DESCRI PTION Dialysis Solution Preparation Water, D alysis Solution Using
Such Water, Method of Producing Dialysis Solution, and D al ysis Equi pnmrent 5
Technical Field The present invention relates to dialysis solution
preparation water, a dialysis solution using such water, a nethod of
produci ng a dialysis solution, and dialysis equipnment. 10 Background Art
Dialysis is known as one effective treatnent for the renal insufficiency
patient whose kidney functioning is so degraded that he/she cannot urinate
to adjust the anpunt of noisture and to renove netabolic toxic substances

i ncludi ng body waste such as urea. The dialysis treatnment is mainly divided
into henodi alysis (HD) and peritoneal dialysis. 15 Henodialysis is a
treatment including the steps of dr EICRIPTPON out si de the body using a

bl ood punp, bringing the blood in contact with a dialysis solution through a
di al yzator (dialyzer) to renove netabolic toxic substances and noisture
taki ng advantage qQf . di ffusjon based on_.the goncenfratio ragdi ent, and
returning the pur g)f'i‘]éfﬂs SeBsien eBBB‘"“PBW ALERS ﬁk’ﬂ%‘l’ﬂ é‘?lf"lf'B“ Eﬁg'ggg‘bé‘

conti nuousl y. P%L%e?“ﬁl%’tlhﬂi @t‘ﬁ:%hﬁcihgllﬁg%ﬁ%toﬂ‘ﬁ% Qhd %ﬁan'kg% g@@w&& the

dialysis solution“into the peritone vity to fenove c toxic

subst arices in the body and noi sture through the peritoneal nenbrane. The

di al ysis solution includes various el ectrolytes having a concentration cl ose
to that of Technigpl Biekbd. For exanple, a bicarbonate type dialysis solution

for henodi al ysis -¢caorresponds. to co sit.ion basically including ions of
sodi um pot assi ur;‘fi'le pege tal%einifllﬁ{l r%ﬁﬁg&g@ﬁlﬁ‘?m ﬁcﬂﬁltﬂﬁﬂ yepary %}Wﬁt%@ic@gysbsi car boni c
aci d and gl YeR%Bn uSHE Budh PAYS iaSet R S¥prfudiny PAIRRAE Sslutidn, dhd Whalysg a |iquid
concentrate of high Cconcentration. Since the bicCarbonate may react with

cal ci um i onsqampthentagnesi um i ons present in the bicarbonate dialysis
solutign to _cause precipitation of insoluble substances, the dialysis liquid
-1 conkbnt r Backgrow Hi carbonate dialysis solution is generally realized by

the two- Dialysis is known as one effective treatment for the renal insufficiency patient

whose kidney functioning is so degraded that he/she cannot urinate to adjust the amount
of moisture and to remove metabolic toxic substances including body waste such as urea.
The dialysis treatment is mainly divided into hemodialysis (HD) and peritoneal dialysis.

15 Hemodialysis is a treatment including the steps of drawing blood outside the body using
a blood pump, bringing the blood in contact with a dialysis solution through a dialyzator
(dialyzer) to remove metabolic toxic substances and moisture taking advantage of
diffusion based on the concentration gradient, and returning the purified blood (blood
retranfusion) into the body continuously. Peritoneal dialysis is a treatment of

20 introducing the dialysis solution into the peritoneal cavity to remove metabolic toxic
substances in the body and moisture through the peritoneal membrane.

The dialysis solution includes various electrolytes having a concentration close to
that of normal blood. For example, a bicarbonate type dialysis solution for
hemodialysis corresponds to a composition basically including ions of sodium, potassium,

25 calcium, magnesium, chloride, acetic acid, bicarbonic acid and glucose.  Such dialysis
solution is prepared by diluting a liquid concentrate of high concentration.  Since the
bicarbonate may react with calcium ions and magnesium ions present in the bicarbonate

dialysis solution to cause precipitation of insoluble substances, the dialysis liquid
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conponent type, i.e. liquid Aincluding electrolytic salt (salt such as of
sodi um potassium calcium magnesium chloride, acetic acid, and the |like)
and liquid B including sodium bicarbonate. Liquid A and liquid B are pl aced
separately within the 5 dialysis equipnent, prepared at the time of usage by
m xing/diluting to be used. For a dialysis liquid concentrate of the
one-conponent type, there is known the acetic acid dialysis solution that
does not contain bicarbonate. In recent years, there has been known a net hod
of preparing a dialysis solution by dissolving dialysis powder concentrate
that is salt in powder formor granule form 10 instead of the |liquid

of two. ngertogcentef otii RERb AR Ayst ng Lol ERT e SIS RETum chi or de,

cal ci um chl Qpifdgent TRANES IME RN clddRiiic BNV Juef 28 8odnand gl ucose
(arbitrarily containing glacial acetic acid as a pH regulator), and powder B

that i s squhitassiuln, cacibowatagnesium eshloride, dchigc ddidrendftheibleg) end tined Bro agents are
m xed/diluted 15 with water to be prepared as _a dialysis solutiaon. There is
al so known ip¢lading sediym bigagpongte. ¢ higwid AqaddiguidiB are plasgd sepagately withig then g

sodi unx chl oy.j i ! i . iU oride,
and ag%ti C c%lg%d? ergez%’o# g%ﬁg%g%gﬁm&%ghg#gﬁ r@mg udélggrég %&“@é? niz;%}c]A powder

B that is sdisliaamiduid aseenaite oPehetik-cofpbhdif typel HiRF&isikhoWh e adeti€acilly pe
including liquid as one agent and powder or granule as the other agent (for

exanpl e, 20dialpsis sabutinrthati does obt ¢antam bicArbonate.udi ng sodi um  pot assi um

cal ci um magnesislum chl ori dg, and acetic acilqu'ro s as. wel]. .as glucose, and
powder B that i sNdBFbKFaS ¢ §'p aseen kaqR a metlog ok prepating & digd i folytipn

di al ysi s |igqui: : i i : te, i fi.ed wat er
e g+t SisoRATEERYHE pGw L deh BVl RBNSRI i RREARG G arbfl JrEC VPLE

wat er 10s geingtead dfitheliplio xefcentratel of hiphtdoagentratiolr eDiy dialgsit pewdat er to be used
for 25 dilution includes the steps of renoving contam nants and particles
i ncl uded i ncangentraggis\iprmead afytwa agemss.iilet pewderdhingluding sedivnaehderideng conponent

D " PR L AR ST e BB S RA L
renovi ng tr 6B RiBitSirily Cdnddhing gl fidbc F8E 8t a pPNRgiiaion) aAd powdé&rey Blaf e
osnosi s nenbrane, and the |ike:
is sodium bicarbonate powder. At the time of usage, the two agents are mixed/diluted
15 with water to be prepared as a dialysis solution. There is also known the type formed
of three agents, i.e. powder A-1 including sodium chloride, potassium chloride, calcium
chloride, magnesium chloride, and acetic anhydride sodium, powder A-2 that is glucose
powder, and powder B that is sodium bicarbonate powder. Further, there is known the
type including liquid as one agent and powder or granule as the other agent (for example,
20 the combination of liquid A including sodium, potassium, calcium, magnesium, chloride,
and acetic acid ions as well as glucose, and powder B that is sodium bicarbonate powder.
For the dilution of the dialysis liquid concentrate or dialysis powder concentrate,
purified water having impurities and foreign objects removed from raw water such as
tap water is generally employed. Purification for preparing the water to be used for
25 dilution includes the steps of removing contaminants and particles included in the raw
water by a prefilter, removing the hardening component by softening equipment (for

example, softening of the raw water by ion exchange), removing residual chlorine using

an activated carbon device, removing trace metals including various metal ions using a
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The dialysis liquid concentrate or powder concentrate is generally subjected
to heat sterilization in the production process thereof. At this stage, the
glucose included in the dialysis |liquid concentrate or powder concentrate

i s deconposed to produce 5 glucose degradation products (GDP) such as

gl yoxal and/or nethyl gl yoxal. Further, glucose degradation products are

al so generated by autoxidation of the dialysis liquid concentration or
powder concentrate. The glucose degradation products will still be

contained in the dialysis solution obtained by diluting the dialysis liquid
concentrate or powder concentrate. Such a dialysis solution, when used in

dialysis treatnent, will 10 becg tkge cause of oxidative stress on the
bi ol ogi cal 8dJ° %ﬁmqsﬁénﬂ’i‘bdﬁ%lag g}‘}'tl} nt to induce peritoneumtissue

Endpr oduct - AGH T By S} Al bigenank 6F pbller SRECHAR: £ INERE oissitan' '
(Non- Pat ent hdosuieation the bahcsin @oaéss Theratp| ADthis dt4gel THelglucokbAth(dedo9)

(Non- Patent Document 2)). Furthernore, cell damage by oxi datlve stress is
i nduced (r ethdhe dialysisli@lidepraentiate opmawdmnégyrae%lsmg@nnmé tq

(glNﬁé‘os?t e”; st Rereqfioh axo et (hm e a%@ @%iagﬂehma S%lﬁi?atbﬁreﬁty thel
QSUt - gzep%gécgleﬁg%rﬁ?@fag%rb@hs( dr als6 LA %%4 %ail%%%@gga?smmqgh&' sis Vo

However, t heoncertragioh oo pakdetesoinCertrasy. e 'erlglldcosm&egfridambﬁ produbts willatiRBe pr esent
st age, corrpl et e suppressi on of glucose degr adation products is technically
i mpract i cabsantaimeskip the diggsinsoiution Obmp@dn@s lutiag el dipkygip h@ld)ﬁ@lﬁzematew 077672

Pat ent Docunen Lnes Pat n No,. 10-.11865 Pat

bocunent 3 PoRss sanstBaRen Suths Alys 3G 50 shed inyps S tmationt

Docunggt 1. hdfofRENe éa%ﬁ@éf@&ﬂﬁ%lstrééls oh8Re bloﬂdg@afl;(%% of thNal yE%g%’ént lgg)cument 2:
Nephrol Dial Transplant, 14: - 1549 n- Pat ent curment 3:

Bi ochem cal mﬂ’heerpmmiemgmsﬁ&s dﬂfgaﬂeratldrﬁiﬂ%.sz(@ﬁﬂél) w1ﬂlicg’lydaatnerﬁacm(tmmahce@

Clinical D alysis Vol P 56 (2003) -3 Disclosure of the
| nvention Glycation Endproduct AGE) '(Refer to Kldney International 51:182- 186 (1997)

