DESCRI PTION Dialysis Solution Preparation Water, D alysis Solution Using
Such Water, Method of Producing Dialysis Solution, and D al ysis Equi pnent 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 ] d outside the body using a

bl ood punp, bringing the bl ood inq%%%$§%Fﬁgﬁfh a dialysis solution through a
di al yzator (dialyzer) to renove netabolic toxic substances and noisture

t aki ng advantage of diffusion based on the concentration gradient, and

returning the plinlysis@ohntinndPyepavasipn Waterg Dislysis SalntionHsing Suehy. Peri t oneal
dialysis is a atpent of .introducing t di.al ysi s 20 sqglution into the
peritoneal cav f'{ejert gfﬁ‘ﬁ%ﬁ%*’?é’[“é%ﬁ?@%fﬁ%%&“g%sﬁlﬁ%‘é‘ sfsﬁiqlﬂgmé’l}ay and

moi stgre through the peritoneal nenbrane. The dialysis solution includes
various el ectrolytes having a concentration close to that of normal bl ood.
For exanpl Bechaidal Fldonat e type di alysis solution for henodial ysis

corresponds to conposj tion basically, including ions of sodi pot assi um
25 cal ci um nagﬁ?—%?rﬁﬁ?f‘t ENesiond %Pteéé%%h?]ds‘éé?léﬁlo% PEERABUAR WaleE; adéllé &gl ucose.

Such di al ysj.s; t i r I: i i Ul at rate of high
concent  at htion gl sl bty R ERARECe AR LRSF bl B IMERE (720,
magnesi um ¢quigingat esent in the bicarbonate dialysis solution to cause
prechgitation of insoluble substances, the dialysis liquid -1 concentrate of

t he BbYcar bBackgeouhidhAysi s 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)
into the body continuously. Peritoneal dialysis is a treatment of introducing the dialysis
20 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 nmagnesium 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 xi ng/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 nethod
of preparing a dialysis solution by dissolving dialysis powder concentrate
that is salt in powder formor granule form 10 instead of the |liquid
concentrate of high concentration. The dialysis powder concentrate is forned
of two agerbscenirate.of pesdearbénatadiblysls pgutiadis generhilyorenlied by plet tassi um chl ori de,
cal cium chl ori de, magnesi um chl ori de, acetic anhydride sodi umand gl ucose
(ar bi trar i 9mperanhiREncs- §rediAinclidimgielecielviic gt Galyspeef it 80GRY, and powder B
that 1is sqdj hi carbonat e powder,. At the tinme Wo agents are
i xed d | e AR A Bhgr, ahdlf A Bnd i fEPEI R Bon “Trere s
al so known iidn&lidgyRinObieRGon&E. tbigﬁﬂ RaeNliduid B- £ pRo¥di@harkitdly Withinuité ng

sodi um chl ori de, potassium chloride, calcium chloride, nagnesium chloride,
and adet i c dalysiscaiigmest greparedmstitetim@oPusapaby insxigg/dibsing to powekst. | Fond powder

B that is sodi um bi carbonate wder. Further, there js known the . e

Pncl udi ng TRk e gk o BA g HHRRneB Yy At e KD Gett citant (f or
exanpl e, 2Qi i £RAFBh Bk 1488 ¥t cohli Wleaodral udi ng sodi um  pot assium

cal cium magnesium chloride, and acetic acid ions as well as glucose, and

powder B that i 9nsdeéntirab] thrfdigRdeen powled methb@lofphepathgd atiabsisablutibs
dialysis liquid.concentrate or dialysis powder concentrate, purified water
havi ng i npWyidissel¥ing dinlystsrpaveter epyosatrase thatrissell if powderdarmar granglgdbrmas  t ap
wat er,{ s generall | pyed. Purifi.cation for preparing.the water to be used
for ]zds di pﬁf@ﬁﬁfﬁé@gﬁé@ﬁgra& 8%@2@?01}%%%}}%9_ ?glﬁtdéarlﬁgﬁé)ﬁtwsdeénd particles

i ncl uded i nohfiitrhd\s MRANEE oPYwdafin®d | & iftfwdef AMRMLAHS SOGuRNMSEE NG conponent
by softening equipnent (for exanple, 'softening of "the raw water by ion
exchange), potasaumreglorids; chiciim chlodde, meagnssiung chlande cicet@irdgtdider dodiundend ce,

renoving trace tal s including various ngtal ions using % 2 reverse
osnosi s nmerdcese(arbitserily santajning glacial acetic acid as a pH regulator),"and powder B that -

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

-



- 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

*is 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 becone the cause of oxidative stress on the
bi ol ogi cal rbtye a3mokikemedibédnesasd thalikent to i nduce peritoneumtissue
degeneration in _associatjion with glycation reaction (Advanced. dycation
Endpr oduct : AGE)Lhe drbpisiliqui qangensiatq on RYWHSE Fonfantrate is gonenally S'ebl%-ﬁ/ to

(Non- R stpE SR tshe MR Rl AEEP Bl A DM RIS

(Non- Paten nore, ce alrve stress is

. induced (refgk dmysilsaiqgido@dhemtfa@é o PR dER eOhR BN ate s 80 (p2OQi4E :
(Non- Patent Docunment 3)). In order to suppress such adverse effects by th
gl ucose deglurase dagradationpeodycts (GBIP) sush as@lyozelsand(nsimetbylgliexalievEutsient  of

neutralized,dialysis, solution (for exa refer to al.ysis Vol .

< B oo e o ORI Pt SeEs A gt Qb tiis T

However, t henConyRst 6%@9‘ @81?&3]?&@ e1fid bihitos ’Ei%gxfafdhﬁérﬁ dudtd uﬁlh&illglﬁenpr esent

stage, conplete suppr on o ucose degradatron products is te ically
i mpr act i calbatain@aieiht dlabsisnehitiod obthied e Jéutial e tdidlys lngidp@oeditte 68- 077672
Pat ent Docunent 2: Japanese Patent La ing-CEen No. 10-118653 Patent
Document 3:poyvdgaenssentrsg. e ntuchaydialysi ioRpwheroesd 17 §R3bEis aEatgest, Puillent

oM eSO Ik 081 oL B oSy o R U 2
T ok 1 0 B A 0 T
| nventi on Glycation Endproduct: AGE). (Refer to Kidney 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. 5, 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. 10-118653
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 bpg@oagent tfmveiipg at least 50 ng/nL of a glucose degradation
product. The present invention also provides a dialysis solution prepared by

di | uti ng aProblenth talbeSodvedasetlegmventionc! udi ng at | east 50 ng/ nL of a gl ucose
degradation product, using . di,alysis solution preparatio ter having a

