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TITLE OF THE INVENTION
PERITONEAL DIALYSIS SOLUTION TEST METHOD

BACKGROUND

[0001] The present disclosure relates generally to a method of testing a dialysis
solution. More particularly, the present disclosure relates to a method of testing a peritoneal
dialysis solution and components thereof, and of using same.

[0002] Parenteral pharmaceutical products are required to be free of contaminating
substances, such as those that might cause peritonitis. Peritonitis, or inflammation of the
peritoneum, is a major complication of peritoneal dialysis. Peritonitis may be caused by
intraperitoneal bacterial infections. Alternatively, peritonitis caused by a chemical or a
foreign body irritant is known as aseptic or sterile peritonitis. Sterile peritonitis is
accompanied with development of a cloudy dialysate. Despite existing testing of peritoneal

dialysis solutions, outbreaks of aseptic peritonitis still occur.

SUMMARY

[0003] The present disclosure relates to methods of testing peritoneal dialysis solution
components and of using same. The methods in an embodiment use a proinflammatory
response such as cytokine detection test in combination with a filtering step to test for the
presence of contaminants in a dialysis solution component.

[0004] In an embodiment, a method of testing a glucose polymer or a glucose
polymer derivative includes providing a sample of the glucose polymer or glucose polymer
derivative. The sample is filtered at a specified molecular weight cutoff to obtain a retentate
portion and a filtrate portion. The retentate portion is added to a first assay. The filtrate
portion is added to a second assay. A reagent is added to each of the first assay and the
second assay. The reagent produces a proinflammatory response. The proinflammatory
response of each of the first assay and the second assay is measured. The proinflammatory
response of the first assay is compared to the proinflammatory response of the second assay
to determine if the glucose polymer or a glucose polymer derivative is suitable for use.

[0005] In an embodiment, the proinflammatory is selected from the group consisting
of interleukin-la, interleukin-1b, interleukin-6, interleukin-10, tumor necrosis factor-a,
macrophage inflammatory protein la, macrophage inflammatory proteins 1b, granulocyte
colony-stimulating factor, and granulocyte-macrophage colony-stimulating factor. The

cytokine may be interleukin-6.
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[0006] In an embodiment, the sample is a first sample and the method further includes
providing a second sample of the glucose polymer or glucose polymer derivative, adding the
first sample to a third assay; adding a reagent to the third assay, and measuring the
proinflammatory response of the third assay.

[0007] In an embodiment, the reagent includes peripheral blood mononuclear cells or
monocytic cell line cells.

[0008] In an embodiment, the specified molecular weight cutoff is greater than or
equal to about 30 kDa and less than or equal to about 100 kDa. The specified molecular
weight cutoff may be greater than or equal to about 50 kDa and less than or equal to about
100 kDa.

[0009] In an embodiment, if the proinflammatory response of the second assay, as
expressed in pg/mL, is greater than or equal to 50% of the proinflammatory response of the
first assay, as expressed in pg/mL, the glucose polymer or glucose polymer derivative is
acceptable for use. If the proinflammatory response of the second essay, as expressed in
pg/mL, is less than 50% of the proinflammatory response of the first assay, as expressed in
pg/mL, the glucose polymer or glucose polymer derivative is rejected for use.

[0010] In an embodiment, the glucose polymer or glucose polymer derivative is
icodextrin.

[0011] In another embodiment, a method of testing a glucose polymer or a glucose
polymer derivative includes providing a first sample of the glucose polymer or glucose
polymer derivative. A reagent is added to each of the retentate portion and the filtrate
portion. The reagent produces an interleukin-6 response. The interleukin-6 response induced
by the first sample is measured. A second sample of the glucose polymer or glucose polymer
derivative is provided. The second sample is filtered at a molecular weight cutoff of greater
than or equal to about 30 kDa and less than or equal to about 100 kDa to obtain a retentate
portion and a filtrate portion. The reagent is added to each of the retentate portion and the
filtrate portion. The interleukin-6 response induced by each of the retentate portion and the
filtrate portion is measured. The interleukin-6 response induced by the retentate portion is
compared to the interleukin-6 response induced by the filtrate portion to determine if the
glucose polymer or glucose polymer derivative is suitable for use.

[0012] In an embodiment, if the proinflammatory response induced by the filtrate
portion, as expressed in pg/mL, is greater than or equal to 50% of the proinflammatory
response induced by the retentate portion, as expressed in pg/mL, the glucose polymer or

glucose polymer derivative is acceptable for use. If the proinflammatory response induced by
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the filtrate portion, as expressed in pg/mL, is less than 50% of the proinflammatory response
induced by the retentate portion, as expressed in pg/mL, the glucose polymer or glucose
polymer derivative is rejected for use.

[0013] In an embodiment, a method of providing peritoneal dialysis solution to a
patient includes using the glucose polymer or glucose polymer derivative to make a
peritoneal dialysis solution if the glucose polymer or glucose polymer derivative is suitable
for use and using the peritoneal dialysis solution in a patient. Alternatively, the glucose
polymer or glucose polymer derivative may be discarded if it is not suitable for use and the
testing steps repeated on a second sample of glucose polymer or glucose polymer derivative.

[0014] An advantage of the present disclosure is to provide improved peritoneal
dialysis solutions.

