:ysat f d | t : | (] c-4),
( ) S wgf”‘???h}(‘ﬁa %91?}’;%?%5 Pr L A0d eﬁf‘%ﬁ?g 'ESXEBBF@Fees%}ég _l(n! c-4)

it my enter a ayer of activat on parti S VWer e
present, thishei ttthllager.(l c-5) renoves creatinine, uric acid and other

urem c toxins present in the dialysate. Referring nowto Fig. Id, there is
shown anot her enbgﬁgﬁﬁﬁPHQfIFH% §érb h?j(iéﬁ) B@%ﬂ? e 3%?%9af§5) on
pad (1) 5 | MeRbbuzednyr ease the) , sgrbeARi umEhosphate pawé i Gh@mdid)izdtydr ous
zi rconium oxi de particles (4), activated carbon particles éS) and the
respective subsepat es2usedifGPNLHE fRPPIRAES | RPETLS Cded t he) safyE®Uhose

descri bed ab for Fi la. _Ar i erj i - d
descr bed =DONgCLALJE! Gkl pAELanaed 1) Seriesn AR elliphed carbon e
particles (2)5andnzi rodenitesgdosiphat eulpst tacdées@3¢di Aotrhehsedand dwayey

(1d-2) of the sorbent (106) are the _sane as those of the first two_|ayers
(Ib-1" and IbléyeéFaBGFattgé" SAMENESdEBErFpERS IFERRPGOFatOr FiG . 1aY

10 A first layer of activated carbon particles (5) 1is
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 layer (1£f-1).
The second layer (1£-2) comprises a mixture of
15 immobilized urease particles (2), zirconium phosphate
particles (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) 1is from 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 1in use, the sorbent (110) is arranged in the
dialysis device such that direction of the dialysate flow
is from the first layer (1f-1) to the second layer (1f-2)
25 as shown by the arrow. As the dialysate passes into the
first layer (1f-1), this layer removes enzyme inhibiting

substances as well as creatinine, uric acid and other

uremic toxins present 1n the dialysate, as 1in the
description above (Fig. 1lc). When the dialysate enters
30 into the second layer (1f-2), the mixture of the urease

particles (2) and zirconium phosphate particles (3) and
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The third layer (l1d-3) of the sorbent (106) is arranged in series, adjacent
to the second |ayer (1d-2). The third layer (l1d-3) conprises a m xture of

zi r coni unyphoepiRade particles (3) and hydrous zirconi umpgxjsdgodanize! es (4)
. The total weight range of the zirconium phosphate particles (3) is from
about 100 grans to 1000 granms. The total weight range of the hydrous
zirconi um oxi de particles (4) is fromabout 10 grans to 100 grams. The
fourth Iayerh&ﬁéoﬂf o?lﬁﬁ@“é@ﬂbeﬁ¥1@f06PaF§l&ﬁﬁéngé& i n I$EIVES, &Hﬁﬁbent to
the third |l a 3 he fo 4 i's rbon
particles (5¥gmﬁ % |%u%gn§stog th?% Ihgf é?qquﬁ %ﬁégg%%gﬁﬁ

range of thepactssatmd carcompansieheb @5) plrs)a‘phnneab@mm Zmugn:anle tJm 200

granms. Wen ip use, the sorbent (106 arranged | i s device
Jeh i hat i FBEt BDf A T G Ymtieed | SRETS 1 ofir R8T A ARt 1) to
the fourth | akee;fl dsdkars sBOWRebWekheiathiow. aBovet heidi.alkgate passes

through the first layer (l1d-1), this |ayer renoves enzyme inhibiting
subst ances and t OREECEFEAAI IPONBOUNDET - | Al UdFRYTEIr 61 cSRORRnSNERIRE as

the descriptig Bo8§ the agkiv Egd g@*@gg§pa?% ove, {Fi 9 ﬂ%%] amen, 1hey

di al ysate ente fie 'second ayer m xture of e urease
particles (2baabdnmpanﬂmaﬂn¢mo§phaUQmpaaﬂuab&;QﬁﬁassapartmcﬂhesaZ)

descri ptl ons i.n the sect I | a,, rem)ve rea %mmnl um.i ons and
ot her catlon§lrF081u@alB ate partlcles 'hydrous  zirconium
10 oxide partlcles (4) and the respective substrates used

for the following layers are the same as those described
above for Fig. 1la.
There 1s one homogenous filling (1lg-1) £for the

sorbent (112). The filling layer (lg-1l) 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) 1is from 0.5
grams to 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 1is
from 20 grams to 200 grams. _

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

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

5 zirconium oxide particles (4) and activated carbon
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magnesi um and potassiumin the sane way. \Wen the dialysate noves into the
third layer (1d-3), the m xtureof zirconium phosphate particles (3) and

T

hydr ous zi(HGH, ]gggﬁxi de particles removes said cations gsqRRLHEHHERM t he
() 3 he

second | ayer

spati al
zirconi u

as well as phosphate and ot her unwanted ani ons
proximty of zirconium phosphate particles (3) and hydrous
m oxi de particles (4) may facilitate the re-absorption of

| eaked

phosphat e. Mpretagdyaat agebusignovaxi Wgest, beelkiPpgessvBehi ops exaditiyets in

one conb

ined.lLa

e consi stent condi fi ons

ger Sl captlyLunroves, t s peLianmige af babbypard | cf es

c
as a buffer, "Chis pr oduci rig no

ysat e

t hr oughout t baosehbenst asiduse udviainhi ded t BhsymeXxtinhebalksogr edicesartdess si ze
of the sorbent (106). without cpnpronisiqg the toxin removal capabjlity.
¥ %106),

