TITLE DIALYSIS SOLUTIONS CONTAINING PYROPHOSPHATES BACKGROUND [0001] The
present disclosure relates generally to medical treatments. More specifically, the present disclosure
relates to solutions used for dialysis therapy. [0002] Due to disease, insult or other causes, a
person's renal system can fail. In renal failure oflddyEcause, there are several physiological
derangements. The balance of water, minerals and the excretion of daily metabolic load are no longer
possible in renal fajyjre; PYFgANBITRING GOSN PRI IR PiOgPR piapolism (e.g., urea,
creatinine, uric acid and others) can accumulate in blood and tissues. [0003] Kidney failure and
reduced kidney function have been treated with dlalﬁﬁss Dialysis removes waste, toxins and excess
water from the body that would otherwise ved by normal functioning kidneys. Dialysis
treatment for replacement of kidney functions is critical to many people because the treatment is life
saving. One whc@(l@as fa“ilﬁd Kiekray sicalidunetrebntnertertile withoediceplacigetteasMbe filtration
functions of th H}%M%}Pasé stya(gé%s{ \{gteor}l%vylnegw?tre({}%sstagg renal disease (ESRD)
patients ar%e%’e créﬁtr 1i/er%ep Sphate. For examp e, pyrop ospch ougﬁ%j{o be instrumental in
prevention of ca[eﬂmfza}trﬁru@frsdﬁdassuesrﬂndrpymphmmﬂsavep(dea‘mlerm ﬂyageinecanrrﬁklfahtor in
calciphylaxis., Plasma nd cell bo er thr%C}(tu%EJ ro hos te IS 2%9“ ﬂpeogoiqmate 30% in
dialysis pa‘%%%%tﬁ%vér Rormal i ?vr uas EVER (igdpne ?ﬁarignorm SIIy clears pyrophosphate
from circulatien nﬁma]fmamﬁohmcﬂstasedédaigfam:ﬂahlﬂw the&emrwrm@yrsmmwblmzpmuelnt vascular
calcificatign.of vessels in cult r eplacement. of pyropho te in dial atients may inhibit the
formatrongo o crj?n %ne% sl[llrfa\llglsrgoeﬁs SARdhu td I\F/)Oa}ésé}g aréfalll?lf’ ga]tloné%elr?e org %t’abu?/adlalysis
solutions matmmmg;ﬁdsuddmmbuﬂnbm)awbech@n@abeneﬁmaﬁ aSUNAMARY [00044] In a first aspect,
there is provideg grﬁakl errlrz d solutro compri h te, buffer comprisi
bicarbonate, anda pH gr ea%e/r an 7 M#erei‘?%é g‘l%dg}éy %% %So%e%r and?ﬁe plt-]i gﬁzater rﬂ?an 7 heat
stabilize thlpyropidisphataemo@04bicinexsecend espmst whierefioprolidbddy Hest siartized dialysis
solution comprising: a first dialysis par com risin ialysis onepy t. selected from t group
consrstrng c@%smo%rlc aggn?s r%ectr%? &5 an clcl)m mila |101¥n ﬁ% (XF and %Ysséscé%ﬁ %la?y;}rirpart
comprisingycepkosplididnbicirhanate anaitqeHtgneater tirapl? hatrereittthéditasbomidand the pH
greater than.7 heat stabilize t r hat I thrrd erer rovided a heat
sterilized dialy a’ly%rsgsofu‘tvon%&%%qr%r%?n%@ gﬁfgllg%gﬁ%ponent sgpectedwrgln(f (?h four (?%‘rlrsrsilng of
osmotic atherﬁﬁra&ientfmlmemamﬂ ﬁh@rhhﬂrmamons thereof, a therapeutrcally effective amount of
pyrophosphate, lﬁ)g&iﬁ[g cctg n% bica bona% and a I’%% e égaa@ 8‘:(?4]%? erntthe brcarbonate
buffer and the pK greater than ﬁeat Sta ﬁme e pyrop speh FO Pa rourth aspect, there
is providedediGtable hgaipdtesjilzed pévitonsabtiabisispbolplicre asmpugingcabmersapequaﬂyieffectrve
amount of pyrophosphat reaterdhan 7, an smotr gnLs ted from the, group consisting of
PGX/ 18 {))P ff c%'t_log 58S fmlssu 5 an tIP/gso Cycs% EG%IGHC de? ngiagtarcﬁ xﬁlg 9

glucose UcGse | o mers, glucose polymer deriva extrrns mo ydroxyethyl
starch, polyaits; mumhsemamo &quaep'ﬂideﬁ protsir(sydhrmy shigareph iy, N-sohiydd
glucosamrne N n mbinations thereof, a buffer compris [ r fe lytes
comprrsrngp gog hnrlr?}%%%(sﬁs%ulr% Hr}ﬁt%sr}’rse .E‘F‘n‘%%‘ér’cﬁ{rr‘% an 5ﬁ£&£r%e§rel % e%i%%b%ﬁggg buffer and
the pH gréstendhanlly h&ats;abd[z@ﬂphqm]rﬁ)@hosphawon 1s j000dmitionanfiftilhspe bty theatsis provided
o oS g SRNRIS P ARIoR 1D ReLied Somer ongiRUSRAr e a.dlaly<ip e
comprising pyrop ate a er comp srng icarbonate. a pH greater than and at east one
dialysis cieplenentsetéqted florsptdegrodiplssivsistiegtefizay osmbiticlegntpativelettealytenrand
combinatign ereof Wh rein.the bicarbanate fer and t re lize the

yrophos§ﬁ ess sstgﬁﬁzi:ﬁg thesglla?yr/ss Sol ﬁ%%%n l?%%% %{gglsgl:(éhﬁz}s%%%%ﬁﬁgﬁeé is provided
a method cfmrtpnmvgiihg; aaﬁaiysrgisnaﬁiumh@ié}rfwﬁﬂf@l@bmprlsmg provrdrng at least two separately
housed dialysis parts, each dialysis part comprising at least one dialysis component selected from the
group consisting of an osmotic agent, an electrolyte and combinations thereof, at least one of the
dialysis parts comprising pyrophosphate, a buffer comprising bicarbonate, and a pH greater than 7,
wherein the bicarbonate buffer and the pH greater than 7 heat stabilize the pyrophosphate; heat
sterilizing at least the dialysis comprising the pyrophosphate and mixing the dialysis parts to foi in a
resultant heat sterilized dialysis solution.



00044] In a seventh aspect, there is provided a multi-part dialysis solution comprising: at least two

[ gl p p Y y prising

separately housed dialysis parts, each dialysis part comprising at least one dialysis component
selected from the group consisting of an osnsaitd&yeRY an electrolyte and combinations thereof, at
least one of the dialysis parts being heat sterilized and comprising pyrophosphate, a buffer comprising
bicarbonate, an eater. than 7,.wheret icar & PH greater than 7 heat
stabilize the pyri%@%&%%t%ﬁr& gf&%tzmﬁ %F]eea{gn %%gﬁ%%?&%ﬁ%g%‘%%ﬁged a steri |zc§d dialysis
solution qoymprisisghatdialysiSoorepogrein sdizetbdrfaomahé groldperenisistivg Gt odmstic dgents,
buffers, electrolytes and.combinations thereqf _ tigal ti ount of
pyrophogg}hcg{g%ate ?Bg&ﬁq(r?{genﬁ?g%%géc%ﬁgﬂg%éprﬁ%%ﬂl e l&é%gﬁﬁ%géﬁfﬁ%al dialysis solution
comprising a thefiddbiidally ettecivesarsouthens pyrophidsphatesaarstoshnsdcdigatssutbsied from the
group consisting.of glu . gluco lymers, gl r derivati Ins, modified
starch, h)ﬁ'(?rr(r)l%/%%ﬁ%l %t‘g%i%*@af?%é?ﬁé’%@% #lg?éég%?i%@&? e‘%ﬁ B%}E)ég%ds%%nﬂg?gug%s, glycerol,
N-acetyl ghicgsarpinbodhaG) sgahtombitatidns thé moibmblidier betsefediifonmatmmdbalygonsisting of
bicarbonate, lactate, pyruvate, acet cit ti- ' ids id inatigns thereof
and electpgfgtecé) %"8’%@3{%@” gggﬁ%ﬁ%&a@ﬁ%ﬁ‘ﬁ?hﬁg&nﬂe{}%ﬁa%%yar%%ﬁ?gr%%gpé [0004)] In a
tenth aspettrieradsuptdiicield areasththdiof incitistghal diathisiswohitisphie method comprising:
preparing a dialysj utio rsing.p d.a L ane dialysis sompanent selected
from the group ét(?rl?g?sgt,ngho gﬁ%@#&%%é%%ﬁ?i%%%ﬁ%@tae, a%%%sfsfer an colmglls‘r%artgl?ns thereof; and
sterilizingatirerdisiygis soilition compfoB04iskiectad dteveth gepactamestng pfovidwdia agettod for
providing g dialysis.solton. e meihed cpmRsing: PrRvidingiaL RastiasRpaiaiBlhoysed dialysis
parts, each dialysis part comprising at least one dialysis componenit selected from the group consisting
of an osnmtiorgephate bafferfen wmpiiclye Hnd bomtsinatibasnHegeet cattheast ondatihdidialysis parts

comprisi oph te; iliz] i i , jxing the dialysis parts to
form a reﬁﬁ%&?%%éﬁ%fe??&i@gézé%%?i%r?&% Ogo%%ﬁﬁg%glgge@]?g@%%%gﬁe@gétes generally to
dialysis solution$(ddhéthadewtimasried.athdrasingrsarded Moredpduificattyilinedppestrnedlsclosure

relates to dialysis ytjon ISi ! | e ' ggg@;ﬂg 0
pyrophosﬁng}é%. %?)%&%%6‘]%?%%%%%?@ {)s%cgt?ﬁ%ﬁ %%%E %%%%%?gé f%f%%}r{%)ne I di%lés%Hand/or
hemodialgsisto thplatexefivianicangonnssiortad ditve rlscaioallgoafistigechioanss. alpseesphosphate.
The dialysis, solutio b far nple, | dialysis;selutionin @ s tainer or as
Aty S e e R ment, the
present digetdsupel pebvitiestesdialysio seldiapepbiepripinigiasenape stigaiy e the\ansoivht of
pyrophos dj | ti 0680 llizeds forexam ' echnd S as
autoclaveg%%at%f%, ﬁ%r@%ﬁﬁ%ﬁ u%traV|oIaelP§§liI§fi@fgif'§§fio% %r com%%?gt%%g greof. ‘Ig#ge ai%%?sis solution
can be in ¢®Wim®fwmdﬁM®&manmn%@mmmwt@%l@hlaffﬂfﬁfalvﬂi'@r?@s solution.
rhe dialysie. selyfipnseansratiaies eamiReaRaciise uiRied 8 Mabis gyigphosphate I the