di ssol ved hydr oﬁz@rpr%%@mm@p%ﬁrwdst@ sphye t st et tgrh above. 1 theand
satisfyi Dgoti&?omtegﬁesgﬂgh\'zetnﬁoﬁ Fé ttoﬁ)rr!)\%'e 8] Eﬁ?golﬁ{i?ﬁgl t&ﬁlgn}grgven'% ;fﬁé her, the
present invention provides dralysi's equi pnment I ncluding ans for supplying

di al yi s sqiveist effedd bE Platdel dRBradafiG plodidtden thedisiogleMesddydislogesolution
concentration 20 of 50 to 600 ppb, a pH of 7-10, and satisfying the water

qual ity crpreparatom waséi used therefoS@ mabed of preducing the déalysis sofutwndind ysi s base
agent incl qing at |east 50 ng/nL of a glucose degradation product, and
means for ‘g?@% FIURNEYhe di al ysis solution by diluting the dialysis base

agent Wthwﬂ%%éjfoqisﬁlﬂﬁiﬁxesﬂlo‘ﬁé}ﬂ preparation water. The neans for supplying
Yo}

di al ysi s ution preparation water in the dialysis 25 equipnment of the

present inventiDie didledieschition progdrititaswiensfihé presaitipleyitigcorsaspomdisab, NMeans
for electrolyzing the raw water, and neans for subjecting_cathode water

obt al®ed Wyterhavingadipoivedthydepger sencsatraiondiog terbb PR RH 6hY e Af. artihe
present | gl WALDSTR! BHLASE BT Pt ARG Rk 4855, 0 o
gl ucose degpdatid®lysis 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 fdr 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 dialysis equipnment for dialysis treatnent

using the gheleisd cﬁal?ﬁi bisk Q%ent‘ﬂ{clﬁcﬁ}% ANSIESY nd/MY St %mcdsb_ae%@wid@r event the
adverse effect of glucose degradation products on the biological body.

Bri ef Descpioguétandibited imingDlialysingelutidn freppration watar havingchdissolvedthydsagehi ng a
favor abl e exanpl e, of met hod of produci di al ysis solution of the
present invdkE t{ﬂﬁl.onpfg(? t%%&%p@’ @rpg'{)f’ff@pﬂg%‘ﬂﬁartﬁ 11{81@6%%%1?% eval uation
experinentgﬁtggwﬁayk@gtSQYggggen per oxi de- |l um nol chem | umescence, of the
oxi dati on re8u0|ng capé%i Ity for each dialysis solution preparation water

of Exanpl eEffeandf flrmpacmidive Exanple 1, 20 wherein the vertical axis
corresponds to the nunber of photons and the horizontal axis corresponds to
time (second). Fhgpresent Kiventipngsn prexpdes dialypipgolutien thatean prewnt eheaddyaise on
experinments |,0yi n hydr ogen roxi.de: | um nol .chem l.um nescence, of the
ox dat 1 o FECAT HOesA s OEE O Perig et Poo RS RITRE oot 1 quia
for Referem&i@qémp@reausi %rd?dlﬁbistlﬁ‘é‘e Z&n‘(ﬁlﬁﬁlﬁﬁ@'at PALLS5 PR/ ImE IR ds@ the
nunber of photons and the horizontal axis corresponds to tinme (second).

Fig. 4 is degyadabn pepluets e mdthngl dtheodueing the dnlysiswalutian,i and dealyséy sohmivns,

enpl oesi ng hydrqogen peroxide-lunm ngl c¢hem | um nescence, of the oxidation
reduéPng cBishpilPR Yatepfor prepagpg theiglyyssolution yEuBhersorethspIceen and

Conpar at i Vﬁlvgﬁ%%larel przovﬁﬁa cﬁ\éelﬁlslis e‘f’lqsuip%éjn? ?osredialysis 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
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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 ysdash gialysit kslitiorpstbandld D andv@bepafivaRaamie 2 ks anrdl aCghpasat i ve
Exanmple | as well as arcorbic acid are added with respect to gI%oxaI of
each conceatutigniobRefeRase Exarapls 2f wherear thy vergicahaxistcherespondhtq da negidghed

dialysis solution,npr aratilon.vvater of g(ge resent. invention has a dissol ved
hydr ogen (Pglﬂgoélﬁtafl%ﬁieglﬁrlm{“? HE1S, SRR EP s tu[ng(%ﬁg)n pb, preferably 100 to 400
ppb, and partimgglss E%rd%'h@&ﬁfe?&ki%i%mﬂ%tgiﬁ,%uﬁﬂ’s‘?ver_ﬁf:altakiﬁ)Qf&%ﬁfaﬁ@ﬂj hydr ogen

concentration is  bel ow 50 ppb, e dialysis solution prepared using this
di al ysi s soberimants, pmplgmgtliydrogengerixidednmotl shebrfiluoiimastdnge pofaheotiditiom adver se

effect of the.glucqse degradation products 20 on the biological b . If the
di alysis sfswﬂlf’go%p%rﬂépsgqraqapgﬁl Bl ot Beamelf Q%H\Fé’&‘paﬁ%}gﬁe%@wpg%eedi ng
600 ppb, the efgedd:. of i f : =05e

degr adati on proﬁcﬁ'ﬁlsg r%?@?%#@g%é%ﬁsﬁg‘ﬁg{@m&@gﬁglgéeggg?%(?fo% any further.
As used hgysiahfor darkseldiydisibads agars, WkRistht Oertital ax, colizspdads €o thessol ved
hydrogen concentration refers to val ues neasured through a dissol ved

hydr ogen iyl emcgrmtion ng/mkodud thedforippal pis copiepnnds totie. sample di al ysi s

sol u]g on preparation water of the present invention has a pHwthin the
range’ of Vi o a0} preferably 8.5 to 9.5. If the pHis below 7, the effect of

b Siepi P i eSS gk Bt e sl g ot e
pr event i noprepreatadiweatsreofdxfaenple Dind Comparative Example 1 as well as arcorbic 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, Ho.  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. If the 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 biological body will not be inproved
any further. The pH of the dialysis solution preparation water of the
present invention corresponds to nmeasurenent readi ngs using a pH neter (-~
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
pot assi um sodi um arsenic, barium cadmum chromum |ead, nercury,
sel enium silver, 10 alum num chloram ne, residual chlorine, copper,
fluorine, willtheidegraded.r Ogeti pIs kddedd 10, algd effect &f prevanidg thaadiens effott cfxceed t he
criterion reference concentration shown in Table 1 set  forth bel ow Table 1
Test |temtbe gil@@ﬁed}ﬁg@@n&@hpmpw @ﬁ@;qlegmﬂr?odscmlbm}rhezmpmgﬁ @@y dirther.
pot assi.um hr om um
b0 | eale Bk tE R g s o perar et ooy ese Far R Gt ¥Pardin num
0.01 chi Otroafﬁéa@@r%mgnt]feacﬁﬁgcs' W o S InRidr 16 280 ro@RRSE Beckman Coulter, Inc),
5 with the pH electrode immersed in the dialysis solution preparation water.

