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FOR PERI TONEAL DI ALYSI'S OR SUBSTI TUTI ON 5 | N CONTI NUOUS RENAL REPLACEMENT
THERAPY" BACKGROUND OF THE | NVENTI ON The present invention J.e|ates
generally to peritoneal dialysis and renal repl acenent théjl:BaJﬁnH@r,Y D%h as
henofiltration and henodiafilitration. More specifically, 10 the present

I nventio to manufacturing and storing bicarbonate; utions
for peri ?Y)‘?]gi{f’%%, al ysis and henofiltration. To overcone tﬁ%@@s@g\égﬁt ages
often associated with cl assical henodialysis, other techniques were

devel oped, such as peritoneal gipah ysjpiand PeePai | tration. Peritoneal

dialysis utilizes the patient''s own peritoneudm as a sem perneabl e nenbrane.

15 The peritoneumis the nmenbranous [EI@LE of the body cavity that, due to
the | arge nunber of, nd capillaries, is capable of acting as
a natural sem per mm%ﬁ%ﬁaﬁdrpﬁgﬁfmI%TyggﬁT% sterile
dialysis solution | pORFMEMUSELE SLANYSREOR SOBYINTERYOY Ulilizing 2

' of- t

catheter. After a sufficient perio I me, an exchange of solutes 20
bet ween the di al ysi €EONIING@ US| RENAILsRBPRACEMENT THERARYal i s achi eved

by providing a suitable osnotic gradient fromthe blood to the dialysate to

~permt water outflow from the blood. This allows a proper acid-base,
electrolyte and fluid balplegkdRobRT BIFH PriiigoR} ood. The dial ysis
solution is sinply drained fromthé body cavity through the catheter. 25
Henofiltration i §he pesantahvamobaskhtesbgordtllyl eampstitogedliediblysguand Bereabdd
access can_ be venoyenous or arterpovenous. As bl ood . flqows thrqugh the
noror 1| ¢ of TePPeETERIHERDS fith 5 PeSe iEtan H hemo AR aRsr: (MorasPOHEal
conpar t (NinARtehhhvidhidibiatds i@ anEARARS ThdLorif 8 BREDoRMEDIEdBhfions O DE
filtere acregés}s etEe hi grﬁaper rreh‘g'g e man%r ane.onAél tﬁlﬁebowat er cr ossogs t he
menbr ane, ifdr pearoneek dialysia hhd hemofilantmn. nol ecul es across the nmenbrane-and 30
thus cl eanses th% bl ood. AH ﬁx%fSSi ve unt of plasnma water is. elimnated
by filtration. RAVEFGME, the A1

must be Sugﬁ'fetttb’é}ﬁ%g.{es 2fferd 2RBAIYpA0 AfenV R Péx%ﬁéﬁ‘kﬁﬁ i Y5 Qeafitifation.
continuously by a balanced electrol yte sofution (replacenent or
subst i t ut i Baritohenl dialysinitiigexthe paticatssovousdrifonelin & suehspérinatble mebdtuank. can be

i nfused _eifher into the arterial bloo .
lg Ll'ge peritoneum 1s the membranous ?mglg of the body cavity that, due to the large

3

number of blood vessels and capillaries, is capable of acting as a natural semipermeable
membrane.
In peritoneal dialysis, a sterile dialysis solution is introduced into the peritoneal-
cavity utilizing a catheter. After a sufficient period of time, an exchange of solutes
20 between the dialysate and the blood is achieved. Fluid removal is achieved by providing
a suitable osmotic gradient from the blood to the dialysate to permit water outflow from
the blood. This allows a proper acid-base, electrolyte and fluid balance to be returned
to the blood. The dialysis solution is simply drained from the body cavity through the
catheter.
25 Hemofiltration is a convection-based blood cleansing technique. Blood accéss can
 be venovenous or arterjovenous. As blood flows through the hemofilter, a transmembrane
pressure gradient between the blood compartment and the ultrafiltrate compartment
causes plasma water to be filtered across the highly permeable membrane. As the water
crosses the membrane, it convects small and large molecules across the membrane and
30 thus cleanses the blood. An excessive amount of plasma water is eliminated bylfiltraﬁon.

Therefore, in order to keep the body water balanced, fluid must be substituted

V3BIREEP sqeppted, yih classieal hgmodiabsip: 1 ui d



line leading to the henofilter (predilution) or into the venous blood |ine
| eaving the henofilter. 5 In addition to the renoval of Mejea ?n.ja 2004
products, one of the nobst inportant problenms of every kidney replacenent
t herapy, such as henodial ysis, henofiltration and peritoneal dialysis,”
l'ies in ywopgesgecti on of netabolic acidosis. For this reagaiyschheiss

di al ysi-s solutions used in each of these processes contain a buffer. Three
common buffers often used in dialysis solutions are bicarbonate, |actate,
10 and acesmgineousiphby e balanded | dlsetioltasbitian drapdasement or sutstijutionf fleid) used i n

di al [ | i i . t at { at d titut
for b car BBl k% unoutyCEnibiRinRS) At AR e BRI Rre TG B S BRI st of age
of bi car bpwalegdins i eietbnttdey Qﬂr&di&ﬁidﬁ? loPto thd-6ddRE HIGHIIAL Rh#he hef fers

were found to provide greater stability in use over the previols
bi car bonaktamafiltet.er ed sol uti ons. See United States Patent No. 5,211, 643. 15

However, since picarbonate ions provi dvant ages ov, acetate or lactate
one. i car borth s oR e e gtaRaft APty iR g,
dialysis sgbleins ONéveryliaiey reNRmeAEBBREPNENFAARndAMlysid RS IRafisH LRl S
exhibit a better tolerance for bicarbonate dialysis solutions. In patients
Wt h a muperitqrical dialysis, lied inuthe coredionbeihme@bolid Acidesis. s Fbuthiormsar, dhe
preferred .blgcausle .Of tQ(E. I ac]F P{H'I nmet abolic interference. Further, certain
treat ment @4 6‘?5?88‘_31‘?5r‘§ PEPFT 8" HiFE RFOFSEiMARASEEnt ai ni ng bi car bonat e,
cal ci um and NMagnNesd ciMmEPbufRFPIRnUscPREdiRRYs SaMBorisCre BicalbbAfte AatthM C

pati ent who has devel oped hypotension and |actate acidosis. 1n such a

pat i entQ andecdtatet Wihdle anitiallydricartonate veasribeprithay duffecisad insdialysis selytions; be

nmet abol i zed .0 hi carbopat e because,of tissue oxj a, .and .aci dosi may be_
furcher voes e ot ARLERORRIRG & rbs RIS R atb sl abfus e dy g 25
bi car bonahe de@ihRy M Pekpdiafby S8k Worhfe B bicatbdd@ic Bitferdl bialRiidsdlhgadsoonate to
the blood and also. renpve | actate. For these reasons, sone researchers

have recdmetatel@dd abeteigringienst weteufolad dd ety greatersstzbdiiyniot wseeoter débe nent f or
severe | actate ,aci dosi s .S, .lng. et .. BlLecarhonat e- buf.f er perit oneal
i ol yei s Peaieds eebRR S by eintie. See Moied SEiate s Sons: 2 Bofane 5. No. 3,
p. 121345124 ( 1%&}evei%@iné@&%&%&nd?@foﬁ?bio%ﬁde%%ﬁt&% 008t REtaldl GULRARR; bUf f ered
solutions may be for patients who experience abdom nal pain or disconfort

when condcarhamatelis agait wirfacing as the pdmanrivdiey ustd(u dialpsB EoIuT6R! TeSEMaBO0/ 20486

![ SCE ﬁée- uefeI]; %r?ﬁlcgldw?r%%%e ggtl%n{srle];cﬂﬁ)?tdd b&t@?toqgrgggg g%icgl%loplatg%yalgsexs related

- solutions. In patients with a multiple organ failure, bicarbonate-buffered solutions are
preferred because of the lack of metabolic interference. Further, certain treatments
20 require sterile dialysis solutions containing bicarbonate, calcium and magnesium.

- For example, one may havé to dialyze a uremic patient who has developed -
hypotension and lactate acidosis. In such a patient, the lactate or acetate in conventional : )
dialysates may not be metabolized to bicarbonate because of tissue hypoxia, and acidosis
may be further worsened because bicarbonate is removed during dialysis. Using

25 bicarbonate-containing dialysates in such a patient will add bicarbonate to the blood and
also. remove lactate. For these reasons, some researchers have recommended
bicarbonate-buffered dialysis as adjunctive treatment for severe lactate acidosis. T.S.
Ing. et al, Bicarbonate-buffered peritoneal dialysis, The Intermnational Journal of Artificial

Organs, Volume 8, No. 3, p. 121-124 (1985). |
30 Another potential application of bicarbonate-buffered solutions may be for

patients who experience abdominal pain or discomfort when conventional acetate- or

2



unphysi ol ogically high acidity of acetate- and | actate-buffered dial ysates.
Concei vably, bicarbonate-buffered dialysate, with its nor | I,C pH,
. m ght decrease the incidence of such synptons. Id. 5 The ?sgg%ﬁéwc‘;‘m
bi carbonate solutions for injection or for dialysis treatnment is known.
However , ‘gge to the difficulty in preparation and storage of these
sol uti ons”O WY 1{A34+ array of literature is dedicated to atteapusoyzdsenedy
the stability problem of bicarbonate solutions. Three main problens need

i ng medi cal bicarbonate

to be add facturing a t
sol ut i ons, R RS A% irthsndC a7 bl fial Tain gy P ekl it o02
gas, whi chusgtfiiologicaiy BRRScitltp B}"%d&t&hes%a‘iakﬁihb réd @g}iﬁ&&s.. &8@%@)}@@5 a

potential irritant, may form and the pH of the so onis
i ncr eased. birarbapgrduiiied cdiplysstanwith ity moro pbysiclopiy, pHhenighi desrbeBahe can.

be stored }n.: 0 rmuntil just before use as described in U S.
Pat ent No.h%,l%gg?%%g%%"@fw soh et al, European Patent Application 0 278
100 for 515 hac hu‘mmtﬂeaichﬁﬂcﬂbﬁ{ahésslloﬁmpﬁé fo?ﬁ%éédo?ag{ﬂf%reﬁgl&kmﬁ%%%?' © gas

barrier can be used to protect the sol ution. alysi's, .the CO2
cont ent of StRewao Hopieyer. dumtobe difficuity inprepastidn snd stoedkeiof thdsbisglbgios, al |,

(1959) . U &va i Befbaffd s deh Ry  dlbimgli 6 remedy e sabiley Disoleopt
descri be ZBicarboriatedohitides.t eeORRiTHBbRAs fd @ 1 éagfégggéﬂﬁeem%ggaﬁg%# i on.

Moreover, the addition of buffers, such as glyc
proposed t #dsigringanedieal bidathonatelselubipnsr bonate  sol uti on. See U.S. Patent

No. 4,959, 175. 400, further,. anot her. apprqach focuses on generating carbon
di__oxideis(\?vithin i S pig? IRIEI 5 2b CORa gD, vale CbIaie: BHEh B8y U 5.
Pat ent  No. esbap28&omdfie sdliltionN@\s 23éule Parbétaed) oﬁsnﬂ?éih‘ftﬁn’ Eﬂ-&ﬁtﬁnﬂ%ﬂ tﬂélj_h

In a’ con e

generate and nmintain carbon dioxide pressure w ar’ner.
devi ce carPEépfihepolytiorys shersborineteasied.hTn avoid dintsa pherondnatfrdin be@Brikg) the

bi car bonat | on ,or wi thin an.overpouch. that surrounds the caontainer
filled wi t!ﬁc%ﬁ&e&ﬁemagabreb%?fﬁ% & éé’Pﬂ’fiF‘b-r?F’ngé'Tﬂﬁbsé@fec'éﬁ? BedesgdredjarloSe,
duri ng_or Putére NG Uer9| S35 ekl oA &bh of ol TG RAn Pl WBNBIRS0 Y8 188 %0d O
injection and for di al%ds_l s generally contain 30 calfcrumand/or nmagnesi um
i ons. |1 tAxhiecoateBeddialysisar bonat e, these ions form cal cium carbonate
and magnesi um c onate, respectively, whi.ch at increased pHs typically 3
28 J ang ary 200 4%%3?}Vfly5§ﬁx permeaﬁe%as barrier can be used to protect the so?{i%on. Y
Or, for hemodialysis, the CO, content of the solution can be controlled as described in
Murphy et al, Use of An Artificial Kidney, J Lab. Clin. Med., Volume 40, pp- 436-444

(1952). U.S. Patent No. 4,584,176 and European Patent No. 0 209 607 describe

20 controlling the CO, content of a bicarbonate-based solution. Moreover, the addition of
buffers, such' as glycylglycine, has been proposed to further stabilize the bicarbonate
solution. See U.S. Patent No. 4,959,175.