dialysis solution remains stable (e.g. not degrade) during the sterilizing and over extended
periods of time (e.g. during storage). [0007] In another embodiment, the present disclosure
provides a peritoneal dialysis solution comprising a therapeutically effective amount of pyrophosphate,
an osmotic agent, a buffer and an electrolyte. For example, the osmotic agent can comprise glucose,
glucose polymers (e.g. maltodextrin, icodextrin), glucose polymer derivatives, cyclodextrins, modified
starch, hydroxyethyl starch, polyols, fructose, amino acids, peptides, proteins, amino sugars, glycerol,
N-acetyl glucosamine (NAG) or combination thereof. The buffer can comprise bicarbonate, lactate,
pyruvate, acetate, citrate, tris (i.e. trishydroxymethylaminomethane), amino acids, peptides or
combination thereof. The electrolytes can comprise sodium, potassium, magnesium, calcium and
chloride. [0008] In an alternative embodiment, the present disclosure provides a dialysis solution
comprising two or more separate dialysis parts (e.g. individual concentrates) with each dialysis part
comprising one or more dialysis components, for example, that are combined and administered to a
patient. A first dialysis part comprises an osmotic agent and a second dialysis part comprises a buffer.
At least one of the first and second dialysis parts é8mprises one or more electrolyte salts and
pyrophosphate. [0009] In yet another embodiment, the present disclosure provides a method of
making a multi-part dialysis solution. The method comprises providing two or more dialysis parts with
each dialysis part comprising one or more dialysis components such as an osmotic agent, a buffer, an
electrolyte or combination thereof. The pyrophosphate is added to at least one of the dialysis parts
and sterilized with the dialysis part. The sterilizing can be performed, for example, using heat (e.g.
steam), high pressure, ultraviolet light or filtration. The dialysis parts are mixed to form the final dialysis
solution.  [0010] in an alternative embodiment, the present disclosure provides a method of
providing dialysis such as peritoneal dialysis or hemodialysis to a patient in need of same. The method
comprises administering a sterilized dialysis solution to the patient. The dialysis solution comprises an

osmotic agent, an electrolyte, a buffer and pyrophosphate. In another embodiment, the method
comnricac nrovvidina two or more ceanaratealvy hnriced dialvveie narte with each nart comnricina NnNe or



[0011] In yet another embodiment, the present disclosure provides a method of treating a dialysis
patient. The method comprises providing a sterilized dialysis solution comprising a therapeutically
effective amounf0gyidphosithatpdct altiadysiprpatiedtdaeihgdatoubingadclidasiorsoluti{@012] An
advantagg of the present disclosure is to provide improved di i t] TN {Qoalgl]l@g}other
advantagtgl%F’tﬁtg“%frécgénrﬁﬁcﬁg&bgﬂer%a%n%azéé%ﬁésssteﬁ%&% 8‘5&?@%@@ F&%%p’rising
pyrophosghateising [Bidovatanpferedvatitayé, ahthat presemedisdioss rerispoiprovitieciedproved
methods pf providing dialysis to patients. 0015] Still another. advantage, of r fdisclosure is
to providéﬁ% Prn&p?%%gagﬁ%ﬁ% gtéqgnogk?ﬁgoa%?ésﬁsagglﬁi%%gTeCI@T ‘_;‘[63]n r%%ﬁglrnég\g/la%%%%%f the present
disclosureviseteiprakidebieatipitatieisbudterilized dibdysigisalntivas comprisinga ssditdiagndbet of

pyrophosghat%%s h?LOng{ZJ 1,\{eeatt %{16%1{11%5 a‘%}\{é’"ﬁ}a eigg tpu%ﬁlrlesent disclosure is to provide ready to use
sterilized &fﬁ?ﬁss Bofutions comprising & erapeutically effective amount of pyrophosphates.

[0018] FurthermiXe)4fh hdvasitaheashdtic praserst pistldsdre is¢thpdolddeimpdined tdealirsients for

patients requiring dialysis. 0019] Additional feat ihe rein, and
will be apsﬁ)qa?élﬁfgr%r% ‘¥tﬁ§ ?3”%\/\/&%’8%‘&3%1%"&’ 'If)ﬁenécﬁt pl%l?%gr% @S&%ﬁ%ﬁ%@%ﬁ?gﬁ?gﬁ% &%%020] The
present diactodinty geperaly rglatesgadialpsissollitibss andumettiodsitedKirgatid @simg same.
More specifically, the. present disclosure relat ialysis, seluti C risi sphates and
methods 9T Ma }lﬁrﬁogn L?Sfr’ﬁ‘é’t%ﬁea’é?gfyé‘% es%lﬁg(gﬁtss o¥lrS 8?(%%%]%%&% %}%Iyosﬁs%go%égﬁggin&h

em bodiméretsliafyﬁg mﬁgm@%@gmmﬂp@@@é@n@ h@f@d uqmmlﬁmaMﬁné[@iﬁ&htion due to
D s dEle Preisdn R pusiha e At aianG AobeRNEITPISR AL Al dne Amount

of pyrophosphate can’remain Stable e.g. not readily ysis solutions before, during
or after steyitiphtiepheteoventspelcificean dert chtimiliely. dunipgssterégepyropoadeianaadeneral
embodiment..the present.disclosurg provides.a di IS salution.or. dialysis.concentrate comprising one
or more d%ﬁ%%%ﬁé%rﬁb%%sé%?sa?é%g? %lg?e%fg?l‘iﬁst%ng gé%iﬁﬁi@#t?&%ﬁgﬁ‘sﬁ é%%dtion) and a stable and
therapeutically effé6tieé ameuntvehihyrophosphate. iFheraadpdisasolutibmertadidgssuabiedior peritoneal
dialysis, hemadialysis,.qr any other dialysis th ieg. hodiment: i s §qlution
comprisegqfrrno?*ﬁ1 a %’u%tg'?fsgﬂ}/%oasggﬁ%%ﬁ U Eé@f% %%ﬁ‘l@%ﬁ%n%?egﬁ:r@ §r‘?o£’"tlﬁ%§1§m %%ime t, the dialysis
solution ceasprisesifatys aboupdnvhtodbaud THuMbsf pyraphospitate. ofie diahgis sptutions in
aliernative, EMIORAIIER RIS ARSI APCPRUS SANAIGHIRE At BrAMPGARA SlBlg dRlysis
solution in a'singlé container or as a dialysis part of a separately housed or nmulti-chambered
containerand c{df2iirg alterplatiydambddiffentsmipiespre besirbiselcsand proidessgiateis’,
solutions/concentrgtes comprisin repho that I der ilizati onglitions. For
example, \ﬁ?heégl eihng Sl%?fsgi%g&@%%%%ﬂa%%{;?ﬁgeg |z%§e§§§sﬁ%§olzti§t§égc§?ﬁﬁ§r§l§1gﬁ
pyrophosphatesoaplzatigher pH (e.g. above 6) and using specific dialysis components such as buffers
reduces the amayahof PYLoRRospiale dratpdalien diipgthecsteriigation Mareavetoapheat
sterilization methods such as high pressure, ultra-violet or filtration provide sterilized dialysis solutions
comprisingpanptiible andolpsisfcpyrophospHactsiafr o drepss e eptbeisne )l Asnptiesigedsgreater
%T fa‘;g: 3&%@?@%['%1@9&%%&’%88%%%&%%&@%}1@&%? starlizrd-dalvRinsoleRs hichAast be stored
pyr-ophosphate.
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[0023] The dialysis solutions can be sterilized using any suitable sterilizing technique such as, for
example, autoclave, steam, high pressure, ultra-violet, filtration or combination thereof. The dialysis
solutions can al§008di$térilizeththedopectluhierg dv afterdwleostahdeepeiiiysisicdimyanenistand one or
more pyrophosphates are eambingd. 00241, The pyrPhosphates gan be. for iample,
pyrophosf) SHc A , salts ot pyrop osp%a € or combinatioRs there .aéélts of pyropﬁos%) ates

comprisessbglitech fiyrapliesphate, poisissingm ¢y gipbesp hgie;osalgpummpyropRvsphatee inagnesium
pyrophosphate,.etc. The dialysis co nents be any gne gr more of gsmatic agents, buffers,
electrolyteggnovra(t:%;r% Fafz%gneth%rrlg’o gslgﬁcgﬁgaérgc@?lry regﬁ/qbe:]%vsf/%.ar © ’%ﬁ%é%nﬁcg?gés%l 1shochjtion can
also comptisi, opepadenone @kt olytésa nsthafgllglyingolangesdteimglabostide tONabGutad0 mEqg/L of
Nat, about 7 toa ogtt1%0 @E%Lf%; Cl, 0.1 c%r%lt{lo te4 rggq/é_oogig%laz", 9 1o, cl?r?é%'é 4 mE /L of Mg2+
and/or 0.£96 AbSUCA mhéqeﬁ ot KY T816§ In another entbo |men1%,gt edlﬁllyss solution/concentrate
can comprisevaie arcmae cialysis partsifeng indivsduaisalotionsi conobittrsiies thiatravdkendp the final

dialysis sgtejéi?& Qsegonrqixescli V\éi(t)}&ig%ch gtigs%Sis pI%g coir;?&){gsicrg%c%r}g ar i{réa{e ialysis components. The
pyrophosp a%e AR 58 aHdea%S Bhe Grimore of the &l%ﬁyss parts and sterilized with the dialysis part.

The two or more] tidlgitn pattstbanpoet stoeedi apo sideilizedcsepbodialkifor £Xahple sildeparate
containers,gr & qulfichemher container, . 00271 4 yatiety af diffetent e suiafle gy andior
basic agents can be Utiized P&a&u%%‘%ﬁ‘é pH O Ti& 58motic, butter ara/dt electrd yte solutions or
concentrdtest b éhadysislepmpariatysofariodgiinic deids@npddoasetnanfm sizedkiaghnding
hydrochlorjc acid, sulfuric. acid, nitric.acjd, hydrogen bromide, hyd n.odide, sodium hydroxide, the
like or corﬁgfngﬁgtﬁ’tﬁg}le% . and f88§éﬁl hdanr?(;‘ eg?oeg% gdrg?r%%ﬁ‘sz gﬁ%%%éﬁ%?%’%?&r‘e provides a
multi-part dialysig)éoHkijdn eoriprisitgaptegsherfinstidialidid panctom josingadiosmdiidyagent and a

