; %&f()*+ -./012e3e_I| \ BBCLEENI 61 Tl r 11 April 2003 *, r,~ ~~s* SPECI
A FI'CATI ONTITLE "PER TONEAL DI ALYSI S SOLUTI ON CONTAI NI NG MODI FI ED
ICCDEXTRINSMW’ OF THE | NVENTI ON The present invention rel ates
general ly t dial ysis and solutions for the same. N#pdl 2003
specifically, tpgyp esent invention relates to the use of nodified
i codextrins in perltoneal dialysis solutions as an osnotic agent and as an
alternative to the use of glucose as an osnotic agent. The present
invention also relates to methods of prepaking peritoneal
solutions that are stable under autoclaving conditions. ;’m E[w ’W ides a
nmet hod for supplenenting or replacing renal function in cer
Principally, henodialysis and peritoneal dialysis are the tw'f¥t*hods that
are currently utilized. In henodialysis, the patient's blood is passed
through an artificial kidney dialysis machine. A nmenbrane in the nmachine
acts as an artificial kidney fprpgheansiggr tdey bf 0py JBecause it is an
extracorporeal treatment that requires special nachinery, henodialysis is
fraught with certain inherent disadvant deERLBuUch as the availability of

di alysis machines and the possibility of infection and contam nation. ft
11April : ~OU: > PERITONEAL DIALYSIS SOLUTION CONTAINING

MODIFIED ICODEXTRINS"
BACKGROUND OF THE INVENTION

The present invention relates generally to
peritoneal dialysis and solutions for the same. More
specifically, the present invention relates to the use
of modified icodextrins in peritoneal dialysis

) solutions as an osmotic agent and as an alternative to
the use of glucose as an osmotic agent. The present
invention also relates to methods of preparing
peritoneal dialysis solutions that are stable under
autoclaving conditions.

Dialysis provides a method for supplementing or
replacing renal function in certain patients.
Principally, hemodialysis and peritoneal dialysis are
the two methods that are currently utilized.

In hemodialysis, the patient's blood is passed
through an artificial kidney dialysis machine. A
membrane in the machine acts as an artificial kidney
for cleansing the blood. Because it is an
extracorporeal treatment that requires special
machinery, hemodialysis is fraught with certain
inherent disadvantages such as the availability of
dialysis machines and the possibility of infection and

contamination.



- 2 To overcone the di sadvantages associ ated with henodi al ysis, peritoneal
- dialysis was devel oped. Peritoneal dialysis utilizes the patient's own
peritoneum as a seni -perneabl e nenbrane. The peritoneumis a nmenbranous
l'ining of the abdom nopelvic walls of the body. The peritoneumabsi :@apabl e
of acting as a natural sem -perneabl e nenbrane because of its |arge nunber
of bl ood vessels and capillaries. In operation, a peritoneal dialysis
solution is introduced into the peritoneal cavity utilizing a catheter.
After a sufficient period of tine, an exg%gnge of sol utes between the

di al ysate and bl ood is achieved. Fluid rehoval is achieved by providing a
suitable osnotic gradient fromthe dialysate to the blood to permt water
outflow fromthe blood. This allows the proper acid-base, electrolyte and
fluid balance to be achieved in the blood. After an appropriate dwell
period, .the dialysis solution or dialysate is drained fromthe body through
a cat hel et Conventional peritoneal dialysis solutions contain glucose as an
osnotic agent to neTatavercdre oshetdtspileantagedvfasshecsatediehthi gher than

t he physiol ogical osnptic pressure % out 285, nOsnol [k d ycose is a

pref erred osrm&?%ogbgﬁYSb%caﬂ%Eﬁ??n gﬁv#ﬂ%ﬁyﬁbﬁiﬁﬁﬂl4?@%1?9?%1ion rates.
However, cert apdl- g SRAYAN BOESs Navie: PECOIE assqGiefag e thydhe 11 April
2003 - 3 use of glucose. For” exanple, glucose is known to deconpose to
Shydr oxynet hylpéui f omehn (& MdFgeni- permepiebe snaabrdneon doineng aut ocl avi ng
or steanmed sterilization. Smth, et al. AM J. Hosp. Pharm, 34:205-206
(1977). BecausReSiiMrey® tPHndi BRIRRPRUDe! Halrd UL Rt he peritoneum
(Hender son, et . ri 7. 86-.94 9) )epp A t u desirable to
have a peri tonea Or&%%@%ﬁéfgo‘f%ﬁsono% lﬁe aél&%’g'rmt?%é a%é{e\ér)l écgall%g'g[flfg%t ive as

gl ucose but wighaiDeSoNcPiRgluce F-iiMueL]l tdei - harmdath] desanppshéi on
products during autoclaving or sterilization. In short, a substitute

osnoti c agent Weragsecobelts haegediuwdper fafibloed compolmdendapabl e of
serving as osnotic ents in peritoneal dialysis solutions is icodextrins,

i ncl udi ng nalfﬁﬂ%&{fgﬁﬁgskbmever, whil e these conpounds are suitable for
use as osnotic agent§,ohdeye BEE, ah SSe K40 S dusingi beal s
sterilization to aldonic acids and Tornal dehyde. Because the presence of

f ormal dehyde iimperdtomdalntde atlysipesoteneahscawitinapprbipziageadue to its
poor bioconpatibility, the use of iggdextrins, j ncluding mal todextrins as a
substitute forc¥fhrioe: as*breHsFott ti@?ﬁ&%ét?%f%ﬁ?%fy?nAccordingly,

there is a neegdcipr SFPL VGO O54 ¢ OGR! ¢ Kl a) ¥$1 L UL @n Wb gh; wti i zes
an osnoti c agent ofﬁ%? tﬁgn d%%%ose and mh?c q#s sfgﬁ?e uﬁ%er 111Apri
2003 - 4 aut codlavéewegd or Blebdn sémsvdl zod | 0rh Conel thwnscoSLMMMRYa OF THE
| NVENTI ON The present invention provides a solution to the aforenoted need

by providing &%t%etPle 223t trdierl of ¥oT stRe |3 bt P stRg a gl ucose

pol ymer | i nked, predom nal by, By @ &, 0PNy e J0e Lel mipLedonnatel y! i s
used because it 1S anticTipated ?%af W Thrn pol yner nolecul es, other bonds

such as a-1, 6 HPnekss Whé Peopeeseiid Asade) lelddirdTyi@ssed arRuats.
Accordi ngly, as used herein, the term "predom nately" neans at |east 85%

