SPECIFICATION TITLE OF THE INVENTION "METHODS AND
COMPOSITIONS FOR DETECTION OF MICROBIAL CONTAMINANTS
IN PERITONEAL DIALYSIS SOLUTIONS" BACKGROUND OF THE
INVENTION The present igyeption generally kefigs to the detection of
gram positive. microbial contaminants. More Speciiically, the present
invention relates to methods_and _compositions that employ the detection
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peritoneal dialysis and hemofiltration.

Hemodialysis treatment utilizes the patient’s blood to remove waste, toxins,
and excess water from the patient. The patient is connected to 2 hemodialysis machine
and the patient’s blood is pumped through the machine. Catheters or the like are
mserted into the patient’s veins and arteries to connect the blood flow to and from the
hemodialysis mrachine. Waste, toxins, and excess water are removed from the
patient’s blood and the blood is infused back into the patient. Hemodialysis treatments
can last several hours and are generally performed in a treatment center about three or
four times per week.

~ To overcome the disadvantages often associated with classical hemodialysis,
other techniques were developed, such as peritoneal dialysis,
| Peritoneal dialysis utilizes the patient’s own peritoneum as a semipermeable

membrane. The peritoneumn is the membranous lining of the body cavity that, due to



membrane. The peritoneum is the membranous lining of the body cavity

that, due to 1 the large number of blood vessels and capillaries, is

capable of acting as a natural semipermeable membrane. In peritoneal
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Peritonitis is a major complication of peritoneal dialysis. Clinical suspicion of
peritonitis is prompted by the development of a cloudy-appearing dialysate in
combination with variable clinical manifestations that may include abdominal pain,
nausea, vomiting, diarrhea and fever. See, for example, Vas SI: Peritonitis. In: Nolph
KD, ed. Peritoneal Dialysis. 3" ed. Dor&recht, The Netherlands: Kluwer Academic
Publishers, 198%9:261-84. Most episodes of peritonitis are cansed by intraperitoneal
bacterial infections, and the diagnosis is usually readily established by positive
dialysate cultures, However, there are several well documented causes of non-

infectious or sterile peritonitis. Aseptic or sterile peritonitis, which also is described as



dialysate cultures. However, there are several well documented causes of
non- infectious or sterile peritonitis. Aseptic or sterile peritonitis, which also
is described as 2 aseptic, chemical, or culture-negative peritonitis, is
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As previously discussed, glucose polymers, such as icodextrin, can be used in
place of dexfrose in peritoneal dialysis solutions. Icodextrin is a polymer of glucose
derived from the hydrolysis of com starch. It has a molecular weight of 12-20,000
Daltons. Peritoneal dialysis solutions containing icodextrin as the osmotic agent are, in
general, used for long dwell (>4hour) exchanges. The majority of glucose molecules in
icodextrin are linearly linked with o (1-4) glucosidic bonds (>90%) while a small
fraction {<10%)} is linked by «(1-6) bonds.



Dalton. Peritoneal dialysis solutions containing icodextrin as the osmotic
agent are, in general, used for long dwell (>4hour) exchanges. The
majority of glucose molecules in icodextrin are linearly linked with a (1-4)
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literature review, Perit Dial Int 2002;22:534-7; and Gokal R: Icodextrin-associated
sterile peritonitis, Perit Dial Int 2002;22:445-8. These patients typically presented
with cloudy dialysate, no abdominal pain, and dialysate cedl counts varying from 300
to 3500/mm’, with varable percentages of neutrophils, lymphocytes, and

macrophages. In general, there is no change in ultrafiltration profile or peritoneal



sterile chemical peritonitis with icodextrin: clinical presentation,

prevalence, and literature review, Petit Dial Int 2002;22:534-7; and Gokal
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‘The inventors have found that some natural products, such as corn starch, contain an
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acidophilic thermophilic bécteria, such as .&Iicyclobacillus acidocalddariuos. The later
organism is ubiquitous in the food industry, particularly in acidic beverages. It is the
alicyclobacillus that produces guaiacol, which is a causative substance for an “off”
flavour orange juice. See, for example, Matsubara H, Goto K, Matsumara T, et al.
Alicyclobacillus acidiphilus sp. Nov., a novel thermo-acidophilic, omega-alicyclic
fatty acid-containing bacterium isolated from acidic beverages. Int J Syst Bvol
Microbiol 2002; 52:1681-5.