Still_ further, another approach focuées on generating carbon dioxide within a
container to stabilize bicarbonate solutions. See U.S. Patent No. 5,383,324. Inthe '324

25 patent, a device can be used to generate and maiﬁtain carbon dioxide pressure within a
container. The device can either be positioned within a container that houses the
bicarbonate solution or within an overpouéh that surrounds the container filled with the
bicarbonate solution. The device can be used before, during or after sieam sterilization.

Second, bicarbonate solutions for injection and for dialysis generally contain

30 calcium and/or magnesium ions. In the presence of bicarbonate, these ions form calcium

carbonate and magnesium carbonate, respectively, which at increased pHs typically



PCT/ USO0/ 20486 precipitate fromthe solution. To initially renmedy this

probl em bicarbonate solutions are often nmade from concentya r I ng
fromslightly concentrated, two-fold or less, to nuch noreiac}gﬁ?ae'?{tz;bgtged
sol utions. Bicarbonate on the one hand and cal ci um and/ or rmagnesi um on t
other h j ncluded in separate concentrates. These cepeRRbsAIES S ar
then m )?ggoﬁgﬁ%t ain a ready-to-use solution. A ternative?y, the
concentrates are mixed and diluted or diluted and nmixed. In order to avo
the preci eE%ﬁtbt@ Bro the 361REARTES Bttallf rerSQIRNY ?Y&léﬂm&ﬁtetsﬂﬁxtiohé £@r bonat
concentrate should be acidified when manufactured.” See U S. Patent No.

5, 211, 643oftSpmail¢ froal topcentrates, Bagingftam slightbpmmesntratd, svo-figjd ohdespHoval ue

the 10 bi carponate concentrate to Jess than 7,6 by, additjon.of a
physi ol ogiiah P GPEseaGHEd sekfons” PERDRERF 981 e o8y hErbend A B Bebsg 1o
| eave t he b Qfunt B tHeIBRE hg{@é@iuaﬁﬁe&ﬁ{%ﬁﬁfgfcuﬁ@&mu&&.e%es%%n%% State

- Patent 4,489, 535. Left unadjusted, the p t he bi carbonate concentrate
i s abouf§ #eChen gixed Phebtdibackadyntdeuse stltionEIferhdiively, tiResmmenthates are

Laboratori es, I tehquse. Station,. , p. 1472 (1996); Boen ST, A clinical
15 study B’qudﬁ'\gpﬁlﬁlé‘t d{;é}lﬂﬁeﬁgﬂ?{lgx fectiveness, Peritoneal Dialysis, p.
76, Van Gorcum &orﬁ&fm,av&awpre,iﬁﬁatm{&%ﬁ%ﬁ% sﬁl%s?@&)llé hivHedug i w&d thel -

Peritoneal |avage as an effective neans of extrarenal excretion. A
clinical bisprbanatalcondangriechonld beapsdfielf whiveniamifacypred, Se8US. Ratg8®Wo. The

dj ust ' b t t is th I xed wit id i difi
uad] st og 01 67 POSBSH IR T ) S oo et o A S90S o0 T
Aci di f i §ati0BoRas cHR@RAE I RYEHaN 6y @R RinoraGHSioladi@iiy GoldGblb adi@dct i C

acid), 1norganic acids (hydrochlori¢ acid) or wth Carbdon dioxide. Ing.

al , Bi car bonat eAbwfriativelgl, ofiers haveeptopdsal yeilsaveiieupld & thdobicatbopate121- 124 )

(1985). The problemw th both_af these_approagch i hat ..t he, bi carbonat e
based sofRCFRFARER “ﬁedgacge_egé‘?‘wleﬁ?te%? ’ftﬁlgtr‘t"g@’g%pr ﬁﬁépﬁa$%?%itl?lee?aﬁor as
over W ap. o2 el ficArBifutOborREf-HE N Moufl 8R0S 4 ThE NEe AR IndE! 1D®EJ., Ni8rck

bi carbonate. concentrate wll |ose carbon dioxide, and the pH w ||
i ncr ease. RekparchriLationajonds, Widtehousd Stattome Dy pt 8478 ¢1896)) BoehiSTavbdnaicad

wth hostty oREeRES Geretmitnits G AT FROMREROLLGIN T 6 Van FORTm Bnger b
 mrdi at ol R g s 2(150F | SBf IR SPOARACR! [l B o ner &
have beeneffiztice impaheaf eotarehalxlorationc antiiviodr gnpriisel \Vemeridanekmrmid ofot
col l'apse 4 egi?:in%,r &iﬁgt'}q'fg(lsgg. %rurel; ' _nr.lseteg| gi%grb%gatg ‘e:oécentrate is then mixed with
an acid or acidified concentrate, either before or after dilution if dilution is needed.
20 Acidification has been achieved with organic acids (acetic acid, lactic acid), inorganic
acids (hydrochloric acid) or with carbon dioxide. Ing. et al, Bicarbonate-buffered
peritoneal diélysis, Volume 8, No. 3, p. 121-124 (1985).
The problem with both of these approaches is that the bicarbonate based
solution needs a gas barrier, either as a primary container or as an overwrap.
25 In case of accidental damage to the gas barrier, the bicarbonate concentrate will lose
carbon dioxide, and the pH will increase. Upon mixing of the acid concentrate with the
bicarbonate concentrate, the pH of the bicarbonate concentrate will no longer match with
the pH of the acid concentrate. The mixed solution will no longer be in the physiologic
range, and a calcium carbonate precipitate will form immediately upon mixing.

30 To avoid gas barrier damage, thick containers have been used instead of flexible

containers. However, these do not collapse upon draining and therefore need to be -
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28 January 2004 WO 01/17534 PCT/ USOQ' 20486 vented for use in peritoneal
dialysis or henofiltration. This has the inherent risk of iQSnJ ecti .04U. S
Pat ent No. 5,296,242 to Zander describes the use of a stabl 5‘&’88'3
solution in the formof two separately stored single solutions, one

cont ai ni Rﬂo%m%s tabol i zabl e organic acid, the other alkali bicarbonate
and al kali carbonate. The '242 patent relates to adjusti ngPCHEse2oass t he
dextrose conmpartnment with an organic acid; the dextrose conpartnent is

adjusted t r e of 4010 6.0. Not_only do the inventors believe a
physi ol ogi %ﬁf@ﬂi@?%ﬁpﬁﬁ‘ﬂeﬁ%ﬁ?ﬁ& Achrmfitratign: hThisdias thehinhtrepiidioss t he
dextrose iofwetioment, problens arise fromthe use of organic acids. For
exanple, in patients with 10 liver failure, the body has difficulty in
met abol i zi ng or dém Fateat Ve, 5.2A6,242 to Zahdwerdebailes the eieeéia@!;ﬁbﬂeoaqhé&ﬂs al |

[ t he

buffer avaj -as bikcarbonate. |n case of peritoneal dialysis,
presence OP u?rag:]r?i Eheaf(‘:olﬁﬁsofg Jeparaigestored: Fagleasrlutionss e eontaining @nhance

t he f or fatmaaboliaiblgbrpakacide the el A1 QG heh in turn_may danmage

"the peritoneal nenbrane. %hl rd, bi ggdrag(%at e soﬁﬁaﬁ'\tgigg(ﬁii cf%‘mf‘tﬁj gg?izé‘% and for

certain t P! Giaiedita pdjustiag dwent] oflthe textimse somphitRentSHgT id Grofitih L&Al %19”’ steam
' hod may

sterilizaty ' Lon.or,.anqther _suitable sterilization net be
used. V%erfllb%?oesg%]&glk)%%%t e %(c)litga@ nggefd0 40,168t Natendy de therioteriters

aut ocl avedbeliovgatphesiolobichl sblufids RN fone.. 4 he. so i on nust be
sterilized in at Iea}gtgkt\:p parts: cg(r?gagﬁ?%%@ﬂ%%ﬁ?ﬁ’g‘?h?%ﬁ'ﬁ&?ﬁﬂ?&e; and
anot her p&PPPORSEhPERbIRE TSt Gomithongwatfiohiasicsithis! O£ esnile, iS F&fbn?sswﬂﬁm rose.
I n praghi G6er famec%t@idpﬁlrs %‘gﬁﬁan be used, or alternatively,

mul ti - conpart Hent contar nar Seltyg metabplizing.onganic arids.cand it Notbereford96, 383

and 4, 465pre&Bablé o Rave Bl beertaRSi1pioR] G d wit.h bicarbanafe-based
sol utions, bicarbonate sol uti oni&%otﬁg%g(ﬁat%%nfggc%ged?f\ﬁwgqnﬁl&ﬁl@yi‘? €ally

ei t her preEPEEof osanie atidsomid idektrose irsthe herhe centhisier Will dhEnceltAs RfimbfoR

t wo- cha | nade of a steamsteriljzable gas 25 barrier material-

of cour rsrt(?r %?%E?Fﬁga‘%‘ﬁg PB?“E‘ﬁPb‘dﬁlgﬁénwmaymase theperitonoat mémbmne.i me-

consum ng and pOlias bidafohitl : er . hand, ..t he '
Didied té Ed‘lut?cfrﬁ%ﬁﬂfécﬁl@aﬁdqﬁur% T pes ofdialypianged i er may.

steamf%eri |izabl e gas barrier materials are expe

be acciudht B sl stSterile filtratitms geeamd steriligativhg dadibi oA ASSBE suitable

transpor taf. . fore.. a need still exists for an inproved way to

manuf act lﬁri I%J%HO%P%’ ?l-god‘ H B ‘(':555‘0 1971 sigrizationiis nsed, many substances
canmot be auntoclaved together with bicarbonate. Therefore, the solution must be

sterilized in at least two parts: one part containing the bicarbonate; and another part

containing the incompatible substances(s), such as dextrose. In practice, two containers

20 can be used, or alternatively, multi-compartment containers can be used. See U.S. Patent
Nos. 4,396,38_.3 and 4,465,488.

In light of the problems associated with bicarbonate-based solutions,

bicarbonate solutions for peritoneal dialysis are typically either prepared in the hospital

Just before use or are stored in a two-chamber container made of a steam-sterilizable gas

25 barrier material. Of course, preparing the bicarbonate solution in the hospital is time-

consuming and poses sterility problems. On the other hand, the steam-sterilizable gas

barrier materials are expensive and the barrier may be accidentally lost due to damage

during production and/or transportation.