Thus, a gl ucoseabuhgereto | hakachpeeednimatlet yobyod- 1, A hendsni ncl udes at

I n r -1,4 .
east 850, by aﬁ%@ﬁbfigke’dwgffqgeriod, the dialysis solution or

dialysate is drained from the body through a cathe:l¢;:
Conventional peritoneal dialysis solutions
contain glucose as an osmotic agent to maintain the
osmotic pressure of the solution higher than the
physiological osmotic pressure (about 285 mOsmol/ky) .
Glucose 1is a preferred osmotic agent because it
provides rapid ultrafiltration rates. However,

certain disadvantages have become associated with the



In an enbodi ment, the glucose polyner |inked predom nately by a-1,4 bonds
‘is selected fromthe group consisting of D-glucitol having the fornula OH a
O CHZOH OH OH 11 Apr~l i(11i'; gluconic acid having the forrmul a CH-CH
CH~OH OH a O and al kyl gl ycosi de having the formula CH-OH H <<maApriRRgdd OH

OH

use of glucose.

For example, glucose is known to decompose to 5-
hydroxymethyl-furfural (5-MHF) in an aqueous solution
during autoclaving or steamed sterilization. Smith,

et al. AM.J. Hosp. Pharm., 34:205-206 (1977). Because

5-HMF is considered to be harmful for the peritoneum

(Henderson, et al., Blood Purif., 7:86-94 (1989)), it

would be desirable to have a peritoneal dialysis
solution with an osmotic agent as effective as glucose
but which does not produce 5-HMF or other harmful
decomposition products during autoclaving or
sterilization. 1In short, a substitute osmotic agent
for glucose is needed.

One family of compounds capable of serving as
osmotic agents in peritoneal dialysis solutions is
icodextrins, including maltodextrins. However, while
these compounds are suitable for use as osmotic
agents, they are also known to degrade during heat
sterilization to aldonic acids and formaldehyde.
Because the presence of formaldehyde in peritoneal
dialysis solutions is inappropriate due to its poor
biocompatibility, the use of icodextrins, including
maltodextrins as a substitute for glucose as an
osmotic agent is unsatisfactory.

Accordingly, there is a need for an improved
peritoneal dialysis solution which utilizes an osmotic

agent other than glucose and which is stable under



11 April 2003 - 6 wherein Ris selected fromthe group consisting of CH3,
CH3CH2 and (CH20H) 2CH, CH2 (OH) CH (OH) CH2, and ( CH2OH ) ( CHOHCH2COH )
CH . In an enbodi nent, the glucose polyners, |inked predom nately by a-1,4
| i nkages, of the peritoneal dialysis solution may include up1quﬁgﬂk@f

ot her linkages including, but not limted to, a-1,6 |linkages. In an

enbodi nent, the peritoneal dialysis solution of the present invention is
substantially free of fornal dehyde. In an enbodi ment, the peritoneal

di al ysis solution of the present invention is substantially free of
furfurals. In an enbodi nent, starch utili%ed as the osnotic agent is
substantially free of term nal al dehyde groups. In an enbodi nent, the
present invention provides a nethod of preparing a stabilized osnotic agent
of a peritoneal dialysis solution conprising the steps of providing a
solution of starch dissolved in water and adding NaBH4 to the sol ution of
partially hydrolyzed starch to reduce the starch. In an enbodi nent, the

nmet hod of the auesebévingeoti sheémr sheritopptisascohéisiensof purifying the

reduced starch solution by passing the reduced starch solution through an
ani oni ¢ exchange resin. In§¥¥ﬁiﬁ¥%ﬂ§ﬂ§ﬁ%¥¥ﬁ@ﬂﬁﬂ§gbIving and addi ng
steps of the nethod S ] t] caryj out om
tenperature. In an Eﬁ%oé?%%%%? ?ﬂgehg¥§gqbggviﬁgspgeéég tf%@eﬁ%iéﬁefurther
conprises the stepenbradll pveadbyhpreoidihgnat steeanited pepieshaately 10

hours after the NaBH4 is added to the starch solution to reduce the starch.
dialysis solution comprising a glucose polymer linked
predominately by o-1,4 bonds. The term "predominately"
is used because it is anticipated that within polymer
molecules, other bonds such as «a-1,6 bonds will be
present as well, but in lesser amounts. Accordingly,
as used herein, the term "predominately" means at
least 85%. Thus, a glucose polymer linked
predominately by «-1,4 bonds includes at least 85%, by
number, o-1,4 bonds.