When t he

di aP}fatdEphassés MR Whe SfizRal

A5et C (MEEAP ot te soPbEnt®

the actisvated, carbanned) fuithes-ahsorhs c€adi nidGenil i Aok andrptder
urem c toxins present in the spent dialysate. Referring nowto Fig

there i s shoamrangehentegbudsnthe benedtsodfedn (LITROgskde M atds/at ed

carbon pad (1), | bilized urease_(2), ,zifgeoniu S [ (3),
hydr ous zircS%iu v xid%aﬁ%%?y%Fesaf4)% égffé%fbdmggy oﬁ pégF?@%%sq%ﬁésand
the respectivensibsthat s usediifrortdeid othewdngllyayees tareudgheusanthas

. le,

the first

t hose descri bed above for Fig. la. An activated carhbon pad %&2 Lq
| ayer (le- sorbent’s use. More advantageously, mixing of -immobilized
10 urease, both types of ion exchangers and activated carbon

15

20

25

30

in one combined layer gives the benefits of a much more
compact size of the sorbent (112) and sufficient toxin
removal capability. It also reduces the pressure drop
caused by the sorbent to a minimum, and facilitates the
production process significantly. It eliminates the risk
of having uneven sorbent layers, which would be a cause
for premature exhaustion of the sorbent layers.

Referring to Fig. 2a and Fig. 2b, there is shown a
cartridge (18), for housing the sorbent (102) as
described above. The cartridge (18) is made of
polycarbonate. 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) 1is divided 4into three compartments. The first
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 (14). The second
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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1) is sane to that of Fig. la elaborated above. In the second | ayer (le-2)
of the sorbent (108) is arranged in series, adjacent to the first |ayer

(le-1) . Wheoereond | ayer (le-2) conprises a mxture of pcigeRidojogedo Ur ease
particles (2), zirconium phosphate particles (3) and hydrous zirconi um

oxi de particles (4).The total weight range of urease particles (2) is from
0.5 to 30 grains. The total weight of the zirconium phosphate particles (3)
is from abourid0ergr &fs 26t 1VBDEGr &RFLOTheP2 BEAF LRI RO r oy Sy IRes

hydr ous zirconj | de i ¢l (4).Jds m t a rans.
The third Ia§£#8€%g§%)(3gﬁ%%e%§§%ﬁgﬁfsk16@?9Fsa§%$aﬁég' |ng§gkgééggg%]acent
to the secon@2tpyems(|l®- Bpighhe dii td heyera(lengxhcompriidds ract andt ed
carbon particles (5) which is sane to that (lb-4) of Fig. Ib. The total

wei ght rangePbfadhl @ttPVaf®d carbon particles (5) is fromabout 20 granms
to 200 grans. Wen in use, the sorbent (108) is arranged . in the dialysis
devi ce 3uch that BEFREFiBE &OW hkCdifdi% sate: f IFBF5ESs #F oMOWE {3 r SEASEyer

(e 1) 10 theLhibda aksre,| ?"fg’)a agshowady (he afdwiig Ass ligodi aloysat e
passes into the Tirst | ayer (le-1), this l"ayer renoves enzyne inhibiting
subst ances anechoxcas, fsaneras ithathe mesdrd ptdmd abovbe( FRgtridpe Ween t he

dialysate enters intg the second |ayer . Ie-Z{, t he n%étug%eoae%%%e%&%gse
particles (2 ?SEF%E8§|ﬁﬁ?ﬁﬁoﬁﬁﬁ&?eaﬁﬁr%ﬁgﬂg§ E3) PEnd iy 3PE s THEESHITm
oxide partich@fef4) PEEDWEShUREHIr GRS iOROSUCH BS 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 (187) can be inserted in ﬁhe
dialysis device and secured by fastening means such as
nuts and bolts. The cartridge (18’) also contains
15 separators (19) for a better demarcation of the different

layers of the sorbent.

Referring now to Fig. 3, there 1is shown a PCL
scaffold or substrate (30) used for urease immobilization
as described above. The PCL scaffold (30) has a diameter

about 7cm.

Hh

20 o)

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

(32) has a diameter of about 7cm.

25
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amoni um i ons, cal cium nmagnesi um and potassi um and ani ons such as
phosphate and fluori de. Advantageously, m xing of imuvbilized urease and
bot h typegoahod@isexchangers in one conbined | ayer signiptir&esbdoyodBpr oves
the performance by facilitating i mediate toxin absorption and producing
nore consi stent pH conditions in the dialysate throughout the sorbent' s
use. Meanwhile this mxture also reduces the size of the sorbent (108)

wi t hout conprom sing the toxin r enovabx %‘Eﬁ’ﬂaﬁ’l ity. Wen the dialysate
passes into the final layer (le-3) of thesorbent (108), the activated
carbon particles (5) absorb creatinine, uric acid and other urem c toxins
present in theEdidepset of Repgovedyg ureaseo apitd viltly, anidesgabd 1dawibpyanot her
enbodi nent of the. sorhbent 10 ed. | i zed ur eas rconi um
phosphat e par t1Fd¥ ]g‘}m 1?13('%’? o%ﬁlstglf?c%m EIr#g;i@ e %ar?l Ttes %ﬁéggacf’l vat ed
carbon particles (5) and the respective(sppstrates used for the foll ow ng

| ayers are the sane as those described above for Fig. la. Afirst |ayer of
activated carbon particles (5) is the same to that described above (Fig.