second dialysis part comprising a buffer. One pr more of the separate dialysis parts.comprises an
clectroly e P o e S G dan el e SR RN BRI oo 6.
alternativeaeimiodimients:tthenphtisifith et fiststiahgsit ghpsts amgesbetwwelentabdudr? tbeagoup2.5,
between aQ&%tBnt%?ba%“és%Pt?c”d betwesiabodt 4 10 ARGt LD I8! %ﬁ%‘ﬁ%e%gﬁ%ﬁ%é??'a”‘?ed
between the st dia ysis part an e’secondr’diaaly&s part. In an'embodiment, the second dialysis part
comprisesthefhkeapelyticay sftectivesarp gyntfpyreph ospilatamgriid dist@md Sdoodatidiatysis parts
can include a variety.of other sujtable dialysis components t sure that.: ' nd second parts
can be, fd”raé%af%nﬁ?é},{ ead yea%%j%stles %ijtys r}r/?b%%ﬁnto@ Fgﬁlr}lﬁ?é%%%ﬁgﬁ%g 1(# I%/lg;sgﬂgt{){r&réﬁlations, which can
then be administé#ipid apersentidindesof sdntes gend@liz9pAdivionabletacys tandseddbndulations in
embodiments of. the present disclosyre can in f suitabl In an
embodimgggl ??r(é?%n second %?'rz\g(r)g %&fggﬁgﬁggﬁfﬁ) 6?%%(1;% ygggé% L?t%(f)gr?%r%vg% Srlzi{:ely stored
from each other, such as in separate and hydraulically connected chambers of a multi-chamber
container, until mixed together to form a mixed solution. In this regard, the ready-to-use formulation
can be prepared within the container by mixing its separate dialysis parts within the container. This can
effectively eliminate the need to manually inject all or at least a portion of the dialysis parts into the
container to form the mixed solution, thus ensuring that the ready-to-use formulation can be readily
prepared under sterile conditions. [0030] Further, the container can be configured such that one of
the dialysis parts can be placed in direct fluid communication with the patient prior to mixing while the
other part cannot be placed in direct fluid communication with the patient prior to mixing. This can
provide an added level of safety with respect to the preparation and administration of the ready-to-use
formulation of the present disclosure as the single part that cannot be placed in direct fluid
communication with the patient physically cannot be fed to the patient unless it is first mixed with the
other part. In this regard, if, by chance, the single dialysis part that physically cannot be placed in
direct fluid communication with the patient were to have an undesirable concentration of dialysis
components such as potassium, sodium or the like, this configuration would necessarily ensure that
the undesirable level of constituents is not fed or administered to the patient. [0031] In an
alternative embodiment, the present disclosure provides a peritoneal dialysis solution comprising a
stable and therapeutically effective amount of pyrephosphate, an osmotic agent, a buffer and an
electrolyte. For example, the osmotic agent can comprise glucose, glucose polymers, glucose polymer
derivatives, cyclodextrins, modified starch, hydroxyethyl starch, polyols, fructose, amino acids,
peptides, proteins, amino sugars, glycerol, N-acetyl glucosam.ine (NAG) or combination thereof. The
buffer can comprise bicarbonate, lactate, pymvate, acetate, citrate, tris (i.e.
trishydroxymethylaminomethane), amino acids, peptides or combination thereof. The electrolytes can
comprise sodium, potassium, magnesium, calcium and chloride. The peritoneal dialysis solution
comprising a therapeutically effective amount of pyrophosphate can be sterilized in any suitable
manner such as, for example, heat sterilization. [0032] It should be appreciated that the individual
dialysis parts of the multi-part dialysis solutions can be housed or contained in any suitable manner

such that the dialysis solutions can be effectively prepared and administered. A variety of containers
can he 1iced to hnatice the fwo or more dialvveie narte crirh ac ecanarate containare (e a  flacke nar bhanoc)



suitable buffer can be used to maintain the pH at a level that minimizes pyrophosphate degradation. In
an alternative embodiment, the method comprises preparing a single dialysis solution comprising one
or more of an osmotic %%ent, an electrolyte and a buffer along with pyrophosphate and sterilizing the
dialysis solutifh20%0#%35] In an embodiment, the pH of the dialysis solutoR GiAHEIAMA dialysis part
comprising the pyrophosphate is 6 or greater during the sterilization. In another embodiment, the pH of
the dialysis solution or individual dialysis.part comprising the pyrophosphate js 7 or greater during the
Sterlizaton TS PHEEVS bR S T BT SR B RREIAT crsysi par
comprisingethenpischb dsphateidud o gradte sduaiig fhepsteritizatibalykis yetiandtheodiribodiment, the
pH of the dialysis, soli Individu g VSIS, rising the pyrophosphate is 9 or greater
during the ste%ﬁ%%aﬁq%?%%é%%%&%@i |Ea%ly§|§ S %ﬁ%%%%ﬁ%&g&% aplgérg%l 8%n?§|$ irr%’ tﬁg’%ﬁzﬂl}%phosphate
also contaihBeadstiieiblechiifas durihg stedilizatiowmple [0036]ingiatialstnatheiemibodiimght, the present
disclosure prpuides 2 Methad of pIRVIFING dialysisHo.cpafienhin RepdlOf Same:; fgr example, the

patient may have or be prone to vascular calcification or have a phosphate or pyrophosphate

deficiency. The m&fi5d TorihsEdedeiehnisteTimicacste At URIp9Edsiutiot st tie SHHER. The

dialysis soksiaprRaaRrisasRIeANMIre-6t AaRsHObC RN PR-RliecirlVie and @ Hfieealong with
pyrophosphate. In an embodiment, thel_%érélphosphag can be administered to the patient in an amount

from about?8.8T 78Sy % SHERS G Hie MGUEGHST Ph RIS AR E TR SR SERTEH:, Wi present
disclosure pirdvidesia fieitiod doeprdviding distysils 1ot datignt. sbheisnethodcomiprisespoviding two
or more separately housed dialysis.parts with ea rt c risi ialysis component such as, for
example, a%n%sor%o %%ﬁ%%%?natr ﬁﬁz}r%%ﬁalel\?lggt%ﬁ/% a%daggﬁr&n%%gﬁ?s gﬁ%%/élgf.sfi\?fl félgéls'teélrkl’g of the
dialysis parsiysmprisgsmpirophosphaten Oneporifordy dbtheldielysisiparts: anegiboljted using any
suitable steyilization t i ae dialysis, parts ar n.mixed to fo resultant sterilized dialysis
solution, aﬁ%ét%% ! %Srﬁjg%%i%&ija%%?@s%%Ilﬁgn??écaégrﬁ?n%&%ﬂ%é?h%%%ﬂé%.%ﬁ%ﬁi%&éc%‘ﬁe e
performed BHeecH P soitame Enxifyisgstenss? by the patient or healthcare provider, For example,
the dialysis parts ganReStQrgehin %%B%@i‘iﬁe%a%@e?é?fﬁ CORIAINGE e hasrier(Laughas, for

example, a peel seal or frangible between the chambers can be broken to allow the parts to mix.

[0038] In adidiel #PtRcpy FepRESHsate dhaE prataHe BRscirssamont sfennserhamiiis Blutions and

individual digdysis pasts, af ihEdprasent disalesyee qan Halder any suiaiiepumbar.chmeand amount of
dialysis cor;LBonent%that areﬁyﬁical 0ysed as gart of, or during, dialésis treatments. By way of
example, tRe G5 T ETh BSRAHEE & cBMISHEE ERe SPARBIANSURRSE DoRIETE agentatitiers,
electrolyteswaficticominnatiodisi ¢hesenth Exgrhplastibsmaetic agénis,intludaglucose, gtidgse polymers
(e.g maltodextrin, icodextrin), glucose polymer degivatives, cyclodextrins, modified starch, hydroxyethyl
Starch. pol e P, S e A G S S 1ol o acery
glucosamirie(ppAG Y b diidfethentikeapdsedniations leereop Exanrmpleseithel bufferdsittiude
Dicarbonag (G AR YLMRACRNNAIE, ASsiie colacalales Gl laaagioale, s, amino
acids, an intermediate of the KREBS cycle and/or the like and combinations thereof Examples of
electrolyte$'reTobEE SRIGAMPHAR eI PSBIRIRT. potaRsiinm, eHvaathestite like and
combinations theregfis] In [A038LTheResionaahdialvais seldtipascamprefriaby coaigiRg dialysis
component such as an gsmotic agent to maintain the osmotic pressure of the solution greater than the
physiologicAHAGHEBrsE,FEegngre steP AT AbSPES (HoRTbTRYS. ForEREAR I dfucose can be
a preferrec-aaméititysigent-besapselipsavidestapidiulyafilzatigonmtes 1 thesspitabipdypes of osmotic
agents such as amino acids can kﬁ_)ﬁ?tused in addifion toor as a substitute for glucose. The dialysis
solution caf Be S s;;iélquaerr{ﬂ?% Brnized AP the bt |&a§g51§’rﬁa§n%)fﬁ%”ﬁ§/qr3 hoc?gb%gtéigegl;e combined.
[0040] Ancthe rfsmmiydafi dysipparndsigapab e iffervigast osmafit:afentsih pesiidnizdldialysis

solutions is that of alucose polymers.or their derivatives, such as icodextrin, maltodextrins,

hydroxyetiﬁl%pﬁggg% ﬁr%q t%neg I?%?Whﬁ%c% Oé? e 8#%%%%%28@@3 E%]J?ttgme for use as osmotic agents, they

can be sensitive t9U6F dhdHighqprer espesianynduihsgrstesiiizaionsard tongdesrm swhageofGlucose

polymers, suigh.asJicadexiin, Gambe YseEdn adaiiondaor Lrb%?f&%so alvease W pesitongal dialysis
rom

solutions. In general, icodextrin is a polymer of glucose derived from the hydrolysis of corn starch. It
has a mo|é&é%ﬁ?%@&ﬁ%ﬁ&%%?@@%ﬁ&@%@%ﬁsmy@@mé@@@srﬁsféea%nﬁ Rsfektrin are
linearly linkgdaaitbir Gledhk Husesidicbends (RAO%)whbeaismalkfeactiomé h0dphis finked by a (1-6)
bonds. [0041] The sterilized dialysis solutions of the present disclosure can be used in a variety of
suitable applications. For example, the dialysis solutions can be used during peritoneal dialysis, such
as automated peritoneal dialysis, continuous ambulatory peritoneal dialysis, continuous flow peritoneal
dialysis and the like. It should be appreciated that 2he present disclosure can be used in a variety of
different and suitable dialysis therapies to treat kidney failure. [0042] Although the present
disclosure, in an embodiment, can be utilized in methods providing a dialysis therapy for patients
having chronic kidney failure or disease, it should be appreciated that the present disclosure can be

used for acute dialysis needs, for example, in an emergency room setting. Lastly, as one of skill in the
art annraciatee the intermittent forme nof tharanyvy (e a hemofiliratinn hemodialv/eie neritoneal dialv/eice



those components described above. In an embodiment, the pH of the (mixed) dialysis solutions can
have a broad range, preferably between about 4 to about 9. In another embodiment, the pH of the
(mixed) dialysis solutions can have a broad range, preferably between about 5 to about 8. EXAMPLES
[0046] By waiPol"&%4Histe and not limitation, the following examples are RGEHEAVE 613024 ious
embodiments of the present dlsclosure and further illustrate experlmental testing conducted with
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disodium pyrophosphate salt and deionized water free of ¢ OXI determined volume
amounts of this st8ekisdnutioal e vl grabeeimentyiith MW@&‘!WW@YQH%F sormiopb @b generate

1-L 50'““°§§39M@'819195% suéﬁea% J@%é&l @ﬁysﬁ?%@%éﬁlé@% yRKOGUChatiend 904G £ACh test sample

(lie.1LP solution with PPi), aliquots were placed into autoclavable Pyrex(r) bottles. The remaining

solution voldi &fR¥LEATREE S SR8 §es SIANZRS dRbIsisAutipnotoD AT RARIAL V3PS [0050]

The study w@tmﬁmwnwaammeeﬁo%@mg& upenrsiean siadligationd different
autoclaves.an V\%F fferent ster éfhatlon Eimes PPi analysjs was peifoimed usmg{amodified ion
etHod ¢

chromatog & \ﬁ%@’?@%ﬁ%"m ’étﬂg“ﬁ’ef“nﬁﬂﬁﬁ%s("é’ﬁfﬁ? RESHEE for PP
levels in theagsmgmlesthmamqmd moﬁqbiﬁn]gweeewommtéﬂl@mmcppmoaadmed}eps)rlﬁad in

micromoleg per lfFer ttmol/b) and pe etI rgcoyec{yo (of initi osp&at %O@Ef%ast
2009/04884 135200816 76610 Recovery of %Frop osp Yate in ions"Before and
after StearnfSteritlzdtion pgam;pjexﬁﬁsme zsm_)hosphate One or more of the dialysis parts are
sterilized. The dialysis parts are then mixed to form a resultant sterilized dialysis solution,
and the sterilized dialysis solution is administered to the patient. The mixing can be
performed onsite by a2 mixing system-or by the patient or healthcare worker.