(Non-Patent Document 1) , Nephrol Dial Transplant, 14:1541 - 1549 (1999) (Non-

Patent Document 2)). Furthermore, cell damage by oxidative stress is induced (refer to
15 Biochemical Pharmacology 68:1433-1442 (2004) (Non-Patent Document 3)).
In order to suppress such adverse effects by the glucose degradation products,
various devices such as the development of neutralized dialysis solution (for example,
refer to Clinical Dialysis Vol. 19, No. S, pp. 51-56 (2003) (Non-Patent Document 4))
have been made. However, the conventional devices are still insufficient. At the
20 present stage, complete suppression of glucose degradation products is technically
impracticable.
Patent Document 1: Japanese Patent Laying-Open No. 09-077672
Patent Document 2: Japanese Patent Laying-Open No. 10-118633
Patent Document 3: Japanese Patent Laying-Open No. 2003-175390
25 Non-Patent Document 1: Kidney International 51:182 - 186 (1997)
Non-Patent Document 2: Nephrol Dial Transplant, 14:1541 - 1549 (1999)
Non-Patent Document 3: Biochemical Pharmacology 68:1433 - 1442 (2004)
Non-Patent Document 4: Clinical Dialysis Vol. 19, No. 5, pp. 51- 56 (2003)
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Problenms to be Sol ved by the Invention The present invention is directed to
sol ve the problens set forth above. The object of the present invention is
to provide a dialysis solution that can prevent the 5 adverse effect of

gl ucose degradation products on the biological body, dialysis solution
preparation water used therefor, a method of producing the dialysis
solution, and dialysis equipnent. Means for Solving the Problens The

di al ysis solution preparation water of the present invention corresponds to
10 wat er having a dissol ved hydrogen concentration of 50 to 600 ppb, a pH of
7 to 10, and satisfying the water quality criterion defined at |SO 13959,
wherein the water is used to prepare a dialysis solution by diluting a

di al ysi s bddisclayepof thedmyemtign at | east 50 ng/nL of a gl ucose degradation

product. T esent_iyent.i o so provides a dialysis solution prepared by
di luting arﬁfgfe |satf)§’)§i g‘b@s@’ Qbeer?tve'i‘tlri\)%} uding at least 50 ng/nL of a glucose

degradati on pr odtietpresdfit iRGentidhd Hifdcled8lsblve eHe Oﬂ}bﬁlﬂﬂlﬁ%ﬂtﬁﬂh\éﬁéﬁ hgpe ng a
di ssol ved hydrogen concentration of 50 to 600 ppb, a pH of 7-10, and

sat i sfyi ng dbjeet wbthe prayerdlintention istte prondeledialysid salutivibthal OGP evaatithener , t he
prese i nvention_proyides djalysis equi prent including nmeans . for  supplying
di al ysl s sqdyenseaiest ehglneqse stegiadation pra M@maﬂm%@egwgoﬁyﬁgwsolunon

concent rat iqqggargtpongirafter’rqlsgé? 51?69%@%%%33&‘?& hadc Ogheid?%sp Isastoihﬁf | gy the wat er

quality cri Ion detrne ans ng a di al'ysis base
agent i ncl uiipgs efuipneast 50 ng/ L of a glucose degradation product, and
means for preparing the dialysis solution by diluting the dialysis base
agent wi t h Maans for SolvangthedPreblems pr epar ati on water. The neans for supplying

di al ysis sol uti .eparation water.in the djalysis.25 equi pnent of the

pr es)ént i nvent i gﬂ‘e%{‘g?%sr%’ﬁﬂtipni REPASRn Wﬁh%fdtkﬁpyeéﬂﬁbﬂﬁ‘ﬁ%‘? SRAREO  neans
for ctr i ng:the.: f @ I i ter

obt ai g by e Bire kNl Bosef et R @ S0TY 8O b WRH R PO T O
present i nvarify@p thdwitbegfualityparitdasn deflied BOrs 00139300 dltieteliDthe witerliy Gded to

solution, -4 wherein a dialysis base agent including at |east 50 ng/nL of a
gl ucose degpreprae adalysis solution by diluting a dialysis base agent including at least 50 ng/mL of
a glucose degradation product.
The present invention also provides a dialysis solution prepared by diluting a
15 dialysis base agent including at least 50 ng/mL of a glucose degradation product, using
dialysis solution preparation water having a dissolved hydrogen concentration of 50 to
600 ppb, a pH of 7-10, and satisfying the water quality criterion defined at ISO 13959.
Further, the present invention provides dialysis equipment including means for
supplying dialysis solution preparation water having a dissolved hydrogen concentration
20 of 50 to 600 ppb, a pH of 7-10, and satisfying the water quality criterion defined at ISO
13959, means for storing a dialysis base agent including at least 50 ng/mL of a glucose
degradation product, and means for preparing the dialysis solution by diluting the
dialysis base agent with said dialysis solution preparation water.
The means for supplying dialysis solution preparation water in the dialysis
25 equipment of the present invention preferably includes means for supplying raw water,
means for electrolyzing the raw water, and means for subjecting cathode water obtained

by electrolysis to a reverse osmosis membrane treatment.

The present invention further provides a method of producing a dialysis solution,
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product is diluted using dialysis solution preparation water having a

di ssol ved hydrogen concentration of 50 to 600 ppb, a pHof 7 to 10, and
~satisfying the water quality criterion defined at |1SO 13959. 5 Effects of
the Invention The present invention can provide a dialysis solution that can
prevent the adverse effect of glucose degradation products on the

bi ol ogi cal body, even if the dialysis solution is prepared using a dialysis
base agent including at | east 50 ng/nL of a glucose degradation product, a
met hod of producing the dialysis solution, and dialysis solution 10
preparation water for preparing the dialysis solution. Furthernore, the
present invention_can provide_ djalysis equipnent for dialysis treatnent

usi ng the dviareisiagiaysishaseagenpmncludngat teaatn0 ngdmbifiagiucosa degradationevent t he
adverse effec f ose degradati.on roducts_on the bi.ol ogi,gal, body.

a1 of - Descrigtidis St e A B R ey S LRl ekt
favorabl e exaBRhtAtish oRSIRS S0, a PHOSKUCIOND, aitl Shtidhity the SAkdlqualtyof the
present invention. Fig. 2 is a graph representing 'the result's o? eval uati on
. exper i nment scritenqul definedyat ISOAY3®§6n per oxi de- | um nol cheni | um nescence, of the

oxi dation reducing capability for each dialysis solution preparation water
of Exahpl e Effegtgo BYeRYOfe Exanpl e 1, 20 wherein the vertical axis

- corresponds to Eﬂg‘e_ &g&ﬁﬁ‘hv&f irogggﬁ ﬁFbﬁziaaerhddi@PsﬁSQ 5%&&10{1&&@+atn33%§ent GRIagseoNds to

. t
time (second). s agdg epresen e resu eval uation

exper i ment seffeeff ghvdode dedtidhtidd PRodiRts1 tHe bloWpidaPbo & etdd Mawagance, of the
oxi dation reducing capability when MIliQwater is used as the test liquid

for Ref er ensdutonanpiepartd usihg p dialysisihas@agenemtliuding atjeast Yong/mbpdndducose t he
nunber of pgoto s and .the hori zo

Fig 4 is al%rasHor Bducenmiemys @?ﬁ"@ﬁgﬁgg 3@&333&533?@%3&;%&% %%Eﬁiﬁg,n_d) |
orel 01075, BUBEAREI RS A LTS AU FORRO s She bl ot o1
Conpar at i veinkaidRlcen Brovile\wpdlysiPquimb®@ s dialysis treatment using the dialysis solution
of the present invention that can prevent the adverse effect of glucose degradation
products on the biological body.
Brief Description of the Drawings
15 Fig. 1is a flowchart representing a favorable example of a method of producing
a dialysis solution of the present invention.
Fig. 2 is a graph representing the results of evaluation experiments, employing
hydrogen peroxide-luminol chemiluminescence, of the oxidation reducing capability for
each dialysis solution preparation water of Example 1 and Comparative Example 1,
20 wherein the vertical axis corresponds to the number of photons and the horizontal axis
corresponds to time (second).
Fig. 3 is a graph representing the results of evaluation experiments, employing
hydrogen peroxide-luminol chemiluminescence, of the oxidation reducing capability
when MilliQ water is used as the test liquid for Reference Example 1, wherein the
25 vertical axis corresponds to the number of photons and the horizontal axis corresponds
to time (second).
Fig. 4 is a graph representing the results of evaluation experiments, employing

hydrogen peroxide-luminol chemiluminescence, of the oxidation reducing capability for



solution of Reference Exanple 2, wherein the vertical axis corresponds to
t he nunber of photons and the horizontal axis corresponds to tine (second).
Fig. 5is a graph representing the CL total counts (vertical axis) of

eval uation 5 experinents, enploying hydrogen peroxide-|um nol

chem | um nescence, of the oxidation reducing capability for each dialysis
sol ution of Exanple 2 and Conparative Exanple 2. Fig. 6 is a graph
representi ng neasurenents of the concentration of contained glyoxal for
various dialysis base agents, wherein the vertical axis corresponds to the
gl yoxal concentration (ng/nL) and the horizontal axis corresponds to the
sanple 10 nunber. Fig. 7 is a graph representing the CL total counts when
t he di al ysieschsdialysis soiutiqn efwaatplo? anwhComparhtiFExqmpde 2 agmatll @o givaoskt | ve
Exanple 1 as, well as ascorbic acid are added with respect to gl yox

each concerfPHPP GhRefgERace KseneRle Lotvhessiythe Meyties)xisicarreinos § foge eo

di al ysis sg)lhgfd ?fh%ﬁl%ﬁ%x{;tglrhx%o? es&indggbettnﬂé g%g&]i BI nventi on has a dissol ved

hydr ogen ¢ neent ron’in e ran b, preferably 100 to 400

ppb, and parti cmgasrllsng@ frep@bémng@& €D ttBConntd (vérhcalraelsyibﬁ@aluuﬁ@h hydr ogen
concentration is bel ow 50 ppb the dialysis solution prepared using this

dialydis s@kmrmmtpremén’ymg rognatperoxmdnmtmbdfeﬁmbmemqscgncgrcef\thm@mdat@nadver se
effect of th u e radat i uct nth i 0 If the
i alysi o sOPHISHBRBS T Sioh eDRiRoRHER GRE e%an‘@éf?mmﬁws ARl o edi ng
600 ppb, the effegt f V.

degr adati on proc}ﬁ%t6 ign @%Pﬁéfogl %fﬁf‘e gﬂgﬁ&ﬁ??ﬁhngt(ah e rlﬁl{rlré}:}{ra%%ég 9‘2%? further.
As used hegilyoxal fodivasalswdialyshyishise ggents; afhefem the vktticalldis dd2resmidsl talingsol ved
hydrogen concentration refers to val ues neasured through a di ssol ved

hydr ogen meslerxabrengspiratios (pgfmbd ged thethoprpatalgriscerisspends snihe semaledi al ysi s

sol ut (g pre %atlon wat er of the present invention has a pHwthin the
range b preferably 8.5 to 9.5. If the pHis below 7, the effect of

Er eventi ng t he aplger BG g?ﬁﬁhefebr&ént l{ﬁ@@ﬁ tS@OEGuE AW IR tRE BTk SolRfok he
i ol ogi cal body wi || degr ade t he pH exceeds 10, the effect of
prevent i ng proparatthnewster eﬁEmtplc)i and Comparatwe Example 1 as well as ascorbic acid are
added with respect to glyoxal of each concentration.
Best Modes for Carrying Out the Invention
15 The dialysis solution preparation water of the present invention has a dissolved
hydrogen concentration in the range of 50 to 600 ppb, preferably 100 to 400 ppb, and
particularly preferably 100 to 150 ppb. If the dissolved hydrogen concentration is
below 50 ppb, the dialysis solution prepared using this dialysis solution preparation
water cannot sufficiently prevent the adverse effect of the glucose degradation products
20 on the biological body. If the dialysis solution preparation water includes dissolved
hydrogen exceeding 600 ppb, the effect of preventing the adverse effect of the glucose
degradation product on the biological body will not be improved any further. As used
herein, dissolved hydrogen refers to H+, He, Hz2.  Said dissolved hydrogen
concentration refers to values measured through a dissolved hydrogen meter DH-35A
25 (product of DKK-TOA Corporation).
The dialysis solution preparation water of the present invention has a pH within
the range of 7 to 10, preferably 8.5 to 9.5. Ifthe pH is below 7, the effect of

preventing the adverse effect of glucose degradation products on the biological body
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t he gl ucose degradati on product on the biol ogical
any further. The pH of the dialysis solution preparation water of the
present invention corresponds to nmeasurenent readi ngs using a pH neter (4
260, product of Beckman Coulter, Inc.), 5 with the pH electrode inmersed in
the dialysis solution preparation water. The dialysis solution preparation
wat er of the present invention satisfies the water quality criterion
defined at 1SO 13959. Here, " satisfies the water quality criterion defined
at 1SO 13959" inplies that the concentration of cal cium magnesium
potassi um sodi um arsenic barium cadm um chromum |ead, nercury,

sel enium si ] ver 8 u}{ﬂ, chl‘? am ne, resjdual .chlorine, cgqgpper,
fluorine, nvillbedesraded. odgﬂ"e pragedscl O thetfectofpreventing the agdyerse gBectofceed t he

criterion Eﬁé glhEoke defd ncg&’t ér%%ih&rbnstng}qf%ld&g:%Tg@dﬁ&l rr%‘?tbg lrﬁlﬁratvgd Q%R}%Jabl el