Therefore, a need still exists for an improved way to manufacture and store

30 bicarbonate-based solutions,



5 28 January 2004 WO 01/17534 PCT/ USO0/ 20486 SUMVARY OF THE | NVENTI ON The
present invention provides devices and nethods for stabilizjn | nat e-
based peritoneal dialysis solutions. Specifically, the pre?gn%npé&g%%ﬁon
relates to a new way to fornul ate a bi carbonat e-based solution for’
peritongg e1dh&sysis or henofiltration. 5 The sol ution opcihgopbegent

i nvention is fornmul ated and stored in at least two parts -- an al kaline

bi carbonate concentrate and an acidic concentrate. The invention focuses on

the adjustnment of the cREMMAR FINVENTIONe pH | evel s of the

concentrates, .50 that upon m'x'L t_h t concentrat.es al ways provide a
solution with ﬁi‘FEfﬁe@b’P ‘H\f‘é’nBW‘T‘i‘%’gfiﬁ‘@cesﬁﬂ%ﬁ@'Pgbﬁéﬂﬁlahﬂég b‘F\é\%"PﬂG‘ent ion
Sur pri singbypéauehds dfan%is%ﬁgiomrs,ﬁez{ﬁwny,g?@gae%t b eAGSH fel Lk thQ el

bi carbonate solution as well as the use n expensive gas barrier
mat er i al waywoi fomulate@ hicaghbnptechasedisilytidndfonpdritomaahdinlysissir &bmbfittyatioh. a

bi carb t e- based_. . solution. Al so,.it does not require the use of organic
nci ds  or TR SBHoR 0 8 ArEeieR b PranpAird e St Ty AEL 8 TGy Hes o
t wo- par t;0iina bRAMRhSe CoReRirtl B SCcHil Mhcentfe. THe ifenRSd f‘ocQgesUfll?hcsm ution

IS housed Iin a first container. The first part includes an alkaline 15
bi car bormijustroent ofthechempicaltyasmebdrs arsl thelpld ddveld of theabneentr8tes sb thalGpdh The

second part of the solution i.s housef in second cont ai per._-The second
part i ndPHRE BHTR PfIcEntieT dlays arfoaldﬁ;mﬁgwa %ﬂb 8% ferepiable B 1B 1, _when
the fir ; herge ; : ) ' &0l ution
havi ng ?h Hﬁzéag#g?% from g@%ﬁ?&ggﬁgpﬁgﬁ%ug%%eﬁ%&%{#%ﬂ %%bg%fagﬁ%&@

concelt ratigiopr tof the ditarbomatyg sslutfioroas sleliuds the @s¢ of An@Expémsive gascharieed 20
enbodi nent, .the first and, second cont ai n_ertﬁ%lar e _two_chanbers of a

mul ti - cHEREEAL Whigh Weisaised mreioysly dp matatain e stahiling pEa piathanaterteseheni cal Ity )
adj uste r a Wpe=N . ' ues. )
ol al 15 R Ao dotut o He APDIOBRC it @ o Endls L ABRANER! 2 0. 5. 4.
Chemi cal | y i ncTiegsesegt inbentiphipafvidel e too-pant bioarhbrat? Containipg selntionipTiee ds i s

I ndeed counter intuitjve as the desired pH range for. the mxed . solution is
6.5 to Mg Rag bl ﬁi‘"ﬂ‘iéﬂﬂﬂlﬁ mm@sfcfpnmeemp% HePart ineluges erhelﬂah%f a

fresh E@ﬁj& @%Qxﬂf@éﬁr | . rey t {2 ' i QNS
genepas?llb§ | ncraease at mrtelééyeé(}g irsern,susgéllil tva 6uues.' %e@e@l?ﬁhe% %%‘gﬂ@]%{e&‘iqnvent ors
found t hth¢ seldfiostis gusdd inhe skiondrdoatririee. Tienixoosd patt dntlbésears lakidid ne pH

val-ues, conbined with a _dextrose copponent at a |low_ 30 pH Xi el ds a stable
product SCRERIUGISSAVHEE2 Pl%é%xe‘é“’&ég oBtafr jwhen the first part and the second part are

mixed together, a mixed solution having a pH ranging from about 6.5 to 7.6. The pH of

the acidic concentrate preferably ranges from about 1.0 to 3.0. In a preferred
20 embodiment, the first and second containers are two chambers of a multi-chamber
container.

The pH of the alkaline bicarbonate is chemically adjusted upwards at the time
of manufacture to more alkaline values. Initially, when prepared, the bicarbonate
concentrate has a pH of 8.0-8.4. Chemically increasing the pH of the bicarbonate

25 component upwards is indeed counter intuitive as the desired pH range for the mixed
solution is 6.5 to 7.6 (close to the pH of blood) which is well below the pH of a freshly
made bicarbonate solution. Further, container interactions generally increase at more
extreme pH values. Nevertheless, the inventors found that adjusting; of the bicarbonate
component to these alkaline pH values, combined with a dextrose component at a low

30 pH yields a stable product that does not need a gas barrier.
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t he bi carbonat e-based concentrate is chemcally adjusted t , and
allowed to adjust further over tinme during storage. The ink@r‘%ﬁﬁ%ﬁog
instability of the concentrate effectively increases the pHwth tinme and
storage due to carbon dioxide loss until it reaches a steady state |evel
of about WOUY17B4 The pH naturally 5 rises during storage NEHSWRE4860| uti on
is housed in a gas perneable container. However, the initial adjustnent

allo to obtain_a pH in,a physiologjc ange, (6.5-7.6) after mXing.
Al te\rAﬁat i vely, | tWeongleka‘ihﬁ‘@Brb?/%ﬁtﬁﬂ‘h? gfcﬁ%?ﬂ?geﬁ'?ésﬁ‘? goncgn fﬁs?‘é"ﬂ“ﬁ%’égdgi ng a
physi ol 0gi s@hdtad t866RIPB.8DAR alia®ed toudhREAARMRRBS OIS QN AL HnB@ns 0di um

bi carbonate 10 having an original pH of about 8.0-8."4 to Increase the pH
t her eof t oingtability pf b comcegtrge effectivghincrEhsss thevpdh withstimevmsd ftoragd duhiet  when

t he bi carbgnat e..concent r. | s, either, formu d tyrally allowed to
obtain a pf—?rn%?n dé%ﬁcl%g.lﬁ‘%[ﬁr%hﬁa SP%QY%W@?W{%&ENH%‘&&@O FBhH’ég'é‘blg’

- concent r ft Bsek Fudiky AoraORRbA 15 8618ticHTE hbissell th £5hd ?Eh-ﬁéa‘bmdﬂtatiﬁbr? Hewadd] ent 15
air. Wth a b_|_c_ar73o_nate concentrate starting at about pH 8.6, although
there is stadnitivhadivstnent gliewshie qbitrinfa pifdn @i physiokngical bangst 6. Sd6ukften, t he
I nventors Ifl]lavrtla di scovered that wth the appropriate selection of the

par anmet ers 8% ¥'he concentrates, particularly the pH of the dextrose

concentrate, theapémaively)ehealQlns Bicdftonite i condintaiesisid ke B4 28R RL abl e
physi ol ogi cal OFH range (6.5-7.6). The invention again focuses on the

adj ust nent plosiotdgically eccepleblie base joghenqreensssolitipnicontapiing eeditim hifarbdnate

it - chbine el of S8R et Heul BT ARR R BRrE Foor - °
.peritoneal ygpal ysis or henofiltration. The container includes a first

chamber housing an al kaline bicarbonate concentrate. The al kaline
bi car bonat e concHret myertoisshayej found dhat ovlieavibe digbonate cornegtratefis 2ZFhebout 8. 6

10.0. T d f th | ti-ch iner_h i di
concent 1 at TSR RE HREABCHiSHec ot o 3R bt S0 105! wegpif 8B e '
when the alikibdra-babddldnbaRalcas FP GeRY satEmtiss meé;ﬁﬁiaﬁuhhwﬁth%@&hﬁ%ﬁt

concentrate, a mxed solution having a pHin a physiologic range of about

6.5 to 1B euir.s Vot &1bicaddondte congenirite rstasingatabdittptd t8.6,t dithouglt thiire iscoomeent r at e
nas a PH ol 8hoth o 1 LPn2 om0 TH BISRRRS, ADUSBLLaEL SRR 85 2
“with the appropriate selection of the parameters of the concentrates, particularly the pH
of the dextrose concentrate, the pH of the mixed solution is always within an acceptable
physiological pH range (6.5-7.6). The invention again focuses on the adjustment of the

20 chemical parameters and the pH levels of the concentrates.

In a preferred embodiment, the prescnt invention provides a multi-chamber
container for storing a bicarbonate-based solution for peritoneal dialysis or
hemofiltration. The container includes a first chamber housing an alkaline bicarbonate
concentrate. The alkaline bicarbonate concentrate is adjusted to have a pH in a range of

25 about 8.6 to 10.0. The second chamber of the multi-chamber container houses an acidic
concentrate. The acidic concentrate has a pH of about 1.0-3.0, so that, when the alkaline
bicarbonate concentrate is mixed with the acidic concentrate, a mixed solution having a
pH in a physioclogic range of about 6;5 to 7.6 is obtained. In a preferred embodiment, the
acidic concentrate has a pH of about 1.3 to 2.5.

30 The present invention also provides a method for stabilizing bicarbonate

solutions. The method includes the step of housing ari alkaline bicarbonate concentrate



sol utions. The nethod includes the step of housing an al kaline bicarbonate
concentrate 7 28 January 2004 WO 01/17534 PCT/ US00/ 20486 "‘28aJafnh5|§ft2Q?4

cont ai ner and housing an. acidic concentrate in a second contal néer. The pH
of the al kaline bicarbonate concentrate is adjusted to a range of about
8.6 to . rther, the acidic concentrate is adjuste .

ef fect i'-‘?/lgo?%ﬂggt ain, when the al kaline bicarbonate conc%#?%@gn{?@;m xed
with the acidic concentrate, a mxed solution having a 5 pH ranging from
about 6. i afirsticofitaier efidhabing antabidieeimdbrROfr£ fichad Eofi@sed Pkt pARGI N from
about 1.‘?‘ to 3.0.. An advant age of t_hgﬁfresent invention is that it provides
new appa S?ﬁ‘é{é‘éﬂb&f’ﬁibo%%ﬁ@ tsris pdipsted tr 3 rgse obebest Bortatie.Obdswdiener i t oneal
di al ysi 7! r e gf resgnt. i nyentjon.is. that it
avoi ds tst?l%godtfs},&eé %Pn%%%%%%gei en@&/%ggglg %%érl?iivgrt%rra ert g?ﬁef‘()’zh?fd#l?ﬁléf?n t he

st abi | i thicaborzitecomumbenmteds hissidvisiothe tacidisconctedte, 5t Biket slation haakk 8 gas

barri taé teri_alg_ are expensive, rarely fail proof and are not Trequired
when ilﬁ%fﬁ%ﬂ&) aAbeut Gy iy B0 Frefersbly, thecavidis fondsairete Seea pH) moging he :
probl em gof BBt @id g9 the physical integrity of the gas barrier materials
during manufacturing and storage. Consequently, the invention allows for
the product i onAnhdeintagelof tei presehoingtstictis tes echrpeidts e appasirades ahe
solutions in_a nufacturing plant at very |low cost and to ship a

cheni cal™ gqsa%?gprﬁ%lﬁ’étab(‘@ﬂ?%f%%ﬁﬁl penitopeal dliglygis soletion. home.  Yet anot her
advant age of t tol | LS : . t. ures t.h t he .Dbicarbonate
sol ution can b‘gﬁ%t? %l‘rag%PtgFQ?égn%éé g%rs %@d&p%bob i 1rsneet!jl;tv&l%i%l"%ldf; ?ﬁ%ﬂf(eegf ﬁngas

barri Hr expenkiviigastharridrendisvial pambingdih tid 94bilicy SitaEHrBorfaf-ba¥ed Sollifiams. Si X
nont hs. 20 Moreover, an advantage of "the present invention is that a

r eady- t Uk &teany;stealigahle ew barrics anatesialn are xpensivea rasply Shid prowif endatermmbge  can {be

bt ai i ' ' terials.. Additi |
F ot ur o et bien inddne SRRRRMERIHETRARL o TR G lics e Brebledt o1 g
wi || be cfppeinmitting therphysibe istegrity lof thal@asGahiirigaeddls &mpq?.lhsﬁlﬁﬁéchﬁn referred

enbodi ments 25 as 'well as the drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 imfstorags: Censequently; the inyeasion ablaws forrthe produciignaef stanlepigarbasitear bonat e

) sk BRI Rt SR B R ER e B 1 ey I T B 5

- a chemically stable product to the hospital or a patient’s home.

Yet another advantage of the present invention is that it ensures that the
‘bicarbonate solution can be stored for long periods of time, while it makes a gas barrier
redundant. The two-part solution is stable for more than six months.

20 - Moreover, an advantage of the present mvention is that a ready-to-use
bicarbonate-based solution with a physiologic pH range can be obtained without using R
‘expensive gas barrier materials. ' ' n)

* Additional features and advantages of the present invention are described in, and

will be apparent from, the detailed description of the presently preferred embodiments

25 as well as the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a multi-chamber bag for storing a two-part bicarbonate
solution made pursuant to the present invention.

