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SPECIFICATION
TITLE
"PERITONEAL DIALYSIS SOLUTION CONTAINING
MODIFIED ICODEXTRINSY
BAC 0 OF THE T

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



10

15

20

25

WO 00/33851 PCT/1S99/27456

To overcome the disadvantages associated with
nemodialysis, peritoneal dialysis was developed.
Peritoneal dialysis utilizes the patient's own
peritoneum as a semi-permeable membrane. The
peritoneum is a membranous lining of the
abdominopelvic walls of the body. The peritoneum is
capable of acting as a nmatural semi-permeable membrane
because of its large number of blood vessels and
capillaries.

In operation, a peritoneal dialysis solution is
introduced into the peritoneal cavity utilizing a
catheter. After a sufficient pericd of time, an
exchange of solutes between the dialysate and blood is
achieved. Fluid removal is achieved by providing a
suitable osmotic gradient from the dialysate to the
blood to permit water outflow frem the blood. This
allows the proper acid-base, electrolyte and fluid
balance to be achieved in the bloeod. After an
appropriate dwell period, the dialysis solutien or
dialysate is drained from the body through a catheter.

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/kg) .
Glucose is a preferred osmotic agent because it
provides rapid ultrafiltration rates. However,

certain disadvantages have become associated with the
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use of glucose.

For example, glucose is known to decompose to 5-
hydroxymethyl-furfural (5-MHF) in an agueous solution
during autoclaving or steamed sterilization. Smith,
et al. AM.J. Hogp. 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. In short, a substitute osmctic agent
for glucose is needed.

One family of compounds capable of serving as
csmotic agents in peritoneal dialysis soluticons 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
bPiocompatibility, 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



10

15

20

25

WO 00/33851 PCT/US99/27456

autoclaving or steam sterilization conditions.
SUMMARY QF THE INVENTION

The present invention provides a solution to the
aforenoted need by providing a sterilized peritoneal
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 o-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 o-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-glucitel having the formula

CH,OH CHLOH CH,OH
0 o} OH
a o
OH 0 OH 0 OH CH,OH
il
OH oH OH
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gluconic acid having the formula

5
CH,0H CH,0H - CH,0H
) o CH
o a
OH 0 OH 0 OH COOCH
Jdn
OH OH
10 OH
15 and alkylglycoside having the formula
CH,OH CH,OH _ CH,OH
O O O
o o
OH 0 OH 0 OH O —R
(o, B)
L Jdn
OH OH OH

20
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wherein R is selected from the group consisting of CH,,
CH,CH, and (CH,0H),CH, CH,(OH)CH{OH)CH,, and
(CH,0H) (CHOHCH,OH) CH.

In an embodiment, the glucose polymers, linked

predominately by «-1,4 linkages, of the peritoneal

‘dialysis solution may include up to 10% of other

linkages including, but not limited to, «-1,6
linkages.

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

In an embodiment, the periteneal 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
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 sclution by passing the reduced starch

solution through an anionic exchange resin.
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In an embodiment, the dissolving and adding steps
of the method of the presant invention are carried out
at room temperature.

In an embodiment, - the method of the present

5 invention further comprises the step of allowing the
golution 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

10 invention is maltodextrin.

In an embodiment, the method of the present

invention reduces maltodextrin to D-glucitol linked

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

15
CH,OH CH,OH CH,0OH
0 O, OH
o o
OH 0 OH O OH CH,0H
20
n
OH OH OH

25
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In an embodiment, the present invention provides
a method forxr preparing a stabilized osmotic agent of a
peritoneal dialysis solution which comprises the steps
of providing a solution of starch dissolved in water,
providing a solution of NaOCl, and adding the NaOCl
solution to the starch solution to oxidize the starch.

In an embodiment, the method of the present
invention further comprises the step of purifying the
oxidized starch soluticon by passing the oxidized
starch solution through a gel permeation
chromatograph.

In an embodiment, the oxidation of the starch is
carried out at room temperature,

In an embodiment, the combined scolutions are
allowed to stand for approximately 2 hours.

In an embodiment, the starch is malcedextrin.

In an embodiment, the method of the present
invention oxidizes the maltodextrin te a gluconic acid
linked predominately by «-1,4 bonds and having the

formula
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CH,0H CH,0H CH,0H
O o OH
a , o
OH o] OH O OH COCH
n
OH OH OH

In an embodiment, the maltodextrin can be
oxidized electrochemically.

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

In an embediment, 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, alcchol and acid at a
temperature of about 100°C.

In an embediment, the starch is maltodextrin.