In an embodiment, the glucose polymer linked

predominately by o-1,4 bonds is selected from the

group consisting of D-glucitol having the formula

CH,OH CH,0OH _ CH,0H
0] o OH
(02 a
OH 00— OH O] OH CH,0H
n dn
OH OH

OH



In an enbodi ment, the starch of the present invention is maltodextrin. In
~an énbodi nent, the nmethod of the present invention reduces naltodextrin to
D-glucitol |inked predom nately by a-1,4 bonds and having the fornmula CH-CH
oH 11 April 2003 _ g _ In an enbodinent, the present inventhpm pnovides
a nmethod for preparing a stabilized osnotic agent of a peritoneal dialysis
sol ution which conprises the steps of providing a solution of starch

di ssolved in water, providing a solution of NaOCl, and addi ng the NaCC
solution to the starch solution to oxidizegthe starch. In an

enbodi nent, -the nethod of the present invention further conprises the step
of purifying the oxidized starch solution by passing the oxidized starch
solution through a gel perneation chromatograph. In an enbodi nent, the

oxi dation of the starch is carried out at roomtenperature. In an

enbodi nent, the conbined solutions are allowed to stand for approxi mately 2
hours. In an enbodi ment, the starch is naltodextrin. In an enbodi nent, the
met hod of the pIB4eMRLI¢ nRehlibdv bR didesteHBUAI t odextrin to a gl uconic
acid linked predom nately by a-1,4 bonds and having the formul a 11 Apri
2003 - 9 CH-OH COOH

CH,OH CH,O0H - CH,0H
6] 0 OH
o > o
OH 0o— OH O OH COOH
" dn
OH OH OH
and alkylglycoside having the formula
CH,OH CH,0OH - CH,OH
o 0) )
o o
OH 0 OH 0 OH A~
(a,3)
L dn
OH OH

OH



OH I n an enbodi nent, the nmaltodextrin can be oxidized el ectrochemcally. In
“an enbodi nent, the present invention provides a nethod of preparing a
stabilized osnotic agent for a peritoneal dialysis solution which conprises
the steps of dissolving-the starch in an acid and an al cohol 13apgcioed from
the group consisting of nethanol, butanol, glycerol or other alcohols. In
an enbodi nent, the nethod further conprises the step of stirring the
starch, al cohol and acid for 2-16 hours. In an enbodi nent, the nethod
further conprises the step of stirring the starch, alcohol and acid at a
tenperature of about 100C. In an enbodi nent, the starch is maltodextrin. In -
an enbodi nent, the acid is hydrochloric acid or other acids such as

sul furic acid. 11 Apri | 20~1-~ - 10 In an enbodi nent, the nethod of
the present invention hydrolysizes and al kylates the starch to an

al kyl gl ycosi de |inked predom nately by a-1,4 bonds and having the fornmula

20H . C
wherein R is selected from the group consisting of CH,,

CH,CH, and (CH,OH),CH, CH,(OH)CH(OH)CH,, and
(CH,0OH) (CHOHCH,OH) CH.

In an embodiment, the glucose polymers, linked
predominately by a-1,4 linkages, of the peritoneal
dialysis solution may include up to 10% of other
linkages including, buwt not limited to, o-1,6
linkages.

In an embodiment, the peritoneal dialysis
solution of the present invention is substantially
free of formaldehyde.

In an embodiment, the peritoneal dialysis
solution of the present invention is substantially
free of furfurals.

In an embodiment, starch utilized as the osmotic
agent is substantially free of terminal aldehyde -
groups.

In an embodiment, the present invention provides
a method of preparing a stabilized osmotic agent of a
peritoneal dialysis solution comprising the steps of

J/ providing a solution of starch dissolved in water and
adding NaBH, to the solution of partially hydrolyzed
starch to reduce the starch.

In an embodiment, the method of the present
invention further comprises the step of purifying the
reduced starch solution by passing the reduced starch

solution through an anionic exchange resin.



anHOROHand wherein Ris selected fromthe group consisting of CH3 ,

' CH3CH2 and ( CH2OH ) 2CH . Wen hydrolysis is perforned on starch
pre-treated with periodate, Ris the remmant of a glycol-split glucose
unit. It is therefore an advantage of the present invention to provide an

i nproved peritoneal dialysis solution which is stable under autoclaving and
steam sterilization conditions. Another advantage of the present invention
is that it provides an inproved osnotic agent as an alternative to gl ucose.
OH OH 11 April 2U03 - 11 Yet another adyantage of the present invention
is that it provides inproved nethods of preparing peritoneal dialysis

sol utions. Yet another advantage of the present invention is that it

provi des inproved osnotic agents for peritoneal dialysis solutions which
are stable under autoclaving or steamsterilization conditions. Additional
features and advantages of the present invention are described in, and wl|
be apparent from the detail ed_description_of the presentlg preferred

enbodi nents and upont®e?er@RRRItBERbe e ocbEFO RS | Y A BRY EREEPS
DESCRI PTI ON OF JHi il %%E'gyrelée%ée d&ga{)ﬁr&ﬁélé Pl glolpe 13C

NMR spectrum of an osnotic agent are gl ycosyl a on I'n accordance

w th the presendtirventtempesdscufeégure 2 is a graphrcal illustration of the
13C NMR spectrum of an osnotic_agent prepared g gl ycosylation in
accordance with the prexentmbegEpenpn. the method of the present

invention further comprises the step of allowing the
solution to scan for approximately 10 hours after the
NaBH, is added to the starch solution to reduce the
starch.

In an embodiment, the starch of the present
invention is maltodextrin.