30 - FIG. 2 graphically illustrates the pH level shift of bicarbonate solutions tested
in Experiment No. 1.



in Experinment No. 1. 8 28 January 2004 WO 01/17534 PCT/ US00/ 20486 FIGS. 3

and 4 graphicall y illustrate the respective pH |levels of bi és{abonatgg)
concentrates, acidic concentrates and m xed sol utions for H %uct ed
in  Experinment No. 5. 5 DETAILED DESCRI PTI ON OF THE PRESENTLY PREFERRED

EVMBCODI ME The present invention provides both apparatuses and methods for
st abili Z|‘N§ 014734 r bonat e- based sol uti ons. The sol utions arBCTHFA048%d and
stored in at |east tvvo parts 10 -- an al kaline bicarbonate concentrate and

i di h
ggn?g: ng(rzsco_rll_(r:]gngl car onat eérmg‘rlf‘(%g as{%g% tgeggﬁ%ggfv&l’}i mﬁg\fga'ﬂ‘%&maf%ngl ng

f r om about cdhcntrates, Oadidic sicedfatest MR aixed CsoRRIMHE o AkingS chividbated at a
stable, acidic pH so t hat upon m xing of both concentrates, a m xed

sol ution \Aﬁi‘l?ﬁnéﬂ%N narr ow physi ol ogi c range i s obtai ned The acidic
concentrate has a pH rang| ng from15 about 1.0 to 3.0. The m xed sol ution

Is prepaged by mxing the c [ use. The two part
bi car bonat e- cont ai m%ﬁéﬁg& rﬂ)j .ﬁ@sgﬂgﬁ&‘fﬁg‘entlon are formul ated
and st ored separ at.el S BRE QEMENT A variety of

contai ners can be used to house the two parts of the bi car bonat e- cont ai ni ng
sol ution, such Zﬁhaﬁf%@lﬁanmompmeﬁépﬁl dppamfuskd asiqscmomﬁ:gsbabilfmlg are

connect ed o} abl.e .f | ui ni catld on_ne er

mul ti - char*’%‘é?"g%%ag? é?sﬁgFOIPtém’ﬁs&e? %8\3?8 f?r%ﬁ?t%gmdémﬁfg‘ﬁﬁ ge.ggwo Pf‘“é’hr e 1

i |1 ustrades s SKhERbiCar6Ofdt@LoREentAL a8d Qh ERERON ution.
The nul ti-chanber 10 lhas a fi rstnchanber%fgﬁgﬁfj&ig sec%nghgﬁ‘gé %ﬁé 25 The
i nterior ofoustieingvntsepasale comaitiérs. Tawbitarbenalreancsate ﬂﬁdjusnédxot}iaec bl

chamber The | ti,- ai ner, 10, .al so has a frangi hl e connector 18
Botweon' i waigng B wenER B To Wb eriche 2Ridih RrataBiens fommunisa st 3 SERE:

sol ution Wichdik pH, ke M%B@@ Frﬁx:ﬁ% O@B&hjcﬂncénlﬁ%tesf 4 ﬁﬁ‘xﬂ:‘d?o?.ltﬁﬂ %ﬂfﬁ Bﬂ it 1S

broken. The transfer of product is thereby 1nitiat romt rst
chanber 1xarww hhysielopwdangedsioblainkd. Tﬁhecndld tancettendias AlHH hmrmfratn | east

two 30 Nn-co | qutlon that after. m xtur wll result
Feady- 1 b RO € B mifeehkony by B D e Qe eprEies b
cont ai ner k@ is set forth in U S. Patent No.

O

The two part bicarbonate-containing solution of the present invention are
formulated and stored separately, and then are mixed just prior to use. A variety of
containers can be used to house the two parts of the bicarbonate-containing solutioh, such

20 as separate containers (i.e. flasks or bags) that are connected by a suitable fluid
communication means. Preferably, a multi-chamber container is used to house the two
concentrates. |

Figure 1 illustrates a suitable container for storing a bicarbonate-based solution.
The multi-chamber 10 has a first chamber 12 and a second chamber 14.

25 The interior of the container is divided by a heat seal 16 into the two chambers. The
muiti-chamber container 10 also has a frangible connector 18 between the first chamber

12 and the second chamber 14. To mix the solution within the chambers 12 and 14, the
frangible connector 18 is broken. The transfer of product is thereby initiated from the

first chamber 12 to _fhe second chamber 14. The multi-chamber 10 houses at least two

© 30 non-compatible solutions that after mixture will result in a ready-to-use dialysis solution.
An example of the multi-chambered container 10 is set forth in U.S. Patent No.

5,431,496, the disclosure of which is incorporated herein by reference. The container 10



5,431,496, the disclosure of which is incorporated herein by reference. The
container 10 9 28 January 2004 WD 01/ 17534 PCT/ US00/ 20486 Jal?nﬁ .ﬁ%zﬂrdm
a gas perneable material, such as pol ypropyl ene. Alternatively, %,.t _
contai ners can be separated by a peel seal, which is broken before use by
the pat Wm01/17834 hough the nul ti-chanber contai ner di scl osgdrf8iodsd S
designed to be used for any nedical procedure requiring bicarbonate, the
enbodi ment illustrated in Figure 5 1 is conveniently used for peritoneal
di al ysi s cambe madofiomtargas pameatilo ntakvirial, such asipolyprosidiedi ATRMativeRE bbinr St
chamber chnc%nt ai nﬁ a de ftﬁq{:ose e2‘,3nc?nt rate, whereas the second chanber
cont ai ns “3VBIEE BB RE P ont peg! geal, whigh jsrbreleen edore wiso by freatienthe f i r st
chanber 12 f ur iAh@budhigk HERS-ch | 3 4 ' chloride gnd a
physi ol ogi cal ly t O%He]'?abl e aciﬁgsétrggg ] Sg{hls?.séedpqﬁg%ﬁ%%%g}%'g?gq%e ESS'ﬁcent rate. -
The sec o%@ anandskical procedine 1@uining tiearbomatd, debeersinstimentcltharddinanghreact at e.
In an ?n?qgicrre‘;g entlSi 2 £ar bomatee)l .concentrate _al so includes a
physi ol ogi ca??yn{ Y MSEt Prpeolened dighysis @nd kempfiltetiop; kg thémends in@oncent rat e -
Wi t hi n t babedifiehe thd MB0Gambee 1 PEGALROI AL G: CRhLALEnE S ad);ust ed
upwards to have a pH rangi ng I??%?nélgbgg%ﬂﬁoggég%eﬁg%’.‘%‘%rg&ptpleﬁ?cof‘he
bi car bonelambesrostainsaa bicothenble eoperstaer] T at pveferrt ebdimeme tpnak t he
. bi car bongt e-ha oncentrate. can, be chemcally adjusted to 8.6, and
al | owned i?’%”%‘\’&f %&“ﬁﬁr‘?‘ﬁ%‘{'“&e‘@imﬁ‘fqﬂwd&u agpesgins elgaderand 4 physiologicallyist abi 1 i ty
of the gwisEBhE@AL | L QG ' I,0e .and st orage due
to carbon dioxide tlsggjfs&ﬁ&%?ﬁ&ﬂlé ?ggi‘?ﬁc@g&é}%&é%ﬂs#g?%qwgfqéfca%bout 9to
10. The Pwrhemineledel sodiim edhlatidel agl Hctrtagdn ahembbliend®) thei Bibadbsndtoused in a
gas per neabl %ﬁl&:orft al gieé. H?l\é\(/e_ver, the initial adjustment 20 allows one to. .
obt ai n & PEFTRCEA RS PAE I siplogicallytolesable basg fo adjnst thepHt ofibicarhbuate nat i velly,)
t he al kaddnBéhtRikERtRBNRL BesGRH trate is adjusted by adding a
physi ol ogi cal |y acceptabl e aSe to the aqueous sol ution containing sodium
bi car bonat e t oThenicahemte-hasep ondeatraefis adjosted Ppivalis @PRse PpQ rhfpidd- 0. The -
bi car bonat e gorny @tr‘g[ﬁg é’ﬁ stable for long periods of tine wthout the use
25 of ei'fHBA 3“38: 1510 &he pHi A thesbicarbonate cenrgnirate sawbe edjubted inltwxi de. The
I NVentPhsayiayee ol : : table for oyer nont hs.
I n accor daﬂr%ce Wit ??%eﬁlﬁgﬁgﬁb%%gﬁ%é%tg? ﬁgﬁ‘ﬁfﬁgrp}ggﬁ%e@lugtgﬁ?%ﬁ?, ate
cont ai ngndgddweditdadiastforiatreyves tinicuhiriob sorigle The thifadi iBdbARk &fehe | N an
enbodi nent hgte Fpi cafhonate concentrate also includes a phySiologically

Birels efiseua) thg

accept atﬂogé tiygly, jagregsgs the pH with time and storage due to carbon dioxide loss

until it reaches a steady state level of about 9 to 10, The pH naturally rises during storage

when the solution is housed in a gas permeable container. However, the initial adjustment
20 allows one to obtain a pH in a physiological range (6.5-7.6) after mixing. Alternatively,
the alkaline bicarbonate concentrate is adjusted by adding a physiologically acceptable
base to the aqueous solution containing sodium bicarbonate to increase the pH thereof ¢->
to a pH of about 9.0 to 10.0.
The bicarbonate concentrate is stable for long periods of time without the use
25 of either a gas barrier material or the addition of carbon dioxide. The inventors have
found that the concentrates are stable for over 6 months.

In accordance with the present invention, the bicarbonate concentrate contains
sodium bicarbonate, sodium chloride and sodium lactate. In an embodiment, the
bicarbonate concentrate also includes a physiologically acceptable base to adjust the pH

30 of the bicarbonate concentrate to the desired alkaline range. Any strong base that is

physiologically acceptable for the patient's treatment can be used to adjust the pH of the

10



- concentrate hav

30 of the bicarbonate concentrate to the desired al kaline range. Any strong
base that is physiologically acceptable for the patient's r%%@%%aan be
used to adjust the pH of the 10 28 January 2004 WO 01/175 V! 20486
bi carbonate concentrate. Suitable bases that can be used include, for
exanpl e, @ﬁgi o, hydroxi de, potassium hydroxi de, calcium hydroxide, and
magnesi um ycfr oxide. In order to achieve a physiol ogi cal pPCTASMIvg86T xed
bi carbonate solution, the dextrose concentrate is fornmulated at a .stable,

aci di ¢ pH. bithgoRdit &f c& concentrate js osen, so_that upon

m xi ng of bot h?concenﬁglgtgatt%gﬂ?%;ﬁ tgaesés ‘2‘8‘3%"8&'5%{ ’t“ﬁﬁ‘ge,pfﬂr F¥RrapiptHpdivo ogi ¢

range is ohitdapyidel poRsafatgitokide bzﬂciﬁh?quir&ﬁhéﬂah@ﬁaagﬂésgﬁn@lg Ianging  from

about 6.5 to 7. GIHat 25C. ' The inventors have deternined th {j e€n an acidic
| AGTYET frpdevasarinysiolagioabpH for the nupebbinatiowdte Boluien, the

bi car bonat @&x&e8L edidedtfe i .ol ogic pH.i.s taj ped for the m xed
solution, In a preferr ed l%g%%y%ﬁta?g‘\ﬁ%{ﬂeﬂﬁmﬂﬁ 8@ tJI';EeaP(ﬁ @f the gaidint r at e
ranges fY cionedngate ig cliosem <B.that upb# nigindiof b6RSRMEraLcS, &Dﬁlﬁjegrsgmt%n%%ﬁ{ ai ns
dext rose, ciu chj ori de, . magnesi um chl ori de and a physiologically