In an embodiment, the acid is hydrochloric acid

or other acids such as sulfuric acid.
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In an embodiment, the method of the present
invention hydrolysizes and alkylates the starch to an
alkylglycoside linked predominately by «-1,4 bonds and

having the formula

CH,0H CH,0H CH,0H

OMH 0 OH o OH & —R
{c,B)

OH CH OH

10

and wherein R is selected from the group consisting of
CH,, CH,CH, and (CH,0H),CH. When hydrolysis is
performed on starch pre-treated with pericdate, R is
the remnant of a glycol-split glucose unit.

15 It is therefore an advantage of the present
invention to provide én improved peritoneal dialysis
solution which is stable under autoclaving and steam
sterilization conditions.

Another advantage of the present invention is

20 that it provides an improved osmotic agent as an

alternative to glucose.
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Yet another advantage of the present invention is
that it provides improved methods of preparing
peritoneal dialysis solutions.

Yet another advantage of the present invention is
that it provides improved osmotic agents for
peritoneal dialysis sclutions which are stable under
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 DES P N

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

Figure 2 is a graphical illustration of the 3C
NMR spectrum of an osmotic agent prepared by
glycosylation in accordance with the present
invention.

DETAILED DESCRIPTION OF THE
P ERRED EMBODI 8

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
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be prepared by reduction, oxidation or glycosylation.
When an icodextrin having reducing-end units are
employed, such as maltodextrin, the reduction,
oxidation or glycosylation procedures of the present
invention transform the icodextrin to corxresponding 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 sclution at
room temperature and the solution was allowed to stand
for 10 hours. The sclution was then purified by
passing it through an anionic exchange resin.

Three different maltodextrin starting materials
were utilized. A low molecular weight (LMW) having a
3% degree of polymerization (DP} was utilized that
contained 1% glucose, 37% maltose, 20% maltotetraose
and 42% high molecular weight ocligosaccharides.,
Second, a high molecular weight maltodextrin (HMW1)
having a 14% degree of polymerization was utilized and
contained 1% glucose, 2% maltose, 4% maltotetraose and
94% high molecular weight oliogosaccharides. Thirxd, a
second high wmolecular weight maltodextrin (HMW2) with
a 9% degree of polymerization containing 1% glucose,
3% maltose, 7% maltotetracse and S0% high molecular

weight oliogosaccharides was utilized. The products
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and starting materials were analyzed using *C NMR
gpectroscopy. 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 Absg)
after sterilization is observed for the reduced
compounds. The reduced compounds from Example 1 are
listed as HMW1 red, HMW2 red and LMW red in Table 1.

Exampl

Utilizing the three different samples of
maltodextrins discussed above with respect to Example
1, oxidation reactions were carried cut on each sample
by dissolving 15 grams of 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 sclutions 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 HMWZ2 ox and LMW ox show contrasting results,



10

15

20

25

30

WO 00/33851

PCT/US99/27456

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 Rumber of bhhs shbs
experiments {pH 6.5-7.5) {pH 5.8)
HMW1 6 C.6510.30 0.5940.35
HMW1 red 6 0.3140.10 B.20+0.07
HMW1 ox 2 1.83£0.21 1.7840.13
HMW2 a8 1.2140.72 0.6240.71
EMW2Z red 7 0.1330.09 0.09£0.06
HMWZ ox 4 0.7610.32 0.7510.19
LM ] ;T?sto.av 1.3340.86
LMW red 8 0.18+0.11 0.1710.07
LMW ox i 0.0140.01 0.02+0.01
Reference compounds
Glucoge 4 2.54+0.78 2.3610.96
*Glucose 2 0.98
*D{+}-Gluconoclactone 1 .01

*Glucose and D{+)-Gluconclactone sclutions are 2.5% at pH 7
AAbs = difference between absorbance after and hefore 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
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biocompatibility. The molecular weight of the
reaction products depends upon the temperature, time
and acid concentraticon used.

The hydrolysis with methanol and butanol were
performed by stirring a suspension of 200 mg of starch
in 540 mg of alcchol containing 60 mg of acid at a
temperature of about 100°C for approximately 2 hours.
The *3C NMR spectrum of the two products obtained from
this reaction with methapol 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 *3C NMR for the percentage of

nonsubstituted reducing ends).

Table 2 - Glycosylation reaction with MeOH and ButOH

Sample No. Alcohol hAcid D.P t non
M/t subatituted
glucose

1 MeOH H,S0, 4.1 8.7

2 MaOHR HC1 5.2 11.2
3 BubtOH H,50, 1.3 41.6
4 ButOH HCl 1.4 13.0

Example

In the case of alcohelysis with glycerol, the

reactions were performed using 1 gram of undried
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starch (humidity 92%) and 2.7 grams of glycercl and

stirring the mixture at 100°C with different amounts of

hydrochloric acid for different time periods.

Glycerol excess was eliminated by evaporation undex

reduced pressure and further purification was

performed by gel filtration.

Table 3.