[0015] Another advantage of the present disclosure is to provide improved methods
for manufacturing and using peritoneal dialysis solutions that employ a detection protocol to
determine the presence of contaminants in the peritoneal dialysis solution.

[0016] Yet another advantage of the present disclosure is to provide improved testing
procedures that can be employed to prevent peritonitis in patients that receive peritoneal
dialysis therapy.

[0017] Yet still another advantage of the present disclosure is to provide an improved
icodextrin composition that utilizes a detection procedure in the manufacture thereof to
determine the presence of peptidoglycan.

[0018] Additional features and advantages of the present disclosure are described in,

and will be apparent from, the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES
[0019] FIG. 1 is a chart illustrating the interleukin-6 response for Examples 1 and 2.
[0020] FIG. 2 is a chart illustrating the interleukin-6 response for Examples 3, 4, and

5.

[0021] FIG. 3 is a chart illustrating the interleukin-1a response for Examples 3, 4, and
5.

[0022] FIG. 4 is a chart illustrating the interleukin-1b response for Examples 3, 4, and
5.

[0023] FIG. 5 is a chart illustrating the tumor necrosis factor-a response for Examples

3,4, and 5.
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[0024] FIG. 6 is a chart illustrating the interleukin-10 response for Examples 3, 4, and

[0025] FIG. 7 is a chart illustrating the macrophage inflammatory proteins la
response for Examples 3, 4, and 5.

[0026] FIG. 8 is a chart illustrating the macrophage inflammatory proteins 1b
response for Examples 3, 4, and 5.

[0027] FIG. 9 is a chart illustrating the granulocyte colony-stimulating factor
response for Examples 3, 4, and 5.

[0028] FIG. 10 is a chart illustrating the granulocyte-macrophage colony-stimulating
factor response for Examples 3, 4, and 5.

[0029] FIG. 11 is a chart illustrating the interleukin-6 response for Examples 6 and 7.

[0030] FIG. 12 is a chart illustrating the interleukin-6 response for Examples 8 and 9.

[0031] FIG. 13 is a chart illustrating the interleukin-6 response for Examples 10 and
11.

[0032] FIG. 14 is a chart illustrating the interleukin-6 response for Examples 12 and
13.

DETAILED DESCRIPTION

[0033] The present disclosure relates to methods of using a proinflammatory response
test in combination with a filtering step to test for the presence of contaminants in dialysis
solution components. The test may be performed on any desired material, but is typically
performed on a dialysis fluid or the components thercof. Dialysis solutions are used in
various forms of dialysis to remove waste products from a patient. Dialysis solutions can be
specifically formulated and suitable for peritoneal dialysis, hemodialysis or any other dialysis
therapies. The dialysis solutions can include one or more suitable dialysis components (e.g.
ingredients or constituents of a dialysis solution) such as osmotic agents, buffers, electrolytes
or combinations thereof. The methods disclosed herein may be used with any type of dialysis
solution, and is especially useful for peritoneal dialysis solutions that contain a glucose
polymer, such as icodextrin, a glucose polymer derivative, and the like.

[0034] Various compounds that are major components of a bacterial cell wall can
contaminate dialysis solution products and go undetected with conventional methods. In this
regard, testing for bacterial components may be used to prevent sterile peritonitis in patients
that use the peritoneal dialysis solutions. A proinflammatory response can be determined

using markers such as cytokines. Cytokine secretion is a common cellular response to many
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substances including bacterial and non-bacterial substances. Many known bacterial
components such as lipopolysaccharide (LPS), and peptidoglycan (PG), stimulate cytokine
production in human cells. Cytokines commonly associated with responses to bacterial
components include interleukin-la (IL-1a), interleukin-1b (IL-1b), interleukin-6 (IL-6),
interleukin-10 (IL-10), tumor necrosis factor-o (TNF a), macrophage inflammatory proteins
la and 1b (MIP-la, MIP-1b), granulocyte colony-stimulating factor (G-CSF), and
granulocyte-macrophage colony-stimulating factor (GM-CSF). Cytokine markers and the
appropriate selection thereof are known to those skilled in the art.

[0035] Tests have previously been developed to measure the cytokine response of a
material to detect the presence of bacterial components. It has been found that by first
filtering a material to separate it into components based on molecular weight, and then
measuring the proinflammatory response induced by the components, a more accurate result
may be obtained. In particular, the test provides a better indication as to whether the material
contains contaminants that are likely to cause aseptic peritonitis in a patient.

[0036] Generally, the test is performed on a sample of the dialysis solution
component, such as a glucose polymer or a glucose polymer derivative, or solution thercof.
The sample may be first assayed to determine if it initiates a proinflammatory response. If no
significant proinflammatory response is indicated, the dialysis solution component may be
considered safe for use in a patient. If a significant proinflammatory response is indicated,
further testing may be done to determine if the dialysis solution component is likely to induce
sterile peritonitis. A second sample of the dialysis solution component is filtered at a
specified molecular weight cutoff to obtain a retentate portion and a filtrate portion. The
proinflammatory response of each of the retentate portion and the filtrate portion is measured
to obtain a proinflammatory test result for each portion. The proinflammatory response of
the retentate portion is then compared to the proinflammatory response of the filtrate portion
to determine if the dialysis solution is suitable for use.