C .
t ol er abl e %At I 3RVIGIGL 2RG RS phiawied Reeferafilylithe mixsd selutionhes a p¥ ramiriget y of
strong i NG¥@RAbEuE ! ¢ S dj ust t aci di concentrate to the
appropriate pH. uéﬂ??i%??%lcf}gsd' tﬁg ingrgﬁtojﬁsgﬁﬂgé%?mwgéﬁéw}’@} an geidic

hydr ochl orcPrcentrite hawng ppid of abaue i 0 .to BIOtiE édintAfdddvit{he B&G@Q% el dgna0d

hydr ogen iogli de '-I;[]gl{bi carbonate concentrate and the trose concentrate
are m xed APyEPIesic 15 Rhtaingd fos by mixed solution) It a preféroed gmbodimesathedi al ysi s
or hemgbi ' L t eptrates are mxed in aratio
rangi ng flrpgrr(fﬁlthtg%blcthg{:g%&%%%hn%p\?;8%\,\%@)“8?Bﬂ%‘? 2‘5' preferably, the two
~concentrat es .ar hei anidici congertrate t Sreferably VhUIR WRkIHER) aﬂ-ﬁ*;ﬂ- ﬂllgdﬁn 20
enbodi nent, the suBIse_guent di al ysis solution contains the fol Fow %)

i ngr edi enf ¥R ENonde Ard 2 physiolagigally tolirebie boiddo edjis the pAEoNTM acigial Ci um

0.2 to 2¢&hceMra [ 150 L. [ 0 to 1.5 X
E)ot assioumc%) to t?fts g}q W&}fﬁ? or gem?%:%aclg%gﬂﬁ% l{‘gn &« &?IB‘SY ﬁletmggi‘ﬁe m) ;

and acet at@ceatrate 6 GherfeppropHate Wl YSuliabROAdids 8125 R %E pRy.Si jcally
accept i‘?l EY‘EH rangi fromabout 6.5 to 7.6. 25 Igursualflsfcdi (@ft%x(é)ib%?éésent

I n .aboul 5. o 1
i nvent fon ﬂ?}’_l%‘gﬁ‘gé“]ﬁbéﬂ‘% a‘éﬁﬂ“’é’@_ agirh dydmgerherostidericiinydrogendogide. t oneal
dialysis sol utiphe §iefbtlfcofPerd 3 heESRbse ddndiamount .of tgge%hérct)o 20

form a ready-to-use solution for peritoneal dialysis or hemofiltration., Preferably, the two

concentrates are mixed in a ratio ranging from 1:50 to 50:1(volume:volume); more
preferably, the two concentrates are mixed ina 1:1 to 1:3 (vélume:volume) ratio. Inan

20 embodiment, the subsequent dialysis solution contains the following ingredients in the
identified amo'unt: bicarbonate (5 to 45 mM); calcium (0.2 to 2.0 mM); sodium (106 to

150 mM); magnesium (0 to 1.5 mM); potassiim (0 to 4.5 mM); chloride (70 to 120
mM); lactate (0 to 60 mM); and acetate (0 to 60 mM). The dialysis solutions have a
physiologically acceptable pH ranging from about 6.5 to 7.6.

25 Pursuant to the present invention, any osmotic agent can be used in the solution. -
The peritoneal dialysis solution includes an osmotic agent in an amount of 0.1 to 20
weight percent. Preferably, suitable osmotic agents are glucose, glucose polymers,

' modified starch, amino acids, peptides, and glycerol.
The inventors have identified that with the appropriate selection of the

30 parameters of the concentrates, a two-part bicarbonate-based solution can be stored for

long periods of time and can be stored in a gas permeable container. The invention thus
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wei ght percent. Preferably, suitable osnotic agents are glucose, glucose
polynmers, nodified starch, am no acids, peptides, and glycgrql

i nventors have identified that with the appropriate sel ect %n‘%gya&@()%O
paranmeters of the concentrates, a two-part bicarbonate-based sol ution can

be stor for ong periods of tine and can be stored in able .
cont ai nS'??"%?éSJf nvention thus 11 28 January 2004 WD 01/ 17@5%%?5%%’@00/ 20486
‘relies on the adjustment of the chemi cal paraneters and the pH |l evels of

the conceplie8bte aditifiadtfbHhl Beftiou BhAmERASnATA: SH fvell BPfhe Bbnftelifated. Ne t W0
concentrates always provide a solution wth an ‘acceptable physiological pH
range. Byway adiisteatsiremads)do bk updi miidiag, ithaitwespreentmbsstahlaysqabdvide a

conducted to denpnstrate the effectiveness of the resertjt 5.invention wl|
now be sesoliden withppergpigbigphyeiological pH repgerHE ALié(ll‘fafidE This -
exper Menfif@fort QOMHihAR 1Y AnBliEd o MendBHATAL 1R RlivBidst BRE BreBint
bi car bonat’e concCentrates stor I n gas perneable containers. |IT bicarbonate
based 30jpehtiér wilbnawdcseatfoptiot ected by a gas barrier material, the pH .
| evel increases during storage. Wth this experinent, the inventors.

determ ned that while the pH levels do increase, they.reach a maxi num pH
evel . Fi gure. Z:RpeRpliEtPil 7Y BHOPY#IE Al RAGhEACORCEMR LR DOl €
concentrate, storead 1nm gas perneable containers. With tine, a maxi nrum pH

of about 9-10 i Thieegheinent Wasldokéwitarto evalaatd QherblalatidinofpH keseisaft r at e,

with a pHof 11 is stored in a_gas perneabl e caqntainer, pH decfeases over

i rredt o t hisathgrate\cangenrates)gtored fas mmezblemm%atﬁﬂww | OLOG C
5 _ all . : .
%0 condlnbn gy e REMEENCE b5 LELIPARL: BAARIPILLIAE) inbldec FRERONSLE

f or mul at esekalel EWithahistixperinanemieriatetors datermiret thativettilerthe oH loivels dohe )
bi carbonate concentrate, produce . m xed solutions w th physiol ogical pH
| evel s. Thicseass. ey Teash 2 margHue pHileeelt hat when a bi carbonate concentrate

with a pH of ab AH-1,. 0.0 d ) i th at a pH
of about 1-3- 5. St ot Tl it o s SR B RIF R ER R 0
6. 5-7. 6 i srofdatinicAepermEiile tafidinets. Wit thad) ateaxindmiikof Hoet T dMizanichad.es and

the m xed solution had the conposition detailed in Table 1.
15 Likewise, if a 50 mM carbonate concentrate, with 2 pH of 11 is stored in a gas permeable

container, pH decreases over time to the same values.

EXPERIMENT NO. 2: MIXED SOLUTION WITH PHYSIQLOGIC pH

Based on the range between the original and ending pH of the bicarbonate
20 concentrate from Experiment 1, the inventors have determined they can formulate stable,
acidic concentrates that will, when mixed with the bicarbonate concentrate, produce
mixed solutic;ns with physiological pH levels. This experiment demonstrates that when e
a bicarbonate concentrate with a pH of about 8.6-10.0 is mixed with a dextrose
concentrate at a pH of about 1.3-2.5, a mixed solution with a physiological pH level of
25 6.5-7.6 is obtained. '
The tested bicarbonate and dextrose concentrates and the mixed solution had the
composition detailed in Table 1.

TABLE 1: Composition of solutions

DEXTROSE concentrate . .
30 Dextrose. H20 8494 gl

12



TABLE 1: Conposition of solutions DEXTROSE concentrate 30 Dextrose. 1120
84.94 g/| 12 28 January 2004 WO 01/ 17534 PCT/ US00/ 20486 5 @R’%@{ﬁ 004
CaCl2. 2H20. 3699/ 1 MyCl12. 6H20. 102g/1 HCl (adj.)?21.2nEqg/ 1 BI Dﬁg
concentrate NaCl 9. 51g/1 Na Lactate3. 36g/ 1 NaHCO34. 68g/1 NaCH

(adj) 15. /1 M XED SOLUTI ON Dextrose. H2042. 5g/1 Cal ci uni. 25mM

Magnesi u ?g'r?ﬁﬁ 4chl ori de95nm Sodi unl32mM Lact at e- 15nmm Bi PEAHHBL436m The
concentrates were stored separately, and the final tested solutions were
obtained after mxing the concentrates in a 1:1 (volune : yolune) ratio.

Table 2 sets forth 020122&2 pH |l evel s of th&6Di cat bonate and| dextrose
concentrates as we as the final solutions tested in this experinent.
TABLE 2: pH of fi naM&ﬁlgeﬁ%natel dextrosed-3% ut#bn 25 pH of{ bi carbonate
concentr at e8. 68. 68 ﬁ%l?a% _}9 39. 510. 010.0 212 mEql
| BICARBONATE concentrate
5 NaCl 951 gl
Na Lactate - 336 g/l
NaHCO3 468 gl
NaOH (adj) 15.6 mEqg/1
MIXED SOLUTION
) 10 Dextrose.H20 425 git
Calcium . 1.25 mM
Magnesium ' 025 mM
Chloride 95 mM
Sodium 132 mM
15 Lactate - 15 mM
Bicarbonate 25 mM

The concentrates were stored separately, and the final tested solutions were obtamed
7 after mixing the concentrates in a 1:1 (volume : volume) ratio. Table 2 sets forth
= 20 the pH levels of the bicarbonate and dextrose concentrates as well as the final
solutions tested in this experiment.

TABLE 2: pH of final bicarbonate/dextrose solution

PH of bicarbonate concentrate 86 |86 |88 |89 191 93 195 {100 | 10.0

pH of dextrose concentrate 17 125 {17 $1.7 |17 |17 |17 |13 1.5

25 | pH of final mixed solution 65 {76 |66 (67 |68 7.1 174 |65 |76

EXPERIMENT NO. 3 : SOLUTION FOR MEDICAL USE
This experiment demonstrates that when a bicarbonate concentrate with a pH

of about 9.5 is mixed with a dextrose concentrate at about pH 1.7, not only a mixed

13



-pH of dextrose concentratel.72.51.71.71.71:71.71.31.5 pH of final m xed
sol ution6.57. 66. 66. 76. 87. 17. 46. 57. 6 EXPERI MENT NO. 3 U%g}ﬁﬁgé%ﬁ% | CAL
USE Thi s experinent denonstrates that when a bicar bonate c t ith a.
pH  of about 9.5 is mxed with a dextrose concentrate at about pH 1.7, not
only a Ry 28 January 2004 WO 01/17534 PCT/ US00/ 204 8&-50506idofss W|th a
physi ol ogl ca} pH I evel of about 7.3 is obtained, but the solutionjs
suitable for nedical use and free from partlcul ate material or calcium
car bonat e sglg6i With apRysiolbiEcd) pHi 16wl o LAPORS Isicbtrirl, bl ehed@kitionsesudableent r at e
and the bicarbonate concentrate. are listed in Tables 3 and 4 below. 5
TABLE 3 - f@tmedigad nﬁmaadrib@eﬂ@b@é@mr}am@atmﬂ@mﬂgsm Rl REEPItate 085. 00 gl |

CaCl, . 2H200. 36 ipns) 1. 7% *:
t he pH of -t he 38? gr/g%om Ajczﬁmdls]fqﬁ usi ng %@%Em%gp%&%%@ terile
Bi car bo-nat;@m@ﬁ@ﬁe_afenmﬁ in TablyBG@RH Hli¥ahwiodi um chl ori del0. 76 gl1 L- Sodi um

| act at e3. 36 g/| Sodi um bi-carbonate4.20 g/1 pH (at anbient pH-9.5*
conditiéns) *: the pH of the solution was adjusted using NaOH . 25 The two

concentrates were m xed TABBER 1s{efit DeRroseObntteRiratéit i 0 and anal yzed. The

m xed sol ution was_t hen ntrif d for 5 mn at 4000G to renove any
COMPOSITION '
Glucose.H,0 . 85.00 g/
CaCl,.2H,0 0.368 g/l i
10 ||MgClz.6H20 0.102 g/t
pH( at ambient conditions) |1.7* | S

*: the pH of the solution was adjusted using HCI .