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 0.014
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 zinc 0.1 tin 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 neasuring respective concentrations of calcium 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 like. The dialysis solution preparation water

of the present ¢sheRbi i ; ! i It avdisgsol ved
hydr ogen conceé%ratl%ﬁggﬁgﬁ%ﬁ#&ﬁ?%?ﬁﬁ?%ggggég?é?@¥ ?gggggagg%ﬁvggﬁﬁh above,
sat i sfyi ngsatifeinpatieewateuaglalityycritedidredefimad atefSIONEIP 5atcah BONREO 5P measwtingsed t o
prepare a dialysis solution by diluting a dialysis base agent including at
| east 50 rf§PRECVT congengatieps@d QldHn.dBAgNETUBy BRiatsIUM, SpARM, &fSenip RaEUy ent
enconpasse | O jalysiks..  Liquj ncent r ntrates
used to pr%&é@fe&’a&%ng‘}@s%ga’s% G &O%e?exﬁgn’isﬁ\é ru%%’ﬁ%““?‘g%%@? ygééggﬁg\\ga?ng one
agent5in | dpnd éopben, AN6kR) aited niB@8EH, shlfurRAUHE kink O4nd tin By BbdhS @F the
degradati on product refers to a substance generated by the deconposition of
gl ucose baatpwiml dbgorpen spentsdpliatometey, dCRlayais ehassonagesitomeind ICholasdes, for
exanpl e, gl%oxal, nme xal, and the l.ike. Eveggif t he concentration of

t hyl gl yo :
t he gl ucos¥ ﬂéﬁPeéH’af‘?dBﬁgorbY%’Bﬂé?%atPﬁuct"h’éormlaﬁ’%‘?%rolﬂ 8MSHEAPD | s equal to or
nore t han égorﬂél/ogﬂaplgt,gﬁ?ﬂ{e%k\?i s 20 solution preparation water of the

e

present inventlo ective to significantly reduce oxidative stress
caused by oxi daTheotfialgdis $oh&ticgl preps stichegitadatt the prepemdnehtivhBrhatiaadeyizdds
treatnent is conducted using a dialysis solution prepared by diluting the
di al 4&i s padkat ithes adisseleedhydragensiogeentratien prsheH i g@ spesiiiedyagansel ssue

degr adat | Of%rt%%go&e? Létisgf?n%ei%g 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 7contained in the dialysis base agent, and includes, for example, glyoxal,
methylglyoxal, and the like. Ewven 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



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 M, 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 to generate glucose degradati on products, as nentioned before.

Furt her, Sb}gﬂlé;kg@e?gndjgg{yagg@&%% BrRdieatsslunbh.! be generated by autoxidation of
the dialysi's base agent, ofher than by heat sterilization. Thus, generation

of gl ucose degr Hakadidlpsis bgse adervtisgémsrallyevhjecidsl © lieat sthmlizdtian ysthe base agent .
Commerci al | y-,.avai | abl e di al ysj s. base ents jnc¢lude . a | arge anmount of

gl ucose de Pgﬂ‘ﬁfqn@ﬁoﬁ?%‘g‘ﬁ@f’ , “é‘gg@g‘hcﬁ‘aﬁ{i S‘f’é‘tb?)g’(?g’é’ls baffrﬁ?gﬂélp&g & as will
be describ I i, t rj . riing the
poudr -t ypocegtep SR eprlie ldof? S ERGRch Bydathi dqfRBlioned pUofC"RAERE L1t
it isbidenglutdsedegadtiondrbdunid Wil be genetedibsautbxidapion df eleydidlgsidge agent s

i ncl ude gl ucose degradation products (refer to Experinent 3 and Fig. 6).
Thus, i ncl agsnbwthst thinbe beat sterdizatden. | Jrhuprasaeretien phglperse deaiagation base agent
is nore or less.i.nevitable. In the present.invention, .a dialysis solution
i s prepar eﬁmﬂk}‘_ﬁi@laﬁvﬁaﬁlt? Hb&pﬁéalygbsg{;ég%eg ri%%ﬁ’naﬁcglllﬁ?ivgl?ag%scﬁal ﬁ%ﬁ?seusi ng
di al ysi s sgplditsiifthudy LRAEAM R BPEIBE0se BYhdMioR pib &R, ‘é?@'orﬂ%eﬁéd)gﬁ%ecial
concentration and pH within the Specified ranges set fort above, and

sat i sf yi nggiatie ghvadsey asquillIbetdesaritiet efierwvardbefitneterenceltSEBxpadtent 3Ther ef or e,

oxi dagion of the glucose degradation products in the dialysis base agent can
be riéuced8°§1?§m%th%aﬂ‘ﬂ’§‘if'tb’86 Mgl Dpseeazent with tleiélqg{ﬁrté@%g‘la Sif RaseAssbgi cal
body. 20 The. :abi.ld . i i:S..: t i Q0. i r..of the
present i ngzsnlta ?Igirf\feégl%a%?rtglra ?ﬁﬂgﬁlc?vi" %agﬁudé%%%a%ggé%% ?@r‘fﬁggﬁltcﬂ% gl ucose
degr adat i ofedridatiuf bfodubts{(Reerdb Hxysiisent 3ama Fageyt (oxi dation reduci ng

capability) can be evaluated by identifying the behavior of secondary
f | uor escence an@hushimclusionlof ghsnid degratieticreproduqtein) the dintisisdiaps eganhiy, f or
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-Ilum nol chem | um nescence (refer to the
experinments set 25 forth afterwards). Specifically, the nethod 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 |[|ight
at that tinme. Wien a substance having the oxidizing property and a substance
-9 having the oxidation reducing capability are present in a solution
containing lumnol and hydrogen peroxide, primary fluorescence of | um nol
caused by the reaction with hydrogen peroxi de occurs, and then secondary
fluorescence of lumnol attributed to the substance having the oxidizing

property i fasdhpHe®xERHon fé‘él@cih%%bﬂability‘ AR pr&ed in @lsoR@i8h ofraltidg luR@fePBRd | ower
than the case where only a substance having the oxidizing property is

present i nhydrogerupéroxidé, peimady figoresaenerodf lamtohgadsesesnthpeeaskiodavithbAccor di ngl y,

the oxi daéi (grn reduci.n% capabi it\a/ of t.he substance E‘\%ﬁi {’]%ft‘geeg)(i ation

reduci ng cAPHBEFT REFOXIEGRACHES, apd theRserpndandlupEaserpah Of BRIPQIATBIeA &8 fhecan be
conduct ed j - Le,: I OHRKL) TRI AL

" Co, LTD).g %ﬁggﬁg%&ﬁgggk@ﬁg&%%gﬁ?%fggyégéﬁgghg a S%ggg%ab ?qg§gnp e of a

met hod of mvibdeminiedower tarthehse whirdbhiyra wbsthubve havegend oxidivegtpropertylibe

present invention provides a nmethod of producing a dialysis solution

char act er i Peagentin e gelptien inrlufipgilemingkanddydragen petogifieng Aweondagt theso ng/ nL of

a gl ucose degradati.on prod is.diluted using, dialysis sol.ution,preparation

water havi S5oater EetoLbRAb o ane wiladfs bEHAGHC BRoNBoTisIRoHE pERORLT DN o ' 7

to 10, andcipbsatdunted NTht beWiat BFaltitidh tdsy cif B @htoRed 8bhRA-NA} udimy 13959.