[0037] The proinflammatory response may be measured using any suitable test. The
proinflammatory response induced by a material may be measured using an assay system. In
one type of test, a reagent that produces a cytokine response is added to a sample of the
dialysis solution in an assay. The reagent may include peripheral blood mononuclear cells
(PBMCs) or monocytic cell line cells. One particular type of suitable test includes a test kit
with an assay. The material to be tested and PBMCs are added to the assay. PBMCs are
preferably isolated from fresh human blood of healthy donors. The assays are then incubated

with the cells overnight. The culture media is collected and the secreted cytokine of the
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desired type is quantified using Enzyme-Linked Immuno Sorbent Assay (ELISA) techniques.
The use of such tests is well known in the art.

[0038] In one embodiment, a test to measure the interleukin-6 response may be
performed on the sample. Test kits are available commercially from numerous vendors such
as R&D Systems, Inc., Minneapolis, MN (USA).

[0039] To perform the filtration step, any suitable filtration method may be used. A
suitable device for performing the filtration is the Amicon Ultra-4 Centrifugal Filter Unit
(available from Millipore™). The filter unit may include a molecular weight cutoff
designated as the nominal molecular weight limit (NMWL). The molecular weight cutoff
indicates the ability of the device to retain molecules above the specified molecular weight.
For example, a filter with a molecular weight cut off of 5 KDa allows molecular species
smaller than 5K Da to pass through the membrane and reside in the filtrate after
centrifugation of the device. If the solution contains molecules close to the molecular weight
cutoff, these molecules may partially pass through the filter. The samples to be tested are
added to a filter unit and centrifuged to obtain a filtrate and a retentate sample. The retentate
is retained in the filter media and the filtrate is collected in a centrifuge tube.

[0040] The solution may be subjected to a filtration step described above at molecular
weight cutoffs of about 10 kDa, 15 kDa, 20 kDa, 25 kDa, 30 kDa, 40 kDa, 50 kDa, 60 kDa,
70 kDa, 80 kDa, 90 kDa, 100 kDa, and other appropriate molecular weight cutoffs. The
molecular weight cutoff of the filter may be selected based on the size of possible
contaminants, or based on other factors. The filtrate and retentate are tested for a
proinflammatory response at each level. The results of the tests are compared to determine
whether the dialysis solution component is suitable for use. Various standards may be used
to make the determination. It has been found that if the test results at a certain molecular
weight cutoff are the same for the filtrate and retentate (indicating that the contaminant is not
preferentially retained by the filter), the dialysis solution component will not cause aseptic
peritonitis in a patient. If the proinflammatory response for the retentate at a certain
molecular weight cutoff is sufficiently greater than the proinflammatory response for the
filtrate (indicating that the contaminant is larger in size than the molecular weight cutoff), the
dialysis solution component may cause aseptic peritonitis in a patient and thus must be
rejected. Alternatively, multiple wash or rinsing steps with molecular weight cutoff filters
can be used to determine if species with large molecular weights are present in the retentate.
If test of such retentate produces an elevated IL-6 or other proinflammatory response, the

dialysis solution is rejected.
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[0041] It is believed that contaminants in the range of 30 kDa to 100 kDa are
particularly likely to cause aseptic peritonitis, while contaminants that are not preferentially
retained by the filter are not likely to cause aseptic peritonitis. For example, peptidoglycan
has been shown to cause aseptic peritonitis. The methods disclosed herein are capable of
detecting peptidoglycan in a dialysis solution or component thereof to prevent the release of
the contaminated solution.

[0042] The cytokine response is typically expressed in pg/mL. In one embodiment,
the following test criteria may be used to determine the suitability of a material. If the
proinflammatory response of the material is negative (less than about 100-200 pg/mL, or
about the same as a negative control), the material is suitable for use. If the retentate portion
exhibits a positive proinflammatory response and the filtrate portion exhibits a negative
proinflammatory response, the material is rejected. If both the filtrate and retentate portions
exhibit positive proinflammatory responses and the proinflammatory response of the filtrate
is greater than the proinflammatory response of the retentate, the material is acceptable for
use. If both the filtrate and retentate portions exhibit positive proinflammatory responses and
the proinflammatory response of the filtrate is less than the proinflammatory response of the
retentate, than the ratio of the filtrate proinflammatory response to the retentate
proinflammatory response is examined. If the proinflammatory response of the filtrate
portion is greater than or equal to 50% of the proinflammatory response of the retentate
portion, the dialysis solution component is considered acceptable for use. If the
proinflammatory response of the filtrate portion is less than 50% of the proinflammatory
response of the retentate portion, the dialysis solution component may cause aseptic
peritonitis in a user and thus must be rejected and discarded. Other criteria may be used
depending on the likely source of contamination.

[0043] The criteria for determining if a material is suitable may change according to
specific experimental parameters. This is because relative concentrations of molecules in the
filtrate and retentate depend on the specific type of molecular weight cut off filters such as
size and volume, spinning time and centrifugal force applied. The dose dependent response
from a contaminant may exhibit a sigmoid function; therefore, one may have to use diluted
sample if the response has reached the saturated point.