15 TABLE 4 — Sterile Bicarbonate Concentrate
lcomposITION
Sodium chloride 10.76 g/i
L-Sodium lactate 3.36 g/l
Sodium bicarbonate 4.20 g/l
20 pH (at ambient pH=9.5%
conditions)

*: the pH of the solution was adjusted using NaOH . B

25 The two concentrates were mixed in a 1:1 {volume : volume) ratic and analyzed. The
mixed solution was then centrifuged for 5 minutes at 4000G to remove any

precipitating material and analyzed again. The results from this experiment are

detailed in Table 5 below.
30 TABLE 5 -Results
Dextrose Bicarbonate Mixed solution Mixed solution
concentrate concentrate (immediately (after
after mixing centrifugation)
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precipitating material and anal yzed again. The results fromthis experinent
28 January 2004

are

detailed in Table 5 below. 30 TABLE 5 -Results

Dext r oseBi car bonat eM xed sol uti onM xed sol ution ,
concentrat econcentrate(i medi atel y(after after m xincentrifugation) 14 28
1/17534 5 10 PCT/ US00/ 20486 pH (at ambientl. 79S7. 37.6

January
t enper at ?gbl){\g&gl ci umD. 3610 - 0. 1820. 184 chori de. 2H20 ( 9/ LYCHES048%
greater36190 than I0}i (/nL)* Particles greater0200 than 25 (/nL)* *:

Phar macopsg . rore—ther-2o—partiechestrl—great e r I, and not
more than | P& Eéﬁ“lbfeﬁ }H‘d_ greatel®than 25p TaBl e 5 demdtrat es taat af ter
centri fuggtiermaramfe) t hel m xed sol ufion, the ¢alciumchl¢ride conte IS

mai nt ai ned,c.ghew ng thesgabsence ph cal crum peggd prtat i @iy ;o5 Upon | Xi ng.
EXPERI MENY FIO.cl 4Hz-|g‘|l s| experinment]was conduc{ed to further eval uat g whet her
a preci pi |8t¥%2%allci um car bonht e woul d f or m when- bi ¢ar bonat e and
dextrose 4di/Ly i ons, ilch were PO adjustedfto various|pHlevels, jwere

m xed at 3 pinidlededdaleP.| Anal yses pegtorned Inf§hi's experfgent 1 ncluded vi sual
I nspecti on, t I nation, strunmental particle co+nti ng, m groscopic
assay for USP 23 <78B> calciumideterni natijon by

| nduct i vel| yP28glesreadr i £2 Eni ssi on Ppectroscopyo( "1 CP- AES'|), and an

than 25u (/mL)*

10

*: Pharmacopea limit: not more than 25 particles/mL greater than 10yt and not more than

3 particles/mL greater than 25p

Table 5 demonstrates that after centrifugation of the mixed solution, the

calcium chioride content is maintained, showing the absence of calcinm precipitation

15 wupon mixing.

EXPERIMENT NO. 4

This experiment was conducted to further evaluate whether a precipitate of

calcium carbonate would form when bicarbonate and dextrose solutions, which were

20 adjusted to various pH levels, were mixed at a 1:1 ratio. Analyses performed in this

experiment included visual inspection, pH determination, instrumental paﬁicle couhting,

microscopic assay for paﬂicu!ate matter per USP 23 <788>, calcium determination by

Inductively Coupled Plasma-Atomic Emission Spectroscopy (“ICP-AES™), and an

examination of isolated particulate matter via scanning electron microscopy with energy

25 dispersive x-ray spectrometry ("SEM/EDXS™).

Test Solutions

The following test solutions were prepared: :
Solution A (Bicarbonate Concentrate pH 9.5) - 9.5 g/l Sodium Chloride, 3.36

/1 Sodium Lactate (or 5.6 g/l of 60% purity), 4.68 g/1 Sodium Bicarbonate, pH adjusted
30 with IN NaOH to 9.5.
- Solution B (Dextrose Concentrate pH 1.6-1.7) - 84.9 g/l of Dextrose Hydrous
(or 77.2 g/l Anhydrous), 0.368 g/1 Calcium Chioride dihydrate, 0.102 g/l Magnesium
Chloride Hexahydrate, pH Adjusted with HCI to about 1.65.

15



exam nation of isolated particulate matter via scanning el ectron m croscopy
with energy 25 dispersive x-ray spectronetry ("SEM EDXS"). EST%ﬁBarﬁcﬁo'dw ons
The followi ng test solutions were prepared: Solution A (Bicarbonate _
Concentrate pH 9.5) - 9.5 g/1 Sodium Chloride, 3.36 g/l Sodium Lactate (or
5.6 g/| wbdod@purity), 4.68 g/l Sodium Bicarbonate, pH agj ﬁfsﬁlgz 4860 with

IN NaOH to 9.5. Solution B (Dextrose Concentrate pH 1. 6-1.91)rl - AP g/l of
Dextrose Hydrous (or 77.2 g/l Anhydrous), 0.368 g/l Calcium Chloride

di hydrate, 0.102 gbiitidgMDski: | F: ' i th HC
to about 1.65. 15 28nJanE§ry Zog%év%&%%%gggﬂgﬁéﬁ%%g%ﬁ%ﬁ%n C
( Dext r os e{aoicesl Aahpdions)50.868 20 Catud Gilbridé dibgrtate) e OR\lr Miagnesiun 77. 2

g/l Anhyd A 368 g/l . Cal cium Chl oride di hydrate, 0.102 g/l Magnesi um
Chl ori de @%ﬁ%&gg%@%@%l ution D (Carbonate Concentrate pH 11..0) - 9.5 g/1 -

Sodi um Chl ori de, S@lﬁﬁonﬁ(Car%?ﬂté%ﬁ&ﬁﬁﬂ&ﬁ}{(lqmﬁag%‘(S%@&g%rﬂéri&?’): 5.83

g/l Sodi um Car bonate. For each of the test solutio une of the
. m xed reagftiedingpkacite(eghid &/t of 60% puxtyd, 283 &/l RadimpuCarboadter in a vol unetric -

flask. Then, a fipal pH asur epent t ake which is identified. belo

forseach sol ut i olnl,ggraeﬁ%'?fﬁﬁe,&ﬁssﬂmﬁ%ﬁ\@g‘f%%ﬂp%ﬁ?& e {é?l"é%sé’:ﬂmltghﬁ ough \év

0.40 ni Crer literks &AL Ndhopde Whtcr il 4 GSuRLirR 1AL ?ﬁéﬁng‘ﬁﬁlﬁﬂi @WA&@@ 10
i'ni g Vol uies

Test Articles Test articles were prepared by co of the
test soltakemsrighichdeddentified balogt &wseachrmohitivar and Hise desultingsolstinuivaon was

added to a_ gl ass;.contai.ner first fallowe addition of the bicarbonate
sol ution.” ﬁ%’?"z%q ﬁ'ﬂ“ghgO@r"émf%éﬁten?’%@ﬁdg@gé@w FE BixaRg pranalysist et e
m xi ngio0 The test mxtures were Kefghgdt i ent 15 conditions and all

‘testing was perforned on the same day of mixing. Table 6 bel ow sets fort:h)
the various test Eestiadicdss. wikBhEpSe@byTemhbiAiny ¢OGRL calinenbe e test

Car bonat %QFu)hIo;lso ?gge%%? %(13 rzltgrl:ftists PéoéB nlgr.g'l%c(dg(ggsé éol&ﬁc?nSWg‘sB)added to a glass

‘container first followed by addition of the bicarbonate solution. The solutions were then

inverted 20 times to enure complete mixing. The test mixtures were kept at ambient
15 conditions and all testing was performed on the same day of mixing. Table 6 below sets -

forth the various test articles.

TABLE 6
Test Article Bicarbonate or Carbonate De;(trose Concentrate
20 AB pH 9.5 (A) pH ~ 1.65 (B)
AC pH 9.5 (A) pH 5.5-6.0 (C) ‘)
CD pH 11.0 (D) pH 5.5-6.0 (C) '

ANALYSIS OF TEST SOLUTIONS AND TEST ARTICLES

25 B A variety of tests were conducted on each test solution and test article.
Specifically, each test solution and test article was analyzed by visual inspection, pH
determination, instrumental particle counting, USP microscopic assay for particulate
matter, calcium determination by ICP-AES, and an examination of isolated particulate
matter via SEM/EDXS. The test articles were evaluated prior to and after filtration )
30 through a 0.45 micron polycarbonate filter. The resuls of the znalyses performed on the

test solutions and articles are set forth in Table 7 below.
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ACpH 9.5 (A pH 5.5-6.0 (C) CDpH 11.0 (D)pH 5.5-6.0 (C) ANALYSI S OF TESTS
SOLUTI ONS AND TEST ARTI CLES 25 A vari ety of tests were conc%gcjaﬁga@rk gch
test solution and test article. Specifically, each test solution’and test
article was anal yzed by visual inspecti on],c pH dte_t erlm tnat | onitgpstrcglrrginbﬂ
articl ewgpmhlysag, USP mcroscopic assay for particulate matter,

get erm nat i 0?7%3)}gl CP- AES, and an exani nation of isolated F&IYYYMH2486

matter via SEM EDXS. The test articles were evaluated prior to and after
filtration 30 through a 0.45 m cronyagiyeqgr bonate filter. The results of
the analyses performed on the test solutions and articles are set forth in

Tabl e 7 bédl osapicls 28 pdd 11nua.\rmyal 20(b4JSMCrQeLéuJ- 53&@%&!“:5 7 é;;gf” U:D Lr)e/scgcg%f Sam
11V Ie 1D|6 isual USP M Gpescapic: dgqstrutenial, Cal ¢ium Pres et
i ilon for Analydi s, Rarii ¢l i hg_ Concenoat "on Callci
Rl (A I y st lﬁHﬂt' ! gpgnfcrfr?t)rf_ (¢ FYESTB0nqt e By pd et e | |-
crystallinpe(particljes/n )pggm [l _ /- SEM/EDXS e
200um | 225pm | 210um | 225um '
USP Limits Absent i2 2 25 3
5 | TestSoutiona | 95 Absent 0.4 0.0 07 | o1 0.001 Negative
Test Solution B Lo Absent 0.0 0.0 02 00 0.356 Negative
Test Solution C 5.7 Absent 03 0.0 03 0.0 0.351 Negative
Test Solution D § 11.0 Absent 0.3 0.0 0.3 0l 0.001 © Negative
AB Mixed. Pre- | 7.1 Absznt .0l 0.0 6.5 0.5 0.167 Negative
10 [ Fileration ’
AB Mixed, post- | 7.5 Absent 00 0.0 44 0.4 0.177 Negative
Filtration
ACMixed, Pre- | 9.5 Smalt white | TNTC | TNTC' | 8003 | 270 6.132 Positive
Filtration particles
15 | ACMixed. Post- | o5 Absent TNTC | INTC | 12307 | 0.0 0.09 Positive
Filtration
CD Mixed, Pre- | 10.6 | Smallwhite | TNTC | TNTC | 2092 5.1 0.119 Positive
Filtration particles
CD Mixed. Post- | 10.5 |  Small white 21 04 233.8 75 0.087 Positive
20 | Fitration particles ' '

'TNTC: Too numerous to count.