[0011] In yet another embodiment, the present disclosure provides a method of
treating a dialysis patient. The method comprises providing a sterilized dialysis solution
comprising a therapeutically effective amount of pyrophosphate to a dialysis patient
having vascular calcification.

{0012] An advantage of the present disclosure is to provide improved dialysis
solutions. |

[G013] Another advantage of the present disclosure is to provide sterilized dialysis
solutions comprising pyrophosphate.

[0014] Yet another advantage of the present disclosure is to provide improved
methods of providing dialysis to patients.

[0015] Still another advantage of the present disclosure is to provide improved
methods of making dialysis solutions.

[0016] Another advantage of the present disclosure is to provide ready to use
sterilized dialysis solutions comprising a stable amocunt of pyrophosphates,

[0017] Yet another advantage of the present disclosure is to provide ready to use
sterilized dialysis solutions comprising a therapeutically effective amount of

pyrophosphates.
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f0G18] Furthermore, an advantage of the present disclosure is to provide improved
treatments for patients requiring dialysis.
[0019] Additional features and advantages are described herein, and will be

apparent from, the following Detailed Description.,

DETAILED DESCRIPTION

[0020] The present disciosure generally relates to dialysis solutions and methods
of making and using same. More specifically, the present disclosure relates to dialysis
solutions comprising pyrophosphates and methods of making and using the dialysis
solutions. For example, the dialysis solutions in embodiments of the present disclosure are
designed to reduce or prevent vascular calcification due to pyrophosphate deficiencies in
patients who are undergoing dialysis therapies. In addition, the amount of pyrophosphate
can remain stable (e.g. not readily degrade) in the dialysis solutions before, during or after
sterilization or over a specific amount of titme (e.g. during storage).

{0C21] In a general embodiment, the present disclosure provides a diaiysis solution
or dialysis concentrate comprising one or more dialysis components (e.g. ingredients or
constituents of a dialysis sclution) and a stable and therapeutically effective amount of
pyrophosphate. The dialysis solutions can be suitable for peritoneal dialysis, hemodialysis
or any other dialysis therapies. In an embodiment, the dialysis solution comprises from
about 0.1 puM to about 1000 uM of pyrophosphate. In another embodiment, the dialysis
solution comprises from about 1 pM to about 15 uM of pyrophosphate. The dialysis
solutions in alternative embodiments of the present disclosure can be used, for example, as
a single dialysis solution in a single container or as a dialysis part of a separately housed or
multi-chambered container.

[0022] In alternative embodiments, the preseni disclosure provides dialysis
solutions/concentrates comprising pyrophosphates that are stable under sterilization
conditions. For example, it has been surprisingly found that heat sterilizing dialysis
solutions comprising pyrophosphates at a higher pH (e.g. above 6) and using specific
dialysis components such as buffers reduces the amount of pyrophosphate degradation
during the sterilization. Moreover, non-heat sterilization methods such as high pressure,

ultra-violet or filtration provide sterilized dialysis solutions comprising a stable amount of
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pyrophosphates at lower pHs (e.g. below 6). As a result, a greater amount of the original
pyrophosphate remains in the sterilized dialysis solutions, which can be stored for later
use.

[0023] The dialysis solutions can be sterilized using any suitable sterilizing
technique such as, for example, autoclave, steam, high pressure, ultra-viclet, filtration or
combination thereof. The dialysis solutions can also be sterilized before, during or after
one or more dialysis components and one or more pyrophosphates are combined.

(0024} The pyrophosphates can be, for example, pyrophosphoric acid, salts of
pyrophosphate or combinations thereof. Salts of pyrophosphates comprise sodivm
pyrophosphate, potassium  pyrophosphate, «calcium  pyrophosphate, magnesium
pyrophosphate, etc. The dialysis components can be any one or more of osmotic agents,
butfers, electrolytes or combination thereof as discussed in detail below.

[0025] The dialysis solution can also comprise one or more electrolytes in the
following ranges from: about 100 to about 140 mEg/L of Na', about 70 to about 130
mEq/L of CI', 0.1 to about 4 mEq/L of Ca™, 0.1 to about 4 mEq/L of Mg and/or 0.1 to
about 4 mBq/L of K*.

[0026] In another embodiment, the dialysis solution/concentrate can comprise two
or more dialysis parts (e.g. individual solutions/concentrates that make up the final dialysis
solution when mixed) with each dialfysis part comprising one or more dialysis components.
The pyrophosphate can be added to one or more of the dialysis parts and sterilized with
the dialysis part. The two or more dialysis parts can be stored and sterilized separately, for
example, in separate containers or a multi-chamber container.

[0027] A variety of different and suitable acidic and/or basic agents can be utilized
to adjust the pH of the osmotic, buffer and/or electrolyte solutions or concentrates. For
example, a variety of inorganic acids and bases can be utilized including hydrochloric
acid, sulfuric acid, nitric acid, hydrogen bromide, hydrogen iodide, sodium hydroxide, the
like or combination thereof.

[0028] In another embodiment, the present disclosure provides a multi-part
dialysis solution comprising at least a first dialysis part comprising an osmotic agent and a
second dialysis part comprising a buffer. One or more of the separate dialysis parts
comprises an electrolyte. In an embodiment, the pH of the first dialysis part ranges

between about 2 to about 6, In alternative embodiments, the pH of the first dialysis part



S-NaPyro-Dianeal Sol-1 Autoclave-B (40 mm) 0.100 0.000 S-NaPyro-Dianeal Sol-2 Autoclave-_B (40
mm) 0.100 S-NaPyro-Physio Buffer Sol-1 Autoclave A (30 mm) 0.200 0.191 S-NaPyro-Physio

Buffer Sol-2 Autoclave A (30 mm) 0.200
WO 2009/048849 PCT/US2008/079016

ranges between about 2 to about 2.5, between about 3 to about 3.5 and between about 4 to
about 4.5. The electrolytes can be balanced between the first dialysis part and the second
dialysis part. In an embodiment, the second dialysis part comprises the therapeutically
effective amount of pyrophosphate. The first and second dialysis parts can include a
variety of other suitable dialysis components to ensure that the first and second parts can
be, for example, readily and sterilely mixed to form ready-to-use dialysis formulations,
which can then be administered to a person in need of same.

[0029] Additional ready-to-use formulations in embodiments of the present
disclosure can be prepared in a number of suitable ways. In an embodiment, first and
second (or more) individual parts of a dialysis solution are separately stored from each
other, such as in separate and hydraulically connected chambers of a multi-chamber
container, until mixed together to form a mixed solution. In this regard, the ready-to-use
formulation can be prepared within the container by mixing its separate dialysis parts
within the container. This can effectively eliminate the need to manually inject all or at
least a portion of the dialysis parts into the container to form the mixed solution, thus
ensuring that the ready-to-use formulation can be readily prepared under sterile conditions.

[0G30] Further, the container can be configured such that one of the dialysis parts
can be placed in direct fluid communication with the patient prior to mixing while the
other part cannot be placed in direct fluid communication with the patient prior to mixing.
This can provide an added level of safety with respect to the preparation and
administration of the ready-to-use formulation of the present disclosure as the single part
that cannot be placed in direct fluid communication with the patient physically cannot be
fed to the patient unless it is first mixed with the other part. In this regard, if, by chance,
the single dialysis part that physicaliy cannot be placed in direct fluid communication with
the patient were to have an undesirable concentration of dialysis components such as
potassium, sodium or the like, this configuration would necessarily ensure that the
undesirable level of constituents is not fed or administered to the patient,

[0031] In an aiternative embodiment, the present disclosure provides a peritoneal
dialysis solution comprising a stable and therapeutically effective amount of
pyrophosphate, an osmotic agent, a buffer and an electrolyte. For example, the osmotic
agent can comprise glucose, glucose polymers, glucose polymer derivatives,

cyclodextrins, modified starch, hydroxyethyl starch, polyols, fructose, amino acids,
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peptides, proteins, amino sugars, glycerol, N-acetyl glucosamine (NAG) or combination
thereof. The buffer can comprise bicarbonate, lactate, pyruvate, acetate, citrate, tris (i.e.
trishydroxymethylaminomethane), amino acids, peptides or combination thereof. The
electrolytes can comprise sodium, potassium, magnesium, calcium and chloride. The
peritoneal  dialysis solution comprising a therapeutically effective amount of
pyrophosphate can be sterilized in any suitable manner such as, for example, heat
sterilization,

[0032] It should be appreciated that the individual dialysis parts of the multi-part
dialysis solutions can be housed or contained in any suitable manner such that the dialysis
solutions can be effectively prepared and administered. A variety of containers can be
used to house the two or more dialysis parts, such as separate containers {e.g., flasks or
bags) that are connected by a suitable fluid communication mechanism. The two or more
separate parts of a dialysis solution can be separately sterilized and stored in the
containers. The pyrophosphates can be added to at least one of the dialysis parts and
steriiized with that dialysis part. The dialysis part not containing pyrophosphates can also
be sterilized.

{0033] In an embodiment, the dialysis parts can be stored separately, for example,
in separate compartments or chambers of the same container (e.g. of a multi- or twin-
chambered bag) and combined prior to or during dialysis treatment. An activation of a
bairier such as, for example, a peel seal or frangible between the chambers can allow for
mixing of the contents of both chambers., The container can be covered with a gas
impermeable outer-container. Alternatively, the sterilized dialysis parts can be combined
at any time to form a complete ready-to-use dialysis solution as previously discussed.