Test Item erion

pot assi um 8rhesBlibLilie dRlysRIssRMfioa ﬁ@%onb@[drm& ﬁres&adﬁmmnﬂzo@&& or@yr om um
0.014 Ilead 0.005 nercury 0.00 sel enium 0.09 silver 0.005 aI um num

0.01 chl ortameasse@ent readingsdsmig acpH oretenéd 206G progyme of Bedkman Coulter, Inc.),

5 with the pH electrode immersed in the dialysis solution preparation water.

body will not be inproved

The dialysis solution preparation water of the present invention satisfies the
water quality criterion defined at ISO 13959. Here, " satisfies the water quality
criterion defined at ISO 13959" implies that the concentration of calcium, magnesium,
potassium, sodium, arsenic, barium, cadmium, chromium, lead, mercury, selenium, silver,
10 aluminum, chloramine, residual chlorine, copper, fluorine, nitrite nitrogen, sulfuric acid,

zinc and tin does not exceed the criterion reference concentration shown in Table 1 set

forth below.
Table 1
Test Item Criterion Concentration (mg/l=ppm)
calcium 2
magnesium 4
potassium 8
sodium 70
arsenic 0.005
barium 0.1
cadmium 0.001
chromium 0014
lead 0.005
mercury 0.0002
selenium 0.09
silver 0.005
aluminum 0.01
chloramines 0.1
residual chlorine 0.5
copper 0.1
fluorine 0.2
nitride nitrogen 2
sulfuric acid 100
zinc 0.1
tin 0.1




fluorine 0.2 nitride nitrogen 2 sulfuric acid 100 tziinnc 0.1 0.1 -7
Confirmation of the dialysis solution preparation water of the present
_invention satisfying the water quality criterion defined at |1SO 13959 can
be nmade by nmeasuring respective concentrations of cal cium nagnesium

pot assi um sodium arsenic, barium cadm um chromum |ead, nercury,

sel enium silver, alum num chloram ne, residual 5 chlorine, copper
fluorine, nitrate nitrogen, sulfuric acid, zinc, and tin by means of the
atom ¢ absorption spectrophotonetry, ICP atom c em ssion spectronetry, |CP
mass spectronetry, reduction vaporized atom ¢ absorption spectrophotonetry,
ion chromatography, and the |jke. The dialysis solution preparation water
of the present i ptinh ofghe Hialvsis selutior prepamgtipm waks of the MesenbInyeriios ved

hydr ogen co tratio nd..pH. Wi t hi h 1{d8d..range t _forth above,

o2t oy ng PAEhER PHeE Al il fesnefafRREL 5 bR H58e 35 mentflec o

prepare a Cegle¥fveSconténtiatiOns Mcatbiliirhiledusll FotiSiuin RBaRIMAARRhAIc! tizlukdi Ng at

| east 50 ng/ nL of a glucose degradation product. "D alysis base agent"

) encorrpassescadmidxmmamhiaﬂnylehi mércony sblemm_t,esﬂwra@lamimmd cbhwxﬂm’ne,crosid@it rates
oot o e s okl aost gt s et °"°

. degradatio . t g ition of

gl dcose basy BafASrg L fleSubfhoto g R S SRRl R A REEHRAS . 7O,

exanpl e, gl pe¥edmetryTRdduvicd Vaporiked RBFhid dBorptike spdevidPhotbnicht§, ieANCent rati on of
the gl ucose degradation products in the dialysis base agent is equal to or

more than Sdwemdtograpbhenditalikei s 20 sol ution preparation water of the
D e o B! SOL 2 Sh AL LT LU ot S e ol e
<ot A oL oo B GRS oS g (1
degr adat i onfoethdib6@d, katidfifegthe water quality criterion defined at ISO 13959, and used to
prepare a dialysis solution by diluting a dialysis base agent including at least 50 ng/mL of
a glucose degradation product. "Dialysis base agent" encompasses various dialysis
liquid concentrates and powder concentrates used to prepare a dialysis solution,
15 including those types having one agent in liquid form and another agent in powder form.
A glucose degradation product refers to a substance generated by the decomposition of
glucose basically contained in the dialysis base agent, and includes, for example, glyoxal,
methylglyoxal, and the like. Even if the concentration of the glucose degradation
products in the dialysis base agent is equal to or more than 50 ng/mL, the dialysis
20 solution preparation water of the present invention is effective to significantly reduce
oxidative stress caused by oxidation of the glucose degradation product when dialysis
treatment is conducted using a dialysis solution prepared by diluting the dialysis base
agent therewith. Side reactions such as peritoneum tissue degradation and cell damage
caused by oxidative stress occurring in the patient undergoing dialysis can be prevented.
25 The content (concentration) of the glucose degradation product in the dialysis base
agent can be quantified by GC/MS, after the steps of, for example, directly adding
pentafluorobenzylhydroxylamine (PFBOA) hydrochloride into a water sample rendered

acid to obtain a derivative, decomposing excessive PFBOA with sulfuric acid, extraction

-8 -



caused by oxidative stress occurring in the patient undergoing dialysis can
be prevented. 25 The content (concentration) of the glucose degradation
~product in the dialysis base agent can be quantified by GO Ms, after the
steps of, for exanple, directly adding pentafluorobenzyl hydroxyl am ne
(PFBOA) hydrochloride into a water sanple rendered acid to obtain a
derivative, deconposing excessive PFBOA with sulfuric acid, extraction -8 by
hexane, and dehydrating the extracted solution. The dialysis base agent is
generally subjected to heat sterilization in the production process

t hereof, during which glucose in the dialysis base agent is partially

deconposed tq generate glucose degradation products, as nentioned before.
Furt her, 5@*{%%@%#&@&9% epﬁngaﬂegéoluﬁm be generated by autoxidation of

t he di al ysis ba t -4 rLdd ' : S, generation
of gl ucose degr Z%‘aetcﬁ%ﬁsﬁ b&sgg%bﬁ & Qg‘gﬁaﬁia‘.mfegﬁﬁdgﬁﬁh‘{ %@%@%?ﬁgéjbase agent .
Commer ci al | ptodwetivh pRlcessdhéreys idGriR@eAich URBESN tRCHibSis Dadepgft i FRMiALlY Of

gl ucose degradation products, as conpared to special grade glucose, as wll
. be descri bedtcampesed4r genevite gluceseedagrasiatiomprexdpe s, asamgntidned Befasnp &uither, t he

wder t di alysis, h t wi.th the |iquid-t di.al ysis.b t,
"t 1S 3 dent@qosedegraiaign practiisayilperbansyaed qy ALor B HouPE e Galyiskade agent s
- includ | j oduct f ' Fig. 6).

ol ude ol ugase oudPBERIRhLRY HOHNEL S THLE ke LFIRRIRERL R0, Fi - ©)

Thus, incl 0 egradation products e di afysi s base agent

i's nore orprbésss ishievititddinethe dhalysBdapy gRent domverciatip-availatiealialgdisbael uti on
is prepared by 15 diluting the above-described dial ysis base agent using
di al ysi s soigehtsdielyseapargarmennieiighecose degradptian grosdiistsy atcamphresyenspecial

concentration,and pH w t.hin the,specified ranges set forth ove, and
satisfying $A%E é\l)d‘f‘gf” aﬁdﬁﬁ:bf’ge bf"gﬁﬁwa f"?“ﬁ‘e’g%é?ncfaﬁ‘?)fqggg'@?n%?’her ef ore,

oxi daip on el € L I T AT di alvek: ent can
o 1 o0 Compaig HERRIAGE AR LE BaRBEH thith hO L HR (HEUNGLF bARSEANET
body. 20 Thieisdbeéntified thaf partieulailypingsy Bquidtypeidiulysiy tapa agdntoinciwdd glicode t he

present invention set forth above to reduce the oxidation of the glucose
degr adat i ondggFasiatien eroducts (refesitaByperimens dvad Fige @) (oxi dati on reduci ng

bili val i dentifyi he b ior. .of d
{1 or escence. andree obtah SCRRNeieRBladed e i FRE B e gRRES o

more or less inevitable. In the present invention, a dialysis solution is prepared by

15 diluting the above-described dialysis base agent using dialysis solution preparation water
having a dissolved hydrogen concentration and pH within the specified ranges set forth
above, and satisfying the water quality criterion defined at ISO 13959. Therefore,
oxidation of the glucose degradation products in the dialysis base agent can be reduced
significantly to lower the oxidative stress on the biological body.

20 The ability of the dialysis solution preparation water of the present invention set
forth above to reduce the oxidation of the glucose degradation products in the dialysis
base agent (oxidation reducing capability) can be evaluated by identifying the behavior
of secondary fluorescence and the total chemiluminescence (CL) count employing, for
example, hydrogen peroxide-luminol chemiluminescence (refer to the experiments set

25 forth afterwards). Specifically, the method corresponds to the steps of exciting luminol
that is a fluorescent reagent with hydrogen peroxide and evaluating the reduction in the
oxidation of the substance having the oxidizing property taking advantage of emitted

light at that time. When a substance having the oxidizing property and a substance
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exanpl e, hydrogen peroxide-lum nol chem | um nescence (refer to the
experinments set 25 forth afterwards). Specifically, the nmethod corresponds
to the steps of exciting lumnol that is a fluorescent reagent with

hydr ogen peroxi de and evaluating the reduction in the oxidation of the
substance having the oxidizing property taking advantage of emtted |I|ight
at that tinme. Wen a substance having the oxidizing property and a substance
-9 having the oxidation reducing capability are present in a solution
containing lum nol and hydrogen peroxide, primry fluorescence of | um nol
caused by the reaction with hydrogen peroxide occurs, and then secondary
fluorescence of lumnol attributed to the substance having the oxidizing
property i daving phreewpadation sedugingespability aheepresentin aGlolummrroninig lunbeeand | ower

than th wh nl t hayj h [ dizi ty i

pr esent i n ISOBPRPFEROF R ROFESHARG b Aok B0 L PBHRlo Thoor i ngl y.
present in f i) i cor di
oduc g capamer P28 cEHRE 2ul e oI AL B R R e

conduct ed cabst&ite @Btihy thésixitiziAg Eﬁpeﬁt}&d p prresded OHAKWE rEduiCTHR@MaCCILNIUETRI AL
CO, LTD). 10 Fig. 1 1s a flowhart representing a preferably exanple of a
net ho® of pvibdeedmeylowsr thian thestase wibergtandna sbstanes fvingethe oxigizana propertyrise
present invention provides, a.nethod, of oducing.a dial ysi.s ,solution