These test results demonstrate the absence of the formation of a éalcium

carbonate precipitate for the test article (AB Mixed) made in accordance with the present

25 invention. The visual inspééfion results indicate that no crystalline precipitate was
detected. The results of the particle enumeration for both the microscopic evaluation and
instrumental particle counting were well below the limits. The results of the ICP-AES
analysis show that the calcium concentration in the mixed solution was about half of the
concentration in the dextrose concentrate, either before or after filtration. Given the 1:1

30 mixing, this indicates that no calcium precipitated. In addition, the test article was
filtered on polycarbonate filters and examination of the filters for the presence of calcium
carbonate by SEM/EDXS was also negative. Thus, based on the assays performed, no

calcium carbonate precipitate was detected in the test article made pursuant to the present
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i1 Opm z25um z10un( aMSEM DXS USP Li m t sAbsent 122253 Test Sol ution

A9. 5Absent 0. 40. 00. 70. 10. 0O0O1Negati ve Test Sol ution :

B1. 6Absent 0. 00. 0010. 00. 356Negat i ve Test Sol ution 28 January 2004

C5. 7Absent 0. 30. 00. 30. 00. 351Negat i ve Test Sol ution

011. OAbsQie) §171965400. 30. 10. 001Negati ve AB M xed. Pre-7. 1Abs -

0. 10.06.50.56.%87Negative 10Fi Itration AB M xed, post- Frusonrzosss

7. 5Absent 0. 00. 04. 40. 40. 177Negative Filtration AC M xed. Pre-9, 5Smal |

whi t e TNTCHiNEGHE) Suhdh AvA3Mbiaiddds ixiey Fbibirbaiakorpaeititd ﬁsaboutdp.H 9.5 and

15Fi I tration9. 5Absent TNTCTNTC1230. 70. 00. 094Positi ve CD M xed, Pre-

10. 6Smal | AMFETSCERIICEPfitiesg9taimng calqingrand magpesimm at abeyt ®Fh 4661 cl es CD M xed.
Post - 10. 5Smal | whigf &24:58 | &1V || tyationparticles ,
"TNTC. Too nuner oEﬁs to coﬁaﬁ%. esgatggg%g%?%é% @g%%@rrignté% F%TB‘R?{\Eetggsence of .
t he f or matattivfespiangely sdstastiole A@=hd eat AtipleddC pid thes: tbarartidies, hdidarttinhiec! € (AB
M xed) nmde i.n accordance wth the present 25 invention. The visual

i nspect PosolpdAdiustedianpat of b festasticde (LD #F picadbopate solptipn having s pHeefect ed. -
The result WetEnaR ; 0 .mcr i c eyval uation
and inst rlz'rgrg{r'\s?l; %grﬁtt?glge couﬁ%ﬁg&ﬁ@gg%&eﬂnp&ﬁ%ﬁ%% a?ﬁsrﬁcf??. toﬁ% results
of the | CAlAERiclammmesitionstsulis fdrdiott dftherbtitivis00Ere abbverddeastabld likfig M xed
sol ution was ahout half of the, concentration in the dextrose concentrate,
ei t her befpf dcalsiunxqagionate nreipitasp wagidgatifiehe 1:1 30 mixing, this indicates
that no calciumprecipitated. In addition, the test article was filtered
on polycarbonate filters and exam nation of the filters for the presence of

cal ci uk0 carbonat e byERENREBIENTWD. 3t BONEGTERM STORAGE based on the assays
performed, no calciumcarbonate precipitate was detected in the test P
article made pufl'gﬁgﬁper{n@pn@ﬂ@n@nsgg@mhagvyhenabxcarbonate and dextrose concentrate, )

made according to the present invention, are stored for 6 months, a mixed solution with
a pH in the physiological range of 6.5-7.6 is obtained over the entire period studied.

Embodiment 1. A bicarbonate-based concentrate with a pH of 8.6 was

15 prepared. pH was allowed to adjust further over time during storage. However, the
initial adjustment allows one to obtain a pH in a physiological range (6.5-7.6) after
mixing. '

The container was presented as a two-chambered bag with a peel seal separating
the chambers. The pH of the bicarbonate and dextrose containing solutions were matched

20 in order to obtain a physiological pH after mixing (1:1 volume ratio). The tested sterile
dextrose and bicarbonate concentrates had the compositions and pH adjustments detailed

in Tables 8 and 9, respectively.

TABLE 8 - Sterile Dextrose Concentrate

25 [compostrion |
| || Glucose.H,0 g/l
CaCl,.2H,0 g/l
MgCL,.6H,0 g/l
[|[PH at ambient conditions - F’ZO*_—
30 *: the pH of the solution was adjusted using HCI .
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28 January 2004 WO 01/17534 PCT/ US00/ 20486 invention, which was obtained
by m xi ng a bicarbonate concentrate at about pH 9.5 and %g}gnpg)@?g

- concentrate containing calciumand nmagnesi um at about pH 1. er rast,
cal cium carbonate precipitation did formin the conparative test articles,
nanel y t%oﬁ{g&iﬁle AC and test article DC. In these test articles, a

bi car bonat e sol ution adjusted to a pH of 9.5 (test artiRITEUORIBF a
carbonate solution having a pH of 11.0 (test article DC) were mxed with a
dextrose concentrate h Db article enuneration
results for both of th gvéngglt@arﬁeg{leeglcaéé%ag%g\%cé&%gt able linits and a
MRS ant 1 11ed. 10 PERI MENT NO. 5: LONG

S rEnt deronstdat es that whin a bi carbonate and

odiuym godde or @hd 1036t he pres pnt invention, are stored

cal ci um car bonat e
TERM STORAGE Thi s

dextrose concentrat
for 6 nonths, a m: SedihmtlacimeW tgft {3.3gH in the hysi ol ogi cal range of
Enbodi mrent . A

6.5-7.65i.s obt ai ned/Qua bidgrbbitee o1 gﬁbOd o e vel 15 prepared. pH was

bi car bonat e- based dpreer of 8.6 wap

al lowed to adjust fipFadiystediedatt i me 86i ng storagp. However, the initial
adj ust ment al | ows | n_a physi ol pgi cal range (6.5-7.6)
after mxing. The contairner was pre —Fs—a=tWo- chanber ed bag with a.
peel seal separating the chanbers. The pH of t he bi carbonate and dextrose
cont ai ni ng sol uilhe sterie cantaiadrs vete s@&dlﬂd@f@kﬁfﬁoﬂl@d@bﬁcﬁtxéhsaatm% hPIi cal pH

after ati.o ested sterile dextrose and
bi car bo a‘l't“g%c @i‘{‘i i#’é@ {‘fﬁﬁ'df e @ jeallys dhe Bisrtbenater dnd sthredixroset ai | ed
i n Tabl escchcemiehtd w8 s Dextrose Co cen rate 25
20+ the gl i € PR e mB s b ok il g o e

G ucose. mmgﬁsl@@:lewomm@rmagymmﬁamwb@m VoA ohafhade@? PH at anbi ent

condi tions2. 1§h2§ Januarg
¢ tollowing ob ervatlons were obtained after storage of the containers for six

months. Table 10 sets forth the respective pH levels at the defined time of storage. And,

15 Figure 3 presents the pH levels of the different altematives during 6 months of storage

at 25 °C.
TABLE 10
Period (month) Bicarbonate Mixed solution Dextrose
20 0o 8.6 7.1 20
! 8.7 7.1 2.0
3 - 8.9 7.3 2.0
6 9.1 7.3 . 2.0

25 As expected, the pH level of the bicarbonate concentrate in Embodiment No. 1 is fnoVing
with time and storage.
- After mixing the bicarbonate concentrates of Embodiment 1 with the matching dextrose
concentrate, a physiological pH level is obtained during the entire period studied.
Embodimgnt 2. The pH of the bicarbonate concentrate was adjusted to about
30 9.5 by adding sodium hydroxide. After mixing with the acidified dextrose solution, a

mixed solution with a physiological pH is obtained over the entire study period of 6

months.
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WO 01/ 17534 PCT/ USOQO 20486. TABLE 9 -- Sterile Bicarbonate Concentrate 5.
COWPOSI TI ON Sodi um chloride ' g/110.76 L-Sodiuml actate g/I %@y%&dﬂs@m

bi carbonate g/14.20 pH adjusted to (at 8.6 ambi ent conditi ons erile
containers were stored under controlled conditions at 25 C and 10 40C _
60% r el ajyowasitssgi dity. Periodically, the bicarbonate and phendesbessse
concentrates were evaluated. The m xed sol uti on obtained by manual m xi ng
of equal volunmes of dextrose and bicarbonate solution (ratio 1:1) was al so
eval uated. The f@hémnmgerahsmmmtadmaamhammdmmfatwi&hwepgen@ t he
containers _for six _nont hg@egable 10 sets forth the respective pH | evels at

the defi neffteFhambess. The i g e bicatponats andigxiipes eonfpuingrplutionsveprmptehed s of

the differ t f. E 10 .
per i od (kB v A el Lo AnmAie (L ShORBAR A Rery GBS 0
38. 97. 32. Qie&trﬂﬁea’ﬁﬂ!ﬁba%nﬂm cmqamtatmdladtﬂi&scqn’qbobmﬁi argifpH djudumemts detailed
concentrate i n Enbod Is noving wth tine and storage. After

m xi ng t%énﬁlraé’!sﬁsﬂér?&tiézcrﬁ?ﬁ?éwﬁhét es of Enbodinment 1 with the matching ’
dextrose concentrate, a physiological pHlevel is obtained during the
entire period studied. Enbodinment 2. The pH of the bicarbonate concentrate
was adjusted to about 30IABREM -aSkdribgDsxutoserTondntratele. After mixing with
the acidified dext wi th a physiol ogi cal pH

i s obtained over tReoMROSHIONUdY peri¢d of 6 norft hs.

"Glucosc.Hzo 85.00 g/

10 CaClL,.2H,0 © 10.368 g/
MgCl,.6H,0 0.102 g/! | )
IpH at ambient conditions  [1.7* " -

*: the pH of the solution was adjusted using HCI .

15 - TABLE 12 — Sterile Bicarbonate Concentrate

Sodium chloride g/l [10.76 |
L-Sodium lactate g/l |[3.36
Sodium bicarbonate gfl |4.20

l COMPOSITION |

20 pH (at ambient pH=9.5*
conditions)
*: the pH of the solution was adjusted using NaOH . ”)

- - The tested sterile containers were stored under controiled conditions at 25°C

25 and 40°C - 60% relative humidity. Periodically, the bicarbonate and the dextrose
concentrates were evaluated. The mixed solution obtained by manual mixing of equal
volumes of dextrose and bicarbonate solution (ratio 1:1) was also evaluated. Table 13

sets forth the respective pH levels for Embodiment 2 af the defined time of storage.

30 TABLE 13

Period (month) Bicarbonate Mixed solution Dextrose -

0 9.5 7.3 C17

20



19 WO 01/17534 28 January 2004 PCT/ US00/ 20486 The contai ner was presented
as a two-chanbered bag with a peel seal separating the ch rs. T pH of
t he bi carbonate and dextrose containing sol utions were mat %2‘%“”??{ %(raﬁer to
obtain a physiological pH after mxing (1:1 volunme ratio). The tested

. sterile gﬁt,ﬁ?ﬁe and bi carbonate concentrates had the conpositions and pH
adj ust ments defailed 5 in Tables 11 and 12, respectivel y FCEAE00/2¢486.
Sterile Dextrose Concentrate 10 COVPCSI TI ON G ucose. H2085. 00 g/ |

CaCl, . 2H200. 368 g/| Myd ,.6H20,0.102 g/| pH at anbient conditignsl. 7* *:
the pH of| the sdlution was adjusted using Hél. 15 20 TABLE 12 - {Sterile

Bi car bondlt e Congent rate COVPQSI TI ON Sodi um chl ori de g/ 110.76 L- $odi um

|l actate /| 3.36°Sodi um bi carBohate g/14. 207fH (at anbi ent-7pH=9.

conditions) *: the pH of the | uti on was j usted usin OH. The tested
sterile ) 5 " \ st ar 2§Olll’ldpl‘ cant r‘ZﬁJI ed _conditi g]nlé\laat 2% C 25 and
40C - 60% relative humdity. Periodically, the bicarbonate and the dextrose

concentf ates we val Th L X€E ol ut i.on obt ai ned by manual . m xi ng
of equal vol urriéi?.l.lgﬁ‘ acf‘é%%rﬁ%?etesa%a%ecpga a%vﬁgtog?geogﬁﬁ%ﬂatf RPFBURte 9 was al so
eval uat edEmBadiment%. 29eiaintadiddnt D5 fleL SBARLIVA aRlah&\Phdnihebr FRREI ment 2

at the defined tine of storage. :
After mixing the bicarbonate concentrates of alternative 2 with the matching dextrose

concentrate, a phy'siological pH level is obtained.
* Overall, the results demonstrate the feasibility of manufacturing and storing the
\ 10 bicarbonate-based solution of the present invention in a plastic material. The
bicarbonate-based solution can be prepared in a plastic material, without a carbon dioxide
gas barrier, provided that the concentrates are adequately adjusted (pH levels, levels of
ingredients). |
Examples of suitable formulations for peritoneal dialysis solutions are given
15 above. By way of example, and not limitation, the following formulations are given for

a substitution fluid for continuous renat replacement therapy.