[0044] In an embodiment, the present disclosure provides methods for manufacturing
a peritoneal dialysis solution. The method can include any suitable number and type of
processing stages. For example, the process includes providing a glucose polymer, such as

icodextrin; filtering a sample of the glucose polymer to obtain a retentate portion and a
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filtrate portion; measuring the proinflammatory response of each of the retentate portion and
the filtrate portion; comparing the proinflammatory response of the retentate portion to the
proinflammatory response of the filtrate portion; and using the glucose polymer to make
peritoneal dialysis solution if it is determined that the IL-6 response is in accordance with
predetermined criteria. If it is determined that the IL-6 response is not in accordance with
predetermined criteria, the glucose polymer can be further processed to remove the
contaminant or to achieve a sufficiently low level of the contaminant. The glucose polymer
can be further processed in any suitable manner. In an embodiment, the glucose polymer can
be processed with any suitable number and type of separation devices, such as affinity
columns with resins that specifically bind peptidoglycan and/or the like.

[0045] The method of manufacturing a dialysis solution in accordance with the
present disclosure can also be used in conjunction with other suitable dialysis raw material or
dialysis solution testing procedures. Illustrative examples of suitable procedures can be
found in U.S. Patent No. 7,118,857, entitled METHODS AND COMPOSITIONS FOR
DETECTION OF MICROBIAL CONTAMINANTS IN PERITONEAL DIALYSIS
SOLUTIONS, issued on October 10, 2006, the disclosure of which is herein incorporated by
reference. For example, such testing procedures can be generally used to test dialysis raw
materials or dialysis solutions.

[0046] The dialysis solutions can be specifically formulated and suitable for
peritoneal dialysis, hemodialysis or any other dialysis therapies. The dialysis solutions can
be used, for example, as a single dialysis solution in a single container or as a dialysis part of
a separately housed or multi-chambered container. The dialysis solutions can be sterilized
using any suitable sterilizing technique such as, for example, autoclave, steam, ultra-violet,
high pressure, filtration or combination thereof.

[0047] Ready-to-use formulations of dialysis solutions can be prepared in a number
of suitable ways. For example, the first and second dialysis parts can be separately stored
from each other, such as in separate and hydraulically connected chambers of a multi-
chamber container, until mixed together to form a mixed solution. In this regard, the ready-
to-use formulation can be prepared within the container by mixing its separate dialysis parts
within one chamber of the container. This can effectively eliminate the need to manually
inject all or at least a portion of the dialysis parts into the container to form the mixed
solution, thus ensuring that the ready-to-use formulation can be readily prepared under sterile

conditions.
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[0048] Further, the container can be configured such that one of the dialysis parts can
be placed in direct fluid communication with the patient prior to mixing while the other
dialysis part cannot be placed in direct fluid communication with the patient prior to mixing.
This can provide an added level of safety with respect to the preparation and administration
of the ready-to-use formulation of the present disclosure as the single solution that cannot be
placed in direct fluid communication with the patient physically cannot be fed to the patient
unless it is first mixed with the other component. In this regard, if, by chance, the single
solution that physically cannot be placed in direct fluid communication with the patient were
to have an undesirable concentration of constituents, such as potassium, sodium or the like,
this configuration would necessarily ensure that the undesirable level of constituents is not
fed or administered to the patient.

[0049] It should be appreciated that the separate dialysis parts of a multi-part dialysis
solution can be housed or contained in any suitable manner such that the individual dialysis
parts can be effectively prepared and administered. A variety of containers can be used to
house the two parts, such as separate containers (e.g., flasks or bags) that are connected by a
suitable fluid communication mechanism. The two or more separate dialysis parts can be
separately sterilized and stored.

[0050] The dialysis solutions can comprise one or more suitable dialysis components
(e.g. ingredients or constituents of a dialysis solution) such as osmotic agents, buffers,
electrolytes or combination thereof. A wvariety of different and suitable acidic and/or basic
agents can also be utilized to adjust the pH of the osmotic, buffer and/or electrolyte solutions
or concentrates. For example, a variety of inorganic acids and bases can be utilized including
hydrochloric acid, sulfuric acid, nitric acid, hydrogen bromide, hydrogen iodide, sodium
hydroxide, the like or combination thereof.

[0051] Examples of osmotic agents include glucose, fructose, glucose polymers (e.g.
maltodextrin, icodextrin, cyclodextrins, trehalose), glucose polymer derivatives (e.g.
modified starch, hydroxyethyl starch), polyols, amino acids, peptides, proteins, amino sugars,
N-acetyl glucosamine (NAG), glycerol and/or the like and combinations thereof. Examples
of the buffers include bicarbonate, lactic acid/lactate, pyruvic acid/pyruvate, acetic
acid/acetate, citric acid/citrate, amino acids, peptides, an intermediate of the KREBS cycle
and/or the like and combinations thereof.

[0052] Examples of electrolytes include calcium, magnesium, sodium, potassium,
chloride and/or the like and combinations therecof. For example, the dialysis solutions can

comprise one or more clectrolytes in the following ranges from: about 100 to about 140
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mEq/L of Na+, about 70 to about 130 mEq/L of CI-, 0.1 to about 4.0 mEq/L of Ca2+, 0.1 to
about 4.0 mEq/L of Mg2+ and/or 0.1 to about 4.0 mEq/L of K+.

[0053] The dialysis solutions can preferably contain a dialysis component such as an
osmotic agent to maintain the osmotic pressure of the solution greater than the physiological
osmotic pressure (e.g. greater than about 285 mOsmol/kg). For example, glucose is the most
commonly used osmotic agent because it provides rapid ultrafiltration rates. Other suitable
types of osmotic agents such as amino acids can be used in addition to or as a substitute for
glucose.

