Description Peritoneal D alysis Method Technica
Field The present invention relates to a preventive or
t herapeutic agent for peritoneal injuries which nay
occur during peritoneal dialysis; to a peritonea

di al ysate which is safe and causes | ess peritonea
injuries or other disorders; and to a peritonea

di al ysi s net hod using erltoneal di al ysat e.
Background Art In an a %ﬁﬁEgﬁtﬁ?%ge of renal failure,
body wastes cannot be renoved sufficiently, and
therefore, blood |levels of urem a-rel ated substances
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Background Art

In an advanced stage of renal failure, body wastes
cannot be removed sufficiently, and therefore, blood levels
of uremia-related substances such as urea nitrogen (RUN),
creatinine (Cr), phosphorus {(P), and potassium (K) increase,
to thereby induce a wvariety of symptoms. The symptoms
include increased fatigue, shortness of breafh, decreased
urine volume, edema, loss of appetite, and in addition to
these, hypertension, hyperkalemia, and anemia. If left
untreated, patients will eventually die. Therefore, patients
suffering from uremia must undergo hemodialysis, peritoneal
dialysis, or renal transplantation.

Of these three treatment approaches, peritoneal
dialysis has recently come 1Into wide use, for several reasons.

Firstly, as compared with hemodialysis, peritoneal dialysis



is convenient in that it can be perforned at hone,

requiring neither a special device nor human

assi stance; peritoneal dialysis is a slow process,

and thus can maintain the patient's physica

condition stable, wthout causing |low blood pressure
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of possible functional disorder of the peritoneum, invclving
hardening of the peritoneum, or peritonitis. This disorder
is caused by a high dose of glucose employed in peritcneal
dialysis, where the peritoneum is used as a semipermeable
membrane, and a dialysate containing glucose at a high
concentration is introduced into the intraperitoneal cavity
through a catheter indwelled therein, and the high-glucose

level dialysate is kept in there for 5 to 6 hours before

discharge.

Disclosure of the Invention

To solve the problem above, the present invention
provides a peritoneal dialysate which causes less peritcneal
injuries and can be employed in peritoneal dialysis
continuously over a long period of time, and a peritoneal
dialysis method using the dialysate.

The present inventors have focused on peritoneal



The present inventors have focused on peritoneal 2
nmesot helial cells lining the peritoneum and have
searched for substances which are capabl e of
preventing peritoneal nesothelial cell injuries
caused by high sugar |level, and have found that
adenosi ne tri phosphate (ATP) or a salt thereof has an
effect of venting peritoneal nesothelial cel
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Accordingly, the present invenition provides a
peritoneal dialysate containing ATP or a salt thereof.

The present invention also provides a preventive or
therapeutic agent for peritoneal injuries, the agent
containing ATP cor a salt thereof as an active ingredient.

The present invention also provides an agent for
fLreating cell injuries caused by sugar, the agent containing
ATP or a salt thereof as an active ingredient,

The present invention also provides use of AT?P or a
salt thereof in manufacture of a peritoneal dialysate.

The present invention also provides use of ATP or a
salt therecof in manufacture of a preventive or therapeutic
agent for peritoneal injury.

The present invention alsc provides use of ATP or a
salt thereof in manufacture of an agent for treating ceil

injuries caused by sugar.

The present invention also provides a peritoneal



The present invention also provides use of ATP or a
salt thereof in manufacture of an agent for treating
cell injuries caused by sugar. The present invention
al so provides a peritoneal 3 dialysis method,
characterized by conprising using a dialysate
containing ATP or a salt thereof in an effective
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According to the present invention, there can be
obtained a pexitoneal dialysate which is safe and which,
after use in peritoneal dialysis for a long pericd of time,

causes less peritoneal injuries.