Component Formulation 1 Formulation 2
Compartment 1
20 Cat++ 3 mmol/l 3 mmoli
Mg+ 1 mmol/l 1 mmoV/l
Cl- 8 mmol/l 8 mmol/i
Glucose (g/1) 2/l ‘ 0
Compartment 2 '
25 Na+ 280 mmol/l 280 mmol/1
K+ 0 4 mmol/t
Cl- 230 mmol/] 204 mmol/1
HCO3- 50 mmolll 80 mmol/l
Mixed solution (1:1)
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30 TABLE 13 Period (nmonth) Bicarbonate M xed solution Dextrose 0 9.5 7.3,

1.7 20 28 January 2004 W01/ 17534PCT/ USOQ' 20486 19.57.41.7
9.57.21.7 5 Figure 4 denonstrates that the pH | evel
Enmbodinent No. 2 is maintained at -9.5 after sterilization
m xi ng the bi car bongtensoseess r at es
a physi ol ogi cal

concentrat

and aft eyofpiieaalshs of storage.
of alternative 2 with the matching dextrose

e of

After

concentrate,

of the

Bl

Aoba?

nate

pH l evel is obtajined. Queral the results demnstrate the feasibjility of

manuf act urfi ng and g440ri ng thF . 10 osambpnat e- lased $88 Hohdln. of the present

I nvent i on j-A—a—plastic—ratertal—Fhe—bi-carborgte—based—selutton—tan be

prepared ifn a plasKic materi al, wi thoQt a carbdn di ox2demol¥jas baryier,

provi ded tirat—the—concentratgs—are—adequatety ﬁdTUbted (pHtevets] | evel s

of ingredi ents). Catexanpl es|of sul-fawnel} or nuljati ond-¥@maldri t ongal -

di al ysis gorutions_are givenf 15 apQve. By way jof €ex e, .and no

limtatior, the f wi ng _f ot nul at&‘gﬁém e _gi_vdn for%{g;"'ﬂPA@titut on fluid

for contjruous renaj replacefent ther 20 28 Conp mul at { on ’

1For mul at ijon 2 Cnrrgar'r nent | Ca++?ﬂ?1¥nﬁlﬁ¥lfn’% o/ | A@i@fﬂjﬁhll 1 ol /I O -8

mmol /18 mfol /1 Apease (9/1) 2 a9/l 0O28qmant ment |2 Na+2@0nmspt / 1280 nmol / |
Glucose (g/1) 1g1 0

10 bicarbonate-based solution can be prepared in 2 plastic material without CO, gas barrier

In summary, based on the above results, the inventors conclude that a

, provided that the concentrates are adequately adjusted (pH levels and levels of

ingredients).

It should be understood that various changes and modifications to the presently

preferred embodiments described herein will be apparent to those skilled in the art. Such

15

changes and modifications can be made without departing from the spirit and scope of

the present invention and without diminishing its attendant advantages. It is therefore

intended that such changes and modifications be covered by the appended claims.
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K+04 mmol /1 O -230 mmol /1204 mmol /1 HCG3-50 nmmol /180 mmol /1 M xed sol ution
(1:1) 21 28 January 2004 WD 01/17534 5 PCT/ US00/ 20486 Na+1

nmol*/1 - K+02 mmol /1 Ca++1.5 mmoU 1.5 nminol /1 M++0.5 mol /%@%%’bﬁg’
C-119 mmol /1106 mol JI HCG3-25 nmmol /140 mmol /1 d ucose (g/1)1 g/10 In
summary, based on the above results, the inventors conclude that a 10

bi car bonat e- based sol ution can be prepared in a plastic material w thout

CO, gas barrier provided that the concentrates are adequately adjusted (pH
level s and levels of ingredients). Ityghould be understood that various
changes and nodifications to the presently preferred enbodi nents descri bed
herein will be apparent to those skilled in the art. Such 15 changes and
modi fi cati oﬁéﬁﬂ\ﬂg be made without departing fromthe spirit and scope of
the present invention and without dimnishing its attendant advantages. It
is therefore intended that such changes and nodifications be covered by
the appended cl ailms. Adwo@ardirasbanaimoeentaigingsalitie. the solution-qeaprising:car bonat e
contai nigg sol ut Qs %H‘ﬁoﬁ@d%ﬁ'a%st% 'irle?'tﬁ@frslt Ear@lnfcluﬁ RHikafgused in a
first container, the tirst part 1ncluding an al kal | ne brcarbonate
concentratebwaﬁhoﬁgtea?OﬁPﬂﬂ*féF&;hwgﬁéhﬁfensﬂngfﬁom@ @to W.econd part housed in a

second contai ner g deBShPEEORsBA N a | RELMIERHGIRLE, the second part including an
acidic concentrate having a pH ranging from about 1.0 to 3.0, the pH of the acidic
concentrate effective to obtain, when the first part and tﬁe second part are mixed
10  together, a mixed solution having a pH ranging from 6.5 to 7.6.

2. The solution of claim 1 wherein the first container is a first chamber
of a multi-chamber container and the second container is a second chamber of

the multi-chamber container.

15
3. The solution of claim 1 wherein the mixed solution comprises:
bicarbonate mM 5 to 45; and
calcium mM 0.2 fo 2.0.
20 4. The solution of claim 1 wherein the mixed solution comprises:
bicarbonate mM 5 to 45;
calcium mM 0.2t02.0;
25 sodium mM 100 to 150;
magnesium rhM Oto 1.5;
potassium mM - Oto 4.5;
chloride mM 70 to 120;
lactate mM 0 to 60; and

30 - acetate mi 0 to 60.




acidic concentrate having a pH ranging fromabout 1.0 to 3.0, the pH of the
acidic concentrate effective to obtain, when the first parig nd trbﬁ) econd
part’ are m xed 10 together, a m xed solution having a pH ran nHan S 6.5
to 7.6. 2. The solution of claim1 wherein the first container is a first
chanmber of a multi-chanber container and the second container is a second
chanber of the multi-chanber container. 15 3. The solution of claiml
wherein the m xed solution conprises: bicarbonate mM5 to 45; and cal ci um
mMM 0.2 to 2.0. 20 4. The sol ution of 204 aim1l wherein the m xed sol ution
conprises: 25 30 bicarbonate mM5 to 45; calciumm 0.2 to 2.0; sodium
nmvi 100 to 150; magnesiummmO to 1.5; potassiummMO to 4.5; chloride nmM
70 to 120; lactate MO to 60; and acetate mMM O to 60. 28 January 2004 24

5. The solution.of c I | i Sl . i nt selected
fromthe group g'onsi lsrﬁlél %Utbofn:%tgc'éﬁ'éSgg'ﬁp(%lcéﬁgséﬁggﬁ?%bg?a% ified starch;
5 am no acselsctepy&pii the groupredngjstingefajliucase; giheosealolyniepsi nuddifigidesitarch; wher ei n

the first and secon . e constructed of gas perneable material.
10 7. ﬁtv\ﬂ'['%ﬁ'l r%C?Cgsl' g%é‘@g%fa "ged@%ﬁ%i ning solution conprising: a first part

i ncluding an al kal i ne bi carbonate concentrate having a pH ranging from9.0
to 10.0; and a gecon 1 ncl yudi i d} &RQ&%B havi a pH
rangi ng from about Thgé{)lgtidf@c\iﬁ'hgq%@?%@(ﬁ[\ gr%fam I C é%%%@ﬁ@%tdg&effecti ve
t o obt ai n, covstnaciedef gas permeable material.

10 7. A two-part bicarbonate containing solution comprising:
a first part including an alkaline bicarbonate concentrate having a pH -
ranging from 9.0 to 10.0; and
a second part including an acidic concentrate having a pH ranging from
about 1.3 to 2.5, the pH of the acidic concentrate effective to obtain, when the first
15  part and the second part are mixed together, a mixed solution having pH ranging
from 6.5 to 7.6 wherein the first part and the second part are separately stored

from each other until use.

8. The two-part bicarbonate solution of claim 7 wherein the first '
20  solution is stored in a first chamber of a multi-chamber container and the second

solution is stored in a second chamber of the multi-chamber container.

9. The two-part bicarbonate solution of claim 7 wherein the mixed
solution comprises:
25

bicarbonate mM 5 to 45;
“calcium mM 02t020;

30



15 part and the second part are m xed together, a m xed solution having pH

ranging from6.5 to 7.6 wherein the first part and the secal

separately stored fromeach other until use. 8. The two- p?rlfdagllﬁégr%{{))%ate
solution of claim7 wherein the first 20 solution is stored in a first
chanmber of a nulti-chanber container and the second solution is stored in
a second chanber of the nulti-chanber container. 9. The two-part

bi carbonate solution of claim7 wherein the m xed solution conprises: 25
bi carbonate MM 5 to 45; <calciumnmMO0,2 to 2.0; 30 28 January 2004 25 10.
The two-part bicarbonate sol ution of % aim7 wherein the mxed solution
conprises:, 5 10 15 20 bicarbonate nM5 to 45; calciumnMO0.2 to 2.0;

sodi um mM 100 t $0.150The g pars bicarhoivite sblutidn 6f claipol wheieimtheited o 4. 5;

chl ori de n1\/|l7g to 120: lactate MM O to 60; and acetate nMO. to 60. 11.
The two- paP?P B WERESe sol ution of claim 7 further conprising an osnotic
agent selected fromthe group consisting of. glucose; glucose pol yners;
nodi fied starchi am no acids; peptides; and glycerol. 12. The two-part

bi car bohat e sol ution of claim 7 wherein the solutions are stored in a gas

perneabl e material. bicarbonate mM 5 to 45;
calcium mM 0.2102.0;
sodium mM 100 to 150;
magnesium mM 010 1.5;
10 : potassium mM 0to 4.5
. chloride mM 70 to 120;
} lactate mi 0 to 60; and
acetate mM 0to 60.
16

11. The two-part bicarbonate solution of claim 7 further comprising an
osmotic agent selected from the group consisting of: glucose; glucose polymers;
modified starch; amino acids; peptides; and glycerol. |

20

12. The two-part bicarbonate solution of claim 7 wherein the solutions

are stored in a gas permeable material. ‘

13. A two-part bicarbonate solution for peritoneal dialysis, the solution
25  comprising:
a first part stored in a first container and including an alkaline bicarbonate
concentrate, the alkaline bicarbonate concentrate having a pH ranging from about
9.0 to 10.0; and '
a second part stored in a second container and including an acidic
30 concentrate, the acidic concentrate having a pH ranging from about 1.0 to 3.0

wherein the mixed solution comprises:



13. A two-part bicarbonate solution for peritoneal dialysis, the solution
25 conprising: a first part stored in a first contai ner andg i an
al'kal i ne bicarbonate concentrate, the al kaline bicarbonat cejzglc%ﬁggﬁltjrbgﬁe
having a pH ranging fromabout 9.0 to 10.0; and a second part stored in a
second container and including an acidic 30 concentrate, the acidic
concentrate having a pH ranging fromabout 1.0 to 3.0 wherein the m xed
sol ution conprises: 28 January 2004 26 5 10 bi carbonate nM 5 to 45;
calciumnmM 0.2 to 2.0; sodium mM 100 tz% 150; magnesiummM 0 to 1.5;
potassiummM 0 to 4.5; chloride nM70“4“0 120; |actate MM 0 to 60; and
acetate nM 0 t o 66—4—TFhe—two—part—birecarborat-e—solutt-on—of—ctatm 13
wherein sol utions are bisdriosrate M a first contaiswerdsthat is a first chanber
of a multi-chanber container,.and 15 a second c iher that is a second
chanber of the rrulti-.c%zc%e'rm@ont ai ner. 15. Thcem%\e\oogg‘art bi car bonat e

sol ution of claim 13 fsadivemMconpri sing an osnid0ite 18@ent sel ected fromthe

group congisting of glwg@ﬁgﬁjrg{.l@cose pol yners; oods.fied starch; am no

aci ds; peptides; and glycerol. 20 16_ The two-part DBicarbonate sol ution of
claim 13 wherein the fRAESIUEHAM second cont ai ndt® 4adfe constructed of a gas
pernmeabl e material. 25hioride mm 70 to 120;
lactate mM 0 to 60; and
acetate mM 0 to 60.
10

14. . The two-part bicarbonate solution of claim 13 wherein solutions are
stored in a first container that is a first chamber of a multi-chamber container and

16 a second container that is a second chamber of the multi-chamber container.

15.  The two-part bicarbonate solution of claim 13 further comprising an
osmotic agent selected from the group consisting of: glucose; glucose polymers;
modified starch; amino acids; peptides; and Qlycerol.

20
16. The two-part bicarbonate solution of claim 13 wherein the first and

second containers are constructed of a gas permeable material.

25