[0634] In still another embodiment, the present disclosure provides a method of
making a stable multi-part dialysis solution comprising pyrophosphate. The method
comprises providing two or more dialysis parts with each part comprising one or more
dialysis components such as an osmotic agent, a buffer or an electrolyte. Pyrophosphate is
added to one or more of the dialysis parts and sterilized with the dialysis part. The dialysis
parts are mixed to form the final dialysis soiution. The sterilization can be performed, for
example, by autoclave, steam, high pressure, ultra-violet, filtration or combination thereof.
The sterilizing can be performed at a temperature and a pH that does not result in

significant breakdown of the pyrophosphate in the dialysis solution. For example, a



0.2000.173 0.200 "Repotted values for sterilized are averages of replicates US - Unsterilized
samples S- Sterilized samples [0051] The results demonstrate: Steam sterilized test samples of
Dianeal(r) with PPi show a decrease in PPi concentration. Steam sterilized samples of Physioneal (r)
Buffer with PYt $#BR*&EMmall change in PPi level. This stability may be aftfB(HEHME/HRYApH conditions
of the test sample compared with Dianeal(r). EXAMPLE 2: Effect of Buffer on Pyrophosphate Stability
0052] Introdu ton |s st designed to evaluate the stability of pyrophosphate salts with
Ejlffer(gnt buﬁear% ) eg ug%/éléef? %rﬂ% ' &}lﬁ?lﬁ Heh T St it SR MERIRRIGE at 40C. Two
pyrophosp&@m@it& anhh faurabeaffers svensolitaimedfer ﬂiﬂfﬁi@dﬁmﬁé%%{ﬁ&‘p@ddgcht@@ksolutions as a

pH stabiliz Two he solutions were also ared without TRIS f r comparison. T H of the
solutions V\%g A uste(lj':}flr(SJ:r%D[}Sﬂbzf1 56" With IN'F gPlagro ]ﬂol{i]‘é@ﬁmr & Péofu]t ﬁtén“ \?vegre S eg ized at 121C
for 40 minatesg PyttopitToshrate condentratiorewasiddrsrnsinedobefore and after sterilization and after

storage. The pH yias 50 deiauinad,aftier siedhzationond &l HIera88vidual dialysis part

comprising the pyrophosphate is 6 or greater during the sterilization. In another
embodiment, the pH of the dialysis solution or individual dialysis part comprising the
pyrophosphate is 7 or greater during the sterilization. In an alternative embodiment, the
pH of the dialysis solution or individual dialysis part comprising the pyrophosphate is 8 or
greater during the sterilization. In yet another embodiment, the pH of the dialysis solution
or individual dialysis part comprising the pyrophosphate is 9 or greater during the
sterilization.  Preferably, the dialysis solution or dialysis part comprising the
pyrophosphate also contains a suitable buffer during sterilization,

[0036] In an alternative embodiment, the present disclosure provides a method of
providing dialysis tc a patient in need of same. For example, the patient may have or be
prone to vascular calcification or have a phosphate or pyrophosphate deficiency. The
method comprises administering a sterilized dialysis solution to the patient. The dialysis
solution comprises one or more of an osmotic agent, an electrolyte and a buffer along with
pyrophosphate. In an embodiment, the pyrophosphate can be administered to the patient
in an amount from about 0.01 nM/day to about 20 mM/day.

[0037] In an alternative embodiment, the present disclosure provides a method for
providing dialysis to a patient, The method comprises providing two or more separately
housed dialysis parts with each part comprising a dialysis component such as, for example,
an osmotic agent, a buffer, an electrolyte and combinations thereof. At least one of the
dialysis parts comprises pyrophosphate. One or more of the dialysis parts are sterilized
using any suitable sterilization technique. The dialysis parts are then mixed to form a
resultant sterilized dialysis solution, and the sterilized dialysis solution is administered to
the patient. The mixing can be performed onsite by any suitable mixing system or by the
patient or healthcare provider. For example, the dialysis parts can be stored in separate
chambers of a container, and barrier(s) such as, for example, a peel seal or frangible

between the chambers can be broken to allow the parts to mix.



[0053] The salts tested were: 1. Disodium Pyrophosphate (Na2H2P207) 2. Tetrapotassium
Pyrophosphate (K4P207)  [0054] The study was performed using the sodium and potassium salts of
pyrophosphate with the buffers shown below. Solutions were not prepared with bicarbonate below pH
7 because bt@AI8tetEHill decompose at a lower pH. 1. Sodium LactatePZT38G Biddrbonate 3.
Sodium Citrate 4. Sodium Pyruvate [0055] The concentrations of the solution components are shown
below in Table 2. 009/048849PCT/US2008/079010 Table 2 RESULTS AND DISCUSSIONS
[0056] The resultgo\gl?’(%lﬁé'l %}}%ﬂetosﬁ]?ﬁnﬂﬁ?f’é’asi??’ﬁﬁfég RIRRRG i dsorssedr dBfe st ikgedveries for

Disodium Bidlgplosphates (Wdstefilizee) dialysis parts of the present disclosure can include any
suitable number, type and amount of dialysis components that are typically used as part of,
or during, dialysis treatments. By way of example, the dialysis components can comprise
one or more suitable osmotic agents, buffers, electrolytes and combinations thereof.
Examples of osmotic agents include glucose, glucose polymers (e.g. maltodextrin,
icodextrin), glucose polymer derivatives, cyclodextrins, modified starch, hydroxyethyl
starch, polyols (e.g. xylitol), fructose, amino acids, peptides, proteins, amino sugars,
glycerol, N-acetyl glucosamine (NAG) and/or the like and combinations thereof.
Examples of the buffers include bicarbonate, lactic acid/lactate, pyruvic acid/pyruvate,
acetic acid/acetate, citric acid/citrate, tris, amino acids, an intermediate of the KREBS
cycle and/or the like and combinations thereof. Examples of electrolytes include calcium,
magnesium, sodium, potassium, chloride and/or the like and combinations thereof,

[0039] The peritoneal dialysis solutions can preferably contain a dialysis
component such as an osmotic agent to maintain the osmotic pressure of the solution
greater than the physiological osmotic pressure (e.g. greater than about 285 mOsmol/kg).
For example, glucose can be a preferred osmotic agent because it provides rapid
ultrafiltration rates. Other suitable types of osmotic agents such as amino acids can be
used in addition to or as a substitute for glucose. The dialysis solution can be
subsequently sterilized after the osmotic agent and the pyrophosphates are combined.

[0040] Another family of compounds capable of serving as osmotic agents in
peritoneal dialysis solutions is that of glucose polymers or their derivatives, such as
icodextrin, maltodextrins, hydroxyethyl starch and the like. While these compounds are
suitable for use as osmotic agents, they can be sensitive to low and high pH, especially
during sterilization and long-term storage. Glucose polymers, such as icodextrin, can be
used in addition to or in place of glucose in peritoneal dialysis solutions. In general,
icodextrin is a polymer of glucose derived from the hydrolysis of corn starch. It has a
molecular weight of 12-20,000 Daltons. The majority of glucose molecules in icodextrin
are iinearly linked with ¢ (1-4) glucosidic bonds (>90%) while a small fraction (<10%) is
linked by « (1-6) bonds.

[0041] The sterilized dialysis solutions of the present disclosure can be used in a

variety of suitable applications. For example, the dialysis solutions can be used during



pH Sod. Lac Sod. Lac N/TRIS Sod. BIC Sod. BIC NTTRIS Citrate Pyruvate 4 98 90 N/A N/A 81

102

WO 2009/048849 PCT/US2008/079010

peritoneal dialysts, such as automated peritoneal dialysis, continuous ambulatory
peritoneal dialysis, continuous flow peritoneal dialysis and the like. It should be
appreciated that the present disclosure can be used in a variety of different and suitable
dialysis therapies to treat kidney failure.

[0042] Although the present disclosure, in an embodiment, can be utilized in
methods providing a dialysis therapy for patients having chronic kidney failure or disease,
it should be appreciated that the present disclosure can be used for acute dialysis needs, for
example, in an emergency room setting. Lastly, as one of skill in the art appreciates, the
mtermittent forms of therapy (e.g., hemofiltration, hemodialysis, peritoneal dialysis and
hemodiafiltration) may be used in the in center, self/limited care as well as the home
settings.

[0043] The dialysis components can also comprise bicarbonates and acids. The
bicarbonates can comprise an atkaline solution such that the bicarbonate can remain stable
without the use of a gas barrier overpouch or the like. The individual bicarbonate solution
can have a pH that ranges from above about 8.6, preferably about 9. The pH of the
bicarbonate solution part can be adjusted with any suitable type of ingi‘edient, such as
sodium hydroxide and/or the like. lllustrative examples of the bicarbonate solution of the
present disclosure can be found in U.S. Patent No. 6,309,673, entitled BICARBONATE-
BASED SOLUTION IN TWO PARTS FOR PERITONEAL DIALYSIS OR
SUBSTITUTION IN CONTINUQUS RENAL REPLACEMENT THERAPY, issued on
October 30, 2001, the disclosure of which is herein incorporated by reference.

[0044] The acids can comprise one or more physiological acceptabie acids, such as
lactic acid, pyruvic acid, acetic acid, citric acid, hydrochloric acid and the like. The acids
can be in an individual sclution having a pH that ranges from about 3 or less, about 4 or
less, about 3 or less, about 2 or less, about 1 or less, and any other suitable acidic pH. The
use of an organic acid, such as lactic acid, alone or in combination with another suitable
acid, such as a suitable inorganic acid including hydrochloric acid, another suitable
organic acid {e.g. lactic acid/lactate, pyravic acid/pyruvate, acetic acid/acetate, citric
acid/citrate) and the like in the acid solution can make the solution more physiologically
tolerable according to an embodiment.

[0045] It should be appreciated that the dialysis solutions of the present disclosure

can inciude any other sujtable components/ingredients for dialysis treatment in addition to
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those components described above. In an embodiment, the pH of the (mixed) dialysis
solutions can have a broad range, preferably between about 4 to about 9, In another
embodiment, the pH of the (mixed) dialysis solutions can have a broad range, preferably

between about 5 to about 8.

EXAMPLES
[0046] By way of example and not limitation, the following examples are
illustrative of various embodiments of the present disclosure and further illustrate

experimental testing conducted with dialysis solutions comprising pyrophosphates.

EXAMPLE 1: Pyrophosphate Stability in Dialysis Solutions

[0047] Dianeal® and Physioneal® peritioneal dialysis (PD) solutions {Baxter
Healthcare Corporation) containing disodium pyrophosphate salt served as the test articles
for this study.

[0048] A stock solution of 2.5 millimolar (mM) solution of pyrophosphate (PPi)
was prepared using disodium pyrophosphate salt and deionized water free of carbon
dioxide. Predetermined volume amounts of this stock solution were diluted to 1-L with
individual volume of PD solutions to generate 1-L solutions containing PPi (see Table 1
in a “ready-to-use” product.

[0049] For each test sample (i.e. 1 L PD solution with PPi), aliquots were placed
into autoclavable Pyrex® bottles. The remaining solution volume for each test samples

was reserved for analysis as T=0.