By virtue of the method of producing a dialysis solution of t'he present

i nventi on, G aiabizgs(TOROK Ut EIGRCTRAONICANDUESITRIAL OWi,dakDye stress on the

bi ol Qgi cal body caused by gl ucose degradatiop products mhgn gpplied to
di al Y8 s treat nétg 1danilpucharoienresentog mispicearty srampleeaf 4 methad obBOUGARr e a

dial ysis bﬁsﬁalgs%e%négﬂé'_fﬂ%i Bifkeft ik &fidh 59her‘§(e§l,m? veftidH PiovRfEs Q%E&g%ﬂ on

product is used. SO represents respectivée steps in producing the

di al ysi s s@katuchi a dAlRAJRIOAhURAERFiz&H inthe allidysyBask Bgﬁﬂﬁﬂc@mmgsﬁdedsﬂ the
met hod of producing a di aldy3| s solution of the present invention. The
di al ysi s séPugimoln oga gligosetdegradaiereprodicttihdilytedwsng dialysiy eplutiompiepanation

particular lvyatéri hT-wIngg d?sssollv(g)(f| fi]ycfarlggeint corrllgésntraalltigril g? 96 'E/oegO({' B/pq)r, %%?Pofc ?Pociadj taBS‘ tion

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. Howeuver, 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 |life 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 osnosis nmenbrane 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
treatnent, as shown in Fig. 1. In this case, the order of <carrying out the

filtratio r sof & api: ; ' nb5
treat ment e <BendA pBhEa A AN LRI IRk MR e RRRE 2
the exanpl® telsaBRcted tdélgetrolysis i@ WitnaE Ethreuphh fifer irigdvaade followrkdlbywaiter , gr ound
water, or the like is passed through a filter (prefilter) for filtration.

The fil t ersdfisnings andpativated taaborytredtmienteds shoma ialigappr &p thisgase,fthe peder of
conventional ly empl.oyed iLn producin dialysis solytio reparati on water
(di  ut 1 on SEDUE QB AheRpyRh E5atments tikes spening Feaimpity anCecis B EEBPRGr 10 t o
25 myfor QXANBEs nét é%ﬁ%dﬁlve\lglylﬁﬁfed(sﬁep b offer dRRANINMAE er System, a 10-m

filter (product of Japa er System, or the like iS conveniently

° applicable. By Ihthe txdniplashioom inFéatlneaw wateo ancheascgnivater,neelt waterg@roarsl scal e

contained in the raw water q(hpr ecipitation fgv?m t he, pi pel i r%lg) ,. and sand can
be renpvedWaleh o ke likednpassedonrqugy a Alter (pretiltenpiapdiiteations dhs et §dot o wat er

sof t eni ng . .15 filt i t t t.. r i s the

t r eat nent ﬁﬁlﬁgaﬁwﬁé %%ddéln%p%ébﬁ%é%%@%ec %ﬁge"%‘ﬁkr{%ﬁ’geﬁ“@%?? ﬂ) ﬁ’tgifllg?llgr eaction
caused by HigRsie%¥sIEE6ORepdrRiod Wetel filuiBh Rater Bdtadidlfdi9ds astabRr d Geaémly,iancl udi ng
sol ubl e solids (calciumions, magnesiumions, and the I|ike) identified as
har défi ng Glberpdrions &5 pAn fapxamptel alé- uafiker (pofduenofiigpaieWatee Systemyent i onal | y
wel | known can be used without particular limtation for the water 20

sof t eni ng 19-waftaslpropest obtenepl WatenArierol suthepike dueanvenientlippnligier Syst em
2oL Pk R o Bl o L8 L S B R e
activated GrREGEItbh $RMBE higeBABDY SR 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
wall. In tgguﬁkﬁctrolytic wat er generator, a cathode water outlet pipe from
whi ch cat hode water (alkaline water) is drawn out is connected to the

cat hode chanber In the@dxample showmpinfiég f Q theiaschaegsubicadadactivaedecarbaci di ¢

wat er) outside is connected to the anode chanber. Each of th»cathode

chanmber anteaifsaeis eleatiplazed s Elestiobisisegn ke conductedysing apiclretrobaMWaikir ed t o
supply the_10 r.aw er tr ed as set..for . By, t - descri bed
© el E(F:)t )r/ol ys?%‘%ﬁ%t?%‘é‘%\@‘%“é‘g aeclag@{i? dkfayn%st‘ieé W\/‘\%‘taecrahgoéigggg %??ydglcggxf\?gr%ﬁl gﬁr educed

wat er 5( cat bR, YephRiad frétk kit diBer Y SpRtiNGHwhY driadRdelbditolytidewatel?) can be

obtained fromtheée cathode. The cathode water obtained as set forth above
has a di ssgenesgdohydathpde waten oeti¢trpapd Domawvtdctpedtiidehwater (alrelingeatef)iied r anges
set forth above. 15 The el ectrol ytic water ggnerator nr'p%o ed.in the nethod
of produci AGY! QHtaY SRImectedtor the cathods chamber 2B 8 dfain AP Ae] wging,gnode

parti cul ar i &: : t iC or
convent i onzkal"l¥i f‘“’l§ (%{1?@1%%&%@%%%@5@%%@@0&5@ g‘lk—ogis3 Ciel%g?réprl eE\é@ﬁrgﬁ{}??ﬁ%ﬁh@ 24k
(product othdwbeand inddle Chambdr ifleonnk&ed Withal¥ugply plehendigutddeo sappiditid ons f or
el ectrolysis are not particularly limted, e ectrolga/si s is carried out 20

convéhfi ent Faw watkstrepted ag epidorth ahpyeof BY theaboyecdeseribed elesirolyds usingstheo 50 V in
voltage, 4 ,to 35Cipn te rature nd 1 tp 24 IL/mnin flowrate fromthe
st andpoi nt elﬁftmlg%??’é{}?f 8?&?5“08@8?%’% rwf%ﬁ@teﬁgﬁ%gﬁwﬂ I\N}‘l‘gmﬁi ssol ved

hyd ' i 4 hi | fil th ab :
I%/ irggfg ggﬁg@?%%ﬁ{dh%ngﬁﬁa}gg,r oéglr(%dg;bg obfihed RRH fHe@PinbaR9IePhS&nddr th above

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 pS/cm).