The results are shown in

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

Compound Temperature Time HCY Yield Dp % non
°c n Mol/L % substituted
red. end

5 8¢ 2 1.2% n.d. 8.5 2.8
6> 100 2 1.37 96 1.4 4,8
7 100 2 1.27 n.d. 4.7 Q

B 100 2 2.54 77.3 1.8 10.4
8 100 2z 5.08 87.7 1.7 28.2
i0 100 2 5.08 81.9 2.0 6.8
11 1a0 2 5.08 79.3 2.1 25.7
1z 300 4 1.27 %3 1.5 €.4
13 100 4 5.08 95.8 1.2 18.2
ia 100 4 5.08B 85.7 1.2 20.9
15 100 16 1.27 98.3 1.4 g
lEaws 100 1é 1.27 §3.2 1.2 1]
17 100 1€ 5.08 18.58 1.0 13.4
i 100 1€ L.0%8 79.8 1.0 0
19 100 4 5.08 82.1 1.0 4.6
20 60 16 1.27 n.d. 1.38 17.1
2 60 16 1.27 n.d. 1.10 23.9
22 20 16 0.32 88.7 1.131 13.9%
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23 80 16 0.32 79.4 1.10 11.2
24 80 16 0,32 89.1 1.18 10.6
25 80 15 0.64 9q.2 1.04 17.%
26 ap 16 .64 n.d. 1.03 21.7
27 -] 16 0.64 n.4d- 1.10 9.7
28 8o 15 1.27 n.d. 1.03 11.4
28 a0 16 1.27 89.8 1.01 B.6
30 B0 16 1.27 n.d. 1.02 4.9
* Reaction conditions: starch 200 wmy, glycerol 540 mg
L Reaction conditions: starch 600 mg, glycerol 1.62 g
bl Reaction conditione: dry starch 1 g, glycerel 2.7 g

The *3C NMR spectrum of the completely
depolymerized product and of one with a degree of
polymerization of 4.7 are shown in Figure 2. It is
possible to observe the glycosidic anomeric signals o
{100.9 ppm) and B {(105.1 ppm), the CH, signals of both
substituted (o = 71.3 ppm, £ = 73 ppm} and non
substituted (65.3 ppm) primary hydroxyl groups of
glyceral, the CH signals (o = 81.5 ppm, B - 83 ppm) of
secondary substituted hydroxyl group of glycerocl.

The stability of one product shown in Table 3 was
tested for stability under sterilization conditions
and the observed variation at 284 nw is compared with

that of glucose and methyl glycoside.
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Table 4 - Absorbance (284 nm) wvariation after

sterilization (121°C 45 min) of glycerol derivative and

methyl glycoside

Sample ¥ (w/v) number of AARbs neuptra apbs acid

expeximents {pH 6.5-7.5) (pH 5.8)

No. 6 5 4 0.4640.32 0.35:0.15
glucose 5 3 2.4320.8 n.d.
Methyl glycoside 2.8 1 .01 n.d.
glucose 2.% 1 ¢.07 n.d.

In an in vitro test predictive of the dizlytic
efficiency of the osmotic agents described above,
small dialysis bags with Spectra Pore membrane with a
cut-off 500 Dalton (diameter 15 mwm, 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 wvolume inside the dialysis bag was evaluated by
weight and expressed as a percentage increase compared
to the starting volume (4w%). The mean results are
shown in Table 5 and are compared with the results for

glucose and glucose-1-phosphate,
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Table 5 - Volume inecrease in vitro dialysis test of
modified icodextrins

Samples Moles/L N of Awk Awk Lwk Awk awy AWy
experiments ih 2h 3h 4h 5h ch

LMW tred 0.071 8, 29.9 43.0 51.8 66.2 6.7 8B.3
LMW ox n.d. 5 20.2 29.2 39.1 46.0 56.4 63.4
HMW1 red 0.016 3 5G.8 £7.4 74.7 81.s% BS.7 81.2
HMWL ox n.d 3 22.8 433 €0.2 77.0 83.6 104.2
HMWZ red 0.049 El 6.7 140.¢ 15.7 15.2 21.2 26.3
HMW2 ox n.d. 4 2.2 52.% 65.7 B4.2 96.0 106.4
Ne. 6 (S¥%) 0.31% 1 33.2 66.2 88.1 118.5 140.5 159.8
o((;::)echyl-gluc 0.257 1 30.9 60.7 B6.5 107.9 123.2 142.0
B-mechyl-gluc. 0.237 1 45 T76.1 163.0 123.7 151.7 174.9
(5%) .