Ic) . The second Payer 10| f(T2blef l0he sorbent (110) is arranged in series,
adjacent to the first layer (If-1). The second layer (1f-2) conprises
m xture of {nmobilized urease particles ((Bh zirconi um pA®sphate particftles
(3) and hydreds zirconiumogide particleg §4 . The total 8wé ght range pf

urease partigkes ¢éhokslfriogns 98% 86%
Pressure drop | 20 mmHg 30 mmHg 120 mmHg

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

3h 5h 10h
pH 7.6 8.22 over-pressure
Urea removal 99% 99% over-pressure
Pressure drop | 70 mmHg 720 mmHg over-pressure
10
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
ZP are mixed in one layer, a high level of urea removal
15 can be achieved over a long period of time (10h), 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 over
time and the pressure drop across the sorbent increases
20 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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0.5 to 30 grans. The total weight of the zirconium phosphate particles (3)
is fromabout 100 granms to 1000 grans. The total weight range of the

hydr ous zZyHGesY4R7HXi de particles (4) is fromabout 10 @¢aRe200/086Q0 gr ans.
When in use, the sorbent (110) is arranged in the dialysis device such that
direction of the dialysate flowis fromthe first layer (If-1) to the
second |l ayer (1f-2) as shown by the arrow. A s the dialysate passes into
the first |ayevedif-19rashis PaPSEYEENTVER Bn2FABISNHRT | hgMSulstatSes as
wel | as creatini Lc _aci d ; egic I e [

di al ysat e, aghlgngt%ﬁggglésgr%i |05?1|O§}r?11 aq%\?gékz% gén' I (l:)é.gé\%\ﬁgn%h%%%i&gf%ss;s{hgeent ers
i nto the secand Bawege(kb- 2he thebenxt and/ofr the diedyeipacdeivdlces (2) and
zi rconi um phosphate particles (3) andhydrous zirconium oxide particles (4)
renoves urea, cations such as amoni umions, calcium mnagnesium and

pot assi um and ani ons such as phosphate and fluoride in the sane way as
descri bed abovetddy bf | KD sodbencdl edp agEtyes £1 i FSoniilie Pltospleatiestsii ption
above (Fig. le) . Referring nowto Fig. Iq, there is shown another

embodi nent of the sorbent (PePprdeBge Phe FPactiFdCedi@8r bon particles (5),

i mmobi |i zed urease particles (2), zirconium phosphate particles (3),

hydr ous zi rconi um oxi de particles (4) and the respective substrates used

for the foIIomﬁnglb§g§§§f?$$tége5?§gﬁfgﬁg&%?ag desgr jbed,; shave f ongfag. |a.

There is one honoge I hg
(Table 4)
Particle Size Pressure Drop Absorbance Capacity
(mmol NH4+ per g ZP)
< 50 um 460 - 500 mmHg 0.84 mmol/g
50 — 100 pm 80 - 120 mmHg 0.90 mmol/g
10
10g ZP (batch PP911C-Jan09), 0.3L/h, 12mmol/L NH4+
(Table 5)
Particle Size 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 um 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
particles 1is 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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sorbent (112) . The filling layer (lg-1) is a honbgenous m xture of

i mobi | i zed urease particles (2), zirconium phosphate particles (3),

hydr ous zZyHGesyA7HOXi de particles (4) and activated car peg/seasdoigdes (5).
The total weight range of urease particles (2) is fromO0.5 grans to 30
grans; the total weight of the zirconium phosphate particles (3) is from
about 100 grans to 1000 grans; the total weight range of the hydrous

zi r coni um oxFa&tpaferel 14D r GAFaRET 1D Yr SAE St 0t 208 Y4 ahe; ltafe

total weight tapnggsof achivaiedcarben partishes #erffom LMD 19,200
grans. Wien 1 n use, the sorbent (112) is arranged in the dialysis device

such that di peessomneof tdrdi al gzasedf| owyi s fitem t heaboi cobasdi memsiesn to

the top di nension %I -I.é as shown b t.@g arr ow. A s thg di al ésatedo sses
through the S8PB&A rg’ﬂ o ore SH%ur € 'of “the STmioil i 26" uF8adE farti el es
(2), zikconi ypnphesphals PHANE esadad)it hysif OtBeZzi g@BhiimOxhdeaitdcl es
(4) and activated carbonparticles (5) renpves urea, cations such as

amoni um i on8ndeal EPORL AREGHRESNUSaRd IPEEEs $PEMPRENLEHESs @dh °Fs tohdHhhat e

and f1uori de,;gnd,enzy Bl NheRL I 0 St ANASR AN SRJ; J 0 RGBSz e
organi ¢ net abo ites, SUCh as creati ni ne, uric acid and other uremc toxins.
Thi s arrangenmeptcdivesatdie prermduits ofrcgn iaprohede peré oratance roforbhotnh

ticl buffer, th duci instent. _pH diti inth
(ol ysate { hPRBGHUAESt RE-SoFREnC Soao8" KEr Eoad)ant AGRRUSTy. mixing of

i nmobi li zed
10

Study of Absorbance Capacity of Hydrous Zirconium Oxide

in Dependence of Particle Size

2g HZO (batch ZrOH 304-AC - Mar09), 0.3L/h, 1.0
15 mmol/L P (Table 6)