Peritoneal dialysis solutions and parenteral solutions in gener-al have not been
recognized to have contaminated by this organism or its degradation producis. This is

majnly becanse the current testing procedure for microbial contamination of peritoneal



alicyclobacillus that produces guaiacol, which is a causative substance for
an “off flavour orange juice. See, for example, Matsubara H, Goto K,
Matsumara T, et al. Alicyclobacillus acidiphilus sp. Nov., a novel
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embodiment, the present invention provides a method of providing
ng/mL or less.

In an embodiment, the glucose polymer-based solution includes an Jcodexirin.

In an embodiment, the reagent is added to the icodextrin in a raw material form
that is used to make the glucose polymer-based solution.

In another embodiment, the present invention provides a method of providing
peritoneal dialysis to a patient. The method includes preparing a peritoxeal dialysis
solution utilizing a reagent to ensure that the peritoneal dialysis solwution has a
sufficiently low level of a peptidoglycan so as to prevent peritonitis in the patient; and
providing the peritoneal dialysis solution to the patient,

In an embodiment, the peritoneal dialysis solution includes an icod extrin-based
solution.

In an embodiment, the peritoneal dialysis includes an automatesd peritoneal

dialysis, a continuous ambulatory peritoneal dialysis and the like.



peritoneal dialysis to a patient. The method includes preparing a

peritoneal dialysis solution utilizing a reagent to ensure that the peritoneal

dialysis solution has a sufficiently low level of a peptidoglycan so as to

pr?vemt aeréﬁﬁhﬁiﬁrimﬂnetwgieﬁ&'gamﬂ mvaihag fbuemfﬂél%ﬁ@iahdt@%s' liﬁeritoneal

solution to the patient. In an embaggiment, the_peritgneal dialysis solution
s 201 (CARRE 5L SO GHUIETh B Mo SENAGRS, (HEpaoRERETt t
delietysis cludes-appast daatetNedtanesl ifbayais erentinieys

ambulatory peritoneal dialysis and the like, 7 In an embodiment, the

patienEinRRBAEEB HaR AR IR Horlr EP By o e o BRHFA I, e

papdidlysisLitueniaante coliegied fromdhempatient 4o delaininepdbr8o use
response that correlates to an incidence of peritonitis. In an embodiment,

SPSHERGE G determine if the amount of the peptidoglycan
exceeeisyaDmiAE RafRakiAdeReMeReR! HIRMSInSOMIARsR IRTeROMSSY testing

during peritoneal dialysis. In yet another embodiment, the present
S RGRIRRSR HSTESSA IS bF RSBt a0b RSB aRarRiheb It do 2alvel

saffent &f argniidaghican Thatexeeadscdavehrimicianh 138848 peritoneal
ritonitis. The method includes adding a reagent to the peritoneal

dﬁ“?&i?}éié‘%ﬁt?ﬁbﬁ’%ﬁé?eﬁhetﬁ"é‘%@gg‘érﬂ%@%%l’?ﬁ%&i DtAspfidoglycan to

igentideabeanda talliate 3,98/ iRedrdeteRsm RS eRILANS dete RGN Eycan.
amount of the peptidoglycan.. For example, the icodextrin-based solution

FonrpapisidbprselsermmasidnelEinB U dre JeT i Sy Rt ine dets amount of
phBiaaT el g tlve bapathenemhodiment, the present invention provides

an icodextrin composition that includes a reagent capable of reacting with

a peptiisgh ash 2ofihsn ertdimaenths IBveest PeisrdenIpEaridEnpdcodexirn
Raipblishadpbargwhichdhe Rreguciaveuld preduss stpkile assiteaits. In

an embodiment, use of affinity columns with resins that bind péptidoglycan

can bénALEPBGHRTIzE e crantifanbicer padirieyntiahah gloceseich the
Iﬁ@&ﬂa%uﬁirpﬁg&(ﬁ@tﬁgﬁl@%gﬁlﬁoﬁfﬁ§ent invention is to provide improved

peritoneal dialysis solutions. Another advantage of the present invention
is to p%x’ﬂ“’&éfﬁhﬁ%@%%ﬁé@ﬁéﬁ%ﬂy columns with resins that bind peptidoglycan

can be used to minimize the contamination of peptidoglycan in ghicose polymers.