No. € {2.5%) 0.108 2 22.9 34.4 50.0 631.0 77.2 B87.7
a-methly-gluc, 0.128 3 2l.3 39.2 55.4 67.64 73.5 2.1
{2.5%)

B-methly-gluc. 0.128 k| q.e E0.3 63.7 67.6 17.7 B5.5
(2,5%}

glucose (2.5%]) 0.128 3 15.3 34.2 43.4 57.3 4.2 90.3
%;.\Ks:;;l'phos. 0.069% 3 i5.8 53.6 76.3 85.% 129.1 144.1

Accordingly, the present invention provides a
number of heat stable osmotic agents that provide a
suitable substitute for glucose, improved peritoneal
dialysis sclutions containing stable osmotic agents as
well as a variety of methods of producing improved
peritoneal dialysis solutions.

It should be understood that various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in
the art. Buch changes and modifications may be made

without departing from the spirit and scope of the
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present invention and without diminishing its

attendant advantages. It is, therefore, intended that

such changes and modifications be covered by the

appended claims.
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WHAT IS CLAIMED JIS:
1. A sterilized peritoneal dialysis solution
comprising:

a starch comprising a glucose polymer linked by
bonds and selected from the group consisting of D-

glucitol having the formula:

CH,OH CH,0H CH,0H
0 Q oH
o a
OH O OH v} OH CH,0H
n
OH OH OH

gluconic acid having the formula

CH,OH CH,OH

CHoOH
o o) oH
a
OH o OH OH COOH
n
OH OH

ogQ

OH
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and alkylglycoside having the formula

CH-0H CHoOH
O 0)
o
OH 8] OH 0 —R
(a,B)
n
OH OH
5
wherein R is selected from the group consisting of CH,,
CH,CH,, (CH,0H),CH, CH,(OH)CH (OH)CH,, and
10 [CH, (OH) CH (OH) CH, (0H) ] 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
15 wherein the sclution is absent of formaldehyde.
3. The peritoneal dialysis soluticon of claim 1
wherein the sclution is absent of furfurals.
20 4, The peritoneal dialysis solution of claim 1

wherein the partially hydrolyzed starch is absent of
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terminal aldehyde groups.

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 sclution threough 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.

9. The method of claim 5 wherein the starch is

maltodextrin.
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10. The method of claim 5 wherein the starch is
reduced to an icodextrin linked predominately by o-1,4

bends and having the formula:

CH,OH CH,0H CH,0H
o O OH
a c
OH O OH o] OH CH,OH
n
OH OH OH

11. A method of preparing a stabilized osmotic
agent for a peritoneal dialysis soluticon comprising
the following steps:

providing a solution of starch dissoclived in
water;

providing a soclution of NaOCl;

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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purifying the oxidized starch solution by passing

the oxidized starch solution through a gel permeation

chromatograph.

12. The

method of claim 11 wherein the adding

step is carried out at rcom temperature.

14. The
the following
the purifying

allowing

15, The

maltodextrin.

16. The

method of claim 12 further comprising
step after the adding step and prior to
step:

the solution to stand for about 2 hours.

method of claim 11 wherein the starch is

method of claim 11 wherein the starch is

oxidized to an icodextrin linked predominately by a-

1,4 bonds and

CH,OH

l—o

o

OH

having the formula:

CH,OH CH,OH
o) OH
s 4 o
0 OH O OH COQOH
n
OH OH
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17. A method of preparing a stabilized ocsmotic
agent for a peritoneal dialysis solution comprising
the following steps:

dissolving starch in an acid and an alcohol
selected from the group consisting of methanol,

butancl and glycerol.

18. The methed of claim 17 further comprising
the step of
stirring the starch, alcochol 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

%-1,4 bonds and having the formula:
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CH,OH CH,OH CH,OH

. o) 0, o)
// o o

OH o} OH 0 OH 0 —R

(o,B)
n
OH OH OH

wherein R is gelected from the group consisting of CH,,

CH,CH, and (CH,0H},CH.
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R A % K F
L —# X E W MRE W Bk, G
AR BB G RA T FAX 8 D L8

CH,OH _ CH,0H - CH,0H
. o) OH
o o
OH 0= H O OH CH,OH
i In
OH OH CH
5
AATHAGEER:
HoOH _ H,OH . CH,OH
0, 0 OH
o o
OH 00— OH 100y OH COOH
L dn
OH OH OH

FAATHAXNORAFARNAGR EREAHH I
10

CH;OH H20H HaOH

(a,B)

%% R#*H CH,. CHCH,. (CH,OH) ,CH. CH, (OH) CH (OH) CH,
Fo[CH, (OH) CH (OH) CH, (OH) JCH AR A AR PHENER RS
BB H T ETE ) 85% a1, 452,

1
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2. A BRI GEBEENER, R PAEAERILTE.
LRAMER I GHEENER, X THEIAERTSHEL.
4 RHMEBRIGEBEWER, ATHrARARBREEARE

5. —HAEM THRENEROBEFENG T X, QETHY

FRE—FETRGERER

ARG B R WP B e NaBH, RE R EH.

6. A EXSF%k, #-FOLETAIK:

Wt RERORDRRBLE R E FLBRMBAHLLAES
EREGEBER.