Char act er | FatetieRg iR FEuRBLmoL 8o pBRE per g Aicoritetl 80 ng/ mt. o
a gl ucose. dpgiAARRBnRLAMLy bPidishiAfle HalindidHloab refkbicapafigpar at i on
wat er havi ng a di ssol véd 'hydrogen concentration of 50 to 600 ppb, a pH of 7
to 10, and chbh bsatvdlsdtsd. ndTHehelevatt @valgationi teyt cai bé esridaoted ebnvenibnely ubin@al3959.
By virtue of the method of Egroducin a dialésis solution of the present

i nventi on, G anabyzps(OHEKH EERCTRGNIEGRNIPEYT &Q.dkTP)e stress on the
bi ol og{ cal body caused | ucose deqgr adat.i roduct s when pplied to
di a1 y& <t roat meie cina B iR R CoRtey PRREhTs Moty RRhGiter o
di al ysi s basfaip8e MlutidhofyEd pdsék idveagdn. SCrHPrdientAhvéntidh YeQadesdegiddabl on
product is used. 20 Fig. 1 also represents respective steps in producing the
di al ysi s sqgiroduang a dielgpasatiianchastcesrized irt thet pdielysinbaseragent inclndiug etlleast t he
met hod of producing a_ dial %{si s solutjon of the present invention. The
di al ysis soldne/Bk ogra@ﬂﬂfpé& egredptipr prosfuct i dilpied 3aing diglyHpeiution Prepamsion
particul arly, ! fHvingh Assolvel Ay@dgtt cORentatlintT3b ¥§ B0V Hb 2058 oF 92580 4t | on
15 satisfying the water quality criterion defined at ISO 13959. By virtue of the method of
producing a dialysis solution of the present invention, a dialysis solution that can reduce
oxidative stress on the biological body caused by glucose degradation products when
applied to dialysis treatment can be produced conveniently, even in the case where a
dialysis base agent including at least 50 ng/mL of a glucose degradation product is used.
20 Fig. 1 also represents respective steps in producing the dialysis solution
preparation water of the present invention used in the method of producing a dialysis
solution of the present invention. The dialysis solution preparation water of the present
invention is not particularly limited as long as it has a dissolved hydrogen concentration
and pH within the specified ranges set forth above, and satisfies the water quality
25 criterion defined at ISO 13959. However, dialysis solution preparation water produced
by electrolyzing daily life water such as tap water, well water or ground water as raw

water, and subjecting the electrolytic reduced water (cathode water) obtained at the

cathode side to a reverse osmosis membrane treatment can be used suitably.  Similar to
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and pHwthin the specified ranges set forth above, and satisfies the water
quality 25 criterion defined at | SO 13959. However, dialysis solution
preparation water produced by electrolyzing daily |ife water such as tap
water, well water or ground water as raw water, and subjecting the

el ectrolytic reduced water (cathode water) obtained at the cathode side to
a reverse osnosi s nenbrane treatnent can be used suitably. Simlar to -10

t he conventional production of dialysis solution preparation water,
preferably the water to be subjected to electrolysis is filtrated through a
filter in advance, followed by water softening, and activated carbon
treatnment, as shown in Fig. 1. In this case, the order of carrying out the
filtrati on the eenvartinnal madeation of diatysisgolution preparation materc piclesatdyl theawaten 5
treatnment i s . not,.parficularly. lLipite uch, as..the arder own,in Fig. 1. In
the exanpl 45 oA B efafectolybisit Mafed s S hutr B ik, RIGER b g ound
wat er, or tsBﬁeﬂih%feanH ScRARADrHoA AR s hb®h id PECT! | irfthis L& ,tl?é bidefbt ON-
The filter 1s no particularly Timted, and an appropriate filter

convent i onahtryingopt theddtrationpreatient wated scfteyimigSreatmhesit i and aptiegped edrbom wat er

(dilution water for dialysis) is suitable. CGenerally, a 10 filter of 10 to
25 m or dleatmens is not pacticulerly fimvted suchasdhe ordenghomm indierl- Systen), a 10-m

filter (product 0f, Japan ter .Syst or, the, like is convenientl

appl | cable. By dR&s PRRPIE bR T YR Tl Fitsh R o S il TS o o
contai ned iyhttNer fRWIMR RissedtRfRiEh RiffiRE W&ﬁlfe&)om figatiBh PeirhOfiker igRg sand can
be renoved. In"the exanple of Fig. 1, the raw water is subjected to water
sof t eni ng gfattenuldrlydimitkd, dndl anrapprapniater e comtentiditalle emphfyee i producng he
treatment of renovi ng hardeni ng conponents through substitution reaction
caused by ibHYSSEhEinPrenamHonEate(diliperewater ips diatysisy 1sssutpble. g Gamesally, gcl udi ng

SOl P ol e ok PO, SRR 2 P2 TP enslE ShdBp S0,
vl knoun RSBk GAg LM WAL S b ALY OBl R opble 20

i's suitablBy theffilfrdt®naraativng, @farseic@ntainindnfxsutias walefontirides tiedatvovater
wat er-softening is next subjected to an activated carbon treatnent. The
activat ed dardsipitatipefiomehe pipelins).cand sand can be removed.

In the example of Fig. 1, the raw water is subjected to water softening after the
15 filtration treatment. Water softening is the treatment of removing hardening
components through substitution reaction caused by ion exchange from the raw water
qualified as hard water including soluble solids (calcium ions, magnesium ions, and the
like) identified as hardening components. An appropriate water softening device
conventionally well known can be used without particular limitation for the water
20 softening treatment. For example, MARK-915U (product of Japan Water System) is
suitable.

In the example of Fig. 1, the raw water subjected to water-softening is next
subjected to an activated carbon treatment. The activated carbon treatment removes
residual chlorine, chloramine, organic substances, and the like included in the raw water

25 through a physical adsorption by means of activated carbon which is a porous adsorbate.
For the activated carbon treatment, an appropriate activated carbon processor
conventionally well known can be used without particular limitation. For example,

fibrous activated carbon MOF250C2 (product of Futamura Chemical Co., Ltd.) is
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residual chlorine, chloram ne, organic substances, and the like included in
the raw water 25 through a physical adsorption by neans of activated carbon
which is a porous adsorbate. For the activated carbon treatnent, an
appropriate activated carbon processor conventionally well known can be
used without particular Iimtation. For exanple, fibrous activated carbon
MOF250C2 (product of Futamura Chem cal Co., Ltd.) is -11 suitable. 1In the
exanple shown in Fig. 1, the raw water subjected to activated carbon
treatment is electrolyzed. Electrolysis can be conducted using an

el ectrolytic water generator including a cathode chanber with a cat hode and
an anode chanber with an 5 anode, separated from each other by a partition
wal | . I n thaiteblectrol ytic water generator, a cathode water outlet pipe from
whi ch cat hode e al kaline water) iis drawn out is connected to the

cat hode charrbe\eralt hﬁg’%‘@?ea*?hﬁwﬁi”b ig Jr theiTaW peatei Hye g&%a“\‘/v\éfeéirca(té?@i di ¢

wat er) out si b ; t f : de
chanber anzﬂrg‘ﬁ%‘g lgﬂgﬁﬁg}%ﬁgs gloeh{ri:gl t§i ggﬂ%{{?‘gg Etl%%lﬁ%gég?glg&@g%?%{l}?ed to

supply the déheraboy ineliidifig & c/BdEchambeetvith alchihoadandean Bode kRambewattogscr i bed
electrolysis using the electrolytic water generator, electrolytic reduced
wat er § cat hudesgparated ifiont eagh pther iy spattition walldr dgthe elegtrolytic Wate?) can be

bt ai ned f th t . Th th t bt,ai ned t forth ab
has a1 s o PELHH HEUGOTF LB OHIE AECTP ARG B OL PR (HEATEOEED ) T anges
set forth amgzﬁ(ﬂug'ﬁ c-gﬁﬂec?édQP ttl'ié)éa)fﬁdcfe d bér W??ﬁ?%g@fﬂ?lﬂ%ﬁggk%tﬁaﬁe met hod

of producing alysis solution o e pfesen ntiron s

parti cul ar | yafet (dcidixdwater)butsidesip pomeciedtte thecdrddé cintier C Badtesf thebathedeor
conventional ly well known can be enpl oyed. For exanple, TR M ON HD- 24k
(product of chambsnand-anefeshamber i connected with p IsepplnPipRoIRGHSEIEE to SERpd theons f or

convel ent 1 PUnRst StBT bl "B B i ir-Bhif Ui SR 50 Vi n

voltage, 4 eb@rolpfe witel SHBRIGH Mb&rolicreduddd v?ﬁeﬂ-(cﬁ'éh@%é RaferPifclodhe from the

st andpoi nt of conveni ently obtal ning cathode water having the drssol ved
hydr ogen codisgiNeddiyt@pges (H, 1] HY) thn Be bitgined Goif the dathadw esTieadatodet h above.

It is to be noted that an appropriate
water obtained as set forth above has a dissolved hydrogen concentration and pH within
the specified ranges set forth above.

15 The electrolytic water generator employed in the method of producing a dialysis
solution of the present invention is not particularly limited, and an appropriate
electrolytic water generator conventionally well known can be employed. For example,
TRIMION HD-24k (product of Nihon Trim Co., Ltd.) is suitable. ~Although the
conditions for electrolysis are not particularly limited, electrolysis is carried out

20 conveniently under the conditions of 3 to 12A in current, 0.1 mV to 50 V in voltage, 4
to 35°C in temperature, and 1 to 24 L/min in flow rate from the standpoint of
conveniently obtaining cathode water having the dissolved hydrogen concentration and
pH within the specified ranges set forth above. It is to be noted that an appropriate
electrolyte (sodium hydroxide, potassium hydroxide, sodium chloride, potassium

25 chloride, hexachloroplatinic acid, or the like) can be added into the raw water in the
electrolysis such that the raw water has an electric conductivity suitable for electrolysis

(at least 100 uS/cm, more preferably 100 to 1000 puS/cm).