In an embodiment, the method of the present
invention reduces maltodextrin to D-glucitol linked

predominately by o-1,4 bonds and having the formula

CH,OH CH,OH _ CH,0H
O O OH
o o
OH 00— OH O— OH CH,OH
R dn
OH OH

OH



DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENTS The present
“invention provides a peritoneal dialysis solution with osnotic agents that
are stable under autoclaving and steam sterilization conditions. The stable
osnotic agents of the present invention may 11April 2G 73 115&ﬂ2€63
prepared by reduction, oxidation or glycosylation. Wien an icodextrin
havi ng reduci ng-end units are enpl oyed, such as naltodextrinm the
reducti on, oxidation or glycosylation procedures of the present invention
transformthe icodextrin to correspondi ng Dglucitols, gluconic acids and

al kygl ycosi des respectively. Exanple 1 Areduced icodextrin was prepared by
starting with 15 grans of maltodextrin dissolved in 20 mMl of water. One
gram of NaBH4 was added to the solution at roomtenperature and the
solution was allowed to stand for 10 hours. The solution was then purified
by passing it through an anionic exchange resin. Three different

mal t odextrin starting materials were utilized. A |ow nolecular weight (LMN
havi ng a 3% degr ee 15f agolefiedisgniton thePprggentt invead iohareyidsisned t o

gl ucose, 37% nal tose,, 20% nal t ot et raose  and 420 hi gh nol ecul ar i ght
oligosacchariﬁegﬁgéﬁ§% §F BITPGE RS EcftEP Meifght TRt dFeREERY %%N%l)
having a 14% ¢deqiie rfa 1piWTRiHizaldAmtwRh Whiildhz edmphd seantakned

gl ucose, 20 naltose, 4% naltotetraose and 94% hi gh nol ecul ar wei ght

ol i ogosacchar icdeproviidigg & sedortdom gif mtlaachl adsweilyked ral wedextrin

(HWAR2) with a 90 degree of polymerization.containi 1% gl ucose, 30

mal t ose, 7o & §e8§ﬁ&t9@8 i ghailec & aﬂ&ﬁ&ﬁtt !868§&ccharides
was utilized. ;TNQRARAU $he LA s AW on 13 o3AGiSkakhlng aBleri al s
were anal yzed using 1' C NMR spectroscopy. The signals associated wth the
reduci ng end units Ief arhenticariieng ,rather ralthodomtl ehel preiseappeared in the

specter of the products. Sone depol ynerizati on was observed. The products
were tested fdnvenggion fprihesr comprisesatthen séerdifi oHg 14y insuthal pH. A

significant reduglion of absorhance ¥AHALL0N AL 283 DDLLR-ARS) after
or t ced e

sterilization TS observe r e redu compounds. réduced conpounds

from Exanpl e kraren isplied ias HMAbuced.a M2 peeteadoMV red in Table 1.
Exanple 2 UWilizing the three different sanples of maltodextrins di scussed

above with resheemateodmemipl e 1, oxidation reactions were carried out on
each sanpl e by dissolvin 5 grans f naltod rin i m_ . _of t.er and
conbi ni ng t he stariﬁl§%ﬁ%?%5ﬁgﬂfgﬁ"aﬁh§fF@%@é&é°§n83n%%8fSﬁg T 70 M of

a sol ution copbaliidRg osediembydl @uge ardRaving a pH of 8 0.5 at a
tenperature of 43C. The conbi ned sol utions were allowed to stand for

approxi mately 2 houms azanenibee ipreoady ¢ tt heolagmbomewa s ofutiibned alg gel
permeati on chromat ography. Again, the products were anal yzed using 1' C NWR
spect roscopy &rd e HeSttédd Srrs CabPyraisder 2sM Si-zat i on condi ti ons

as illustrated in Table L. 4l %hetQéJ%& (Mo, Rrog%gkgd EM .ox HWAZ ox
and LMWV ox shOM/contrégting régﬁﬁté, 1 Epr?l 50 © -
In an embodiment, the method of the present
invention oxidizes the maltodextrin to a gluconic acid

linked predominately by o-1,4 bonds and having the

formula



- 14 this is attributed to the high nol ecul ar wei ght oxidized products not
* being conpletely purified. Table 1 - Absorbance (284 nn) variation after
sterilization (121C 45 mn) of S$ Icodextrin and nodified |Icodextrin

sol uti ons CODENunber of experinent ~4Abs (pH 6.5-7.5)~Abs ( PH1April 2003

S. S) HWW 60. 65t 0. 300. 59t 0. 35HMAL r ed60. 31+0. 100. 20+0. 071 HMAL ox ~:%g
~1.830.211. 780. 13HWA281. 21t 0. 710. 620. 72IHMA2 red70. 13t 0. 090. 090. 06HMA2

0x40. 76t 0. 310. 790. 19LMAB1. 96+0. 871. 33+0. 86LMN r ed80. 18t 0. 110. 170 07LMWV
0x30. 010. 010. 02t 0. O1Ref erence

conpounds@d ucose42. 540. 782. 36t 0. 96*d ucdéé§0198*tx+)-(§uconolactonel0.0l
*d ucose and D(+)-d uconol actone solutions are 2.5% at pH 7 ~Abs =

di fference between absorbance after and before sterilization Exanple 3 In a
third nethod of preparing stable osnotic agents in accordance with the
present invention, icodextrin were glycosylated. The glycosyl ation
reactions were performed using starch as the starting material and al cohol
as the al kylating agent. Butanol and glycerol were chosen because of their
11 Apr il ?Qf:~ - 15 bioconpatibility. The nol ecul ar wei ght of the
reacti on products depends upon the tenperature, tinme and_acid concentration
used. The hydrol ysis \@gH,bHret hanol and PtChhol were per f Y by stirring a
suspensi on of 200 ng qgf starch in of. al cohal i ni 60 ny of
acid at a tenperatur Xi ngtiel'y hours. The 13C NWR
spectrum of the t i ¢ i
but anol respectivel
degree of polynerizati t age
reduci ng ends as a functio 5 ondi . %ata was
obtained fromthe rati o bedkeen the—-appropriate NVR signals ? H NWR for DP
val ues and 13C NMR for the percentage of t nonsubstituted reducing ends).

In an embodiment, the maltodextrin can be
oxidized electrochemically.

In an embodiment, the present invention provides
a method of preparing a stabilized osmotic agent for a
peritoneal dialysis solution which comprises the steps
of dissolving the starch in an acid and an alcohol
selected from the group consisting of methanol,
butanol, glycerol or other alcohols.