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

< 50 pm 30 - 40 mmHg 0.68 mmol/g

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

The pressure drop caused by hydrous zirconium oxide
particles 1is 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
required for the cartridge functionality. Thus, a layer
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
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urease, both types of ion exchangers and activated carbon in one conbi ned
| ayer gives the benefits of a nmuch nore conpact size of the sorbent (112)

and SUffL&b@&bn%%?Hn renoval capability. It also reduce§C&R§n&ﬁ%ﬁ&H§e drop

caused by the sorbent to a mnimum and facilitates the production process
significantly. It elimnates the risk of having uneven sorbent |ayers,
whi ch woul d be a cause for premature exhaustion of the sorbent | ayers.
Referring tomFng*pngaSaﬁ&-Fffgl.e preferars P rHEM® &3 (PRIt ¥R

housing the sqrbent a3 ,0e39hiqRed aRave.c FHhe Gy tid dae ofi18)ord 5. made of
polycarbonatgg ?ﬁg F%%g%§6)%g theg%arfriggeekl8) and the bofioéiof t he
cartridge (28) have flanges for slotting into the dialysis device. The
interior of the cartridge (18) is divided into three conpartnents. The

first conpartnment (26) houses the m xture of immbilized urease (16) and
zi rconi um phosphate particles (14). The first ¢ artment hasg a hei ght of
7 o &) Bngt b SHaE] SE AR PR SRBRCHUYS P HELAYE Kb SRFRBTAR | ment
(24) houses the zirconi um pheprhdchdAlds Haa%ilchd) siklee second conpart nent
(24) has a height of 27 mm a length of 113 nmand a breadth of 57 nm The

third conpartnment (22) them xture of activated carbon particles (10) and
hydr ous zirconi unTtei decpaatities ¢12) actheatid d cempant nehd (2)sdas a

P, TRt b5 B A o S 15
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 um 2 g 0.6 Nil (over-
1/h pressure)
50 - 100 pm 3 g 0.6 :
1/h 440 ymol 145 umol/g
100 - 150 4 g 0.6
pm 1/h 450 umo1 110 ymol/g
150 -~ 200 5 g 0.6 460 umo1 100 ymol /g
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are nmixed i nS8HécePayer, a high |evel of urea renova

p-rﬂv&d ur eao%g actle
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Activated carbon from Calgon, second batch

5 Conditions:

Synthetic hemodialysate containing l35umol/l creatinine,

37°cC

(Table 8)

Particle Amount Flow Absorbed Absorbance

Size Carbon Rate Creatinine Capacity
(umol Creatinine

per g Carbon)

0 - 100 um 2g 06 1/h 80 nmol 40 ymol/g

100 - 200

pm 49 06 1/h 220 pmol 55 umol/g

200 - 500

um 49 06 1/h 140 umol 35 umol/g

10

Series 3

Activated carbon from Sorb

Conditions:

Synthetic hemodialysate containing 110pmol/l creatinine,

15 37°C

(Table 9)

Particle Amount Flow Absorbed Absorbance

Size Carbon | Rate Creatinine Capacity
(umol Creatinine

per g Carbon)
0 - 100 pm 2g 06 1/h 242 pmol 121 uymol/g
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can be achieved over a long period of time (1Ch),

whil e maintaining a

relatively stable pressure drop across the sorbent as shown in Table 3 .

t he ot herWB%@, 15

are used bu
mai nt ai ned
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sor bent and
Zirconium P
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Drop Absorb
mol /g 50 -

in separat

| ayers
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altho
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02Z#hms150

article St ze Pressur
mm 4607 pmb0PgnrHg 0

[

100 mm sU -

170

g 0 90 nmmol /g 109 Z

(batch PPII1C Jan(p;

In the case when | U and ZP

S
SS

t he

84

0.3L/h, 12mvol /L NH4+ (Table 5 ) The 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 | ayers of
particles of Iess than 50 m crons size produce unacceptably high pressure
drops, particle sizes of 50 to 100 m crons al ready

5 Layout and design of sorbent cartridge
The Sorbent cartridge disclosed herein is designed
to remove urea and other waste materials 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 conventional

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 regenerated into a

reservoir of the dialysate for reconstitution and

continued use in dialysis. In peritoneal dialysis, the

cartridge can be used to regenerate the dialysate

from the patient's peritoneal cavity. The

be

withdrawn

20 regenerated dialysate may then 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 (collectively

known as the wearable peritoneal dialysis machine or

WPDM) . This enables patients to be more mobile in
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produce significantly | ower pressure drops in a favourable range for
application in the sorbentcartridge. Increasing the particle size to 100 to
150 mi cr QR end7ebe0 to 200 microns further reduces thep%&%?;%l{?ﬁ)o&rﬁp
caused by the particles under consideration. Mreover, it can be seen from
above data that the absorbance capacity of the zirconium phosphat es under
consideration is highest for particles of 50 to 100 m crons size. The

opt i num bet weer rarhieni Quabsohbtirondgapsci egtandtpeessaneé drop bs tiweref ore

at zirconi um_ph hat article sizes o 0 it m crons. St udy. of
Absor bance Caet%g% yl%c?ﬁl&y rroou(isu%slrv(z:eo'ni u?nh%fjégl%%qﬁeggeﬁf ence of Particl e
Si ze 2g HZO (hat chi sA10H 34 HbentVatc ) remOv3Llbeml cO tsmh/sL 2R (Tladed 6 )