DATA ANALYSIS

[005C] The study evaluated changes in pyrophosphate concentrations upon sieam
sterilization in different autoclaves and with different sterilization times. PPi analysis was
performed using a medified ion chromatographic method. The method provides results in
parts per million (ppm). Results for PPi levels in the test samples contained in Table 1
were converted from ppm and are reported in micromoles per liter (umol/L) and percent

recovery (of initial) pyrophosphate (%PPi}.
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95 99 99 8 105 98 98 96 99 100 9 104 98 98 97 100

WO 2009/048849 PCT/US2008/079010

Table 1: Recovery of Pyrophosphate in PD Solutions Before and after Steam Sterilization

Sample Time Zero
P Expected Observed % Hecovery
US-NaPyro-Dianeal 0,100 £.093 83

US-NaPyro-Physioneal

0.209 105

8-NaPyro-Dianeal Sol-1 Auioclave-A (30 min}
S-NaPyro-Dianeal Sol-2 Auloclave-A (?10 miny
S-NaPyro-Dianeal Sol-1 Autoclave-B (30 minj
S-NaPyro-Dianeal Sol-2 Auinclave-B (3¢ min)

04023 23

0.000 g

S-NaPyro-Dianeal Sol-1 Autoclave-A (40 min} 0.100 0020 o0
S-NaPyro-Dianeal Sol-2 Auioclave-A (40 min} 0.106

S-NaPyro-Dianeal Sol-1 Autozlave-B (40 min) 0.160 0000 0
S-NaPyro-Dianeal Sol-2 Autoclave-B (40 min) 0.100 )

5-NaPyro-Physio Buffer Sol-1 Autoclave A (30 min) 0.200 0.191 95
S-NaPyro-Physio Buffer Sol-2 Autoclave A {30 min) 0.200

S-NaPyro-Physio Bufter Sol-1 Autoclave B (30 min}) 0.200 0182 a1
S-NaPyro-Physio Bufter Sol-2 Autoclave B (30 min} 0.200 '

~5-NaPyro-

Physio Buffer Sol-1 Autociave A (40 min) 0.200 0.186 93
S-NaPyro-Physio Buffer Sol-2 Autoclave A (40 min) 0.200 '
S-NaPyro-Physio BuEer Sot-1 Autoclave B (40 min) 0.200 0473 85
S-NaPyro-Physie Bufier Sol-2 Autcclave B (40 min) _ 0.200 )

AReported values for sterilized are averages of replicates
US - Unsteritized samples
S- Sterilized sampies
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100 10 104 98 97 95 98 100 [0057] Unsterilized Disodium Pyrophosphate (Table 3): Recoveries were
95% or greater for all buffers at pH 6 and higher. The recoveries with citrate at pH 4 and 5 were 81%
and 89%, respectively, and ranged from 90-102% in the other buffers at this low pH range. There is
no differenc® thi¥eEHEA between bicarbonate with or without TRIS, andRUITHCREME®IUERIes are
similar, or slightly higher, with TRIS. Table 4: Recoveries of Disodium Pyrophosphate (sterilized) at
Time Zero and after Storage at 40C

[0051] The results demonstrate:

® Steam sterilized test samples of Dianeal® with PPi show a decrease in PPi
concentration.

¢ Steam sterilized samples of Physioneal® Buffer with PPi show a small change in
PPilevel. This stability may be attributed to high pH conditions of the test sample

compared with Dianeal®.

EXAMPLE 2: Effect of Buffer on Pyrophosphate Stability

[0052] Introduction: This study was designed to evaluate the stability of
pyrophosphate salts with different buffers over a pH range from 4 to 10 during steam
sterilization and after storage at 40°C. Two pyrophosphate salts and four buffers were
obtained for the study. TRIS was added to all solutions as a pH stabilizer. Two of the
solutions were also prepared without TRIS for comparison. The pH of the solutions was
adjusted from pH 4-10 with IN HCI or IN NaOH. The solutions were sterilized at 121°C
for 40 minutes. Pyrophosphate concentration was determined before and after sterilization
and after storage. The pH was also determined after sterilization and after storage.

[0053] The salts tested were: -

[. Disodium Pyrophosphate (Na,H,P,07)
2. Tetrapotassium Pyrophosphate (K4P.07)

[0054] The study was performed using the sodium and potassium salts of
pyrophosphate with the buffers shown below. Solutions were not prepared with
bicarbonate below pH 7 because bicarbonate will decompose at a lower pH.

Sodium Lactate
Sodium Bicarbonate

Sodium Citrate
Sodium Pyruvate

el S

[0055] The concentrations of the solution components are shown below in Table 2.



pH Sod, Lac Sod. Lac NiTRIS Sod. BiC Sod B C N/TRIS Citrate Pyruvate 49 0 NIA N/A 9

WO 2009/048849 PCT/US2008/0679010
Table 2
PPi Salts 0.2 mM
NaCi 90 mM
Buffers 40 mM
TRIS 10 mM

RESULTS AND DISCUSSIONS

[0056] The resuits of this study are summarized in the following four tables:

Table 3: Recoveries for Disodium Pyrophosphate (Unsterilized)

pH Sod.Lac | Sod. Lac NTRIS Sod. BiC Sod. BIC N/1RIS Ciirate Pyruvate
4 98 a0 NiA NA g1 87
5 102 a7 NIA N/A 89 98
6 103 98 N/A NA 95 08
7 104 97 9% 95 99 89
8 105 8 ] 9% 98 100
] 104 98 98 97 100 100
10 104 98 97 95 98 100

Reported values are the % recovery of the pyrophosphate

Values are rounced 1o the nearest whale numbers,

Resuits obtained before steriization.

WA = not appicable  NTRIS=No Tris
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859 10 N/AN/A99610 13

WO 2009/048849

PCT/US2008/075010

f0057] Unsterilized Disodium Pyrophosphate (Table 3):

Recoveries were 95% or greater for all buffers at pH 6 and higher,

The recoveries with citrate at pH 4 and 5 were 81% and 89%, respectively, and
ranged from 90-102% in the other buffers at this low pH range.

There is no difference in recovery between bicarbonate with or without TRIS,
and with lactate values are sirnilar, or slightly higher, with TRIS.

Table 4: Recoveries of Disodium Pyrophosphate (sterilized) at Time Zero and after

Storage at 40°C

pH | Sod Lac | Sod Lac NTRIS Sod. BIiC Sod. BIG NTRIS Citrate Pytuvate
4 9 H NiA N/A g 8
5 g 10 N/A N/A g §
6 10 13 NIA /A 17 8
7 | 10(H[1] 3323} 129] 52 (51) [51] 71 (86} [70] 35{35) 8{12)
8 | 141415 42 (39) [39] 73(72) 1] 84 (81) [83] 47 (47) 14(17)
9 | 54(47)[50) 58(53) [53] 84 (94) [82] 82 (88} [01] 73(73) 51 {56)
10 | 84(30)[80 71 (68) [66] 8998} [97] 97 (94) 197] 86 (86} 84 (89)
Reported values are e % recovery of the pyrophosphae
Values are rounded to the nearest whole numbers.
Samples steriiized at 121G for 40 mins.
Samples stored at 40 for Tweek after sterflization are in { ) whereas samples after two months time soint are in [
WA = notapplicable ~ N/TRIS= No Tris

[0058] Sterilized Disodium Pyrophosphate {Table 4):

There was no change in pH after sterilization and less than 0.1 pH unit change
after storage for up to two months at 40 °C for all solutions.

There was less than 20% recovery of pyrophosphate after sterilization with all
buffers at pH 6 and lower and less than 20% recovery with lactate with TRIS and
with pyrovate at pH 7 and &.

Recovery after sterilization increased with increasing pH, from pH 7-10, with all
buffers.

Bicarbonate gave the highest recovery after sterilization at every pH from 7-10
and reached 99% at pH 10. Bicarbonate without TRIS gave higher recoveries
than bicarbonate with TRIS at pH 7 and 8.

Recoveries after sterilization were similar for lactate with TRIS and pyruvate
from pH 7-10.

15



NIA N/A 17 97 10 (11) [1 1] 33 (23) [23] 52 (51) [51] 71 (66) [70] 35 (35) 9 02) 8

WO 2009/048849 PCT/USZH08/079010

¢ Higher recoveries after sterilization were observed for citrate at pH 9 and 10,
than with lactate with TRIS. Recoveries after sterilization were similar for
lactate without TRIS and citrate, at pH 7 and 8.

¢ Pyrophosphate was stable for 1 week at 40 °C with all buffers, from pH 7-10,
except for lactate without TRIS at pH 7. Solutions with pH 4-6 were not tested
after one week because of the low recoveries after sterilization.

Table 5. Recoveries of Tetrapotassium Pyrophosphate (Unsterilized)

pH Sod. Lac Sod. BiC Citrate Pyruvate
4 o1 N/A 86 a7
5 o7 N/A a3 ag
6 96 N/A 21 ] 100
7 98 95 101 102
8 98 o7 102 103
9 08 97 102 103
10 o8 a5 102 102

porte values are the % recove of the yrophohte

Values are rounded to the nearest whole numbers.

Results obtained before sterilization.

N/A = not applicabie

[0059] Unsterilized Tetrapotassium Pyrophosphate (Table 5):

= Recoveries for tetrapotassium pyrophosphate were similar to the recoveries
for disodium pyrophosphate for ali buffers at all pH’s.
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14 (14) [15] 42 (39) [39] 73 (72) [71] 84 (81) [83] 47 (47) 14 (17) 9 54 (47) [50] 58 (53) [53] 94 (94) [92]
WO 2008/048849 PCT/US2008/079010

Table 6: Recoveries of Tetrapotassium Pyrophosphate (Sterilized) and after Storage at 40

C
pH Sod. Lac Sod. BiC Citrate Pyruvate
4 4 N/A 3 9
5 4 : N/A 9 9
6 5 N/A 15 10
7 5(9) 55 (52) 32 (32) 9 (14)
8 11 (12) 71 (70) 41 (41) 11 (15)
g 45 (44) 91 {90) 71 (71) 54 (52)
10 80 (77) 97 (96) 82 (90) 83 (79)
rted values are the % ecoerof the pyrphspate
Values are rounded to the nearest whole numbers.
Samples sterilized at 121C for 40 mins.
Samples stored at 40C for tweek after sterifization are in parenthesis.
N/A = not applicable N/TRIS= No Tris

[0060] Sterilized Tetrapotassium Pyrophosphate (Table 6):

¢ There was no change in pH after sterilization and less than 0.1 pH unit change
after storage for 1 week.

¢ There was less than 20% recovery of pyrophosphate after sterilization with all
buffers at pH 6 and lower, as was seen for sodium pyrophosphate.

¢ Recovery after sterilization increased with increasing pH, from pH 7-10, with all
buffers, as was seen with disodium phosphate.

¢ Bicarbonate gave the highest recovery after sterilization at every pH from 7-10,
as was seen with disodium pyrophosphate.