T.BAEEX 6 85k, RAPHENERFAFNMIREERTH
1.

8. RAEX6WFE, EF T REMAEATRTR—FRQET
7 J %

AR REEE 10 I H.

9. RABES T E, ATHESRBR X TR,

10 MHEX 5 5%k, ATPRALANERERRERZN-1,4
it 8 icodextrin A A TF F @ X

CH,0H - CH,OH - CH,OH
0
o a o o OH
H 0™ H 0— OH CH,OH
- 4dn
OH OH OH

11. —HHERTHBRENERGBREZRENY T %, AHFTH]
¥ % -

BEETARGEBER,

F 4 NaOCl E %



. « 8 & aa
PO - - A

3% NaOCl XA S BB ER T RARAHEH B,
12. A EE 11 8F5%, —-FaETHATR:
B EEALHRDERBIRBREZEN O ELHESR
UALEE S S
5 13.RAZE 11 8FE, APHRSGETREERTHAT.
14. BRABEL128F %, AR REFEBLTRTNE—F LE
T 5 4 %
AR RBRY 2 .
15 LA £ K 118555, APHRGRBEXFREN.
10 16. RAZEK 11 MF%, APRARGERBALRELERa-1,4
Wik Be) icodextrin FAHF T HABX:

H,0M _ CH,OH - CH,OH
0] O, OH
o o
OH o OH O H COOH
OH ‘ OH OH

17 —#FHHERTHREVERGREZSZENG T X, QETH
15 ¥ %
ERPBTERREE, HEHGHAEBETE. THERFIZHARY
“,
18. RAER 1THF%, #—-FaETHI®R:
#raked. BPREHY 2 M,
20 19. AR 1THF %k, EPHEHRETRALES 100CHRAE
T 3 47
20 RAZR 1T HFE, EPHRAGRBILTFREMME.
21. A £ K 17T 5%k, A PHEg®RR HCL.
22. RAIER 17T 95 %, ETHAEORBBELRETE N~
25 1,448t# 36 icodextrin FEAATHIAX:

3



.’ Q.: : :-o: :. . - :
O 0. O
/. o @
OH 0 OH 0 OH 0 —R
(e.P)
n
OH OH OoH

A% R#H CH,. CHCH, A ( CH,0H) ,CH % 7% & 41.
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w W F

&7 ¢ 3t 69 TCODEXTRINS & BBt B &

AMEE

AEP—RFEEREN PR TRARBNHER., ERLEKWH,
AERFRARERENERPHEESN icodextrins AHBHEMNF
HABRBFGTHIBAELENG S —HAE ARXRALFRAZEX
BEHTREBZHEBRENERGRNE T .

EWAELEELXRBUTHARKRLTSIRST &, —RAH, &
S 3E A Ao BB SE AT R B B4R R 6 AR k.

EhZEH P, EXOREATATTREHN. B THHER
HARERBOALTTFRAOKER, BACR—FHEEZRANIGKRIER
Fik, AL RENHEAEXRALGSB i ENBGTRAESZ
553G THRHE,

HTARE g ENMEAGRS, FATHBREN. BEBENE
REEOSOBBEAAFER. ERASAKETRASYREREAE. B
BESRERIERGHEA, BRAAARFHEERTATRFEBES
BH.

EBREF, EA—HFETRUBENERIIAEE. A—KRY
AR RHRE, HAFEN R LRI MEXHR, BdR{E-HAEN
BRI BZHLENBZRHERETARKGAG A EERKR R TR
B, BEFELRTERASENR-B. CHRAFAKTHRD TR,
E-BagnE, ENERAENARAALFERASAETAL.

FROABBENERSANGBSEASENAEREH TLA
B A (4 285m0smol/kg) HMERXRYBEZE. HEHBERA—-FHA
#OBEN, BIECTRERENBERE, Rn, L EERLRF
BEFEHHRYBEBAHX.

Plie, PpBERLZEXREREARARAEIRFARERFT TS
W& 5-FFABEE (5-MHF) . Smith F CELBHERHFHEEY (AN
J. Hosp. Pharm. ), 34: 205-206 (1977) . B4 ¥ 5~-MHF F4R
*t B A F &5 (Henderson F € A4 4646% (Blood Purif. ), 7:86-94

1
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(1989) ), HARBHHARALFTEX AR EAALRAIR PRER
EWERSALERERBFAHAARGBEND AL L 6-M0F AK€
HEGQHMRAY. ATX, FEHERGOMEBER.

S L BENZIRTRARABENG -2 EH R
icodextrins. S EFEMH. R, AEFXLLSHELAHLS
#H, EAEXA LENENAXELIEFLERAERBEREAT
R, BHEAUBENERTSANTRAL AW ATHEEZAAE
B, FrildE icodextrins . G EZ¥FBRMANSRGEFHGEE
MNAERESAHEY.