The pressure drop caused by hydrous zirconium oxide particles i.s shown to
be significadtly $OWRFEHHan tRat TEEGYEd bk he"h$ r cBRAFGACphSPHESe 1P

particles, evenRAl-iR i< easizesnelr Bl l&lt theha PP PLEr ARS1 1T 18
partly due to the smaller quantity of hydrous zirconium oxide required for
the cartridgéhfumetrkertal ity. Thus, a | ayer of hydrous zirconi um oxide
particles of less than 50 mcrons (> 95% within 10 to 50 m crons) size
produces an acceptraluire expessioree tdrasp figrd use ,i nitt hies cdrdarnvdge, thaii | tehe

ver parti ol 887 5P i 6aler THan BORPEPore sTOLS  THe Frevatr oAl pAPHcI & Ui ze
for applicati@rad nd:he sprdemhs cart aidgeni s t heeelser®chd ti /G ons.

10 also a sterile, single use unit, used individually or in
combination with the prescribed amount of glucose to be
incorporated, through the enrichment module in the WPDM.

In summary, the preferred sorbent layouts, quantity of
the components in each layer and function are represented

15 in the following tables:

20
25
30

35
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Study of Absorbance Capacity of Activated Carbon in Dependence of Particle
Si ze The capacity of activated carbon to absorb creatinine is shown to be
dependenty,gny &4, ow rate of dialysate and on the pa”'b%lr%fc‘ij)(ﬁﬁ)o gt he
carbon under consideration. Crucially, there is a tendency tor higher
capacity, and increasing pressure drop with smaller particle size. The
opti mum bet ween acceptabl e pressure drop and maxi mnum absorbance is at a
particle sizé&angigd ofriBC¢iplE0 TaRles Idhown in the experinmental results
tabul ated below Series i Activated carbon from Calgon, first batch

Condi ti ons: |Syegresratedhanp@uanti¥e e cont ai ni ndUMSHOAmI /| _crealtinine, 37C

(Table 7 )Seri d¥alysate i iat ed carbon fR&APVEAI %g‘?f“ ﬁé@é?ﬂj"ﬁhf@h Condi ti ons
Synt heti ¢ henodi sat e |cont ai ni ng 1B3%RMAYSEECr eatiaNSAE, 37C|(Table 8 )
Series 3 Activated|carbgn from Sorb Conditions: $ynthetic henpdi al ysate
cont ai ni ng 110nmmoldl crgatinine,
Flow Direction
Hydrous HZO : 10 to 100 Creatinine, uric | Acetate
Zircinium Oxide | AC : 20 to 200 acid, phosphate
(HZO) and and organic
Activated Carbon molecules
(AC)
Zirconium ZP 1100 to 1000 | Ammonia, Sodium- and
Phosphate (ZP) calcium, hydrogen-ions
magnesium and
potassium
immobilized IU:0.5t030 Urea, Ammonium
Urease (lUyand | ZP: 100 to 1000 | ammonium, carbonate,
Zirconium calcium, sodium- and
Phosphate (ZP) magnesium and | hydrogen-ions
potassium
Spent Dialysate
Flow Direction

In Vitro Test
1. Purpose

The purpose of the in-vitro test is to verify the

sorbent cartridge's functionality under conditions

10 simulating its application in the regeneration of patient
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.

15
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37C (Table 9 )100 - 200 M 4 g 0.6 1/h 320 nmmol 80 mmol /g 200 - 500 M 4 ¢
0.6 1/h 275 mml 70 mmol /g 1000 - 2000 mMmm 37 g 6.0 1/h 275 mmol 7 mol /g
Layout angodes/grsof sorbent cartridge The Sorbent cart piggereionesnsed
herein is designed to renbve urea and other waste nmaterials that are
present in the spent dialysate and enable the regeneration of the dialysate
for its repeated use in dialysis. This will reduce the anount of dialysate
used in conventioRal nbaatrifes epPmBRsLtien0 (FRPAeslin a 4- hour
haenodi al ysis session or 70 to 100 litres in a week typical peritoneal

di al ysis. | pReganetated Biaglysatet he car t|Qu@gttyc@n be used to regenerate the

di al ysat e t hat thT pass through the henodi al yzer | The di al ysate can be

regenerated|/into reservoir of the dialysate for nfeconstitution and
continued use in alysis. In peritjoneal dialysis, {the cartridge can be
used to regppgliEbhe di al ysate withdrawn fromthe patient's peritoneal

cavity. The AENEHEESoEr AG) at ysate r%ggthen be—ade|avail able to
reconstitut

AVHrUEFireount DkBI(HFD) | T3 ebtg | ntroduction into the patient's
cavity. The75&5@@@&%@3%@@3@%%‘T%‘6@%bggea, in terns of size

Immobilized Urease (IU) and U:6¢g

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

i

Flow Direction

3. In Vitro Test Conditions

The test was conducted 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 a

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 sorbent

disclosed herein (Table 11).