In an embodiment, the method further comprises
the step of stirring the starch, alcohol and acid for
2-16 hours.

In an embodiment, the method further comprises
the step of stirring the starch, alcohol and acid at a
temperature of about 100°C.

In an embodiment, the starch is maltodextrin.

In an embodiment, the acid is hydrochloric acid

or other acids such as sulfuric acid.



Table 2 - dycosylation reaction with MeOH and But OH Sanpl e No. Al cohol Aci d

- M QD. P. % non substitut~H
gl ucoselMeOHH, SO, 4. 18. 72MeOHHC 5. 211. 23But OHH, SO, 1. 341. 64But OHHCl 1. 413. 0
Exanple 4 In the case of alcoholysis with glycerol, the reactigpgwese

performed using 1 gram of undried

9% and 2.7 granms of glycero

di fferent amounts of hydrochloric acid for different tinme periods.

11 Apri |

2003 - 16

starch (humdity

and stirring the mxture at 100C with

excess was elimnated by evaporation under reduced pressure and further
purification was perfornmed by gel filtratYon. The results are shown in

Table 3. Table 3 -

condi ti ons:

hHC1L Mol /LYield

In an embodiment,

gl ycer ol

@ ycosyl ation reaction with glycero
undried starch 1g,

(Standard reaction
2.79) ConpoundTenperature CTine

the method of the present

invention hydrolysizes and alkylates the starch to an

alkylglycoside linked predominately by o-1,4 bonds and

having the formula

CH,0H -
0
a
OH 0—
OH

CH,OH _
o
(04
OH 00—
OH )

CH,OH
o
OH
n
OH

O —R
(a.,B)

and wherein R is selected from the group consisting ot

CH,, CH,CH, and (CH,OH),CH.

performed on starch pre-treated with periodate,

the remnant of a glycol-split glucose unit.

When hydrolysis is

R is

It is therefore an advantage of the present

invention to provide an improved peritoneal dialysis

solution which is stable under autoclaving and steam

sterilization conditions.

Another advantage of the present invention is

that it provides an improved osmotic agent as an

alternative to glucose.

d ycerol



%P% non substituted red. end5*8021.27n.d. 8 S9.86**10021. 27961
" 44.8710021. 27n. d. 4. 70810022. 5477. 11. 610. 491002S. 0887. 71. 728. 21010025. 0881. 9
2.026.81110025. 0879. 32. 12, 71210041. 27981. 56
4131004S. 0895. 81. 219. 21410045. 0885. 71. 220. 915100161. 2799. 31. éﬁ%Gﬂ*oé30161.2
793. 11. 2017100165. 0878. 91. 013. 418100165. 0879. 61. 001910024S. 0852P1? 62060
161.27n.d. 1. 3517. 12160161. 27n. d. 1. 1023. 922 180160. 3288. 71.1113.9 11 Apri!l
2i)cy' - 17
23B0160. 3279. 41. 1011. 32480160. 3289. 11. 1S10Q..62580160. 6994. 21. 0417. 92680160. 6
4n. d. 1. 0321. 72780160. 64n. d. 1. 109. 72880161127, d. 1. 0311. 42980161. 2799. 81. 018
.63080161. 27n.d. 1.014.9 * Reaction conditions: starch 200 ng, glycerol 540
ng ** Reaction conditions: starch 6d0 ng, glycerol 1.62 g *** Reaction
conditions: dry starch 1 g, glycerol 2.7 g The 13C NVWR spectrum of the
conpl etely depol yneri zed product and of one with a degree of polynerization
of 4.7 are shown in Figure 2. It is possible to observe the glycosidic
anoneric signals a (Y@ﬂ @npph&ramdvéﬁtQQQSOE Ppe) predenCHEnsegnads D bot h
substituted (a = 71 [err]. = 73 and _non_substituted (65.3 ppm
primary hydroxy?hﬁ?oh%spﬁ?vb@?%e%%ProY%% T?Fg?%%a?g REERABING ppm (3 - 83
ppm of second u o) of glycerol. The stability of
one product shgé%r?ggﬁé%ie&ggl %g%e%¥i%g¥§#95tablllty under sterilization
condi tion;; and the vhbseanethyara@ranbagé 3B4then pBesonpaigdentibnthat of
gl ucose and net hyl gl ycosi de. 11 April 2003 - 18 Table 4 - Absorbance
(284 nm) vari attlont att ePravedesi yapTeYE 123008EC neegne? EPYcerol derivative
A B o) YPeh fEoraIP! &6 YLYA WEPSL 1 She SHRELA TERL SEES) D044, (PH
autoclaving or steam-sterilization conditions.

) Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred
embodiments and upon reference to the accompanying

figures.

BRIEF DESCRIPTTION OF THE FIGURES

Figure 1 is a graphical illustration of the !3C
NMR spectrum of an osmotic agent prepared by
glycosylation in accordance with the present
invention; and

Figure 2 is a graphical illustration of the 13C
NMR spectrum of an osmotic agent prepared by
glycosylation in accordance with the present
invention.

DETAILED DESCRIPTION OF THE

PRESENTLY PREFERRED EMBODIMENTS

The present invention provides a peritoneal
dialysis solution with osmotic agents that are stable
under autoclaving and steam sterilization conditions.

The stable osmotic agents of the present invention may



(pH 5.5)No. 6540. 46t 0. 320. 35t 0. 159l ucose532. 430. 9n. d. Met hyl
gl ycosi de2. 510. 01n. d. gl ucose2. 510 07~n.d. In an in vitro test predictive of

the dialytic efficiency of the osnotic agents descri bed
dial ysis bags with Spectra Pore nenbrane with a cut-off

above, small
500 ahbQAmo03

(dianeter 15 mm 15 cm high) were filled with 3 ml of water solutions at

different concentrations (2.5, 5. 0% wv of the sanples).