Following electrolysis, the cathode water obtained at the cathode side is
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pot assi 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

el ectric conductivity suitable for electrolysis (at least 100 RS/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
concentrati

n side 5 wth respect.to osnmpsis that i.s a.phenonenon in which
nater  noveUSRrEHE AEeElse denERE BEel SRR ¢ bt Fe B AR NRE SRtk on of
hi gh concepdmithhOfReatBént rBRrs 18\ S SHRSI s 1utiSRIEN Gi&reht! Rk ERfltion laFPUT | L1 €S
such as trace netals can be renoved fromthe cathode water obtained by the

seri es of pressat witht semmieperfieatidimainbrene tieretmtwieangviter pernesating & fheflyweg t he
water quality criter.i OB defined at 1S0O 13959, in a?&l}ti on to the djssol ved
10 hydr ogeRnEBHEHNR Pide PYHAPRIVES prasare fhibe SputipR plcihe ighgleconcertration sifleapove,

can b ODLGPRGped & odlRisdhAliy 2 bReriAldibh HWRERRAIR s #BHhe Bhiufififopr esent
I nventi on. n t%e re?evant reverse osnosi s nenbrane treatnent, an

appr opri atiewrvednsietiosonairds thESJlutdey bfkigh eaivemmditionnaBlythaveiversk bemBsisan be
used without particular limtation. For exanple, HWO0O0OOX (product of Japan

Wat er Systreembriage wedtmatsl mnputiesTsushps tiaecimetats qap bprerdensd frave thei cathasles

sol ution prepar,at.i opn, wat er . of .t he prese i nventipn set forth above with
ref erence Y?}QTF? ain &%Aﬁ‘ﬁﬁ?vsgf&ﬁﬁt“geﬁl%&gf?ﬂh&box\% I‘g?@r‘ﬁgglyt‘ﬁ%tebr ocedur es of
el ectrol yziAgyihBehd WfteVQldfy GREHAPRIAAED S BT EXBOSR LFAREIS HETRLARE
treatnent are”included, the remal ning sequences may be replaced in order
appr bpri atlgidyogen conaenirtfienchnd it dfwhe spedifiedrpnges setfbeh tbee nente cwanedt i onal |y

enpl oyed to produce 20 dialysis solution preparation water, (djlution water
for di al ysiosjherfialysresoliioniprraratiog wateneiithe present Ivertiqnon 1adhefglexantecondar y

o P e U, ORIES o RO, SRR ST %D core
of the praggdedtRally well known can be used without particular limitation. For example,
HMS500CX (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 feverse osmosis membrane
treatmeﬁt, 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

-13 -



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 i i S ed on an
exanpl e of H]gf? gl é\gﬁﬁs&#géﬁ %ftggfcs)lﬁé g%r alt'&l Qnéjﬁ-{e%?ﬁeg aéar bo S%&ﬁéﬁé&ragraﬂﬁé
solution rggh zed by the two-conponent type, i.e. liquid A |nclud|ng an
electrolytic salt (including salt such as sodium potassium calcium
magnesi um chl offhelformakdbi mixang/dllutiog the dalysis k@)? agend withgthe dialysisreoluwignng

sodi um bi car bonate, the X|n f.ormul a. of ui d nd the
STal vl o CoieneRB watshar Rebmcumianin is 1ot ProuEnY e Anfl G etEranEn.
conpogent tur K Adl,pto the
il yars shiEn bERI] hERHIRE pot “ﬂe&ﬁﬂ%%%ba?%é il L L SAH
m xi ng | i qedaghpke, |ba§ed dnhun esthidply oif @ dlﬂyﬂisltqumcqmbemmtea@ﬁtha bivatbemnateatialysi:hren

m xi ng I|qU|d A, and (3) mxing liquid A, liquid B, _and dialysis solution
prepar at i ofPlvirerealized by hestipecampasent type dgnkaitd Ainchpding am eleqigolytiaafisi s

| i quid conge bi carbanat e. t dla S| S. SO0 i oned above,
g of ¢ hORI iR Satusf At iRt Bicfing et k08 4R 258 Generar v
adopt ed si {HeQikeHaddEEfuid B XdiidengOdo dlun®l icrbOnAB Aheé ki foﬁnmaldtham& reaction
bet ween the calcium chloride and magnesiumchloride in liquid Awth the

sodi dbh hydhqyge®, end thorwetlysls soldtlioqlprepaattoo wantawehqopremnpmwamtmﬁthmb{ hough t he

m Xi ng/ di lution of the se ent .ma 0. carried out by any of
hese f or nEPHROER! FH Ao R GRBea o iFG By Hgd PorEame e oie

~ t I I
B ot utton | LBkt .“’3%%%@2‘3% dixle Pl (B M hikhOlnda B it o 21y S

used si ncesolstisicpRparatiorowatenahd eenirgixiigSiquidegsint|(®) mixing liquid A, liquid B,
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, el evation 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 ous Hedfach® rc_a?d‘ﬂ@palrﬁ\l"se cle@ati'o]ﬂ o{f Egooﬁgﬂégdﬁltei, FRARLBOR Rhsdid\BnBsesent
i

invention for mi'xing/dilufion o al ysis base agent, adjustnent is
ef fect ed shehke hdf thehldutidot ainoedratiba fisytebdowpthatei i a phesilin of sdeeffeats pr essur e

ratio (nanely, 0.95 to 1.00Q) effective to funcrion as a djalysis sqlution.
The osnot iSEC}b'T‘Se‘&g’Eh“@SSroitﬂil%h%l?S’ gengral malaise, §Eﬂ°@fqtl%;ﬁn’ﬁ1€tﬁ’e’fa§“ft‘§og I’i’é%lr"&al o of the
osnotic r : Of e . dial:ysis solution to the osnotic
pressure {gﬁﬁg’%é p ég%ﬁﬁgg%%aSm%%frﬂg@%¥%eoretical val ue: 308 n0OSm) . The
m Xi r@/ di | uti ornafe produdioalnyshs ofl1As preage Miveatitgfor hexidp/dilytsdmoftht ut i on

preparati on water of the present invention in the method of producing a

di al ysi s <alysis kase agent,ipdjusinesne isteffepted suchohatthe obtingd disdysisi solitionthas o | e

adj ustment_is.made such. that -t taiped.di.al ysis sol uti has .a. pH and

el ectrol ytqsg‘of:‘féﬂﬁeéﬂ{r? éa? X a@ﬂyx%fgo g?{})agfgﬁcéy?/gq @n%tbq_ntﬁsiapcﬁaysl%sﬁﬁé resent

i nventi on THeQhdES pfestlird kR of aXRAA] MRIGRAFER hY rdfiol dithd\Gnforidl al ysis  base
agent including at | east 50 ng/ nL” of a glucose degradation product using the

di al ysi s goéwsticaneasuremantadfitibndingtiesolsedn footht bsabiivpresdoavofite a di ssol ved
hydr pgen oncentratijon of 50 to 600 gpb a pHof 7 to