B, FE—FARAOBERENERGTL, BEREARR
VBB ENALEZTERBERARARESFA TRERR,

APisE

AEZPALRBE—HE A EENe-1,4 82 BATHHRRESWY
KOBBEENERAMRBETHEALRELGER. EAKE “L£7
RAEBAHHNAEZELC B S THARHLALEL R Fra-1,648, 2T H
FHY. B, ELHBAHRE “T8” ROHLESH 85%. @i,
P2 Mo 1,48 BSTHBRREGPOELZTES 85% da-1,4 4.

A-AE#FEP, &2 B0 1,44 BHHHBELYHRET
L. iRk

AAETFTHABXHD-LEM (D-glucitol) :

CH;OH - H0H - HoOH
o)
o 0. o OH
H 0 OH 0—] H CH,0H
L. < 1
OH CH OH

RAATHAXNSHER:
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CH0H H2O0H

CHQOH [~ N

OH O~ OH 0 OH COOH

OH OH OH

FEAETHAXGRES:

cnon CH,OH
o)
OH O —R
(o,B)

OH

AP R#%H CH. CHCH,# (CH,OH) ,CH. CH. (OH) CH ( OH) CH,.
$o (CH,0H) ( CHOHCH.OH) CH LA &5 4.

E—AZAFEP, BERENERFPIENa-1,4 8520985
EELSMTUACERL 0% CHLEMLRRE Ta 1,64,

E—AEERFE], AEAVHBEBREHERRALA LR S PR,

E—AE#FEd, AAVORBEENERELERS R,

Ak EP, BHELZNORDEAEI LIRS ARBE.

E—ALEFEP, FAVRMATHEEBRERZRGREZNGE
ENG TR, BFROETATFR: RBE-FETRARBERIFS
B SE 69 35 4 K 69 3B 3k 7 v NaBH, AL R AT R,

—AEZRFEP, AR FFH -~ T OHEAIEAELRY
REZEZRBINBZTFIBEMNBRAELHEANERORINERS Y
.

L—AERFTETY, AAVFEHGERPBELITRAERTH
.



E—AFHRFEY, AAPSFER—FEETATR: £H#
NaBH, $im 3| ST R P B R AL RN B RATEZRRIEYS 10 4%
BE—AFEFEF, ALRHRBREFRMHE.
B—AERFTEF, AXNATEREZTRARERRLER
5 a1, 4MABGD-LAFHFAATHAAKX:

CH,OH . CH-OH - CH,OH
o) O OH
o o
H 0 OH 0 OH CH,OH
L Jdn
OH OH

OH

E-AEHRFEP, AXAARLETHEUBEERGBEZHE
EXNGFE, BFEOETH IR REETARGRHEER, LK
10 NaOCl 3 i&; 3§ NaOCl F R BB 3R P L BALTE N EH,
E—Af#uaFE Y, XXASGFE—F oAt EmERALY
EHERAABRBRARAEEN HBLTERALORDERSG T %,
B—AEAEFTEP, FEEZRYEANLETETIHAT.
E—AERFTEP, BRSO ERBILY 2 )8,
15 B—ARAEFEF, HEHQEH AT HBHM.
BE—~AFEFTEY, AANGFEREFBMEAALA LS Y
a-1,ARERH BB F LA T HEX:

og

OH O— OH OH COOH

OH OH CH
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E—AEHARFEY, TAABLFEFXELEFHRBHN
E—AS#F5EP, AABRVETHREATHRENERGBRE
HAENG T ]k, RIS OEEARPBTERERSTR, HESR
AETE. TH, AZHIXeLasda,
E—AZEFEP, 27 ER T OHERHHAAGER. BFRE
¥2-16 P& TR,
E—AERFEP, KF itV a¥LY 100CHRATHEH
HEGI. Shegd R,
E—AERFEP, MEASERREEZF BN,
E—ALHFTEFY, R RAIARILER LT AK.
E—AERFEF, XAASGFERRAESGTHAMIFRELR
EFEWa-1,4 82BN REFFALFTFEX:

/ « o
\Q_T>h (@.B)
n
OH OH

BRX P R&H CH,. CH:CH.# (CH,0H) .CHA R WM. % FHak
BRALEHEHRFARY, REAL-_BEAMGDEBLEHAL.

AEALXEREETHRBET HAAGEZTEXFRFELX
BAEATRSEHATHBREN R,

AEPEF —AREETRRT —HEAHBFEMNEHDER
SR

AEPEF - ARSETRBTERENERSZARSNEF
*.
AEPO A - AREETFTRETEAEZEXEFPEAREEFHT
FREABLOATHERENERHABHEEN.

ALBETEAEAGEECHEHAREAASETELAGEES

5
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(0 AABEALEREAFPTAEEIBARAKERZARZALL
.