The bags were

imrersed in 200 Ml of distilled water and 37C while stirring the extra
dial ysis solution. At given tinmes (0, 1, 2, 3, 4, 5 6 hours), the increase
in the volume inside the dialysis bag wak?eval uated by wei ght and expressed
as a percentage increase conpared to the starting volunme ([err]Jws). The

mean results are shown in Table 5 and are conpared with

the results for

gl ucose and gl ucose- 1- phosphat e. 11 April 2003 - 19 Table 5 - Vol une

increase in vitro dialysis test of nodified icodextrins

Sanmpl esMwbl es/ LN of

experi nentsawmt 1hHM 2h4wt ~ 3hAW 4h~w~ ShAwWKk 6hLMW red0. 071S29. 993. 053. H66
276. 788. 3LMN e patePa@e Hhy? 323t idnG. 463 d4idVdh bedgl19t6395QaB6a 6 74. 781

5BS 791. 2HMML oxn. d322 843.J60 277.089. 6104. 2HW2

r ed0. 04936. 718he1s ap g cogtexEas 3 i ngx A egugingrspdoeeitg4 2266 0106. 4No. 6

5t)0 215133, 268.298..1119. 5140, 5159. Qa- met.hyl - gl ue.  Sk).
S307 0125 2145 BHY 58 S S@.“F@%f%éﬁ%f&fé?é%f16§§8f§é

0 257130 960. 786
©71S1. 7174. 9No. 6

(2.5t)0.10B222x93t4%9% QA3 A4 todRiataviEphbyed#@s of the present

invention transform the icodextrin to corresponding D-

glucitols, gluconic acids and alkyglycosides

respectively.

Example 1

A reduced icodextrin was prepared by starting

with 15 grams of maltodextrin dissolved in

20 ml of

water. One gram of NaBH, was added to the solution at

room temperature and the solution was allowed to stand

for 10 hours. The solution was then purified by

passing it through an anionic exchange resin.

Three different maltodextrin starting

materials

were utilized. A low molecular weight (LMW) hdving a

3% degree of polymerization (DP) was utilized that

contained 1% glucose, 37% maltose, 20% maltotetraose

and 42% high molecular weight oligosaccharides.

Second, a high molecular weight maltodextrin (HMWL1)

having a 14% degree of polymerization was utilized and

contained 1% glucose, 2% maltose, 4% maltotetraocse and

94% high molecular weight oliogosaccharides. Third, a

second high molecular weight maltodextrin (HMW2) with

a 9% degree of polymerization containing 1% glucose,

% maltose, 7% maltotetraose and 90% high molecular

weight oliogosaccharides was utilized. The products



(2.5t)0.128321. B39 255 467.6479.S92 1(i-methly-glue. (2.51r)0.128334. 050
363.767.677.786. 59l ucose (2 St)0 13831S. 334 243.457.374.290. 9gl ut - 1-phos.
(2 5t)0.069335 853 676 395 9120 1194 1 Accordingly, the present invention
provi des a nunber of heat stable osnptic agents that provide1qA§Hhk@§Ie
substitute for glucose, inproved peritoneal dialysis solutions contalning
stable osnotic agents as well as a variety of methods of producing inproved
peritoneal dialysis solutions. It should be understood that various changes
and nodifications to the presently prefgrigd_enbodinents descri bed herein
wi || be apparent to those skilled in the art. Such changes and
nodi fi cati ons may be nade w thout departing fromthe spirit and scope of

t he 11April 2~.'.f," - 20 present invention and without dimnishing its
attendant advantages. It is, therefore, intended that such changes and
nodi fications be covered by the appended clains. i 11 April 2003

and starting materials were analyzed using *C NMR
spectroscopy. The signals associated with the
reducing end units of the starting materials
completely disappeared in the specter of the products.
Some depolymerization was observed.

The products were tested for stability under
sterilization conditions at neutral pH. A significant
reduction of absorbance variation at 284 nm (A Abs)
after sterilization is observed for the reduced
compounds. The reduced compounds from Example 1 are
listed as HMW1l red, HMW2 red and LMW red in Table 1.

Example 2

Utilizing the three different samples of
maltodextrins discussed above with respect to Example
1, oxidation reactions were carried out on each sample
by dissolving 15 grams eof maltodextrin in 30 ml of
water and combining the starch solution with an
effective amount of NaOCl in 70 ml of a solution
containing sodium hydroxide and having a pH of 8 + 0.5
at a temperature of 43°C. The combined solutions were
allowed to stand for approximately 2 hours and the
product solution was purified by gel permeation
chromatography. Again, the products were analyzed
using !’C NMR spectroscopy and were tested for
stability under sterilization conditions as
illustrated in Table 1. While the oxidation products,

HMW1 ox HMW2 ox and LMW ox show contrasting results,



- 21 WHAM IS CLAIMED IS: 1. A sterilized peritoneal dialysis solution
conprising: a starch conprising a glucose polyner |inked by bonds and
selected fromthe group consisting of Dglucitol having the formula: CH20H
OH gl uconic acid having the fornmula CH20H OH a 0 OH COOH n CH1A§N%§¥? 11
April 2003 - 22 and al kyl gl ycoside having the fornula HzOH OH R

this is attributed to the high molecular weight

oxidized products not being completely purified.