[0054] Another family of compounds capable of serving as osmotic agents in
peritoneal dialysis solutions is that of glucose polymers or their derivatives, such as
icodextrin, maltodextrins, hydroxyethyl starch, and the like. While these compounds are
suitable for use as osmotic agents, they can be sensitive to low and high pH, especially during
sterilization and long-term storage. Glucose polymers, such as icodextrin, can be used in
addition to or in place of glucose in peritoneal dialysis solutions. In general, icodextrin is a
polymer of glucose derived from the hydrolysis of corn starch. It has a molecular weight of
12-20,000 Daltons. The majority of glucose molecules in icodextrin are linearly linked with
(1-4) glucosidic bonds (>90%) while a small fraction (<10%) is linked by o (1-6) bonds.

[0055] The dialysis solutions or components can also comprise buffering agents such
as bicarbonates and acids. The bicarbonates can comprise an alkaline solution such that the
bicarbonate can remain stable without the use of a gas barrier overpouch or the like. The
individual bicarbonate solution can have a pH that ranges above about 8.6, preferably about
9. The pH of the bicarbonate solution part can be adjusted with any suitable type of
ingredient, such as sodium hydroxide and/or the like. Illustrative examples of the bicarbonate
solution of the present disclosure can be found in U.S. Patent No. 6,309,673, entitled
BICARBONATE-BASED SOLUTION IN TWO PARTS FOR PERITONEAL DIALYSIS
OR SUBSTITUTION IN CONTINUOUS RENAL REPLACEMENT THERAPY, issued on
October 30, 2001, the disclosure of which is herein incorporated by reference.

[0056] The acids can comprise one or more physiological acceptable acids, such as
lactic acid, pyruvic acid, acetic acid, citric acid, hydrochloric acid and the like. The acids can
be in an individual solution having a pH that ranges from about 5 or less, about 4 or less,
about 3 or less, about 2 or less, about 1 or less, and any other suitable acidic pH. The use of
an organic acid, such as lactic acid, alone or in combination with another suitable acid, such

as a suitable inorganic acid including hydrochloric acid, another suitable organic acid (e.g.
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lactic acid/lactate, pyruvic acid/pyruvate, acetic acid/acetate, citric acid/citrate) and the like in
the acid solution can make the solution more physiologically tolerable.

[0057] As discussed previously, the dialysis solutions of the present disclosure can be
used in a variety of suitable applications. For example, the dialysis solutions can be used
during peritoneal dialysis, such as automated peritoneal dialysis, continuous ambulatory
peritoneal dialysis, continuous flow peritoneal dialysis and the like. It should be appreciated
that the present disclosure can be used in a variety of different and suitable dialysis therapies
to treat kidney failure.

[0058] Although the present disclosure, in an embodiment, can be utilized in methods
providing a dialysis therapy for patients having chronic kidney failure or disease, it should be
appreciated that the present disclosure can be used for acute dialysis needs, for example, in an
emergency room setting. Lastly, as one of skill in the art appreciates, the intermittent forms
of therapy (e.g., hemofiltration, hemodialysis, peritoneal dialysis and hemodiafiltration) may

be used in the in center, self/limited care as well as the home settings.

EXPERIMENTAL EXAMPLES
[0059] By way of example and not limitation, the following examples are illustrative
of various embodiments of the present disclosure and further illustrate experimental testing
conducted with peritoneal dialysis solutions.

Experimental Procedure

[0060] To determine if a material would induce a cytokine response, a standard
interleukin-6 (IL-6) response was performed. For a typical experiment, a total of
approximately 75 mL whole blood was collected per donor. Peripheral blood mononuclear
cells (PBMCs) were isolated, and the cell concentration determined.

[0061] The PBMC cell number was determined using a cell counter and adjusted to a
concentration of approximately 8x10° cells/mL. An aliquot of 100pL of cell suspension was
added to each well and a 100puL solution made of control or test articles were added. A total
of four replicates (four wells per sample or control solution) were performed in each
experiment with four blood donors. The 96-well plates prepared with cells and test and
control solutions were incubated in a CO, incubator at 5% CO, overnight.

[0062] After the incubation period the plates were centrifuged for fifteen minutes at
430xg. Supernatant was collected. The concentration of IL-6 in the supernatant was
determined using the QuantiGlo Chemiluminescent ELISA kit. A SpectraMax M2 plate

reader was set for luminescence reading.
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[0063] To perform the filtration step, Amicon Ultra-4 filtration devices were used.
Amicon Ultra-4 filtration devices (from Millipore™) are designed for concentration of
biological samples and purification of macromolecular components. The Amicon Ultra-4
devices include membranes made of low-protein binding regenerated cellulose and
characterized by a Nominal Molecular Weight Limit (NMWL). The rated NMWL indicates
the ability of the device to retain molecules above the specified molecular weight. The Ultra-
4 filtration devices are designed to enable a single spin recovery of the concentrated retentate
(collected in the filter unit) and filtrate (collected in the centrifuge tube) that has passed
through the filter.