Following electrolysis, the cathode water obtained at the cathode side is
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el ectrol yte (sodi um hydroxi de, potassi um hydroxi de, sodi um chlori de,

potassi um 25 chl ori de, hexachloroplatinic acid, or the |ike) can be added
into the raw water in the electrolysis such that the raw water has an

" electric conductivity suitable for electrolysis (at least 100 S/cm nore
preferably 100 to 1000 S/cm. Follow ng electrolysis, the cathode water
obtained at the cathode side is -12 subjected to a reverse osnosis nenbrane
treatnment. As used herein, a reverse osnobsis menbrane treatment refers to
obt ai ni ng, when solutions of different concentration are present with a
sem - per neabl e nenbrane t herebetween, water perneating to the | ower
concentration side by applying pressure to the solution at the higher
concent r at i whjesieddo b revetse osmepevemboansgrmagnantt hAs uses hergunenmsrense nsmosisvhi ch
wat er nmoves fromthe solutjion of .|ow conce?trati n.towards the, solution of

hi gh concenP$EPiRBHireatmentfslerslpbtainigg nyhsnsolypiony pLdifierepieqneaMfationaser i ¢ i es
h t i by th
Sarree ot REELART SRR NAR AR SR8 DO pelflatg RO PRR 1Y 1

series of tfreatnen ove. Accor

~wat er qual i dancédttatieri kidd byl epplying ﬂﬁéssdr% R Ritioh At e GidhePBoricentritiondiigsol ved
10 hydrogen concentration and pH of the specified ranges set forth above,

can bé obt awitletespéad to bsmeosti thatyis p phewinnoom phish avatirinwrvesdioat thefsolubien pf esent
.invention. In the rel.evant

reverse o0OS .S'S merrbrane [ e trrent, an .
appropri at eloweqsbélﬁwaagwagds(%folaewe ghsﬂwmr@teﬂw thﬁmveﬁﬁ&mwan be

used witho ' [ ']E_ﬁl#- ' I f Japan

Wat er Syst gltrltlf IB?%B% u ?%tg{befl{é 'irHi51 %g&pl)l r%gfeag g)#%gg? % %m&; reg %ﬁgg%éﬂé?%%fé?&s%

sol ution preper abtained BRtterseds dfiaph@sesst forthavti oAcselinglgr Whteabove with

reference to Fig. 1 is only a way of exanple. As long as the procedures of
ah

el ect r ol yzi w§stying thaweisageslitiericnpmilsfingg ahl$Q V87 Yo inoaidisinngotbdissaieed
S R R R TS
oo 0720 Longnlg2Bush oo iion S SRSER SR 9 dhduhon vt e
filter priorevt@e bimrosisnianbran©sensiest, AR apprapate reveaserosmbsis $RO) devizat i on
R b clanyeatonslly wel kit Can be sl without partielar imitafion. | For exampie, 0 SO
HMS00CX (product of Japan Water System) is suitable.
15 The procedures to produce the dialysis solution preparation water of the present
invention set forth above with reference to Fig. 1 is only a way of example. As long as
the procedures of electrolyzing the raw water and applying a reverse osmosis membrane
treatment are included, the remaining sequences may be replaced in order appropriately,
or omitted. Further, an appropriate treatment conventionally employed to produce
20 dialysis solution preparation water (dilution water for dialysis) may be combined (for
example, filtration using a secondary filter prior to the reverse osmosis membrane
treatment, sterilization through ultraviolet ray, or the like) to be replaced with or added
to some of the procedures.
In the method of producing a dialysis solution of the present invention, a dialysis
25 solution is produced by mixing the dialysis solution preparation water produced as set
forth above with a dialysis base agent for dilution. As mentioned before, the dialysis

base agent encompasses the type completely in liquid form (dialysis liquid concentrate),

and the type completely in powder or granule form (dialysis powder concentrate), as
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In the nethod of producing a dialysis solution of the present invention, a
dialysis 25 solution is produced by m xing the dialysis solution
preparation water produced as set forth above with a dialysis base agent
for dilution. As nentioned before, the dialysis base agent enconpasses the
type conpletely in liquid form (dialysis liquid concentrate), and the type
conpletely in powder or granule form (dialysis powder concentrate), as - 13
well as the type with one agent in liquid formand the other agent in powder
or granule form The fornmula for mxing/diluting the dialysis base agent
with the dialysis solution preparation water of the present invention is
not particularly limted, and a preferable 5 fornula can be enpl oyed

dependi ng upehasthe typieaviglsore dgantan digeid tfotnp afbthe other agent in poudgslce grimadeed on an
exanpl e of efa dialysis liquid concentrate of the bicarbonate dialysis

sol ution re&@MMzed by the two-conponent type, i.e. liquid A including an
electrolytic sal = j . i I '-

magnesi um chl or'li‘h &hggllél#?ﬂ H&m%?lﬁltlﬁg %@ayﬁiﬂsg%egp%&ﬁﬁ%aﬁlxsﬁg I(tilHH.l

sodi um bi cagrbpdrafich whiee offihg ipf@erit fivertion &fnokt barditdardy lihRed, lafdiagréferadld t he
di al ysis solution preparation water of the present i nventi on (three-
conpon@nt nfoxmulesan be empleyed depending up¢n yhefdialysis babecagegt 1o bpiisedA Fato the

mxi ng |1 uramBlE Hege e FraTple e byt i preps fahe fdpeenis filvtion
m Xi ng | quicffn BRfhed %g e tWo”chﬁrFJéﬂHﬁltClyﬁ%n'e'l @A%clg«ﬂﬁgjﬁgé@%ﬁ’ﬂ}r&ﬁ Sl ution

preparatl on water at the sane nec I1on W al ysI s

l'i qui d conc@mluditigsalf suah bs sbalrdmorp@taesmmpealduml pajnfesingl, Ghlodide, aebti¢ adi¢,brabove,
any of the mxture fornulas of (1) to (3) set forth above Will be generally
adopt ed si nide like) anddiquig B(mh@lrngsomuqublaarhomﬁ@l the gixing fermplalof dawidedr eact i on

bet th hi d hl d Awth th

e . L S B A VB A R Rt v
1 Xi ng/ di | ugd t f

L0911y R s AP N 47 0 SRl ©

present i nvpmeparation tvater famd rthdnanmfngthusitB,r@Z) tirsg mixtinglighidBi intoothe idezl}d;lsal ysi s

sol ution pr paration water, and t mxing liquid A (fqornmu (2)).is often
used since WW@P%@F‘%‘”%&@F@)F}WPémﬁ’ﬂgthcm dsiapf &) mixing hqwcl A, lqm&

and dialysis solution preparation water at the same time. In connection with the

15 dialysis liquid concentrate of a bicarbonate type dialysis solution mentioned above, any
of the mixture formulas of (1) to (3) set forth above will be generally adopted since
direct mixture of liquid A and liquid B will cause reaction between the calcium chloride
and magnesium chloride in liquid A with the sodium hydrogen carbonate in liquid B to
cause precipitation. Although the mixing/dilution of the dialysis base agent may be

20 carried out by any of these formulas in the method of producing a dialysis solution of the
present invention, the formula of first mixing liquid B into the dialysis solution
preparation water, and then mixing liquid A (formula (2)) is often used since
concentration control is most feasible.

The ratio of diluting the dialysis base agent with the dialysis solution preparation

25 water of the present invention (dilution concentration) in the method of producing a
dialysis solution of the present invention is adjusted to attain the dilution concentration
set according to the dialysis base agent to be used. If the dilution concentration is too

high in the obtained dialysis solution, there is a possibility of side effects such as a
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The ratio of diluting the dialysis base agent with the dialysis solution
preparation 25 water of the present invention (dilution concentration) in

t he net hod of producing a dialysis solution of the present invention is

" adjusted to attain the dilution concentration set according to the dialysis
base agent to be used. If the dilution concentration is too high in the
obt ai ned dialysis solution, there is a possibility of side effects such as a
-14 headache, cardi opal nus, elevation of blood pressure, disturbance in
consci ousness, or the like. If the dilution concentration is too |low, there
is a possibility of side effects such as nunbness of the |inbs, general
mal ai se, precordial anxiety, rapid drop of blood pressure, disturbance in
consci ousndssdache, dahdopalikes, elevitront dfdlqurdoetesstirep distuebdnoel irnornstieunesss ent

invention for mxing/djlution of the, K dialysis base agept, .adjustnent is

ef f ect ed ngﬁh]E%atIf ﬁwéll%%?%ant&t@ny%m v} mereolﬁams%aﬂty oS silst ctsr essur e
ratio (na . f Ve kot \: : J: i tion.
The osnot P‘ééu%}? %%glﬁgbe&egsa(gfitog%?ﬁé ggllge{%ﬂyxg?lég% 8?%% ?%%ndrn%? g{’iéﬁt“gh{qi’e&rbz |d(; of the

_osnotic  prgesure diskaancebddnscddushbs, 6 thk Yiké.s sol ution to the osnotic
pressure of the 10 physiol ogical saline (theoretical value: 308 nOSm. The
m xi ngd di | uti on Infthe predu¢timnyeétbod bithe prasenttinvestion farimixigigalilygos oEdeut | on

: ti .wat. f th toi ti i n.the .methqad.of i

B PO bl B LRUEL BTG L Sl B
adj ust ment iR ?es?ﬁl‘@@at“‘&tamkll[?',e%??tt@'l.@@ﬁi flaly 5 ﬁm%ﬁ?édJﬁé aP&iaf}‘rgﬁ ﬁiuﬁé‘h.a”d
el ectrol ytic concentration suitable as a 8|a ysi's solutl on. )?- e present

i nvention prigvéstesicarebnare yaticofdibll$io folpti@pefestdhe datiddf thg oeméiial ysis base
agent including at least 50 ng/nL of a glucose degradation product using the
di al ysi s sobretshesnmeasurssent ofche diatysis selation o the camotie prassuse afthe di ssol ved

the willor ciarRpaL e Rhestctsafvaiiet B ol s onniyiyn PhissBhayed o°
ol uoose. docr adageh ooy i MR A RTRTTS of Eeicyall inlin Pl o°

gl ucose degmettiad iobproducidgie dialyss sokition efithegwedehtinvéonckouldbe carrgtioass on
t he bi ol ogi cal body during dialysis is reduced. The dialysis solution of the

present i nyBif 3distment dnmadasushithay thephtaineddialysis selution kasrioell andsi s and

peri toneal gé&}o\fﬁicsc'oncentration suitable as a dialysis solution.

15 The present invention provides a dialysis solution prepared by diluting a dialysis
base agent including at least 50 ng/mL of a glucose degradation product using the
dialysis solution preparation water set forth above, having a dissolved hydrogen
concentration of 50 to 600 ppb, a pH of 7 to 10, and satisfying the water quality
criterion defined at ISO 13959.  Although the dialysis solution of the present invention

20 includes at least 50 ng/mL of the glucose degradation product as described above, the
oxidation of the glucose degradation products is reduced, so that the oxidative stress on
the biological body during dialysis is reduced. The dialysis solution of the present
invention is conveniently applicable to both hemodialysis and peritoneal dialysis.