, ati sfyi
thle ter : siplogigal saling (@hqoggiicaleraluse 40 fnCT%~ 1i%@lmwﬁﬁé€@hg§g@3§§y§§%: gg
v . oy !
o obes o A PURREDE AR A8 B ie el PR Bl |0

gl ucose degétAskhbf HrddRdiREA Blalysis SoliBEW6LMhe pPchitiatentiDe skl dIBd tatfledblitess on
t he bi ol ogi cal body durin ialysis is reduced. The dialysis solution of the

present iwhilradjustméns isoo Flethat the appdinasladitlysis solyismthah epbbiandl ysi s and
peritoneal ele(jc%r%iyxl%ic%hcentration 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 dlaly5|s 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,
wat er softening, and activated carbon processing) to a reverse osnosi s
menbrane treatnment as described above with reference to Fig. 1, provided
that the dialysis solution preparation water has a dissolved 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

retal col | Qi AL LE o il 1% HLQH SARN! S 1A B0ue oRh ShipuTEo) gl o

palladlunlco , van sa |cy acid

col I oi d i nfRliMedrRérion (EReHRMT80ALIBY. dFSSOlauPIk, meotﬁﬂg@swsdwldwpiepmﬂoﬂas
bubbling, ~mneral dissolution, ultrasonication, magnetization, physical

i nnat enesswataf Qﬁtbmmentammm@n vanﬂrealroihmedrblyl@tmetmd mdiuding ¢k steps othe | i ke, and

t hen adj ust] t he diss ce i he inpurity
- concentrat%‘féﬁl%s%léwr%%en %ft@e%g?ﬁﬁ’é‘peg ef’ofn %rlf ngﬁdsfsﬁegﬁ ing the steps
of digsol vijng,} fﬁﬁlg fd L& sarbir nd then
" appr o?)rl atlse?tg“ g%ifél}lsoﬁnﬁgp%&ﬁ 8?132%:{@}&21 gr%g%lgrr:}%lgcnoclzlgnt rat |S on§’ alljlda nd t he
" inpurity cealoghihtorivhter) thencdenadating dikssohed hyﬁt@eﬁ by hipdropen gefsdxubhlmg,l oned
met hods, the di ssol ved hydrogen concentration can be adjusted based on the
i ntensity BiHgra ﬁﬁ@lwon UHWOIE%WE,I Bagnejigttinge phygical lbﬁﬂﬁﬁ}eﬁ%@llcmH@VBH can be

adj ust ed by cont. unt .Qr.. e di um '
bi_carbonatt m¥H%5%% dpﬁ'ﬂﬁ%ﬂ(¥ﬁ$€ﬁ %ﬁ§ﬁé%u§?g4ﬁ$§ et al's can be
adj usted bpdrdgth RxedHRlaBon, dH, AHE FREm ?ﬁﬂ@tdoﬁc%ﬁﬁéﬁﬁlﬁhtars Q8 tAB netal bef er abl y,
the dialysi's solution preparation water of the present invention Is produced

throd@h t hey smethed indugingthedtepe sf dissaling hithivno nddér sodoniy snaggesundiiml ysi s

The pr esericidinvar o mén%é&p%&%w%ﬁ%ﬁ%!t% 3@sog5e2¢u§%%éﬁ23fﬁéﬁa§$mgni'eans
hycirogen chanl PEIHE ol e RERERtE AR B uR A eRiclbd SRR, g

the water guaissdlyedhydr %dn%n@&i&ﬂaﬂ@ﬁi ci:ht be dc@@té’cﬁ&é&l orﬂﬁﬁﬁﬁtelﬁsﬁ)ﬂy a8t @imd¢F, a
di al ysis base agent 1 ncluding at |east 50 ng/nL of a
for example, hydrogen gas bubbling. The pH can be adjusted 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 neans 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 preparation water in the dialysis 5 equi pnent of the
present i nygmii aeatﬁfeﬁ{ @Ry Bcﬂﬁ hb&ﬂ@&al?ﬁ@ﬁﬁd p&ttofdsPBhlykistcande at&r ,  means
for electrolyzing the raw wa and neans for subjecting cathode water

obt ai ned duyushgetchal diliyss samtwmmﬁﬁma; sdosing sids effectb caused by exidaevi streShus,

dial ysis equhpnent that can suitably carry out the nethod of producing a
di al ysi s <BIt0¢ PHHFIBE t he present i nvention according to the preferable
enbodi nent set r I ably, neans
for carrying odﬁ%lﬁ$mgf ﬁﬂgﬁﬂ¥r E%L%ﬁgagga%ggépﬁkﬁﬁgéﬂkﬁﬁégt%ent and
acti vt ed «gaipheft 6f thapreei: idRnfidieprefrbiaineludad @eiisaui @gplylng ratvewgbgnnel  of
the raw water between the nmeans for supplying raw water and the neans for

el ect r ol yzhesgs ftrelectralyniagehe raResges ahd excarsios seecting cathodhyeier |0htam¢é

di al ysis u f the present 15.invention are not. particul arl imted,
and . bEIALE Biia T reHEGRRONS B OB oS0 HERRS caRprEpbtal n an
appropri at ach device
et T ort h B R B e R o esent

i nvention 1(1<fannolexampdhﬂg taatht iprdferable wabedinmenf st iomigatseeicerebe patizadat ed car bon
processor, electrolytic water generator, reverse 0Snosi s nbr ane devi ce,
and yheI|EW§WTWW8“ %d?%@?gﬁ§m@ﬂﬁgSﬁb%ﬁhﬁmoﬂﬁ@mﬁﬁﬁkéﬁ¥mﬁﬁ gHPEon can be

a7, AR Ao CADEN A 805 e e R 211
iert s eusrscone s pesgontr g o ot o e
electrolyzing the raw water.
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 glucose degradation product is enployed. Although
the present invention will be described in further detail based on
experinmental 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 Witer System)) was
carried out, followed by a water softening treatnent through a 5 water
softeni ng processor (MARK-915U, product of Japan Water Systen), and an
activated carbon treatnent using fibrous activated carbon MOF250C2 ( product
of Futamura Chdldpeaefiol> Ltd.). The raw water subjected to the series of
treatnents set forth above was el ectrolyzed at the constant current of 6A
under the condilsiegapovataraualified: asitherast wetsr, alffitratien treatmentihiongh ladilier at e

) Z_”Tﬁé s PRiEr SlPa et Sy tbRbeRb eI (R ORY GRdFPATel ect fof ysi s
banosts. mewErnnet b LR IS BRI VARE s R Rmb AR | OV 2 Cce
the db al ysiaes@ifidhing privessda (RIARKONSU efrodiicttof faganew get Sysnenhndan ( Exanpl e