[0064] Approximately 4 mL of the test sample was loaded into the filter unit and spun
for a pre-determined time so that approximately 2 mL of filtrate was obtained. Both filtrate
and retentate were collected and filtered through a 0.2m syringe filter prior to the PBMC-IL-6
assay. Each sample was separately tested using NMWL filters at 30 kDa, 50 kDa, and 100
kDa.

Results

[0065] The samples tested using the above procedure included a positive control
(Comparative Example A) and a negative control (Comparative Example B). Comparative
Example A was a solution of 0.5 EU/mL lipopolysaccharide. Comparative Example B was
RPMI with 2% plasma. Tests were also performed on peritoneal dialysis solution samples
that were prepared from different batches of icodextrin based peritoneal dialysis solutions
(Examples 1 and 2).

[0066] The samples used for Examples 1 and 2 were from batches of icodextrin-based
peritoneal dialysis solutions that had previously been used in patients treated for peritoneal
dialysis. The peritoneal dialysis solution in Example 1 had been found to cause aseptic
peritonitis in some patients who used the peritoneal dialysis solution. The peritoneal dialysis
solution prepared in Example 2 had not caused aseptic peritonitis in patients who used the
peritoneal dialysis solution.

[0067] The IL-6 responses of samples of each solution were measured using the
procedure described above. Additionally, the solutions of Examples 1 and 2 were subjected
to filtration steps using the procedure previously described at molecular weight cutoffs of 30
kDa, 50 kDa, and 100 kDa. The filtrate and retentate were tested for IL-6 response at each
cutoff level. The results are illustrated in Fig. 1. Each bar in Fig. 1 is labeled with the
identity of the sample. The IL-6 results of the unfiltered samples are indicated by “w/o

filtration.” The IL-6 results for retentate samples are designated “R” and for filtrate samples
12
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designated “F.” The last number of the label indicates the NMWL of the filter used in the
test.

[0068] As illustrated in Fig. 1, it can be seen that, as expected, Comparative Example
A exhibited a strong IL-6 response and that Comparative Example B exhibited virtually no
IL-6 response. The unfiltered solutions of Examples 1 and 2 both exhibited high IL-6
responses (about 24,000 pg/mL and 36,000 pg/mL, respectively). Thus, the test results show
that the solutions of Examples 1 and 2 were both contaminated with something that provoked
an IL-6 response. Because only the icodextrin used in Example 1 had caused aseptic
peritonitis, it is apparent that an IL-6 test alone was insufficient to determine if a solution
would cause aseptic peritonitis.

[0069] Turning to the results for the retentate and the filtrate of Example 1, it can be
seen that depending on the NMWL level, significant differences exist between the 1L-6
response in the retentate and the filtrate. For the 30 kDa and 50 kDa samples, the 1L-6
response of the retentate is several orders of magnitude higher than the IL-6 response of the
filtrate. For the 100 kDa samples, the difference in IL-6 response is smaller. This difference
in response based on molecular weight indicates that the contaminant that caused the aseptic
peritonitis probably has a molecular weight between 30 kDa and 100 kDa.

[0070] In contrast, for Example 2, only a small difference is seen between the 1L-6
response results for the filtrate and retentate samples, regardless of the NMWL level. These
results indicate that the contaminant remains relatively equally distributed between the
retentate and filtrate despite the filtration, and that the contaminant has a molecular weight
less than 30 kDa.

[0071] Cytokine response tests were conducted for Comparative Example C (a
positive control), Comparative Example D (a negative control) and additional dialysis
solution samples that were prepared from different batches of icodextrin-based peritoneal
dialysis solutions (Examples 3, 4, and 5). The samples used for Examples 3, 4, and 5 were
from batches of icodextrin based peritoneal dialysis solutions that had previously been used
in patients for peritoneal dialysis. The peritoneal dialysis solution in Examples 3 and 4 had
been found to cause aseptic peritonitis in some patients who used the peritoneal dialysis
solution. The peritoneal dialysis solution in Example 5 had not caused aseptic peritonitis in
patients who used the peritoneal dialysis solution.

[0072] The cytokine responses are shown in Figs. 2-10 for IL-6, IL-1a, IL-1b, TNF-a,
IL-10, MIP-1a, MIP-1b, G-CSF, and GM-CSF, respectively. It can be seen that in each case,

13
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Comparative Example C and Examples 3, 4, and 5 each exhibited a significant cytokine
response, and Comparative Example D (the negative control) exhibited a very low response.

[0073] Examples 6 and 7 were dialysis solution samples from different batches of
icodextrin-based peritoneal dialysis solutions. The solutions of Examples 6 and 7 were
subjected to filtration steps using the procedure previously described at molecular weight
cutoffs of 30 kDa, 50 kDa, and 100 kDa. The filtrate and rctentate were tested for 1L-6
response at each cutoff level. Fig. 11 illustrates the IL-6 response on a logarithmic scale for
Examples 6 and 7.

[0074] For Example 6, the IL-6 response was very small for both the filtrate and
retentate samples, regardless of the NMWL level. These results indicate that the contaminant
remained relatively equally distributed between the retentate and filtrate despite the filtration.
Thus, the sample of Example 6 was suitable for use.

[0075] For Example 7, it can be seen that for the sample filtered at 30 kDa, the 1L-6
response of the retentate was much larger than the IL-6 response of the filtrate. This
indicates that a contaminate with a molecular weight greater than 30 kDa was present in the
solution of Example 7. Thus, the dialysis fluid of Example 7 was not suitable for use.