15 3.1. Composition of Synthetic Spent Hemo--Dialysate
(Table 12)
Component Sl units Alternative Units
Na 140 mmol/L 140 mEg/L
Ca 1.50 mmol/L 3.00 mEg/L
Mg 0.50 mmol/L 1.00 mEq/L
K 2.00 mmol/L 2.00 mEg/L
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and weight, to be wearable with the carrier disclosed herein when inserted
in the dialysis device (collectively known as the wearabl e peritoneal

di al ysi s wachioneser WDV . This enables patients to bepggfse2000pbdR9
incarrying out their daily activities and to be nore economcally
productive. The dialysis device conprising the disclosed sorbent can renove

uremc toxipns_24/7_ _and is effective in |:e|q:gva| of the uremc toxins—in
Corrparison g any nt her current mmqlﬂ- a l 11WEﬂ/i-m prnr et m

(o
i PO + 1o , Il arel 0 i
exper i ment %ﬁ@l@d—gut—u—t—u—s—qblv Vet ha oA ed—herein is
able to abspPH¥0 mmol of ureq ‘Eﬁofrm%'.c"é' gr 'égo /d 3 g’;u ! bent
S tH i

cartridge i NT&iﬁs a—stert+te—=st ..g. e—use—tnit;—used

conbi nat i oNn G the—prescribe tyof Ut ucose g B&,JidiapEdoor at ed,

t hrough the| enrichment nodul e ijn HV\%DI\/I In Sumﬂiﬁygn{gitﬁ;@ééEQEFFEd
sorbent | ay Hini i d@,qjmp@ents in_each1I53YmydLadnéhtihiBéICt 1 on| ar e
represent ed[ pRosbRdte T O1 T OW NQg ®3niegneral princi phagmgadre 10) Tn Vitro

Test 1 . Purpose The purpose of the in-vitro test is to verify the sorbent
cartridge's functionality under conditions sinulating its application in
the regeneration of patient henodialysisate . To this end, the patient
spent dialysate |5 pephacedclxisynihalis spop! ﬁ@g@qb%mte@faqq;saaea ng
the urem c toxins urea atinine and phosphate i'n

(post sorbent cartridge) (Table 13):

5
Component Sl units Alternative Units
Na 120 — 150 mmol/L 120 — 150 mEg/L
Ca 0 mmol/L 0 mEg/L
| Mg 0 mmol/L 0 mEq/L
K 0 mmol/L 0 mEg/L
Cl 111 mmol/L 90 — 115 mEq/L
HCO3 5 — 37 mmol/L 5 - 37 mEaq/L
Glucose ) 0 - 13 mmol/L 0 - 234 mg/dL (anhydrous)
0 — 258 mg/dL (dextrose)
Toxins
Urea 0 - 0.60 mmol/L 0 - 3.60 mg/dL urea
0 — 1.68 mg/dL urea-N
Creatinine 0 — 20 ymol/L 0 - 0.23 mg/dL creatinine
Phosphate 0 —70 ymol/L 0-0.22 mg/dL P
Ammonia (from urea) 0- 1.4 mmol/L 0-2mg/dL N
4. Test 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. All other analytes
were still within the acceptable limits.

15
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expected concentrations for continuous henodialysis.2 . Cartridge
conposition (Table 11] 3 . In Vitro Test Conditions The test was conducted
at a di alwsab@/isegyper ature of 37 OC and a continuous fl egrfsebfoPboBe O L/ h.
Exhaustion is defined as the point where at | east one of the chem cal
conponents of the regenerated dialysate is out of the acceptable range (see
3.2 below). The follow ng tables show the conposition of a typical spent
heno- di al ysate, thelnedpeall Hnaupépt 8d PREGESSFor OB ScEimpéhgntdmsr ©F
regener at ed an ntities of the absorbed toxi ns when spent
di al ysate |sg%gégggigﬁrogaﬁmgngHanodlnent of the sorbent disclosed herein
(Table 11) . 3.1. Conposition of Synt het| C Spent Hem)--D| al ysate (Tabl e

%_%_) gl 2. 1§§C ?éﬁ?sl e—Range for—R Iﬁﬁitg“ et—bral ysate N{é’ﬁuhtlv‘é‘b ﬂ nt—ecat l.I ?ﬁe)
abl e Fest—RestH-s—Hx HS-orr—Hre—amron ocettiatomTn e
cartri dge olPFPow was greater t|h gg"fni mmol /L (2.0 !égfajréa,@fter a total of
32L of Synthéhbh“ﬁycut uua|y>atq5@ﬁﬁwudbbeu rnruug|7$yﬁ SRLHEE cartridge.
Al ot her anghEbfte WeTE ST WS Holt Te_acceptabt €74 pS. 4. L. Total
Anobunts of AbsSOrbed Toxins at the Tine of Exhaustion (Table 14) 4.2 pH,

Sodi um and Bi carbonate Bal ance at time of exhaustion, and Pressure Drop
(Tabl e %5) 5. Cbggbgsbgp Sodium and Bicarbonate Balance at time of

exhaustion, and Pressure Drop (Table 15)

Component SlI units Alternative Units
pH 6.3-7.2
Na 250 mmol total release 250 mEq total release
HCO3 70 mmol total release 70 mEq total release -
Pressure Drop 140 - 170 mmHg
5. Conclusion
10 The performance of the sorbent cartridge met or

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

and 710 mg phosphate-P.