1). In a 15 simlar manner with the exception that el ectrolysis was not
carried owtctivaterhoarhen Baatmentising fihireussastivated parppe pHPBAS06R (Drodeet ¢fConpar at i ve

Exanpl e 1).was prepare urenents on the dissol ved hydrogen

concent ratﬁué?{mgﬁ W%gpg"i{g‘?; ned for the dialysis solution preparation
wat er of Exanplg, raWathiﬂBfé'ét_%H'tU theE6ABP Brehtmentd Set FoBS HovE WAy dr ogen
concentration was neasured using a dissolved hydrogen neter 20 DH 35A

(product ofleciiéKzd@ét tho cpnstant Thieeqt M 6Aundeatht coflditisnsnaf 18°Q bh teatperatré) 260,
Beckman Coulter Inc.). The dialysis solution preparation water of Exanple 1

exhi B9 t ed #ddils/sun ipcdp v jate bjemar decseniyticavatengesteratar TRAMIQRGHR -2k of 8. 9,
wher eas t g i ALysls QLA AHSAZAL MMk Rl RIRUR UG fFaP! © 1
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 13‘959 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
absor pti on spectrophotonetry, |ICP atom c em ssion spectronetry, |CP nass
spectronmetry, reduction vaporized atoni 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 ng/L, were below detection |limt. 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 oyi ng the hydrogen 5
peroxi de-lum nol chem | um nescence on the dialysis solution preparation

vater of Heradik excepfitd sCOIIRANARIch s EXPMBITE weré BelowetdchSPR®it Veopk: First,
10 pl of 10 x PBS FPhosphate Buffered Saline), 90 tl of the test liquid

(each di abf/the sompburntoexcpedeg alieadritenon lewd ©f tlmfw&maafqalhef criterrh d@fimpdiant i ve
Exanpl e 1%8 gd 1000 I of lumno were mxed. At the elapse of 30 seconds,
1000 pl o q’n} ?%”gen peroxi de was further m xed therein. 10 Then, the

chem | um nesce WA
conti nuously fgﬁgiéghsoélcon ?é%éasﬁt&e‘%ne?%%aﬁ%ﬂptl atgetgg\/\%der%gf&ﬂe CL counts
canebt o pé0sidpdimimecehrehiliniricsdentd drethe Halysisesohinibd)prefapationiveateronf i r mat i on and

nmeasurenent of the CL counts, a CL analyzer (product of TOHOKU ELECTRONI C
| NDUSTRI AExarage 1 amtt@%ma@wﬁpmmyled (nrs3,mespectvely). aFigptaph it ept@sdBS ng t he

and Conpal PR e apFe Salnerysd S@Zaf?l?ebé%t'l&ﬁxds@aﬁb%r@éé?@gt*c’?nﬁ@ea%%@aZF' °
phot ons, rtopﬁl Qgﬁleaoa'%%o %ﬁwéﬁ%ﬁgﬁr\é antd' 1%0 %?M ou{: for

Ref er ence erinment carrie manner

simlar t%tttﬁ'éaél Op%@bfﬁ@géc%n@my@o Braf 19 J3en ﬂol)dd@mtf@ﬁh@srukmﬁeﬁéﬁ. liquid is

shown in Fig. is appreciated fromFigs. 2 and 3 that the

di allysi s ﬂ“hén;ttha)a:hepnlapmeadsenoel(Ch/)moent (@bmEzaofpihetdnspwds Gemfmdat i ve Exanple 1
exhibited a |owinitial rise (primary fluorescence) of the CL count at the
poi nt of SentywerHyorilogseeonds. stl\éﬁqsumne&aw&guﬂqﬁvﬁwgabﬁ EHindRecamestoc onpar ed

to Referepgg &é@%lnﬁ (t]otall_mg.e‘f% Secgﬁ'&as).s URSGHY ERfirmation 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 1 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

wat er of l.e I, obtained.in erLIren t repare a_dial.ysi ol ution
(Exanple 37 BaBpf potufe SreSiariod y il SLECE g dne Rl TP e lrdamiEiGt Bl

di al'ysi s spt GiklyS8 sQhERRHpRpARRNRARF of b pFABRARAIYE hEXAPRHG dxidAioRr epare a
di al ysis solution (Conparative Exanple 5). For the dial ysis base agent,

Ki ndal y saokditcingreapsbility. (product of Fuso Pharnmaceutical 10 Industries, Ltd.)
was used. Dilution was effected such that the ratio of liquid A: liquid B:
dial ysi s sol ut i G¥PHBHY4r&t i on water was 1:1.26:32.74 to prepare respective

di al y?iesz sol utd §faRsis 594e ddft \gﬁsa&im%dsusﬁr%![tﬁee H% S fsoﬁﬁ@ﬂpéegal%ﬁﬁﬂ%a@ arative

Exanp an ega uat't on“experinment o i dation uci ng capability
was carri etkample 1 sbtainsdhiExperitfens] 0 prapart @ didipis @luton@kample)1(n = 3,
respectively). Further, for Reference Exanple 2, a simlar experinment was
carri ed outimflarly-aalysisrbase agratvas difjitediesing the sléady sssofolitioapr¢pgprdtonavateryr ade

7 epr osont [HIg Fardue KD Griscae  ARbFOo BKBRIC MRS BRI i dari on

reduci ng oapakl dibibys |a§é’ﬂt”ﬁrnﬁﬁ'1? g%ﬁ?ﬁ%x?g%gﬁré&gbtdﬁa Fuds PR madfuiiaem | un

i nescence for the di a| ysf’s solutfon o and Conparative Exanple 2

as WH) | adnfwtrigshktdgl wasased s oDilitti annwasf effdefed secicthatbha mticeofiquith4: harid i cal
axis represents the nunber of photons, and _the horizontal axis represents
tinme (secdhdyalysissoitioarprenargionsyater wasgk hgh: SPefdriadderarntsseasdvetiaisisal count s
(vertical gxi=s) 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 fer 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. <Experinment 3> The concentration of
gl yoxal in the dialysis base agent was neasured, For the 5 dialysis base
agent, six powder-type dialysis base agents (Sanples 2-7) and ten liquid-
type di al t ) e, the

o yoxal - EisepPREB AR ok RIPLES 6 b MR Ay e SO o REARE L.
measur ed. Bagplieeuatxhilgfedde gl ucose and dlaly5|s base agents used are
specifically set forth below Sanple 1: Special G ade d ucose (product of
Wako Pure Chenfﬁ%@emmﬁmé¥7les 10 Ltd.) Sanple 2: HYSORB-F (product of

Aj i nonot o Co. S B—D roduct o

A1 noToL0 Co. . b BOIRL B Byt RRP R S enEhal W O s a1

Sanmplg 5: wgsag n r td.) 15
Sanpl e 6: dl% ndaIEMye 32 gl %E%m%erg?p{ddgl Sl%re yg%dggdlles %azftdrt}ﬂggqmld )