BRI SR
RE 1 ABIBBAZAOBELHE GBS EMNG “C NMR L%
HEMALY; A
HE2ABIBBEALAGBELHENHEEMNG °C NMR A4 #
5 B LY.

SHARERFTEHLEHE
ALXPARBTELALESEREPEZEAKXEZFATRERENS
EMNGHBEEER., AZVHATORENTUAELTLE. ELL
BERALEHNE. SERATHERRELY icodextrin ik FHH
B, AXNER. RLXBELE icodextrin R BRI E
D LERE OEREPRANFE.

£k 1

BERW 15 AEXZTBHAHET 200l AHFBPELERY
icodextrin, AFRTWH 1 A4 NaBL ImAFrEE R AR E R
Z 1000, RfdpzAdHEFXRMERBLREER.

EREZHAAGEFBREER. RAELE 3% R4 HE (DP) &
KT F(LSEFBANE, caiE 1%58 58, 37% 9§58,
20% Gk Fodif 2% ST ERBEE £, BARLE 14% R
SEGGHSTEEFBHR(OIMI) O 1% R HHE. 2% 95 F 4%,
A% EFwf USRS TEERE. £=, AELA 9% K4
EHRE - HHTESEFHME (NN2), E2F 1%%HHH. 3
Y E M, TR HEFOEMOSSHELSTFEEREE, £8 "CNR
Xk EhP R, SHEARAGERRELMAGETESHY
Xt FEeHE, AEINTEXLEMEHEN.

EPHE pH HXBEFHTERN “HHRETHE. sIHHEERSLSE
MMEXEEA 284nn (A Abs) XM B FXA VS BUAGTL, #

6
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15

EBEHAEN L PHERAIESBFHE 1 PES HMW] red. HMW2 red
#o LMW red.

x4 2

AMCHBET, AARETERA 1V LR =HAROGEFE
WS, BIHF 15 LEZTFBHNET 30m) RHFRHERXRBERS
A FH NaOCL X F 70ml £ KR AN LA pH A 80. 58 AT RE
REFAONEHBRTARER. R4V ERRBEY 2 AT
BEHEEMBAFHER. I, RA UC NMR k#E0W Ad A
ok I PTHEAGXKEEHTERA RGBT, R4 A4 =% HMV1L
ox . HMF2 ox LMW ox 2 R EHMAHER, BRAALZNEHLITE
O S R ALK R Y YR

% 1-5%Icodextrin e # 5 Icodextrin XH& X ¥ (121TC,
45 -4F) BB K (284nm) T4

R 2 5%k 3 |A Abs (pH 6.5-7.5)|A Abs (pH 5.5)
HMW1 6 0. 65+0. 30 0. 59+0. 35
HMW1 red 6 0.31+0. 10 0. 20+0. 07
HM¥1 ox 2 1. 83+0. 21 1. 78%0. 13
HMW 2 8 1,2140. 71 0. 6210. 71
HMW2 red 7 0. 13+0. 09 0. 09+0. 06
HMW2 ox 4 0. 7610. 31 0. 79+0. 19
LMW 8 1. 96+10. 87 1. 330. 86
LMF red 8 0.18+0. 11 0. 1740. 07
LMW ox 3 0. 0140. 01 0. 02+0. 01
R BACS S
i RE: 4 2. 54+0. 78 2, 36+0. 96
‘B 2 0. 98
D(+) -HHR 1 0.01
K B

‘KEBPD(+) -HBRABREREPHS THR2.5%

7



A Abs= R ¥ /& Ao X8 o X A Bl R 8 £ 5

£ 3
EBBAZANERENBENGF =MHF &+, & icodextrin
s AL, ERARXNEARRPEEARECNZITRELES. &5
THFAZE, BACNAALBRER. RE B85 TERAET
RE. HEAHMGRYGRE.
it 3% 200ng HETAH 60mg %69 540mg A FRH &5k
A 100CTREYL 2 I HARTEATEFTHORAE. AFHNE
10 AYHPTHRAZRETERAHBRTHE CNMR AR E 152
bR, A2 EAFTHARLEFARZHGORSE (DP) PpARKER
REEHI. MAEH NMR4E5 (DP 184 'H NMR 5 R IAR L B34 &
B 469 °C NMR) ] & s 3K 453X — B g,

15 % 2~ 4 MeOH #= ButOH 89 B X LB B
¥ &5 ia % M/1 D.P. |[REAHEHBEH %
1 MeOH H.S0, 4.1 8.7
2 MecOH HC1 5. 2 11.2
3 ButOH H,S0, 1.3 41.6
4 ButOH HC1 1.4 13.0
EHH 4