Brief Description of the Drawings

Fig. 1 shows effect of ATP on decrease in the viability
of HPMC ({(human peritoneal mesothelial cells) atiributed to
gilucose (5.8 mM, 75 mM, and 140 mM) {as measured by
absorkbance) ;

Fig. 2 shows effect of adenosine on decrease in the
viability of HPMC attributed to glucose (5.8 mM, 75 mM, and
140 mM) (as measured by absorbance);

Fig. 3 shows effect of an ATP receptor antagonist
(Suramin, 10 pM) exerted on the ATP's effect on decrease in
the viability, as measured by absorbance, of HPMC attributed
to gluceose (5.8 M, 75 mM, and 140 mM);

Fig. 4 shows effect of an ATP receptor antagcnist



140 mM) (as neasured by absorbance); Fig. 3 shows

ef fect of an ATP receptor antagonist (Suramn, 10
~LM exerted on the ATP' s effect on decrease in the
viability, as nmeasured by absorbance, of HPMC
attributed to glucose (5.8 ™M 75 mM and 140 nm\);
Fig. 4 shows effect of an ATP receptor antagonist 4
(Reactive Blue 2, 30 pM exerted on the ATP' s effect
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the therapeutic eff

invention has been known to be an ensrgy source for cells,
However, it has remained unknown that ATP can function to
prevent injury of cells; in particular, peritoneal
mesothelial cells, caused by high sugar level, inter alia,
giucose. As shown in the Examples below, peritoneal
mesothelial cells which had been pretreated with an ATP
receptor antagonist prior to a treatment with ATP did not
exhibit any preventive effect for peritdneal mesothelial cell
injuries. The results indicate that the therapeutic effect
of ATP on cell injuries is not attributed to an action of ATP
serving as an enerdgy source after being taken into the cells,
but rather to an action of ATP exhibited by the mediation of
an ATP receptor.

Preferred examples of the salt of ATP include alkali
metal salts such as sodium salts, and alkaline earth metal

salts such as magnesium salts and calcium salts.

The peritoneal dialysate of the present invention



of ATP on cell injuries is not attributed to an action
of ATP serving as an energy source after being taken
into the cells, but rather to an action of ATP
exhi bited by the nediation of an ATP receptor.
Preferred exanples of the salt of ATP include alkal
netal salts such as sodiumsalts, and al kaline earth
sal% such as Sg t salts and. cal ci um
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contains Na' in an amount of 100 to 200 mEq/L, Ca?' in an
amount of 4 to 5 mEq/L, Mg”' in an amount of 1 to 2 mEq/L,

and Cl™ in an amcunt of 80 to 120 mEq/L. Preferably, the
peritoneal dialysate of the present invention further
contains an organic acid such as lactic acid in an amount of
30 to 50 mEg/L. Preferably, the csmotic pressure of the
peritoneal dialysate i1s adjusted to 300 to 700 mOsm/L. The
balance.is water.

The peritoneal dialysatelof the present invention
containing ATP or a salt thersof can prevent peritoneal
injuries and cell injuries; in particular, peritoneal
mescthelial cell injuries, which may otherwise be caused by
high sugar level. Examples of fThe peritoneal injuries
include peritonitis, sclerotic encysted peritonitis,
intractable prolonged peritonitis, and general péfitonitis.

However, the preventive or therapeutic agent for peritoneal

injury or the therapeuific agent for cell injury according to



peritoneal dialysate is adjusted to 300 to 700 nosni L.
The balance is water. The peritoneal dialysate of the
present invention containing ATP or a salt thereof

can prevent peritoneal injuries and cell injuries; in
particul ar, peritoneal nesothelial cell injuries,
whi ch may ot herwi se be caused by high sugar |evel.
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onel 83UkbaRl Xt Wk@sl S1RPKOEES§eHinder, a disintegrant, a
lubricant, a coloring agent, a sweetening agent, and a
flavoring agent}, and the resultant mixture is processed
through a routine method, to thereby produce an oral solid
“drug product such as tablets, coated tablets, granules,
powder, or capsules. Additives may be those generally
employed in the art. Examples of the excipient include
lactate, sucrose, sodium chloride, glucose, starch, calcium
carbonate, kaolin, microcrystalline cellulose, and silicic
acid; examples of the binder include water, ethanol, propanol,
simple syrup, gluccse scolution, starch solution, liquefied
gelatin, carboxymethylcellulose, hydroxypropylcellulose,
hydroxyprcopyl starch, methyl cellulose, ethyl cellulose,
shellac, calcium phosphate, and polyvinyl pyrrolidone;
examples of the disintegfént include dried starch, scdium