Sanpl e 7: tipediallysis Bﬁe(agemsi(ﬁztmmés 8:ﬂ1%)0v¢?basafdacdwr|refaﬂentejcﬂhesglyo>e$ Ltd.)
Sanpl e 8: AK SOLI. TA_FP (product of Ajinonoto nple 9: AK SCLI TA
DL (pr oducqoneefntrA}%&m%spe@al gqa%glycossé%w@eﬂb)wamewz?drAH@ sPefidduct of

i nonot o of i nonoto Co.,
'IA\]nc ) Sa elg!u&’&? a&lglyégl u% 4&#%*—“%‘?%—5 Iol%@ @3 e(t? &—@ﬂb‘é}& Phar ﬁjaceutl cal
| ndustri es, LtSilrrg)leS&rSﬁeﬁlaﬂ-@Tefﬂ'e Gladase Gbaidt @ Wilko Biré mh@ﬂualtlnaﬁstﬁb@ o

Pharlnoaceutl cal ustries

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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2]

Ltd.) 25 Sanple 14: Kindaly Solution 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 Solution AF- 25
(product of Fuso Pharmaceutical Industries, Ltd.) Sanple 17: Kindaly
Solution AF- 2 (product of Fuso Pharmaceutical Industries, Ltd.) 5 For the
nmeasur enment 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 CA M. For the liquid-type dialysis base agents
(Sampl es 8-17), the dialysis base agent was neasured by GO M. 10 Fig. 6 is

a graph repres (10961 | o¥aerd } heuNeEd T aXi s
corresponds t o§t e@g?'y%@g%’g@gﬁ%gnt r atils(r)@%dr‘llgi AL gnJB{‘he Ho‘%;i zo(%?{eﬂeg’axi s
correspondsd)o the sanple nunber. It is appreciated fromFig. 6 that,

al though there is no particular difference fromthe special grade gl ucose
(Sanpl e 1) for SemplegddwiéndatyySalutinraplis? raducs of HysmPharmaenyiical dedpstitesSanpl es 6
and 7 cont %i Eed gl yoxal of relatively high concentration. 15 It was al so
identifi ea‘ fl at the liquid type dialysis base agents contai ned gl yoxal of

rel aty vel y hi glrof gRRGRAsIRKeR 0B e ERERALEShRatidIAsf t8é sFRRCLAke ghRdg 9l ucose.
In view of the foregoing, it is expected that the glucose degradati on

product s sudpoadergyyodiallysis baselagettd ($amptldsel -@), dilysors whasfectagentasso atthinr emai n
in the dialysis sqlutjion prepared by .diluting.the relevant dialysis base
agent, whiacdeneentiapen @a@f@)& t%mfda% K%S' Bipe diadysibass agp a&ﬁﬂf@ﬁ&reﬁner goi ng

o2l ys o BT N, BANS, IS RS 5, L
Exanpl e 1 agel wRmRanatd b¢ 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 ul of

each dialysis solution preparation water into 45 pl of glyoxal with the concentration of
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Exanple | 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
liquid used was prepared by adding 45 41 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
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Exanple -1 as well as arcorbic acid are dded W th respect he gl yoxal of
each concestarbitiacd (well knswapps &ee addiul §cavengBisgbstahce) hathettéss liQuidtvedsal count
was reduced significantly for the dialysis solution preparation 10 water of

t he preserenaftfesych Biat s asenrpigrastd wes qdﬁ@d i atajs 1.9 negnbior dPM ebiesrlaZison wat er

of rrparatlv t.could be reduced to a | evel

si m I ar tdlg(fﬁhﬁ’ %ﬁ%@é{%’f% a@gg‘cﬁg}“ﬁtfor ]sO%gjl@gl z%ér eciated fromFig. 7 that
the dialysis sqhyt 19Q R‘@%‘Egénﬂﬂ tﬂé@@@fotﬁfcogﬁ't‘g vﬂfeﬁ%ﬁ'@&al};@yg&hﬁ&{‘ and
ascorbic acid ca hav e tot% count uced significantly as the
concent r atpreparatfongtayexdExampiene snd\C gnparativeERanpidbas debes amdbicsicadaret hat t he
enbodi ments and_exanpl es di scl osed herein are illustrative and

non-r est r jadded with nesevéltcg/ the&w@i of epgl C@rzfélpféat@m t el amé@@ﬁrtedufw%ﬁtgi dn is
defined b he ¢ e_des bove, and
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preparation water having a dissolved hydrogen

Comparative Example 1. The CL total count could 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 50 to 600 ppb, a pHof 7 to 10, and satisfying a water
quality criterion 5 defined at |SO 13959, used to prepare a dialysis
solution by diluting a dialysis base agent including at |east 50 ng/nL of a
gl ucose degradation product. 2. A dialysis solution prepared by diluting a
di al ysis base agent including at |east 50 ng/nL of a glucose degradation
product, using the dialysis solution preparation 10 water defined in claim
1. 3. Dialysis equipnent conprising: neans for supplying dialysis solution
preparation water having a dissolved hydrogen oxygen of 50 to 600 ppb, a pH
of 7 to 10, and satisfying a water quality 15 criterion defined at |SO
13959, neans for storing a dialysis base agent including at | east 50 ng/nL

of a glucose degradation product, ﬁgﬂ‘%ﬁns for preparing a dialysis
solution by diluting the dialysis b ent with said dialysis solution

preparation water. 20 4. The dialysis equi pnment according to claim 3,
wherein said means for supplying dialysis solution preparation water
i ncl udes neans 1f oPiadysppblution preparati@tievater hagiags dissplvetl bydrogényzi ng t he raw

wat er, and neans. for._subj ecti ng t hode ter ohtained by electrolysis to a
reverse o§ﬂ’EF§Pt§atFPé‘r95r5§ﬁ%66688@@9&%"?25" %&%ﬂgﬁ%tf Hgafwab‘?rdﬁ“ﬂ]&tﬁ’r?&t%{lﬁi al ysis
sol uti on, i } j | -uding: : g/ m of a
ol ucose door Rz NG 1543, KMo G Ep il SOEE b i Hne £8E 5Pt

pr epar at i agert@ickidingedt leasi50 /@l a1 glucos@degradation product.

2. 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

10 water defined in claim 1.

3. Dialysis equipment comprising:
means for supplying dialysis solution preparation water having a dissolved
hydrogen oxygen of 50 to 600 ppb, a pH of 7 to 10, and satisfying a water quality
15 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 a dialysis solution by diluting the dialysis base agent with

said dialysis solution preparation water.

20 ;

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.

25

5. A method of producing a dialysis solution, wherein a dialysis base agent
including at least 50 ng/mL of a glucose degradation product is diluted using the dialysis

solution preparation water defined in claim 1.

=24 -