Table 1 - Absorbance (284 nm) variation after
sterilization (121°C 45 min) of 5% Icodextrin and
modified Icodextrin solutions

CODE Number of AAbs AAbs
€xperiments (pH 6.5-7.5) (pH 5.5)
HMWL1 6 0.65+£0.30 0.5910.35
HMW1 red [ 0.3140.10 0.201+0.07
HMW1 ox 2 1.83+0.21 1.78+0.13
HMW2 8 1.214£0.71 0.62+0.71
HMW2 red 7 0.13$0.09 0.09+0.06
HMW2 ox 4 0.76+0.31 0.794+0.19
LMW 8 1.96+0.87 1.33+0.86
LMW red 8 0.18+0.11 0.17+0 07
LMW ox 3 0.01+0.01 0.024¢0.01
Reference compounds
Glucose 4 2.5440.78 2.3640.96
*Glucose 2 0.98
*D(+) -Gluconolactone 1 0.01

*Glucose and D(+)-Gluconolactone solutions are 2.5% at pH 7
AAbs = difference between absorbance after and before sterilization

Example 3

In a third method of preparing stable osmotic
agents in accordance with the present invention,
icodextrin were glycosylated. The glycosylation
reactions were performed using starch as the starting
material and alcohol as the alkylating agent. Butanol

and glycerol were chosen because of their



wherein Ris selected fromthe group consisting of CH' CH3CH2, (CH2OH) 2CH,
"CH2 (OH) CH(OH) CH2, and [CHZ (OH) CH (OH) CHz (OHM CH and wherein the
bonds linking the polyner include at |east s50, by nunber, a-1,4 bonds. 2 .
The peritoneal dialysis solution of claim1_ wherein the sol yghgf 2§ absent
of formal dehyde. 3. The peritoneal dialysis solution of claim1l wherein the
solution is absent of furfurals. 4. The peritoneal dialysis solution of
claiml1 wherein the partially hydrolyzed starch is absent of OH OH 11
April 2003 - 23 termnal al dehyde groups,;z5;. A nmet hod of preparing a
stabilized osnotic agent for a peritoneal dialysis solution conprising the
follow ng steps: providing a solution of starch dissolved in water; adding
NaBH4 to the starch solution to reduce the starch. 6. The nmethod of claim5
further conprising the step of purifying the reduced starch solution by
passi ng the reduced starch solution through an anionic exchange resin. 7.

The method of claim5 wherein the dissolving and addi ng steps are carried
out at roon]teﬁﬁéxéﬁmWQFIblllty The molecular weight of the

reaction products depends upon the temperature, time
and acid concentration used.
The hydrolysis with methanol and butanol were
it performed by stirring a suspension of 200 mg of starch
in 540 mg of alcohol containing 60 mg of acid at a
temperature of about 100°C for approximately 2 hours.
The '*C NMR spectrum of the two products obtained from
this reaction with methanol and butanol respectively
are shown in Figures 1 and 2. Table 2 presents the
degree of polymerization (DP) and the percentage of
non-substituted reducing ends as a function of the
reaction conditions. This data was obtained from the
ratio between the appropriate NMR signals ('H NMR for
DP values and C NMR for the percentage of

nonsubgstituted reducing ends).

Table 2 - Glycosylation reaction with MeOH and ButOH
Sample No. Alcohol Acid % non
M/e substitutced

glucose

1 MeOH H,50, 8.7

2 MeOH HCl 11.2

3 ButOH H,S0, 41.6

4 ButOH HCl 13.0

Example 4

In the case of alcoholysis with glycerol, the

reactions were performed using 1 gram of undried




8. The method of claim®6 further conprising the following step after the
adding step and prior to the purifying step: allowng the solution to stand
for about 10 hours. 9. The nethod of claim5 wherein the starch is

mal t odextri n. 11 April 2003 - 24 10. The method of clain1q w&%rghg t he
starch is reduced to an icodextrin |inked predom nately by a-i, @ s and
having the formula: CH-OH OH a O CHzOH 11. A nethod of preparing a
stabilized osnotic agent for a peritoneal dialysis solution conprising the
followi ng steps: providing a solution of starch dissolved in water;

provi ding a solution of NaOC; adding thé®NaoOd solution to the starch
solution to oxidize the starch. 12. The method of claim 11 further
conpri si ng

starch (humidity 9%) and 2.7 grams of glycerol and
stirring the mixture at 100°C with different amounts of
hydrochloric acid for different time periods.

Glycerol excess was eliminated by evaporation under
reduced pressure and further purification was

The results are shown in

performed by gel filtration.
Table 3. -

Table 3 - Glycosylation reaction with glycerol
(Standard reaction conditions: undried starch 1g,
glycerol 2.7g)

Compound Temperature Time HC1 Yield DpP % non
°c h Mol/L % substituted
red. end

S5* 80 2 1.27 n.d. B 5 9.8
[l 100 2 1.27 96 14 4.8
7 100 2 1.27 n.d. 4.7 0

8 100 2 2.54 77.1 1.6 10.4
9 100 2 5.08 87.7 1.7 28.2
10 100 2 5.08 81.9 2.0 26.8
11 100 2 5.08 79.3 2.1 25 7
12 100 4 1.27 98 1.5 6 4
13 100 4 5.08 95.8 1.2 19.2
14 100 4 5.08 85.7 1.2 20.9
1s 100 16 1.27 99.3 1.4 0

16 %% 100 16 1.27 93.1 1.2 0

17 100 16 5.08 78.9 1.0 13.4
18 100 16 5.08 79.6 1.0 0

19 100 24 5.08 82.1 1.0 4.6
20 60 16 1.27 n.d. 1.35 17.1
21 60 16 1.27 n.d. 1.10 23.9
22 80 16 0.32 88.7 1.11 13.9




the step of OH OH 11 April ?_ 0(). - 25 purifying the oxidized
starch sol ution by passing the oxidized starch solution through a gel
perneati on chromat ograph. 13. The nmethod of claim 11 wherein the addlng
step is carried out at roomtenperature. 14. The nethod of c} ,further
conprising the follow ng step after the adding step and prlor to t
purifying step: allowng the solution to stand for about 2 hours. 15. The

met hod of claim 11l wherein the starch is nmaltodextrin.