© Pyrophosphate was stable for 1 week at 40 °C with all buffers, from pH 7-10.
Solutions with pH 4-6 were not tested after one week because of the low
recoveries after sterilization.
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92 (88) [91] 73 (73) 51 (56) 10 B4 (80) [80] 71 (68) [66] 99 (98) [97] 97 (94) [97] 86 (86) 84 (89)
Reported values are the % recovery of the pyrophosphate Values are rounded to the nearest whole

numbers. Samples sterilized at 1210 for 40 mins.
WO 2009/048849 PCTIUS2008/075010

CONCLUSION:

{G061] There was no change in the pH of the solutions of either the sodium or
potassium salts after sterilization and after storage for a week at 40°C. There was a
substantial loss of pyrophosphate with both the sodium and potassium salts during
sterilization, with all buffers, at pH 6 and lower. Both the sodium and potassium salts
were the most stable during sterilization with bicarbonate at pH 9-10. Both the sodium
and potassium salts remained unchanged on storage at 40°C for 1 week, from pH 7-10,

with all buffers,

[0062] 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 changes and modifications can be made without departing from the spirit and
scope of the present subject matter and without diminishing its intended advantages. It is
therefore intended that such changes and modifications be covered by the appended

claims.
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Samples stored at 400 for (week after sterilization are in () whereas samples after two months time
point are in [ ]. NIA r not applicableN/TRIS= No Iris [0058] Sterilized Disodium Pyrophosphate (Table
4). There was no change in pH after sterilization and less than 0.1 pH unit change after storage for up
to two m T%hs at 40 C for all solutions. There was less than 20% recovery of pyrophosphate after
sterilizatiort With all buffers at pH 6 and lower and less than 20% recovery with lactate with TRIS and
with pyruvafe kaaprierihpril ol Ricbvempaiteesiameplior hatrea Sedivriqo mrs B OR¥R pH 7-10,
with all barfflesispB inadsenaien gaveibeiighedticedovery hftéfiesterdizatipilagreverythis ffoheat-10 and
reached ga%:at pd H-Bicrpaapate without TRIS gave higher recoveries than bicarbonate with TRIS
at pH 7 and 8. Recoveries after sterilization were similar for lactate with TRIS and pyruvate from pH
7-10. Higher recoveries after sterilization were observed for citrate at pH 9 and 10, than with lactate
with TRI3. Re6onaridandrdrlstatili Sonpprive e gieat Bt without TRIS and citrate, at pH 7 and
8. Pyrophosphate was stable for 1 week at 40 C with all buffers, from pH 7-10, except for lactate

without BR1Bnatphlibn3statigns Wibhipd dn6 Were heittestes after one week because of the low

recoveries after sterilization. Table 5. Recoveries of Tetrapotassiurn Pyrophosphate (Unsterilized)

[0059] Unsterilized Tetrapotassium Pyrophosphate (Table 5): Recoveries for tetrapotassiu
oytophodn it SRS (L FECTEHES 16 EREBERTI 55D A ATs 67 S SURSLC BEAN s,

Table 6: Recsicrsyisf dettaputassivinPybophiospiere¢Sterilized) and after Storage at 40 oc

5. The solution of Claim 1 comprising at least.two parts housed separately and the
pyrophosphate is present with at least one of the parts and sterilized with said part.

6. The solution of Claim 1, wherein the sohution is a dialysis solution.

7. The solution of Claim 1 comprising from about 0.1 pM to about 1000 uM of the
pyrophosphate.

8. A heat sterilized dialysis solution comprising:

a first dialysis part comprising a dialysis component selected from the group
consisting of osmotic agents, electrolytes and combinations thereof; and

a second dialysis part comprising pyrophosphate, bicarbonate and a pH greater than
7, wherein the bicarbonate and the pH greater than 7 heat stabilize the pyrophosphate.

9. The solution of Claim 8, wherein the second part comprises lactate.
10. The solution of Claim 8, wherein the second part comprises a buffer selected from the
group consisting of pyruvate, acetate, citrate, tris, amino acids, peptides, an intermediate of

the KREBS cycle and combinations thereof.

11. The solution of Claim 8, wherein the electrolytes are selected from the group
consisting of sodium, potassium, magnesium, calcium, chloride and combinations thereof.
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[0060] Sterilized Tetrapotassium Pyrophosphate (Table 6): There was no change in pH after
sterilization and less than 0.1 pH unit change after storage for 1 week. There was less than 20%
recovery of pyrophosphate after sterilization with all buffers at pH 6 and lower, as was seen for sodium

pyrophosphatg, %9&%3:%9&%&%}'%@9&& ngregsed WVihingseasing R, fomdrie sdowih all

buffers, as was seen with disodium phosphate. Bicarbonate gave the highest reCovery after
sterilizatiborat ©eesrpi feonsiFing, af wediwee POt diSocirasyophospiam. Fyrsplsogpthate was
stable fo‘rz&ﬁ% igﬁsdfglér\égtlh all buffers, from pH 7-10. Solutions with pH 4-6 were not tested after one
week because of the low recoveries after sterilization. CONCLUSION: [0061] There was no
change in the pH of the solutions of either the sodium or potassium salts after sterilization and after

storage fpg amigelialid0Gr Higtevanaaybrianishiss-CLavieRicspiiaigwith fgihdhe sodium and

potassium salts during sterilization, with all buffers, at'pH 6 and lower. Both the sodium and potassium
salts were the most stable during sterilization with bicarbonate at pH 940. Both the sodium and

potassiufy safis A dIanAN0 e O IRGE.Bh 4 Bt LA WREL KRR dHinyith all buffers.

[0062] It shou derstood that various changes and modifications to the presently preferred
embodiments described herein will be apparent to those skilled in the art. Such changes and

modificatins/canad stardizedviinbisidepaimocrabrhpgspiftalivids SkopRoprh s Preisdnretbibet matter
and Withgfgg@m%ﬂﬁt@mﬂ; S i&enﬁ%agva%@ggs bidsdhrrelore ntendeg hatsichghapges,and

modifica be covered by the appended claims. Claims: I. A heat sterilized solution comprising a

pyrophoshtransusitsiiffesiEninprismetbicalborenrbosphate, sHPgFeaBRaNITE Bitarbimake Midatbonate
buffer and the o orgater HARLPaR! Slakilizeb e RYEPRRIIROE  ofeatdirnRluiinm Ol Gilaim. 1

comprising a pH greater than 8. 3. The solution of Claim 1 comprising a pH greater than 9. 4. The
solution dfetiaPhasphagitising a component selected from the group consisting of osmotic agents,
electrolytes and combinations thereof '

16. The solution of claim 15 comprising at least two dialysis parts housed separately and
the pyrophosphate is present with at least one of the dialysis parts and sterilized with said

dialysis part.

17. The solution of claim 16, wherein the part comprising the pyrophosphate has a pH
greater than 7.

18. The solution of ¢laim 5 or 16, wherein the part comprising the pyrophosphate has a pH
greater than 8.

19. The solution of claim 5 or 16, wherein the part comprising the pyrophosphate has a pH
greater than 9.

20. The solution of claim 5 or 16, where the electrolytes are balanced between the first

part and the second part.
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5. The solution of Claim 1 comprising at least two parts housed separately and the pyrophosphate is
present with at least one of the parts and sterilized with said part. 6. The solution of Claim 1, wherein
the solution is a dialysis solution. 7. The solution of Claim 1 comprising from about 0.1 gM to about

1000 pMof the RysgRNASPNAE 184 Padbstaliliand dialysissalution SO isingerapeatirgldialysis part
comprising a dialysis co(r;{ponent selected from the group consisting of osmotic agents, electrolytes

and confiiisativadirerdst BRgPhosphatedhpElBIRARE Jaft Cofiianadi piesphirdpriste B dtfonate and

a pH gf%;ﬁaeﬂsistmg%@gm&%@@%@@ 19 8Re-he RidQreaiian thar fvheasiakilizrthens,
o]

pyrophosphate. 9. The solution of Claim 8, wherein the second part comprises lactate. 10. The

solution BRGIERM stefrherbiAaiy <hebatisdnt RYIRsBEHasaamste REP BFRUARS gRSBIs Bdnsisting of
pyruvatealﬂﬁﬁ)tas@ga@gfr%ﬁcé@& amipa-AciseneRtidesratdnteimesiateafithe KREES Cydlgand

combinations thereo . The solution of Claim 8, wherein the electrolytes are selected from the group

consistirfyBPssiant pEhessicm s GhRETORL CaRHRTIEMS RSBy ST ERonSHRRFSH®12. The

solution gfiGlaim Bdwhessinthesecendpasl GRRIRHES S dicelasl abdestelestagiramntie graup
consisting of sodium, potassium, magnesium, calcium, chloride and combinations thereof. 13. The

solution #rbikimtle wrarBRFhaSecond part comprises a pH greater than 8. 14. The solution of Claim
8, wherein the second part comprises a pH greater than 9. 15. A heat sterilized dialysis solution
comprising a dialysis component selected from the groug consisting of osmotic agents, electrolytes

and co AioneReonand ialtitain Etbibe BFBohOTBYIBPRosphate, a buffer comprising
bicarbonate, an&@ﬁ%%r%aq%; LoMhsreitoghicarbpnaimbufiatans thereH esaqiasithan 7 heat

stabilize the pyrophosphate. 16. The solution of claim 15 comprising at least two dialysis parts housed

separateNCARPIE pyraBhessiA Ea pfedBfitakilrsh tsstishe srapanriaridiseredafaeidiized with

said dialﬁ!ﬁ;}ﬁ%@nsﬂsﬁn@@ﬁ sobinpel Lain AbevhiesRife thel R SRS Ngtbe PyIRphiasabate has a
H greater than 7.
g bicarbonate buffer and the pH greater than 7 heat stabilize the pyrophosphate; and

heat sterilizing the dialysis solution.

23. The method of claim 22, wherein the dialysis solution comprises at least two
separately housed dialysis parts, each dialysis part comprising at least one dialysis
component selected from the group consisting of an osmotic agent, a buffer, an electrolyte
and combinations thereof, at least one of the dialysis parts comprising the pyrophosphate,

and wherein at least one of the dialysis parts is sterilized.

24. The method of claim 23, comprising mixing the parts to form a resultant dialysis

solution.