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 1s capable of removing protein-bound
toxins which is usually not possible with several known

dialysis devices.
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The 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

hermodi al wWe@t609/15hd77had a total capacity of 5.3 g urea-N atinine
and 710 ng phosphate-P. Applications The discl osed sorbgﬁg%%%wﬁgogéglysis
device may be used for peritoneal dialysis or henodial ysis. Advantageously,
the di scl osed sorbent when used in a dialysis device is capable of renoving
pr ot ei n- bound t oxi nsTlvhi éhsisoasdalsorhestt pbsspbl@mpact sendr o nEadwe

di al ysi s devi .The di_scl £ i a r . rhent

t hat, when u%éggﬁﬁttﬁgaapnﬁﬁlakzgg gube???oﬁga 3%&?3%?@8 %%%isﬁ%gﬁs
capabl e of absaenbkhg ahdclofnd he useacapdiosphatte, alsseatbimg nalandodt here
urem c toxins produced by the patient and present in the dialysate.,

provi di ng optFRar cPBRFRREEST or CHFERIBLNEXI RS ANFERTagddERYY, (&S bent

i's confisgured bRuaeRRMAET thlatp Achi eV esneoNpACs 8RS W Loyt GAMRIRMSI Ng on
its capacity to renove netabolic waste fromthe dialysate quickly and
ef fectivel y. pkavodéngr ef eptddadnbodiyaatanagshat fer whememhe | muskiinissed
urease and zi,r.conium phgosphat articles coexist in one. |layer_ of
sorbent, an %Syfﬁﬁﬁgé Eﬁ&g éﬁv?rgﬁ%Q%ﬁislgré§F§§%%%g?h§¥iﬁ%o&445%%
urease as thehakr cadhusvphosqhai=-iaddd clwéshact asolptbet st ngcodmt drract any
H changes.
P g capacity to remove metabolic waste from the dialysate
10 quickly and effectively. In one preferred embodiment,
that is, when the immobilised urease and zirconium
phosphate particles coexist in one layer of the sorbent,
an optimal working environment is created for the

immobilized urease as the zirconium phosphate particles

15 act as buffer to counteract any pH changes.
Advantageously, this increases urease activity and
prolongs the 1life of the 1immobilized wurease. 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 zirconium
phosphate particles also act‘ as cation exchangers and

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

30 increase the efficacy of the unwanted cation removal

capabilities of the zirconium phosphate particles.
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Advant ageously, this increases urease activity and prolongs the life of the
i mobi | i zed urease. Mre advant ageously, as this specific configuration

i nvol ves wheoepibg-rati on of one or nore materials in thechaygsmednd he
sorbent, the overall size of the sorbent is reduced significantly. As a
result, the portability of the dialysis device is inproved, thereby
providing greater patient nobility. At the sanme tine, the zirconium
phosphate particles al so act as cation exchangers and renove unwant ed

cations fromthe gh%ﬁsakéasbﬂa%% e@?@_@&;ﬂf%”t _ha?r'%ef %izereﬁoniekh%‘ll%%%lph%tge

particles provide ave an average particle size o 5 mcrons“to 10

m crons. Advdaetagébaskypivhilsnspembbdémpatsi offe toez preargd haydngdorf,ound
by the inventors ta increase the efficacy of the u ed cation rengval
capabi liti eslgf “ElhlgL zB?coarﬁRﬁﬁeprhtosﬁﬁat@l%aPteirc?PEs.%ﬁmff%egeéélon% Fe%fforts
have begn enpkeyed t8adesg! i bge eqit vad &g endiodi mantse of drhe presarius

invention, it wll be apparent to the person skilled in the art after
readi ng the Pbhegornpdidisatdsnce anchatdarira o vt fer thBdERVERTi6Rs MaYd

adaptations gt Lhgd NYARLLOR TPV RS, (TRARLLRRLALD 1 LNOUL,ACpArt|nd fipm the

spirit and scope the invention and it is in that all such
nodi fi cati onscapd adaptrat | omsercionen wehdi Att he scopenadd t heafppéndecch

clains.Clains 1.._. A sorbent for renpving nmetabolic.waste products fr a
Gialvei s Hi quPE: iRt SBR B CoRpRPeRRgoR] . come | wiERERS dLOEESe! I

10 the appended claims.
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primary |layer of immobilized uremc toxin-treating enzyne particles
interm xed with cation exchange particles . 2 . The sorbent as clained in

claiml fypbhg)s$e9Prising a secondary |ayer of cation gx¢hangRpehbi cles

3 . The sorbent as clained in claim2 , further conprising a tertirary |ayer
of ani on exchange particles interm xed with organi c conpounds absor ber
particles. 4 . The sorbent as clainmed in claim3 , wherein said secondary

| ayer is disposed between said primary¥#tSaid tertiary layer. 5 . The
sorbent as clainmed in claim1l , wherein said uremc toxin-treating enzyne
particles convert urea to anmoni um carbonate. 6 . The sorbent as clained in
claim5 , wherein saisdriveent c fbexi nehoeahdg ngneryn®l ¢ S wrssas e produliies

sorbent as clainmed in any one of, the precedi cl ai or 2 ,.wherein said
cation exchange pari3T®l &s %%lﬁ%%oﬁilﬁﬁllﬁlhos fat €9 ?Fﬂ%cl%‘%m%f?sglﬂ% Sor bent

as claiged in claigpFarpWes6en 33 bl BXNangempar tickies tafed it oni um
oxide particles . "9 . The sorbent as clained in claim3 , wherein said
organi ¢ conpounds erbEorbePaparidlelses iaFerasripdat it e ardni Qar Sxchenge

particles.