16. The net hod of

claim 11 wherein the starch -i:; oxidizedto an icodextrin |inked
predom nately by a 1,4 bonds and having the formula: a O OH COC)H OH OH

11 April 2003

23 80 16 0.32 79.4 1.10 11.3
24 80 16 0.32 89.1 1.15 10.6
25 80 16 0.64 94.2 1.04 17.9
26 80 16 0.64 n.d. 1.03 21.7
27 80 16 Q.64 n.d. 1.10 9.7
28 80 16 1.27 n.d. 1.03 11.4
29 80 16 1.27 99.8 1.01 8.6
30 80 16 1.27 n.d. 1.01 4.9
* Reaction conditions: starch 200 mg, glycerol 540 mg

** Reaction conditions:
ok Reaction conditions:

The !}C NMR spectrum of the completely

starch 600 mg, glycerol 1.62 g
dry starch 1 g, glycerol 2.7 g

depolymerized product and of one with a aegree of

polymerization of 4.7 are shown in Figure 2.

It is

possible to observe the glycosidic anomeric signals «

(100.9 ppm) and B (105.1 ppm), the CH, signals of both

substituted (o = 71.3 ppm, B = 73 ppm) and non

substituted (65.3 ppm) primary hydroxyl groups of

glycerol, the CH signals (¢ = 81.5 ppm,

B - 83 ppm) of

secondary substituted hydroxyl group of glycerol.

The stability of one product shown in Table 3 was

tested for stability under sterilization conditions

and the observed variation at 284 nm is compared with

that of glucose and methyl glycoside.



- 26 17. A nethod of preparing a stabilized osnotic agent for a peritoneal
~dialysis solution conprising the followi ng steps: dissolving starch in an
acid and an al cohol selected fromthe group consisting of nethanol, butanol
and glycerol. 18. The nmethod of claim 17 further conpr|3|ng ?@rﬁﬁ@
stirring the starch, alcohol and acid for about 2 hours. of
claim17 wherein the stirring step is carried out at a tenperature of about
100C. 20. The nethod of claim 17 wherein the starch is maltodextrin. 21.
The nmethod of claim 17 wherein the acid ig H 22. The nethod of claim 17
wherein the starch is glycosylated to an |codextr|n | i nked predom nately by
a-1,4 bonds and having the formul a: 11 April 2003 - 27 H0H a, O

Table 4 - Absorbance (284 nm) variation after
sterilization (121°C 45 min) of glycerol derivative and
methyl glycoside

Sample % (w/v) number of ARbS neutra ARbs acid

experiments (pH 6.5-7.5) (pH 5.5)

No. 6 5 4 0.4640.32 0.3540.15
glucose 5 3 2.43+0.9 n.d.
Methyl glycoside 2.5 1 0.01 n.d.
glucose 2.5 1 0 07 n.d.

In an in vitro test predictive of the dialytic
efficiency of the osmotic agents described above,
small dialysis bags with Spectra Pore wmembrane with a
cut-off 500 Dalton (diameter 15 mm, 15 cm high) were
filled with 3 ml of water solutions at different
concentrations (2.5, 5.0% w/v of the samples). The
bags were immersed in 200 ml of distilled water and
37°C while stirring the extra dialysis solution. At
given times (0, 1, 2, 3, 4, 5, 6 hours), the increase
in the volume inside the dialysis bag was evaluated by
weight and expressed as a percentage increase compared
to the starting volume (Aw%). The mean results are
shown in Table 5 and are compared with the results for

glucose and glucose-1-phosphate.
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without departing from the spirit and scope of the

Such changes and modifications may be made
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and alkylglycoside having the formula

CH,OH - CH,0H _ CH>OH
O @) O
a o
OH O0— OH 00— OH O —R
(ou,B)
L. dn
OH OH OH

wherein R is selected from the group consisting of CH,,
CH,CH,, (CH,OH),CH, CH,(OH)CH(OH)CH,, and

) [CH, (OH) CH (OH) CH, (OH}] CH and wherein the bonds linking
the polymer include at least 85%, by number, o-1,4

bonds.

2. The peritoneal dialysis solution of claim 1

wherein the solution is absent of formaldehyde.

3. The peritoneal dialysis solution of claim 1

wherein the solution is absent of furfurals.

4. The peritoneal dialysis solution of claim 1

wherein the partially hydrolyzed starch is absent of
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5. A method of preparing a stabilized osmotic
agent for a peritoneal dialysis solution comprising
the following steps:

providing a solution of starch dissolved in
water; ~

adding NaBH, to the starch solution to reduce the

starch.

6. The method of claim 5 further comprising the
step of

purifying the reduced starch solution by passing
the reduced starch solution through an anionic

exchange resin.

7. The method of claim 5 wherein the dissolving

and adding steps are carried out at room temperature.

8. The method of claim 6 further comprising the
following step after the adding step and prior to the
purifying step:

allowing the solution to stand for about 10

hours.

g. The method of claim 5 wherein the starch is

maltodextrin.
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adding the NaOCl solution to the starch solution

to oxidize the starch.

12. The method of claim 11 further comprising

the step of
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#%r. #27K<>| CEFN{flected from the group consisting of methanol,

butanol and glycerol.

18. The method of claim 17 further comprising
the step of

stirring the starch, alcohol and acid for about 2

hours.

19. The method of claim 17 wherein the stirring

step is carried out at a temperature of about 100°C.

20. The method of claim 17 wherein the 'starch is

maltodextrin.

21. The method of claim 17 wherein the acid is

HC1.

22. The method of claim 17 wherein the starch is
glycosylated to an icodextrin linked predominately by

a-1,4 bonds and having the formula:
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wherein R is selected from the group consisting of CH,,

CH,CH, and (CH,OH),CH.