25. The method of claim 23, wherein the part comprising the pyrophosphate is sterilized
and has a pH greater than 7.

26. The method of claim 25, wherein the part comprising the pyrophosphate further

comprises a buffer selected from the group consisting of lactate, pyruvate, acetate, citrate,

tris, amino acids, peptides, an intermediate of the KREBS cycle and combinations thereof.
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18. The solution of claim 5 or 16, wherein the part comprising the pyrophosphate has a pH greater
than 8. 19. The solution of claim 5 or 16, wherein the part comprising the pyrophosphate has a pH
greater than 9. 20. The solution of claim 5 or 16, where the electrolytes are balanced between the first
part and the second part. 21. A stable heat sterilized peritoneal dialysis solution comprising a
therapeutically effective amount of pyrophosphate, a pH greater than 7, an osmotic agent selected
from theZgrodpreetheibfirrpotgitivesediglbss selpombismyihed s ppljfes: derivatives, cyclodextrins,
modified starch, hydggxyethyl starch, POlpIS {EHEtASE s @Mifdgids, RADIdES, PIRIRIRS. 3mino sugars,
glycerol, N-acetyl glucosamine (NAG) and combinations thereof, a buffer comprising bicarbonate, and
electrolytempompgisthd etiions, pislasisivtamprignésiclertedidiom Al erBRRONVEERE P thébicarbonate

buffer and ihe;pH argater ém&ﬁ@%ﬁt%%&?oﬂmemrpQ_@t@as@@néaf%ﬁ@qﬂ aging a dialysis

solution, the method comprising: preparing a dialysis solution comprising pyrophosphate, a buffer
comprisiagriivamonawerhgsphgreate bt Tommisior dicuhanaiglyans cornposeriigelBated-from the
group copgISHNOR! AN ASHIANC ARRNL.ANKIAGHY é&mﬁ&%@%&mib%w e
bicarbonategbl{}#ter and the pH greater thqn%?hégyd[ stabilize the pyrophosphate, aﬁggﬁéat sterilizing the
dialysis solutiorhest3teriizinettdepsitbrdialysiswhmmsis sl Ayssiasphise: @8fhprises at least two
separately houged dialySiRRRR SRENCIRINGIS RAMH CAMRIPIG-ALIGAFLARG dRlysly component
selected from the group consisting of an osmotic agent, a buffer, an electrolyte and combinations
thereof, at least one of the dialysis parts comprising the pyrophosphate, and wherein at least one of

the dia'yﬁgé PAILS R iRl liEetin? 47 TDEMGIRL ALGIRAIT 83.cAMRNRIoEBXNG e Payistr. form a

resultant dialysis solution. 25. The method of claim 23, wherein the part comprising the
pyrophosphate is sterilized and has a pH greater than 7. 26. The method of claim 25, wherein the part

comprisng‘ the Ve %&Q_g}ﬁsﬂg&ﬁﬁ(ﬁ%@lﬂﬂﬁ@ﬁ@ buffer selected from the group consisting of lactate,

pyruvate, acetate, citrate, ti-is, amino acids, 'p;%lgdes, an intermediate of the KREBS cycle and

combinations thsrisest 270 Aeprield feruseevidatia arslysradh abritmetheRsuisns atisAY:
providing,af '%?eﬁ&é‘ﬁ%%%&?&%ﬁ{y faused @%Siﬁ@g&f%gg@ugiw% CumBKisingalilegst one
cte ing

dialysis componént selected from the group consis of an osmotic agent, an electrolyte and

combinatient ohidreditd sribistasivasotheiecdial krashans eothpdsihyippaphbapadieatststitfestomprising
bicarbonate, and,a Sk yeaisl AR, Whereindhehicarbenate sufier Aad.the Rbasatanthan 7 heat

stabilize the pyrophosphate; heat sterilizing at least the dialysis comprising the pyrophosphate; and
wherein the bicarbonate buffer and the pH greater than 7 heat stabilize the pyrophosphate.
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mixing the dialysis parts to fowl a resultant heat sterilized dialysis solution. 28. The method of claim 27,
wherein the mixing is performed onsite by a mixing system. 29. A multi-part dialysis solution
comprising: at least two separately housed dialysis parts, each dialysis part comprising at least

one dialygis £ORARDERLSAIRRISA 1AM BROHRUR.CRRSIRIAD LA ASQUE A0S HoA oGl e and

combinations thereof, at least one of the dialysis parts being heat sterilized and comf:)nsmg
pyrophosphsitéing hefff@smsiiprigagibicerbsrateiemtrly 58 grsaterabarptionhdheistheipicatbonate

buffer ar‘[ﬁ&%&'ﬂ&iﬁ?&ﬁe@?ﬁ}% an%%tp}pﬂ')ggﬁ%g%r@phosphate. 30. A sterilized dialysis solution

comprising a dialysis’component selectedfrom the group consisting of osmotic agents, buffers,
electrolytes and combinations thereof and a therapeutically effective amount of pyrol%osgggte. 31.

The solufibnibeciition 8f {5aiamd: 3o it OnEhsyrBpiGsprRaRb s ietroiRd
CO”SiSti%@?M&ﬁ&@ﬁﬁg%@ﬁ%ﬁ%sﬁﬁ&ﬁ RImRERsEH e Fmembinationsthaient Becdhe solution of

Claim 30 comprising a pH greater than about 6. 33. The solution of Claim 4, 8, 15 and 30, wherein the
osmotic agent is selected from the group consisting of glucose, glucose polymers, glucose polymer

derivatives, ¢yelosiexiings medified sianshsinydrexy etbyk-staesharalysls, fructose, amino acids,
peptides, proteins, amino sugars, glycerol, N-acetyl glucosamine (NAG) and combinations thereof 34.

The solution of Claim 30, wherein the buffer comprises bicarbonate. 35. The solution of Claim 4, 15

and 30, wheteip {brduifer tudherucempises o0 isvselestierdmdhe senpicossiatingiemantate,
pyruvate, acetate, citrate, tris, aming acids, peptides, an inteimediate of the KREBS cycle and

combinaBERY FRINESAIEE FEIRCe8 U SBIF S ORI S IR oR S Ag R R A vt Yy Sig i RSused
separatejy ARgdhemIoPhespRateis RIGSANNITOR! Inasiase shike sirlysis-padsapehairklized with
said dialysis part. 37. The solution of Claim 36, wherein the part comprising the pyrophosphate has a
pH great®PiRAUe3bUEr c e8] Pha il sorr et etnm 3 W ﬁ‘?’é‘ﬁlé“?fgﬁ% PfiSing the pyrophosphate
has a pH greater than about 8. 39. The solution of Claim 36, wherein the part comprising the

pyrophosgphate has a pH greater than about 9. . _
4. The solution of Claim 30, wherein the buffer comprises bicarbonate.

35. The solution of Claim 4, 15 and 30, wherein the buffer further comprises or is selected
from the group consisting of lactate, pyruvate, acetate, citrate, tris, amino acids, peptides,

an intermediate of the KREBS cycle and combinations thereof.
36. The solution of Claim 30 comprising at least two dialysis parts housed separately and
the pyrophosphate is present with at least one of the dialysis parts and sterilized with said

dialysis part.

37. The solution of Claim 36, wherein the part comprising the pyrophosphate has a pH
greater than about 7.

38. The solution of Claim 36, wherein the part comprising the pyrophosphate has a pH
greater than about 8.
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40. The solution of Claim 36, where the electrolytes are balanced between the first part and the
second part. 41. A stable peritoneal dialysis solution comprising a therapeutically effective amount of
pyrophosphate, an osmotic agent selected from the group consisting of glucose, glucose polymers,
glucose polyfer deryaliveSe BYRIOAR NS M AN SIRRER N Y SIIM HELEH a0l fryictose,
amino acids, peptides, proteins, amino sugars, glycerol, N-acetyl glucosamine (NAG) an
combinagisatettibractheubbiffer selected from the group consisting of bicarbonate, lactate, pyruvate,
acetate, citrate, tris, amino acids, peptides and combinations thereof and electrolytes comprising
sodium, potassium, magnesium, calcium and chloride. 42. A method of making a dialysis solution, the
method é8niissatption of ClpmpKring erelthiyslecsusibtionace hidniad psiropmobstiné p#d adeast one
dialysis ¢ompenent,sglected from the group consisting of an osmotic agent, an electrolyte, a buffer and
combinations thereof; and sterilizing the dialysis solution. 43. The method of Claim 1, 15, 22, 30 and
42, wherein the dialysis solution comprises a concentrate. 44. The method of Claim 1, 8, 15, 22, 30
and 42, whegeig fhe ﬁﬁ{iﬂﬁéﬁﬁj&i&%ﬂ@ﬁ'&&b&oﬂaﬁ%ﬁﬁ%ﬂé}%%?Aﬁ&&%@éf%@tﬁ%@t&fé’HB&&{{S&?"”9 of
autoclave, steam, high pressure, ultraviolet, filtration and combinations thereof 45. The method of
Claim 4% yatrdresnivie. dialysis daturigmicennstsb framidhetawsseparateng b steratalghisqsarts, each
dialysis pajt,comprising.at 5aaLe0e dialvais.compapsatseleciaddiom the.gruRaensisting of an
osmotic ageént, a butfer, an electrolyte and combinations thereof, at least one of the dialysis parts
comprisifgTlr dehsdphBtsteisd WHBreHTAS| PERtSee DIISEIBI IS FEAY s SieidiebdY-a@tihe method
of Claim 45 comHsing Aasingas-pats ghlonu e sulianL diglysisiselion. féu] ieqHethgd of Claim

45, wherein the part comprising the pyrophosphate is sterilized and has a pH greater than about 7.
48. The wfethisdrbp Gltsim 4Ttaigh ePeTi (A parctd tpABiate th& vy réphbe phadsfuntilidssmiiises a buffer

Selected JAMH A GOWRANSISNAL O IGRanAIR IAGIalR: Y RIS AGe G Kliale: dfiaiminG acids

peptides, an intermediate of the KREB cle and combinations thereof 49. A method for providing a
dialysis goKigblerie method comprising: providing at least two separately housed dialysis
parts, each dialysis part comprising at least one dialysis component selected from the group consisting
of an osmotic agent, a buffer, an electrolyte and combinations thereof, at least one of the dialysis parts

comprisifig- pyrephedptarekanariidinty as redsiohdhsrmasheid sasrppsres: and
- preparing a dialysis solution comprising pyrophosphate and at least one
dialysis component selected from the group consisting of an osmotic agent, an electrolyte,

a buffer and combinations thereof, and

sterilizing the dialysis solution.

43. The method of Claim 1, 15, 22, 30 and 42, wherein the dialysis solution comprises a

concentrate.
44, The method of Claim 1, 8, 15, 22, 30 and 42, wherein the sterilization is performed by
a technique selected from the group consisting of autoclave, steam, high pressure, ultra-

violet, filtration and combinations thereof.

45. The method of Claim 42, wherein the dialysis solution comprises at least two

separately housed dialysis parts, each dialysis part comprising at least one dialysis
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mixing the dialysis parts to form a resultant sterilized dialysis solution. 50. The method of Claim 49,
wherein the mixing is performed onsite by a mixing system.

component selected from the group consisting of an osmotic agent, a buffer, an electrolyte
and combinations thereof, at least one of the dialysis parts comprising pyrophosphate, and

wherein at least one of the dialysis parts s sterilized.

46. The method of Claim 45 comprising mixing the parts to form a resultant dialysis

solution,

47. The method of Claim 435, wherein the part comprising the pyrophosphate is sterilized
and has a pH greater than about 7.

48. The method of Claim 47, wherein the part comprising the pyrophosphate further
comprises a buffer selected from the group consisting of bicarbonate, lactate, pyruvate,
acetate, citrate, tris, amino acids, peptides, an intermediate of the KREBS cycle and

combinations thereof.

49. A method for providing a dialysis solution, the method comprising:

providing at least two separately housed dialysis parts, each dialysis part
comprising at least one dialysis component selected from the group consisting of an
osmotic agent, a buffer, an electrolyte and combinations thereof, at least one of the dialysis
parts comprising pyrophosphate;

sterilizing at least one of the dialysis parts; and

mixing the dialysis parts to form a resultant sterilized dialysis solution,

50. The method of Claim 49, wherein the mixing is performed onsite by a mixing system.
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