[0076] Fig. 12 illustrates the IL-6 response for Example 8, Example 9, Comparative
Example D, Comparative Example E, and Comparative Example F. Examples 8 and 9 were
fluid samples prepared from different samples of icodextrin. Comparative Example D was a
negative control of RPMI, Comparative Example E was a negative control of an
uncontaminated peritoneal dialysis fluid, and Comparative Example F was a positive control
of contaminated peritoneal dialysis fluid. The samples were filtered and tested at 10 kDa and
30 kDa. It can be seen that for both Examples 8 and 9, the IL-6 response of the filtrate was
greater than the IL-6 response of the retentate, at both filtration levels. This indicates that the
contaminants in the icodextrin passed through the filters and thus have a molecular weight
less than 10 kDa. Thus, the icodextrin was suitable for use.

[0077] Fig. 13 illustrates the IL-6 response on a logarithmic scale for Comparative
Example D, Comparative Example E, Comparative Example F, and Examples 10 and 11.
Examples 10 and 11 were fluid samples prepared from different samples of icodextrin. The
samples were filtered and tested at 30 kDa, 50 kDa, and 100 kDa. For Example 10, the IL-6
response was relatively low for each fraction (comparable to the responses of the negative
controls, Comparative Examples D and E), and cach fraction showed a similar response.

Thus, the icodextrin was suitable for use. For Example 11, the IL-6 response of the retentate
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was greater than the IL-6 response of the filtrate, at 30 kDa and 50 kDa. Because the
contaminant had a size greater than 30 kDa, the icodextrin was not suitable for use.

[0078] Fig. 14 illustrates the IL-6 response on a logarithmic scale for Examples 12
and 13. Examples 12 and 13 were samples of icodextrin-based peritoneal dialysis solution.
The samples were filtered and tested at 30 kDa, 50 kDa, and 100 kDa. For Example 12, the
IL-6 response was relatively low for each fraction and each fraction showed a similar
response. Thus, the peritoneal dialysis fluid of Example 12 was suitable for use. For
Example 13, the IL-6 response of the retentate was greater than the IL-6 response of the
filtrate at 30 kDa. Because the contaminant had a size greater than 30 kDa, the icodextrin
was not suitable for use.

[0079] Based on these test results, it can be seen that using a cytokine response test in
combination with a filtering step provides an improved method to test for the presence of
contaminants in a dialysis solution.

[0080] 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.
Such changes and modifications can be made without departing from the spirit and scope of
the present disclosure and without diminishing its intended advantages. It is therefore

intended that such changes and modifications be covered by the appended claims.
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CLAIMS

The invention is claimed as follows:

1. A method of testing a glucose polymer or a glucose polymer derivative,
comprising:

providing a sample of the glucose polymer or glucose polymer derivative;

filtering the sample at a specified molecular weight cutoff to obtain a retentate
portion and a filtrate portion;

adding the retentate portion to a first assay;

adding the filtrate portion to a second assay;

adding a reagent to cach of the first assay and the second assay, wherein the
reagent produces a proinflammatory response;

measuring the proinflammatory response of cach of the first assay and the
second assay to determine if the glucose polymer or glucose polymer derivative is
suitable for use; and

comparing the proinflammatory response of the first assay to the

proinflammatory response of the second assay.

2. The method of claim 1 wherein the proinflammatory response is a response
selected from the group consisting of interleukin-la, interleukin-1b, interleukin-6,
interleukin-10, tumor necrosis factor-a, macrophage inflammatory protein la, macrophage
inflammatory proteins 1b, granulocyte colony-stimulating factor, and granulocyte-

macrophage colony-stimulating factor.

3. The method of claim 2 wherein the proinflammatory response is interleukin-6
response.

4. The method of claim 1 wherein the sample comprises a first sample, further
comprising:

providing a second sample of the glucose polymer or glucose polymer
derivative;

adding the second sample to a third assay;

adding a reagent to the third assay; and

measuring the proinflammatory response of the third assay.
16
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5. The method of claim 1 wherein the reagent comprises peripheral blood

mononuclear cells or monocytic cell line cells.

6. The method of claim 1 wherein the specified molecular weight cutoff is

greater than or equal to about 30 kDa and less than or equal to about 100 kDa.

7. The method of claim 1 wherein the specified molecular weight cutoff is

greater than or equal to about 50 kDa and less than or equal to about 100 kDa.

8. The method of claim 1 wherein if the proinflammatory response of the second
assay, as expressed in pg/mL, is greater than or equal to 50% of the proinflammatory
response of the first assay, as expressed in pg/mL, further comprising the step of accepting

the glucose polymer or glucose polymer derivative for use.

9. The method of claim 1 wherein if the proinflammatory response of the second
essay, as expressed in pg/mL, is less than 50% of the proinflammatory response of the first
assay, as expressed in pg/mL, further comprising the step of rejecting the glucose polymer or

glucose polymer derivative for use.

10.  The method of claim 1 wherein the glucose polymer or a glucose polymer

derivative is icodextrin.