arginate, powdered agar, sodium hydrogencarbonate, calcium

carbonate, sodium lauryl sulfate, monoglyceryl stearate, and



through a routine nethod, to thereby produce an ora
solid drug product such as tablets, coated tablets,
granul es, powder, or capsules. Additives may be those
generally enployed in the art. Exanples of the

exci pient include |actate, sucrose, sodium chloride,
gl ucose, starch, calcium carbonate, kaolin,

m crocrystalline cegé ose and siljcic acj
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produce an orally admnistered
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include vanillin; examples of the buffer include sodium
citrate; and examples of the stabilizer include tragacanth,
acacia, and gelatin.

When an injection product is prepared, ATP or a salt
thereof is mixed with an additive such as a pH regulatcr, a
buffer, a stabilizer, an isotonicity agent, or a local
anesthetic, and the resultant mixture is processed through a
routine method, to thereby produce an injection for
subcutanecus injection, intramuscular injection, or
-intravenous injection. Examples of the pH regulator or
buffer include sodium citrate, sodium acetate, and sodium
phosphate; examples of the stabilizer include scdium
pyrosulfite, EDTA, thioglycollic acid, and thioclactic acid;
examples of the local anesthetic include procaine

hydrechloride and lideocaine hydrochloride; and examples of

the isotonicity agent include sodium chloride and glucose.



medi ci ne, syrup, or elixir. Exanples of the sweetening
agent include vanillin; exanples of the buffer

i nclude sodium citrate; and exanples of the
stabilizer include tragacanth, acacia, and gelatin.
When an injection product is prepared, ATP or a salt
thereof is mxed wwth an additive such as a pH
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or intravenously once a day or sSeveral tinmes a day in
a cat@etkededs introduced into the peritoneal cavity of a
patient suffering a renal disease, and a dialysate (typically
1.5 to 2.0 L) containing ATP is intraperitoneally
administered to the patient via the cetheter. Alternatively,
an ATP-containing glucose solution having a physiological
glucose level is administered, and, thereafter, a
conventional dialysate {such as a soluticon containing high
level glucose) is administered. The thus-infused dialysate
or sclution is maintained for about five to six hours and
then discharged. Typically, the procedure is repeated three

to five times a day. The physiological glucose level is 0.08

to 0.16% (w/v).

Examples
The present invention will next be described in detail
by way of examples, which should not be construed as limiting

the invention thereto.



manner. The peritoneal dialysate may be enpl oyed in
accordance wth a conventional peritoneal dialysis
net hod. Specifically, a catheter is introduced into
the peritoneal cavity of a patient suffering a rena
di sease, and a dialysate (typically 1.5 to 2.0 L)
containing ATP is intraperitoneally admnistered to
the patient via the catheter. Alternatively, an
ATP- cont ai ni ng gl ucose sol uti on having a physi ol ogi ca
Ex %%ﬂ%p e level is admnistered, and, thereafter, a
ional dialysate (such as a solution containing

l.evel gl uco adn1 |stered The thus- i nfused
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The results are shown in Fig. 1. When HPMC was
preincubated with the culture media containing no ATP, the
viability of the HPMC decreased as the glucose level
increased, whereas when HPMC was preincubated with the
culture media containing ATP, decrease in viability caused by

high level glucose was significantly alleviated.

Example 2

Instead of ATP, adenosine, which is a metabolite of ATP,
was employed to study the effect of adenosine on decrease in
HPMC viability caused by high level glucose.

The results are shown in Fig. 2. Adenosine exhibited no
effect of alleviating decrease in HPMC wviability, as shown in

the case of ATP.