The dialysis solution preparation water of the present invention is not limited to

25 water obtained by subjecting the cathode water obtained by electrolyzing raw water
(preferably, raw water subjected to filtration, water softening, and activated carbon
processing) to a reverse osmosis membrane treatment as described above with reference

to Fig. 1, provided that the dialysis solution preparation water has a dissolved hydrogen
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The di al ysis solution preparation water of the present invention is not
limted to 25 water obtained by subjecting the cathode water obtained by
el ectrolyzing raw water (preferably, raw water subjected to filtration,

" water softening, and activated carbon processing) to a reverse 0sSnosis
menbrane treatnment as described above with reference to Fig. 1, provided
that the dialysis solution preparation water has a dissol ved hydrogen - 15
concentration and pH within the specified ranges set forth above, and
satisfies the water quality criterion defined at |1SO 13959. For exanpl e,
the dialysis solution preparation water of the present invention can be
produced by a nethod including the steps of adding a hydrogen adsorbed
met al col | clodcengtagion entl pH ovithiththe gpexifiedoengdssset fogthabo®, phdisatisfien thelwaderd,

| TS AT o TSR S S
bubbli ng, 1S Ahe SR liehfidh cd el AEANEN Bl a et PG g 3hd QBps APV ST cal
i nnat eness, mcrowave atomc vibration, photo itrradiation, or the like, and

~ then adj ustdddngtaieydddgenabynbed ! adioil sireittom thegiouptbnsitidg bfie i mpurity
concentration such as of trace metals, or 10 by a nmethod including the steps

. of di skol vimginuim ¢nllgid, aaktadaim sellvidirvanadign eslleids iron calleiddprd sedicdic acihd t hen

. appropri at el dj usti.ng .t he di ssol yved. hydrqgen concentrati Qn H and the
Pt cconlarhia R dherec it SR O Een b7 R R Db it onog

met hods, t i : .0 : J : ed on the

intensity alﬂf(l}el?’? anégd(%l}{t% P %‘?g‘ggg‘ﬁﬁﬁ’g‘?&@%?%dgh ﬁg%ﬁ%é%%%%%ﬁ SE can be

adj ust ed byatemitt vibratiom Phbtearradidgoh, Lo tieatikentndfhen djustiygan®ligsolgadi um

bi carbonate. The concentration of inpurities such as trace netals can be
adj ust ed byhydfegensoaessiration; pHeved the imgnpBIY| conpentitgtiamauchras of Haeq metafy, of er abl y,
the dial ysis sol yti,on.preparation ter. of..the esent invention.i s produced
hroubh 1 nebaelfoadReBaRaelens br dicRing LinitiaBY ST PR AR RGR R v o s

sol uti on of ,dfiewaR &ifaNher jafly A8SGILRR IS HRIgBREEndeRirkich, pir, 20
The pr esent inventi on fuertdl}ér?(g%rage{ylg{gs élllgal ysl}%s eqdl?prrgﬁt i ncl Jdilng’]p?r{éans
for suppl yamighelimpuyrity somsshtuitionrsupli epeaf @ideanectaldat en thaufargmentdingd adettands,

hydr ogen concentration of 50 to 600 ppb, a pHof 7 to 10, and sati sféi ng
the water qigidissolved hydsegesrogesniration gan bq aspstestbaged o thedntepsity ang timeyo

dialysis bafgo? e%g%&te, }Ily rcclg%xq igggbuabtblihge asfheSpCi-I '?;9,{ gé‘acﬁlﬁste?d by controlling the added

15 amount of, for example, sodium bicarbonate. The concentration of impurities such as
trace metals can be adjusted by, for example, a reverse osmotic membrane treatment.
Preferably, the dialysis solution preparation water of the present invention is produced
through the series of procedures in the method of producing a dialysis solution of the
present invention described with reference to Fig. 1.

20 The present invention further provides dialysis equipment including means for
supplying dialysis solution preparation water having a dissolved hydrogen concentration
of 50 to 600 ppb, a pH of 7 to 10, and satisfying the water quality criterion defined at
ISO 13959, means for storing a dialysis base agent including at least 50 ng/mL of a
glucose degradation product, and means for diluting the dialysis base agent with said

25 dialysis solution preparation water to prepare a dialysis solution. According to the
dialysis equipment of the present invention set forth above, a dialysis solution having the
oxidation of the glucose degradation products suppressed can be produced, even if a

dialysis base agent including at least 50 ng/mL of a glucose degradation product is used.
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gl ucose degradation product, and nmeans for diluting the dialysis base agent
wth said 25 dialysis solution preparation water to prepare a dialysis
solution. According to the dialysis equipnment of the present invention set
forth above, a dialysis solution having the oxidation of the glucose
degradati on products suppressed can be produced, even if a dialysis base
agent including at least 50 ng/nL of a glucose degradation product is used.
-16 Dialysis treatnment (including both henodialysis and peritoneal dialysis)
can be carried out using such a dialysis solution w thout inducing side
effects caused by oxidative stress on the patient. The means for supplying
di al ysis solution preparatign water in the dialysis 5 equipnment of the

present i n/aalysip trepiment (ignding heth hgmedigtysis 4nd pertonesd dighysis) anbewarded  neans
f | ectrol yzi.ng .t aw wat.er cans. f Lecti t
o aehect ol EhE Iy BRI BBon RS o RES S pERMBAS BT

di al ysi s eod thgphiienthat can suitably carry out the nmethod of producing a
dial ysis solution of the present invention according to the preferable
enbodi nent set et theanls foresupplyingalialysesl sohstbn prérraiontwaser ipthef dlalyllsy, neans
for carrying out a filtratiaon treatnent, water softeping _treatnent, and
activa? ed cEMHEEN pEHiePEssentgRVantian praferakly @‘rcﬁ%reé n}?ﬁ@ﬁ/fga@tppiyﬁl&w WRihnel  of

t he raw wat en suppl yi r e ans, for

e o e RN TR e SRR o e 0 ST

di al ysi s eqs dgiolysifitotaheversesstisis MenttRiréRMem © TROS, dRaystsl guliptidny tat M t ed,
and may be realized by appropriately conbining each neans enployed in an
appr opr i at ecadisaitabdy earguoutphemethod of praducing lal dyalysd dolkivnved thesprdsemoich devi ce

set forth in the nmethqd of producing ialysis. solution of the present
i nvention (P¥FUARARAT ,ﬂgéofl{)el&f {ab{kﬂ&ﬂ%‘? é?ﬁfHBR&EQ/‘ieccéP%Slé‘ﬁl‘\?s -ed carbon

pracesgor . FRREpFAlYblLCmlli 85 SRIREIOE SUFAIETALASROPAS: BRRRGNe dovi ce,

and the like). alysis eq e present 1nvention can be
realized suiréatinbnt, babgagdivered @arben bkitgientbn e rawnidtar ark proviied inthd dhansghl al ysi s

equi prent di scl osed in Japanese Patent Laying-Open No. 09-77672 (Patent
Docunent 1) of theravewatesbetwasn the means forsupplimg rewrwhter and she meansfotiuci ng t he
di al ysis SOelzlggt}o?yzirpgrt%g?arw%ua(t)er}. water are set at the above-
Respective means set forth above in the dialysis equipment of the present
15 invention are not particularly limited, and may be realized by appropriately combining
each means employed in an appropriate dialysis equipment conventionally well known
and each device set forth in the method of producing a dialysis solution of the present
invention (for example, a filter, water softening device, activated carbon processor,
electrolytic water generator, reverse osmosis membrane device, and the like). The
20 dialysis equipment of the present invention can be realized suitably based on a
configuration similar to that of the dialysis equipment disclosed in Japanese Patent
Laying-Open No. 09-77672 (Patent Document 1), for example, provided that the
conditions for producing the dialysis solution preparation water are set at the above-
described favorable conditions, and that a dialysis base agent including at least 50 ng/mL
25 of a glucose degradation product is employed.
Although the present invention will be described in further detail based on

experimental examples, it is to be understood that the present invention is not limited

thereto.
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descri bed favorable conditions, and that a dialysis base agent including at
| east 50 ng/nL 25 of a gl ucose degradation product is enployed. Al though the
~present invention will be described in further detail based on experinental
exanples, it is to be understood that the present invention is not limted
thereto. -17 <Experinent 1> Using tap water qualified as the raw water, a
filtration treatnment through a filter (25 mfilter (product of Japan Water
Systen) and 10-mfilter (product of Japan Water System) was carried out,
foll owed by a water softening treatnment through a 5 water softening
processor (MARK-915U, product of Japan Water System), and an activated
carbon treatnent using fibrous activated carbon MOF250C2 (product of
Fut amur a Cheni cafExpsrimept i> ). The raw wat er subjected to the series of
treatnments set fgrth above wa | ectrol yzed at, the const curre of 6A
under the- condi t oS B ineLrile O MARE Shialion GERmeA ot lesl e
usi ng an el @et, .0l i [ ] | im Co.,
Ltd.)). Theeggnﬁtl%%ﬂ %e{%ltrcﬁg{)’tﬁgl neg{égtsy'%%@ %ﬂ%?@ @?éée(ﬁ‘iwﬁ?@[}’gfﬁ%ﬂ ectrolysis
- Was subj ect Watdr Syitem) ) wyedasifedoaDibllowetbps ancertsofetinenéatibitatittugh ar ever se
osnosi s nenbrane device (MB00CX (product of Japan Water Systen)) to produce
- the di @l ysi watebsaftening pspesssard \RA 6 Y pioduetrad JppansWater System), iand aft Exanpl e

. 1). Ina 15 si.m | ar nner, wWith.the exception that | ysi not
ohrried oot SURHE) sHBPD Merreat e R SUERRN A o MOF A AR B par at i ve
Exanpl e 1) pRsmBfL0@nG coMaagyrements on the di ssol ved hydrogen

concentration and pH were dbtained for the dialysis solution preparation

wat er of Exanpl eThe mndwéienpdijertadve thexsenips of tteatméie setifsgbhvead wasdr ogen
concentrati on was neasured using a dissolved hydrogen neter 20 DH 35A

(product of elesrelyred attheponstanttarmpn affd wisies the@ndisionyyofal 756 inrtanepergtuye 260,
Beck Coul t .) . The di.alysi | uti i f Exanple 1
oxhi biDed a4 LLTG ey drisgse s Reatovit waler Breiaer prvat Esde 55, °
uhereas t heaufb@irydl Co.52idl)! OThOEARAAWANMBRES atthe CRERR/ A thfofghamP! € 1

exhi bited a dissolv
electrolysis was subjected to the reverse osmosis membrane treatment through a reverse

osmosis membrane device (MHS00CX (product of Japan Water System)) to produce
the dialysis solution preparation water of the present invention (Example 1). Ina

15 similar manner with the exception that electrolysis was not carried out, conventional
dialysis solution preparation water (Comparative Example 1) was prepared.

Measurements on the dissolved hydrogen concentration and pH were obtained

for the dialysis solution preparation water of Example 1 and Comparative Example 1.
The dissolved hydrogen concentration was measured using a dissolved hydrogen meter

20 DH-35A (product of DKK-TOA Corp.). The pH was measured using a pH meter (¢
260, Beckman Coulter Inc.). The dialysis solution preparation water of Example 1
exhibited a dissolved hydrogen concentration of 170 ppb and a pH of 8.9, whereas the
dialysis solution preparation water of Comparative Example 1 exhibited a dissolved
nitrogen concentration of 0.1 ppb and a pH of 6.3.  The concentration of the various

25 components defined at ISO 13959 was measured through atomic absorption
spectrophotometry, ICP atomic emission spectrometry, ICP mass spectrometry,
reduction vaporized atomic absorption spectrophotometry, and ion chromatography on

the dialysis solution preparation water of Example 1 and Comparative Example 1.  All
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nitrogen concentration of 0.1 ppb and a pH of 6.3. The concentration of the
various 25 conponents defined at |1SO 13959 was neasured through atomc
_absorption spectrophotonetry, |ICP atom c emni ssion spectronetry, |CP nass
spectronmetry, reduction vaporized atom c absorption spectrophotonetry, and
ion chromatography on the dialysis solution preparation water of Exanple 1
and Conparative Exanple 1. Al -18 the results except for sodium which was
2.0 nmg/L, were below detection [imt. None of the conponents exceeded the
criterion |level of the water quality criterion defined at |[|SO 13959. The
oxi dation reducing capability was eval uated enpl oying the hydrogen 5

per oxi de-| um nol chem | um nescence on the dialysis solution preparation

wat er of  Ethamgshiss axcepicfoCseriem avhioke wa 2.9phg/L1 were belay detesinsdimivel NoneFi r st