11. A method of testing a glucose polymer or a glucose polymer derivative,
comprising:

providing a first sample of the glucose polymer or glucose polymer derivative;

adding a reagent to the first sample, wherein the reagent produces an
interleukin-6 response;

measuring an interleukin-6 response induced by the first sample;

providing a second sample of the glucose polymer or glucose polymer
derivative;

filtering the second sample at a molecular weight cutoff of greater than or
equal to about 30 kDa and less than or equal to about 100 kDa to obtain a retentate

portion and a filtrate portion;
17



WO 2009/117304 PCT/US2009/036940

adding the reagent to each of the retentate portion and the filtrate portion;

measuring an interleukin-6 response induced by each of the retentate portion
and the filtrate portion; and

comparing the interleukin-6 response induced by the retentate portion to the
interleukin-6 response induced by the filtrate portion to determine if the glucose

polymer or glucose polymer derivative is suitable for use.

12.  The method of claim 11 wherein the reagent comprises peripheral blood

mononuclear cells or monocytic cell line cells.

13.  The method of claim 11 wherein the specified molecular weight cutoff is

greater than or equal to about 50 kDa and less than or equal to about 100 kDa.

14.  The method of claim 11 wherein if the proinflammatory response induced by
the filtrate portion, as expressed in pg/mL, is greater than or equal to 50% of the
proinflammatory response induced by the retentate portion, as expressed in pg/mL, further

comprising the step of accepting the glucose polymer or a glucose polymer derivative for use.

15.  The method of claim 11 wherein if the proinflammatory response induced by
the filtrate portion, as expressed in pg/mL, is less than 50% of the proinflammatory response
induced by the retentate portion, as expressed in pg/mL, further comprising the step of

rejecting the glucose polymer or a glucose polymer derivative for use.

16. A method of testing a peritoneal dialysis solution, comprising:

providing a sample of the peritoneal dialysis solution, wherein the peritoneal
dialysis solution comprises a glucose polymer or a glucose polymer derivative;

filtering the sample at a specified molecular weight cutoff to obtain a retentate
portion and a filtrate portion;

adding the retentate portion to a first assay;

adding the filtrate portion to a second assay;

adding a reagent to ecach of the first assay and the second assay, wherein the
reagent produces a proinflammatory response;

measuring the proinflammatory response of cach of the first assay and the

second assay to determine if the peritoneal dialysis solution is suitable for use; and
18
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comparing the proinflammatory response of the first assay to the

proinflammatory response of the second assay.

17.  The method of claim 16 wherein the proinflammatory response is a response
selected from the group consisting of interleukin-la, interleukin-1b, interleukin-6,
interleukin-10, tumor necrosis factor-a, macrophage inflammatory protein la, macrophage
inflammatory proteins 1b, granulocyte colony-stimulating factor, and granulocyte-

macrophage colony-stimulating factor.

18.  The method of claim 16 wherein the specified molecular weight cutoff is

greater than or equal to about 30 kDa and less than or equal to about 100 kDa.

19.  The method of claim 16 wherein the specified molecular weight cutoff is

greater than or equal to about 50 kDa and less than or equal to about 100 kDa.

20.  The method of claim 16 wherein if the proinflammatory response of the
second assay, as expressed in pg/mL, is greater than or equal to 50% of the proinflammatory
response of the first assay, as expressed in pg/mL, further comprising the step of accepting

the peritoneal dialysis solution for use.

21. The method of claim 16 wherein if the proinflammatory response of the
second essay, as expressed in pg/mL, is less than 50% of the proinflammatory response of the
first assay, as expressed in pg/mL, further comprising the step of rejecting the peritoneal

dialysis solution for use.

22.  The method of claim 16 wherein the glucose polymer or glucose polymer

derivative is icodextrin.

23. A method of providing peritoneal dialysis to a patient, comprising:
providing a sample of a glucose polymer or a glucose polymer derivative;
filtering the sample at a specified molecular weight cutoff to obtain a retentate
portion and a filtrate portion;
adding the retentate portion to a first assay;

adding the filtrate portion to a second assay;
19
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adding a reagent to ecach of the first assay and the second assay, wherein the
reagent produces a proinflammatory response;

measuring the proinflammatory response of cach of the first assay and the
second assay;

comparing the proinflammatory response of the first assay to the
proinflammatory response of the second assay to determine if the glucose polymer or
glucose polymer derivative is suitable for use;

using the glucose polymer or glucose polymer derivative to make a peritoneal
dialysis solution if the glucose polymer or glucose polymer derivative is suitable for
use; and

using the peritoneal dialysis solution in a treatment of a patient.

24. A method of providing peritoneal dialysis to a patient, comprising:

a) providing a sample of a first peritoneal dialysis solution component
comprising a glucose polymer or a glucose polymer derivative;

b) filtering the sample at a specified molecular weight cutoff to obtain a
retentate portion and a filtrate portion;

¢) adding the retentate portion to a first assay;

d) adding the filtrate portion to a second assay;

¢) adding a reagent to cach of the first assay and the second assay, wherein the
reagent produces a proinflammatory response;

f) measuring the proinflammatory response of each of the first assay and the
second assay;

g) comparing the proinflammatory response of the first assay to the
proinflammatory response of the second assay to determine if the peritoneal dialysis
solution component is suitable for use;

h) discarding the peritoneal dialysis solution component if not suitable for use;
and

1) repeating steps a) through g) on a sample of a second peritoneal dialysis
solution component comprising a glucose polymer or a glucose polymer derivative
and administering the second peritoneal dialysis solution component to a patient if

suitable for use.
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