Example 3
Prior to the step of preincubation with ATP-containing

culture media in the procedure of Example 1, HPMC were

10



hours in culture nmedia (ML99) containing glucose at
three different levels (5.8MM 75mM and 140nmV)
HPMC viability was obtained through cell counting
(WST-1). The results are shown in Fig. 1. When HPMC
was preincubated with the culture nmedia containing no
ATP, the wviability of the HPMC decreased as the
| ucose | evel _increased, whereas when HP S
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decrease in viabilitg caused by R%?h | evel glugose
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The results obtained in Example 1 indicate that ATP has
an effect of significantly preventing peritoneal mesothelial
cell injuries caused by high glucose level. The results
obtained in Examples 2 and 3 reveal that this effect cf ATP
is not attributed to an action of ATP serving as an energy
source atfter being taken into the cells, but rather to a

direct action of ATP exhibited by the mediation of P2

receptors.

Example 4
Formulation of peritoneal dialysates
(1) Dialysate containing ATP

To each of three dialysates containing glucose {1.36,
2.27, and 3.86%) are added sodium chloride, =sodium lactate,
calcium chloride, magnesium chloride, etc. so as to attain
conventional compositional proportiocns, and ATP is added so

that the resultant mixture attains an ATP level of 50 to

2,000 pM.

11



described in Exanple 1. The results are shown in Figs.
3, 4, and 5. Wien the HPMC was treated with ATP
receptor antagoni st, ATP exhibited no effect of
alleviating reduction in HPMC viability. The results
obtained in Exanple 1 indicate that ATP has an effect
of significantly preventing peritoneal mesothelia
ceII |njur|es caused by high glucose |evel. The
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the resultant mxture attains an ATP level of 50 to

Z'Oﬁpoéﬁ'pM (2) Physi ol ogi cal glucose | evel solution
contai ning ATP To a glucose solution having
physi ol ogi cal glucose |evel (0.1% are added sodi um
chl oride, sodiumlactate, calciumchloride, nagnesium
chloride, etc. so as to attain
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conventional conpositional proportions, and ATP is

added so that the resultant m xture attains an ATP

| evel of 50 to 2,000 pM 12 Cains 1. A peritonea

di al ysate conprising adenosi ne tri phosphate or a salt

thereof. 2. The peritoneal dialysate as described in

claim1l, further conprising glucose and an

el ectrolyte. 3. A preventive or therapeutic agent for

peritoneal injury, compli'&Y adenosine triphosphate

or a salt thereof as an active ingredient. 4. A

t herapeutic agent for cell injury caused by sugar,

conpri sing adenosjne.triphosphate or.a salt thereof as
¢ CTERE S

anl-acti BE{ hgred 2R eCHgRAt S HLI RATIDBES i n
tricgai 4, wherein égg gll {njyry caused by sugar is

pereP ﬁgﬁloﬁegoﬁﬁ Fi & .EQPF injury caused by glucose.

O el Sdenestie, (ol Bhoephate,of 2.8l ferepled
run560 RS RGN G Mer el DS RELLIGDER! e

e R O T N S e
inj%?&ht%g%%kiggkﬁrgdenosine triphocsphate or a salt thereof
as an active ingredient.

4, A therapeutic agent for cell injury caused by sugar,
comprising adenosine triphosphate or a salt thereof as an
active ingredient.

5. The agent as described in claim 4, wherein the cell
injury caused by sugar is peritoneal mescthelial cell injury
caused by glucose.

6. Use of adenosine triphosphate or a salt thereof in
manufacture of a peritoneal dialysate.

7. Use as described in claim 6, wherein the peritoneal
dialysate further contains glucose and an electrolyte.

8. Use of adenosine triphosphate or a salt thereof in
manufacture of a preventive or therapeutic agent for
peritoneal injury.

"9, Use of adenosine triphosphate or a salt thereof in
manufacture of a therapeutic agent for cell injury caused by
sugar.