HEAAHHEMATART, 2B 1 A A TRYOZH (BE9

%) 2.7 AHAZBFE INOCTLHEREIHERBEE RN

20 MREARFERD. BHERELFSTEARAERIIHH =8}
iR RS- PRITRL, BRE 3 PHF.



A3-RAHYBEALELE (RAEARSEH: ATROEH
lg, A=8 2.7g)

o% | mEC | BE e (HCL Mol/L| A¥% | DP | xEKE
R3%6%
5 80 2 1.27 A@E | 8.5 9.8
6" 100 2 1. 27 96 1.4 4.8
7 100 2 1. 27 A®ME | 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
15 100 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 A3 | 1.35 17.1
21 60 16 1.27 A® | 1.10 23.9
22 80 16 0. 32 88.7 | 1.11 13.9
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 Ak | 1.03 21.7
27 80 16 0. 64 k@ | 1.10 9.7
28 80 16 1.27 A3 | 1.03 11.4
29 80 16 1.27 99.8 | 1.01 8.6
30 80 16 1.27 8% | 1.01 4.9
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B A &4 R 200mg, % =B 540mg
BB &M &H 600mg, FZ=B1.62g
CREEBR: TRB 1g, AZH2.7g

ZEBMENFYPREAALTESEG P "CNMR Ak R H 2
ferc, B EINENRF K45 5a(100.9ppmn) #p (105. 1 ppm) .
AEZESGBAFRNRE (a=71.3 ppm, B= 73ppm) FRHAKH (65.3
ppm) HEEY CHLAES. SZHHPRARGELENCHES (a=81.5

ppm, B = 83ppm ) .
BEISPHFH—HEHHBEITRARBEHMEXRBFAHTHRE

WHHFAE 284 R EINHEREH H B A FEF 6 TITI0E,

F A- BEZBTAMMFTRAERE (121T, 45 54) ERKE

(284nm) B E4
# & % (w/v) %% %% |AAbs 4 ( pHIA Abs #( pH
6.5~-7.5) 5.5)

6 5 4 0.4610.32 |0.3510. 15
LK 3 2.4340.9 A2 H
7 X 3F 2.5 1 0.01 A i
# & 2.5 1 0. 07 F X )

RN EEEERGENAREGEI IR P, £ H R 500iE
FHEABEHOEBZFAEG I VENE (L2 15on, 15cn %) X # 3ml
BRREESAER (2.5, 5.0%w/v 854 2) . Hixs$2 A 200ml
HERBAFLAITCHBEFIFTOENER. AR THEF (0. 1. 2,
3. 4, 5. 6 d) o, BRITIFAENBRASKRE NI HERA
FHAERBEARZILHESI (A% ). ¥ EHEREAFAEAS VHF
L5 5B HB-1-HEH LRI

10



# 5~ %3t icodextrins 894k REH AR NS

# 5 BR/L ) FELE An%] B ARK2 B JAwES | Awkd B AwSS B (AwkS B
LMY red | 0.071 5 29.9 43.0 53.8 66. 2 76. 7 88.3
LMF ox | ki 5 20.2 29. 2 39.3 46.0 56. 4 63.4
HMW1 red | 0.016 3 50. 8 67. 4 74.1 81.5 85.7 91.2
HMW1 ox | & H 3 22.8 43.3 60. 2 77.0 89.6 104. 2
HMW2 red | 0.049 3 6.7 10.0 15.7 19.2 2.2 26.3
HMW2 ox | &k 4 32,2 52.9 69. 7 84,2 96. 0 106. 4
6% (5%) | 0.215 1 33.2 68. 2 98. 1 119.5 140.5 159, 8
a-FE-%] 0.257 | 30.9 60. 7 86. 5 107.9 123.2 142.0
%% (5%)
p-¥ %-%| 0.257 1 45 76. 1 103.0 129.7 151.7 174.9
X# (5%}
6% (2.5%| 0.108 2 22.9 34. 4 50. 0 63.0 77.2 87.7
o-FE-%| 0.128 3 21.8 39.2 55. 4 67.64 79.5 92.1
FE
(2. 5%)
p-F&-%( 0.128 3 34.0 50. 3 63.7 67.6 7.7 86.5
X
(2. 5%)
siHMw | 0138 3 15.3 34.2 43.4 57.3 T4.2 90.9
(2. 5%)
# &#-1-| 0.069 3 35.8 53. 6 76.3 95. 9 120. 1 144.1
LT
(2. 5%)

Bit, AAARB[TREIABZHGEAHHBHSERRB 0
BEMN. CHARZNBEMNGBCEGBIBEEW B R AR L BB

5 BEEMERG S G k.
TREMTBEHNEAXIHENRAL AT RBTERATAB A
HTFTEABABRBARAARRLRAEAGHLS. TARFERAETHB AR

11



FTREAEAEAAGEAFEEAARLE P ABENEE, BRE LK
EPBAETHRAAELNER.
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