10 1 of 10 x hosphat ffered Sa 90 d . the tes |d (each
i alysi s SORLIPT RMIATERRRIEtegrt heisrionievel ahibh avaterdaleisiesionepac ! o
1), and 100fd 1450l um no were mxed. At the el apse of 30 seconds, 1000 | of
hydr ogen per oxi e vvas further m xed therein. 10 Then, the chem | um nescence
. (CL) count (nunbEte elidfpivatrefikingvsapabilite Mas feivgidated employingubd kydrogenl 50 seconds.
~Measurenent was initiated when the CL counts cane to 200s per second (total
~tinme: 380 s@%@ﬁd@)ummdrch@méumwwmtbﬁd@lydlsm@bzﬁgn@rﬁémau@n watdfeofCL count s,

‘EWC:LOS‘_QS' ¥ HEXaetell © 355 CoRinaradh Erapy ?M&s&%% Lﬁkw%egmf@%gﬁ%fhle
The verti cariasitare BUERAL Sl o ‘Q’Zﬁﬁﬁ% R Each B RTRRR T T ol
represents wbﬂépommgndl and E%ipbﬁﬁve E%mﬁ@fl ra%ﬂQ@O A8PLfinb wéldgnikesgul ts of

an experiment carri out in manner sim ar to that set forth above

enpl oyi ng MAt the@apsd ef3(a§6cbﬁd3; I@)Ilulldfhyldlrdgeﬁpérbmdla wal flrttgr mded3hereis 3) . |t
is appreciated fromFigs. 2 and 3 that the dial %SI s solution preparation
wat er 18f Ex&hfpll thechemdurmserenes (CLd covnttpuber adphptsinsvasidensiiefini ti al ri se

(primery ARSaeEnce) Pheths, Chussihd b 5P oo dRL SRRl e
However, thgod\Wes &R total time: 180 seconds). For the confirmation and measurement of

the CL counts, a CL analyzer (product of TOHOKU ELECTRONIC INDUSTRIAL

CO,, LTD.) was employed.

15 Fig. 2 is a graph representing the measured results for the dialysis solution
preparation water of Example 1 and Comparative Example 1.  The vertical axis
represents the number of photons, and the horizontal axis represents time (second).
Further, for Reference Example 1, the results of an experiment carried out in a manner
similar to that set forth above employing MilliQ water as the test liquid is shown in Fig,

20 3(n=3). Itis appreciated from Figs. 2 and 3 that the dialysis solution preparation
water of Example 1 and Comparative Example 1 exhibited a low initial rise (primary
fluorescence) of the CL count at the point of 30 seconds from the start of adding
hydrogen peroxide, as compared to Reference Example 1. However, the subsequent
CL count (secondary fluorescence) indicated a serial reduction equal between the

25 dialysis solution preparation water of Comparative Example 1 and Reference Example 1.
In contrast, secondary fluorescence could not be observed for the dialysis solution
preparation water of Example 1, as compared to Comparative Example 1 and Reference

Example 1. It was identified that the CL total count was also reduced significantly for
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CL count (secondary fluorescence) indicated a serial reduction equal between
the 25 dialysis solution preparation water of Conparative Exanple 1 and

Ref erence Exanple 1. In contrast, secondary fluorescence could not be
observed for the dialysis solution preparation water of Exanple 1, as
conpared to Conparative Exanple | and Reference Exanple 1. It was
identified that the CL total count was al so reduced significantly for -19
the dialysis solution preparation water of Exanple 1. It was therefore
appreciated that the dialysis solution preparation water of the present

i nvention has superior oxidation reducing capability. <Experinent 2> 5 A
di al ysis base agent was diluted using the dialysis solution preparation
water of Ekediplysss solutierapreparation maise of Fwample 1t o Itpweypthersfoge dppikgisted thasl ut i on
(Exanpl e 2) Smlarly, a dialysis base agent. was. dil uted .using the

i alyei o sbe s sutich mitptmlad Mater OF e sRtagr it e Vion BRAHIFESROT iR epar e
dialysis s j apar ati ve Exanple 2). For the dialysis base agent,

Ki ndal y so%ﬁ%@%&é@l@(product of Fuso Pharnaceutical 10 Industries, Ltd.)
- was used. Dil uti<#xpessestiPected such that the ratio of liquid A® liquid B:
~dialysis solution preparation water was 1:1.26:32.74 to prepare respective
“dialysts sol ut ibdiglysisbase ageniwas dibited wsing the divlysts selusiop pecparatinn vEseFdr at i ve
. Exanple 2, @an val yation experi of the i dation reducing.capability
wne carr i ed g hobfdned MERRGF o frepsrs S il eibre b ERHERE D (172 s,
respect i vel gl ldysis BaQ€ agtik Ka Hﬁ@ce(ﬁiﬁﬂ%{}ﬁ dhalyss SIdnrefafffdn Whet was
carried out (n = 3) for a special grade glucose solution(special grade

gl ucose, prafdiontpacdtivédisampler etoGirepare aldialysiiusiutioa$Combara)ive Exampld 2).s a gr aph
representi Qligfét he results of the eval uation experinents of the oxidation

reduci ng capuishg diglysis hgse agemigKindalyrsplution & - gpendugeo] kusp Rhprmageutical

hem } aini . he di,al ysi | utd f | d i
Examl 0" BETER LED Varudh' Bildo et aSho bR dp o Rl MR A RRY' VT,
vertical axpsdialySPIARRIN prepdr@idWReF wal 1.0281300% 108t drb esP&utivg allyls axi s

represents tine (second). " Further, Fig. 5 is a graph representing the CL
total countsluywes.tical axis) of evaluation

For the dialysis solution of Example 2 and Comparative Example 2, an
evaluation experiment of the oxidation reducing capability was carried out in a manner
15 similar to that of Experiment 1(n = 3, respectively). Further, for Reference Example 2,
a similar experiment was carried out (n = 3) for a special grade glucose solution (special
grade glucose, product of Wako Pure Chemical Industries, Ltd.).
Fig. 4 is a graph representing the results of the evaluation experiments of the
oxidation reducing capability employing the hydrogen peroxide-luminol
20 chemiluminescence for the dialysis solution of Example 2 and Comparative Example 2
as well as for the glucose solution of Reference Example 2. The vertical axis
represents the number of photons, and the horizontal axis represents time (second).
Further, Fig. 5 is a graph representing the CL total counts (vertical axis) of evaluation
experiments, employing hydrogen peroxide-luminol chemiluminescence, of the oxidation
25 reducing capability for each dialysis solution of Example 2 and Comparative Example 2.
It is appreciated from Figs. 4 and 5 that no secondary fluorescence is recognized for the
dialysis solution of the present invention of Example 2, as compared to the dialysis

solution of Comparative Example 2. The CL total count was also significantly reduced.
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experinments, enploying hydrogen peroxide-lum nol chem | um nescence, of the
oxi dation 25 reducing capability for each dialysis solution of Exanple 2 and
Conparative Exanple 2. It is appreciated fromFigs. 4 and 5 that no
secondary fluorescence is recognized for the dialysis solution of the
present invention of Exanple 2, as conpared to the dialysis solution of
Conparative Exanple 2. The CL total count was also significantly reduced.
-20 It is appreciated that a behavior close to that of the glucose sol ution
of Reference Exanple 2 was exhibited. <Experinent 3> The concentration of
glyoxal in the dialysis base agent was measured. For the 5 dialysis base
agent, six powder-type dlal SIS base agents (Sanples 2-7) and ten |iquid-
type dial ydfis ama@élab@gléh@tsa awpr élgseaolggtome@mg solpien pEReferance, t he
gl yoxal C$ﬁ8 tion fo&sthe speci al grade glucose (Sanple 1) was
measur ed. VVap ﬂﬁ? ge gl ucose and di al ysis base agents used are
specifically set<}fj,$@1tl}gleﬁ)[ej>ow. Sanpl e 1. Special G ade d ucose (product of
Wako Pure Chem cal "I ndustries, 10 Ltd.) Sanple 2: HYSORB-F (product of
~Ajinonmoto Co., |Tie doncéaranbe oBglybRébiaRBe Dia(yssddsecigent wa§ measwoddo Ginr thé nc.)
- Sanpl e_ 4: Klndaly 3E (product of Fuso Pharnmaceutical |ndustrjes, d.)
. Sanpl & 5:  Kdiglpag Baso peent, epevderrtypy dialypnbasgasents (Lampl ¢Sn?da)s%rr<t ten hqmdd ) 15
)

- S l e 6: F Ph Ltd.

S R e BB e R T

Sanmpl e 8: Alpnedlafion i tﬁ@%%é@f&?%ra@é lﬁbbééqg%ﬁle@was 'rr%sﬁre@anm&sp%maﬁK SOLI TA
DL (product of Ajinonoto § Sanpl e 107 AK SCOLI TA FL (product of

Aj i nonot o Goade glncosg an&dxa@arsﬂnlas: dgentdias&iGire SpeciiRallpsetdorth belowAj | nonot o Co.
Inc.) Sanple 12: Kindaly Solution AF- 3P (product of Fu Ph rnaceutlcal

Industries, LtdSamplgh; I@C@éGmmpwss&preéw&fxﬁak@l(rs@e Bduptriss,
Phar NR§ eut il?tfa!) | ndustri es,

Sample 2: HYSORB-F (product of Ajinomoto Co., Inc.)

Sample 3: HYSORB-D (product of Ajinomoto Co., Inc.)

Sample 4: Kindaly 3E (product of Fuso Pharmaceutical Industries, Ltd.)

Sample 5: Kindaly 2E (product of Fuso Pharmaceutical Industries, Ltd.)
15 Sample 6: Kindaly 3D (product of Fuso Pharmaceutical Industries, Ltd.)

Sample 7: Kindaly 2D (product of Fuso Pharmaceutical Industries, Ltd.)

Sample 8: AK SOLITA FP (product of Ajinomoto Co., Inc.)

Sample 9: AK SOLITA DL (product of Ajinomoto Co., Inc.)

Sample 10: AK SOLITA FL (product of Ajinomoto Co., Inc.)

20 Samplel1: AK SOLITA DP (product of Ajinomoto Co., Inc.)
Sample 12: Kindaly Solution AF- 3P (product of Fuso Pharmaceutical Industries,
Ltd.)
Sample 13 Kindaly Solution AF- 3 (product of Fuso Pharmaceutical Industries,
Ltd)
25 Sample 14: Kindaly Solution AF- 3S (product of Fuso Pharmaceutical Industries,
Ltd)

Sample 15: Kindaly Solution AF- 2P (product of Fuso Pharmaceutical Industries,
Ltd.)
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Ltd.) 25 Sanple 14: Kindaly Sol ution AF- 3S (product of Fuso Pharmaceuti cal

I ndustries, Ltd.) Sanple 15: Kindaly Sol ution AF- 2P (product of Fuso
Pharmaceutical Industries, Ltd.) -21 Sanple 16: Kindaly Sol ution AF- 2S
(product of Fuso Pharmaceutical Industries, Ltd.) Sanple 17: Kindaly
Solution AF- 2 (product of Fuso Pharmaceutical Industries, Ltd.) 5 For the
measur enent of the glyoxal concentration of the special grade glucose and
powder type dialysis base agents (Sanples 1-7), dilution was effected so as
to attain a concentration identical to that of the liquid type dialysis
base agent, and neasured by CG M. For the liquid-type dialysis base agents
(Sanmpl es 8-17), the dialysis base agent was nmeasured by GO MS. 10 Fig. 6 is
a graph represebample 16:d€indaly Sefutonpsr- Afe(prodict ohBuss Pharmaceutieal ilndustrips) s
correspondzu{ig t he gl yoxal concentration (ng/nL) and the horizontal axis
correspondste the sanple nunber. It is appreciated fromFig. 6 that,

altnough her e iamB PRIGEY Soiyich ALe 668, e FLPhERAELRIadhAEG] UCoSe

(Sanple 1) for t owder -t I al ysi s 'base agents, sone suc anpl es 6
~and 7 cont ditdgd gl yoxal of relatively high concentration. 15 It was al so
~identified that the liquid type dialysis base agents contained gl yoxal of
“relatidvel y hi gh Featheangaseremsnat efsthe glypss! sanaestratien ofpthe spreial gradg gl ucose.
. In view of _the foregoi.ng,. it i s expgcted that.the glucgs egr adat.i.on

br oduct s s et PAu g GERAATsis hiae et KSe 7R gbPen Bt ERETe %P A RE e
in the dialyg i {dehtidal RY liqelh byplel iy did Gast Gh & 2iHd Mladhging base
agent, which ingelﬁ%g causé&oﬁpglé?gfatt %(\}%a&si!tt)ﬁ)reesdgg}(’)%\%ﬁe go pat i enat%uﬁgf'?irgoi ng
di al ysi s t re@M®ntFoshbsliqudypei didlyss sass agents (Samptes B8sED), therdialysi hase s

treatment. <Experinment 4> Usi/R/?Sthe di al ysis solution preparation water of
Exanpl e 1 cAgnicHasgsegagied by GC/MS.