10. Use as described in c¢laim 9, wherein the cell

injury caused by sugar is peritoneal mesothelial cell injury

13



1 9. Use of adenosine triphosphate or a salt thereof

in mnufacture of a therapeutic agent for cell injury
caused by sugar. 10. Use as described in claim?9,
wherein the cell injury caused by sugar is peritonea
mesot helial cell injury 13 caused by glucose. 11. A

peritoneal di al ysis nethod, characterized by
onln& a di al ysate conprising adenosi ne
CaUﬁﬁﬁpﬁdSﬁ HC6S6r a salt thereof in an effective
amount. 12. The peritoneal dialysis nethod as
desdri bBdPPALteNafM 412l Fokpriethedi nErapest eoneat | Y
adn1n|ster|ng via a catheter inplanted in the
empdeifgnealigaveey o CRPpAFLBAL 208HPFéERPNT APPeRRRate o a
di sease, a dialysate containing an effective anount
salft thgeredi fa PP|6ﬁ§§§ﬁéV§ 6WOHn§alt t her eof . 13 The
perltoneal dla|¥SIS nmet hod as described in ﬁ%n111
or 1>, hRerBerAt ﬂ%@év@%%i’%ﬁeﬁ%@?‘ﬁ% ??l%‘ﬁ%‘%{) '@ 1Ry
1 sal t t hereqf .in th g ate gz 10 .t o
c aHP e SHEPILSABY) lb'h 5F§’§F REER ya§d@é§&ﬁ Bﬁanﬂn via a
_ im1l or 12, wherein the dialysate.furt
cathiheh siw %&éoga GRA B otaeRr el L¥5O TRepatient
suf%ﬁrltoneal d § arsretho 485 des%r ed.in lcla| m 14,
éréidn % Ré 61 u &§$ &vef (421Y660° 8 2 660 Ry/ at.

The per.i di al SIS net e r|b n
ot R PR P e PR by s TSP SE R & Sray ShpEeo
13. The peritoneal dlalysis method as described in
claim 11 or 12, wherein the level of adenosine triphosphate

cr a salt thereof in the dialysate is 10 to 5,000 uM.

14. The peritoneal dialysis method as described in
claim 13 or 12, wherein the dialysate further comprises
glucose and an electrolyte.

15. The peritoneal dialysis method as described in
claim 14, wherein the glucose level is 1,000 to 4,000 mg/dL.
16. The peritoneal dialysis method as described in

claim 11, comprising, before administering a dialysate
containing a high level of glucose into a patient suffering a
renal disease through a catheter implanted in the peritoneal
cavity, intraperitoneally administering a dialysate
containing an effective amount of adenosine triphosphate or a
salt thereof and a physiological level of glucose.

17. The peritoneal dialysis method as described in

claim 16, wherein the physiological gluccose level is 0.08 to

0.16% (w/v) and the high glucose level is 1,000 to 4,000
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containing a high level of glucose into a patient
suffering a renal disease through a catheter
inmplanted in the peritoneal <cavity, intraperitoneally
adm ni stering a dialysate containing an effective
anount of adenosine triphosphate or a salt thereof
and a physiol ogical |evel of glucose. 17. The
peritoneal dialysis nethod as described in claim 16,
ng/gher ei n t he physiological gl ucose level is 0.08 to
0.16% (W v) and the hig | ucose level is 1,000 to
4,080 14 ﬁﬁ?@tlngl%etﬁp@rg%¥lE@r%ﬁﬁ¢ﬁﬁﬂf%ﬁ3$Eﬁﬂtoneal
injury, characterized by adm ni stering adenosi ne
chagpriRE4pREt BYoRIRINIGFETEREr BERNPALIRA BEfRRPFRRALE or a
ampunt. 19. A treating nethod for cell injury caused
salfy thggapt 18h§Pa8?§?F%éHeb?mSHﬁFnlsterlng adenosi ne
trlphosRhate or a salt thereof_jn an effectiv
andint . Efeqﬁénﬁe?%]ao%sf%’és%‘?]r]oeJdDJW—”%I%ﬁ‘“?ﬁ% by sugar,
wherein t nj caus sug eritonea
chopheretn e, cehl LKLY caussd, by, susar, 2 perLignee!

salt thereof in an effective amount.
20. The method as described in claim 19, wherein the
cell injury caused by sugar is peritoneal mesothelial cell

injury caused by glucose.
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