2. The sorbent as claimed in claim 1 further
10 comprising a secondary layer of cation exchange

particles.

3. The sorbent as claimed 1in claim 2, further
comprising a tertiary layer of anion exchange
15 particles intermixed with organic compounds

absorber particles.

4. The sorbent as claimed in claim 3, wherein said
secondary layer is disposed between said primary

20 and said tertiary layer.

5. The sorbent as claimed in claim 1, wherein said
uremic toxin-treating enzyme particles convert urea

to ammonium carbonate.

25
6. The sorbent as claimed in claim 5, wherein said
uremic toxin-treating enzyme is urease.
7. The sorbent as claimed in any one of the preceding
30 claims 1 or 2, wherein said cation exchange

particles are zirconium phosphate particles.
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10. The sorbent as clained in claim6 , wherein said urease is imobilized
on at | east one of cellulose, nylon, polycaprolactone and chitosan. 11. The
sorbent agoGh@iixeghzin claim8 , wherein said zirconi um @girge200/0002d6 ous
zirconium oxi de. 12. The sorbent as claimed in claim6 , wherein said
urease particles have an average particle size in in the range of from 10
mcrons to 1000 mcrons. 13. The sorbent as clainmed in claim7 , wherein
sai d zirconi um phosphate particles have an average particle size in the
range of from 10 mcrons 40,1000 Morongq 14n The, srbent yas ek Al mBdid n
claim8 , wherein said zirconiumoxide particles have particle size in the
range of from 10 mrcioms txchedFen cpansiclss TRessor béntonsunl aigmwidd n
claim9 , wherein said activated carbon particles have an average
particlesize in tHATafge®df from 10 microns to 1000 microns . 16. A
sor bent sfor renoving netabolic waste products froma dialysis Iiquid, the
sorbent conprising a | ayer of cation exchange particles having an average
particle size ih tHeer &egbest 28S ni%hoied 01 200C ki EFons. 1#STAlBortedt for
removing metabol i ¢ uast . PERAUELAGL! A didl VoL se LLabL da dhes sorpanty
conprising: a prinmar ayer of 1 nmmobili1zed uremc toxintreating

carbon particles.

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

nylon, polycaprolactone and chitosan.

11.The sorbent as claimed in claim 8, wherein said

15 zirconium oxide is hydrous zirconium oxide.

12.The sorbent as claimed in claim 6, wherein said
urease particles have an average particle size in

in the range of from 10 microns to 1000 microns.

20
13.The sorbent as claimed in c¢laim 7, wherein said
zirconium phosphate particles have an average
particle size in the range of from 10 microns to
1000 microns.
25
14.The sorbent as claimed in claim 8, wherein said
zirconium oxide particles have particle size in the
range of from 10 microns to 1000 microns.
30 15.The sorbent as claimed in claim 9, wherein said

activated carbon particles have an average particle
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enzynme particles ; a secondary |layer of cation exchange particles having an
average particle size in the range of 10 microns to 1000 mcrons; and a

tertiary weyes@ngh7quaternary | ayer, at |east one of saipgrls@gGomHoeR9Pri ses
ani on exchange particles while the other |ayer conprises organic conpound

absorber particles. 18. The sorbent as clained in claim17, wherein said
secondary | ayer is disposed between said primary and said tertiary |ayer
and said tertiary $88Rr i dilsposédIet Réentsald $BcombEFY Faye? artP&aid
quaternary |ayer. 19. Jhe sorbent as claimed in any one of claims 1, 2
18 or 19, wherein sald cation exchange particles are amoni a absorbers. 0
. The sorbent as clained in clains 1, 2, 18 or 19, wherein said cation

exchange particl] es conprises ions of a netal ose. phosphate is orl
sol ubl e iﬁ maté¥§hA gg}ben for removing meta och &géke préghctgl
5 from a dialysis 1liquid, the sorbent comprising a

layer of cation exchange particles having an

average particle size in the range of 25 microns to

100 microns.

10 17.A sorbent for removing metabolic waste products
from a dialysis liquid, the sorbent comprisingf
a primary layer of immobilized wuremic toxin-
treating enzyme particles ;
a secondary layer of cation exchange particles
15 having an average particle size in the range of
10 microns to 1000 microns; and
a tertiary layer and quaternary layer, at least
one of said layers comprises anion exchange
particles while the other layer comprises organic

20 compound absorber particles.

18. The sorbent as claimed in claim 17, wherein said
secondary layer is disposed between said primary
and said tertiary layer and said tertiary layer is

25 disposed between said secondary layer and said

quaternary layer.
19.The sorbent as claimed in any one of claims 1, 2,

18 or 19, wherein said cation exchange particles

30 are ammonia absorbers.
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20.The sorbent as claimed in claims 1, 2, 18 or 19,
wherein said cation exchange particles comprises
ions of a metal whose phosphate is poorly soluble

in water.
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