10 Fig. 6 is a graph representing results of Experiment 3, wherein the vertical axis
corresponds to the glyoxal concentration (ng/mL) and the horizontal axis corresponds to
the sample number. It is appreciated from Fig. 6 that, although there is no particular
difference from the special grade glucose (Sample 1) for the powder-type dialysis base
agents, some such as Samples 6 and 7 contained glyoxal of relatively high concentration.

15 It was also identified that the liquid type dialysis base agents contained glyoxal of
relatively high concentration as compared to that of special grade glucose. In view of
the foregoing, it is expected that the glucose degradation products such as glyoxal
included in the dialysis base agent still remain in the dialysis solution prepared by
diluting the relevant dialysis base agent, which is the cause of oxidative stress on the

20 patient undergoing dialysis treatment when such dialysis solution is used for dialysis
treatment.

<Experiment 4>
Using the dialysis solution preparation water of Example 1 and Comparative
Example 1 obtained in Experiment 1, an evaluation experiment on the oxidation

25 reducing capability for glyoxal was conducted. An evaluation experiment (n = 3)
employing hydrogen peroxide-luminol chemiluminescence similar to that of Experiment
1 was carried out, provided that the test liquid used was prepared by adding 45 pl of

each dialysis solution preparation water into 45 pl of glyoxal with the concentration of
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Exanpl e | obtained in Experinent 1, an eval uation experinent on the

oxi dation 25 reducing capability for glyoxal was conducted. An eval uation
experiment (n = 3) enploying hydrogen peroxide-lum nol chem | um nescence
simlar to that of Experinent 1 was carried out, provided that the test

| iquid used was prepared by adding 45 1 of each dialysis solution
preparation water into 45 | of glyoxal wth the concentration of -22 1.0
mv 10.0 nM and 100.0 nM such that the total anobunt of the test |iquid was
90 |I. For a reference exanple, a simlar experiment (n = 3) was carried out
enpl oying ascorbic acid (well known as a free radical scavenge substance).
The test liquid was prepared such that the ascorbic acid was added to

attain 1.0 bPmMf b0 mMiehdl¢@RanM spelsthat thendtal amouvDiof tivl tgstyiguial wassitoull . 0
/Im for 100.OM glyoxal. Fig. .7.is a graph represent]j the CL.total counts
when ‘the di aelres aﬁmeagapﬁl@a%rr%pﬁ%nerﬁg@ 5) ofas ERaateg out SmRKAnonpar at | ve
Exanple 1 ] { . h sp -1k yoxal of
cfid ac?éﬁ‘fefllﬁ&w)n%s Gl rg%lg?l s@ﬂz@ﬁ&g&_ﬁ'bg@n{eﬁa ! ?ﬁ']teegtgtcfurﬂ@wg%

each concentration. I'S appreciate rom total count

. was reducedppsted fichamdtltNe 4Rbriih&cidlival ¥&ded 6 Athihi100 Pha Be ROMOslyd:il vies er  of
the present invention as conpared to the dialysis solution preparation water

.of  Cobrpar apg/wé faod@MN glybxallied CD pigdmbfor ¢0MOM glperatl be reduced to a | evel
simlar to that _of ascorbic acid, It is also appreciated fromFig. 7 that
the dialysis sol Eigi bif asrapiurerresenfingibe EL total eqpmtywhensihe dialsisfolugionand
ascorbic acid can have t CL .total ~count .reduce significantli.y as the
concent rat i BipRe Gis bt Eapibd i GRBH ke FRagHs 1 U AR W Bl Ahar < e
embodi ment s;@ad @ﬁﬁ@iﬁe@tstoqhégiy%ﬁ%f REdMEdRcét@tion. | W zfp'bfrécYa%cﬁﬂQm Fig. 7 .
non-restrictive in every respéct. The scope of the present invention is
defined by thatthediin®talcovmtevaslraduved sigaificantlytfbathe tdiadysibesotutioptpreparammve, and
is intended to include any nodification within the scope and neanin

equi viPent water Rbthe @rasgntdnventign ag cempared tegthe dralysis spution prepayagiop syatersdd] ut i on

preparati OnC‘é@ﬁJgrrativeaﬁ)i(arr]xgplg 1 d ! TRE bYJet%tarl]Xgurn?gglﬂd be reduced to a level similar to that
of ascorbic acid. It is also appreciated from Fig. 7 that the dialysis solution preparation
water of the present invention and ascorbic acid can have the CL total count reduced
significantly as the concentration of glyoxal becomes higher.

15 It should be understood that the embodiments and examples disclosed herein are
illustrative and non-restrictive in every respect. The scope of the present invention is
defined by the terms of the claims, rather than the description above, and is intended to
include any modification within the scope and meaning equivalent to the terms of the

claims.
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concentration of 100 to 150 ppb, a pH of 8.5 to 9.5. and satisfying a water
quality «criterion defined at |1SO 13959, used to prepare a dialysis solution
by diluting a dialysis base agent including at | east 50 ng/nL of a glucose
degradation product. 2. A dialysis solution prepared by diluting a dialysis
base agent including at |east 50 ng/nL of a glucose degradation product,
using dialysis solution preparation water having a dissolved hydrogen
concentration of 100 to 150 ppb, a pHof 8.5 to 9.5, and satisfying a water
quality criterion defined at |1SO 1386&1M8. Di al ysis equi pnent conpri si ng:
means for supplying dialysis solution preparation water having a dissol ved
hydr ogen oxygen of 100 to 150 ppb, a pHof 85 to 9.5, and satisfying a
water quality {cri tfpi y . %‘31% . ing a dialysis
base agent i nc]I'udi r%ﬁfg?@ﬁ@ﬁé%ﬁ@%p%%t}dﬁa% aQ&gﬁﬁggﬁleggg?é %{i on product,
and f or megbnoéntration of Mite 160 gpb,.c ptboftehta Kb endsatilifgihy 8 watepqualiety concentrate
including electralytic I nd dialysis Jiquid. concentrate, qr .dialysis
powder C‘HHE’&&‘{%P%J ?ﬂééﬁé&ﬁg ‘E?‘gtérpé?ﬂ*}éﬁ*b‘iégﬂﬁ é?llf't‘%ih@’ &‘#&H‘g 2di3lysit eparing a
di al ySi S gl idnpholinlsh Wali™0 daiFL OF RENRLS RBSETAGRLaR 1N sai d dialysis
sol ution pr eg%r at iconm%aa{lt er by XI ng Hg% %i a%?}s?s Ieﬂi?qu% concentrate or

di al ysis powder concentrate including bicarbonate sodiumw th said dialysis
solution preparatipn. water, .and then.further mxi.ng the di.alysis |iquid
concentrate ondi aI‘Aﬁ/aia 51568()\56‘_8? p?BWS@RY?HW@‘% %@?@ﬂf ﬂ@seé‘!g%‘gt‘?%@?g & salt. 4.
The di al ylghgt 5@ dp/nfINGNY gla€dse derahtion pfddattMusing WARERIsbluiah PrepRragicn f or _
suppl ying dialysis solution preparation water includes neans for supplying
raw wat er Waterfiaying o dissopjed hydropgryangentration afal G404 50 pae phbeh®S ta9.5subj ect i ng
cat hode water.. [ .el I olys| erse osnosi s nenbrane

treat rrenréﬁ‘dgﬁtl%%g\a%gﬁggmftgrC?l%?lg ﬁ%ﬁ\eg agf)s&? %1%9;5\5% s solution, wherein a

di al ysis base agent including at |east 50 ng/nL of a glucose degradation

product and formed of a dialysis liquid concentrate or dialysis powder
concentrate i ntl udilhglysls gWipHEYomPESING: and a dialysis |iquid concentrate

or dialysis paeas fGUFAPnE Uidysid\olih peepatatiah MaRRhevitod liIley di | ut ed
hydrogen oxygen of 100 to 150 ppb. a pH of 8.5 to 9.5, and satisfying a water quality
criterion defined at ISO 13959,

means for storing a dialysis base agent including at least 50 ng/mL of a glucose

degradation product, and formed of a dialysis liquid concentrate or dialysis powder
concentrate including electrolytic salt and a dialysis liquid concentrate or dialysis powder
concentrate including bicarbonate sodium, and

means for preparing a dialysis solution by diluting the dialysis base agent with
said dialysis solution preparation water by mixing the dialysis liquid concentrate or
dialysis powder concentrate including bicarbonate sodium with said dialysis solution
preparation water, and then further mixing the dialysis liquid concentrate or dialysis

powder concentrate including electrolytic salt.

4. The dialysis equipment according to claim 3, wherein said means for
supplying dialysis solution preparation water includes means for supplying raw water,
means for electrolyzing the raw water, and means for subjecting cathode water obtained

by electrolysis to a reverse osmosis membrane treatment.
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usi ng dialysis solution preparation water having a dissol ved hydrogen
concentration of 100 to 150 ppb, a pHof 8.5 to 9.5, and satisfying a water
quality criterion defined at 1SO 13959, characterized by m xing the
dialysis liquid concentrate or dialysis powder concentrate including

bi carbonate sodiumw th said dialysis solution preparation water, and then
further mxing the dialysis liquid concentrate or dialysis powder
concentrate including electrolytic salt. 25

5. A method for producing a dialysis solution, wherein a dialysis base agent
including at least 50 ng/mL of a glucose degradation product and formed of a dialysis
liquid concentrate or dialysis powder concentrate including electrolytic salt and a dialysis
liquid concentrate or dialysis powder concentrate including bicarbonate sodium is diluted
using dialysis solution preparation water having a dissolved hydrogen concentration of
100 to 150 ppb, a pH of 8.5 to 9.5, and satisfying a water quality criterion defined at ISO
13959,

characterized by mixing the dialysis liquid concentrate or dialysis powder
concentrate including bicarbonate sodium with said dialysis solution preparation water,
and then further mixing the dialysis liquid concentrate or dialysis powder concentrate

including electrolytic salt.
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