An advantage of the present invention is to provide improved peritoneal
dialysis solutions.

Another advantage of the present invention is to provide improved methods for
manufacturing and using peritoneal dialysis solutions that employ a detection protocol
to determine the presence of peptidogliyean in the peritoneal dialysis solution.

Yet another advantage of the present invention is to provide improved testing
procedures that can be employed fo prevent perifonitis in patients that recejve
peritoneal dialysis therapy.

Yet still another advantage of the present invention is to provide an improved

lcodextrin composition that utilizes 2 detection procedure in the manufacture thereof to

deterrnine the presence of peptidoglycan.



manufacturing and using peritoneal dialysis solutions that employ a
detection protocol to determine the presence of peptidoglycan in-the
peritoneal dialysis solution. Yet another advantage of the present
inveptianimio pravide inpravediiesting peopeduresihatitandbe asapiiyedin,
to prevent peritonitis in patients that receive peritoneal dialysis therapgé.l
and/ i L on aPRIRER AOVRNTRE L HRRSEHATUBIRBNE ff Hotyeation and the
figlfpRroved icodextrin composition that utilizes a detection procedure in the
manufacture thereof to determine the presence of peptidoglycan. 8

Additional features_and W % i ion are described
in, and will be aS“S‘S ‘ﬁlﬁ , the %? \}\(ﬁﬁg%ggtﬁ%gcription of the
Invention and,the figures. BRIEF RIRTI E THE F = d
Figu?elgfIi?l l?sd}fa Sgrsagg%gr?gg?%%oge \?Iitésvgr?r}éé (r%gs ?Fssg I?rllf 3 %%%asssaa%m
peptidb Pheptidoghyeanatmcentietidexiriicdiektriespitnge remsonseswasl in freshly
ase'fla?&g“%en% in freshly, 1%%81%}3‘?%?’1‘09&% F%%éi‘:?@él%@ﬂ@g‘i&lg ?é§§f’§eﬁac%a from
sym Bl AREliRe represent-data’from a single donor. Figure 2 illustrates an
a sffdetdohpeptidoglycan on the infiltration of neutrophils in the peritoneal
fluid of rats,. Peritoneal fluid.was collected.six hours aft inale iniection . .
(3 LT A B A e o SRR A T2 IR SANE SUBEHRRpnil

in effie icaftpenlidbghy ashrets. TR Fitancat i@ riten eall faidd clixatenFigafen single
._Illustrates an effect.of idoglycan.on IL-6.in the peritoneal fluid of rats.
mf%{?ﬂétgglll sﬁca%igtff}%%%ggrﬁ%% Qﬁ%’flg%é)ﬁeﬁ% ‘gé:%?c?m is reported with use of
icodebitrine DETAtHED BESERISTHQNIOE FidE dh VERT ON:E heproseslt fluid
invention generally relates to the detection of gram positive organisms
© afﬁﬁ'fragments thereof In particular, the present invention relates to
methBisnant itiasmposi ionsikatod mpidyidbs deteatBrtoofp@ptidaglycsai fnid of
eritoneal dialysis solutions. The inventors have surprisingly discovered a
“ovel ¢ .use of aseptic
Figure 5 iltustrates frequency (%) of aseptic peritonitis reportedd with use of

icodextrin,

DETATLED DESCRIPTION OF THE INVENTION

The present mmvention generally relates to the detection of gram positive
organisms and fragments thereof. In particular, the present invention relates io
methods and compositioné that employ the detection of peptidoglycan in peritoneal
dialysis solutions. The inventors have surprisingly discovered a novel cause of aseptic
peritonitis--aseptic peritonitis associated with gram positive microbial contamination
of a dialysis solution. Peptidoglycan is a major component of a gram possitive bacterial
cell wall and thus can serve as a marker for gram positive bacteria. In this regard,
testing for peptidoglycans can be utilized to effectively prevent peritonitis in patients
that use the peritoneal dialysis solutions, such as peritoneal dialysis solutions that
contain a glucose polymer incinding an icodextrin and the Jike.

Aseptic peritonitis associated with icodextrin-based peritomeal dialysis
solutions is believed to be the largest adverse event reported for a peritoneal dialysis

solution due to 2 contaminant of microbial origin. Based on the experimental



peritonitis--aseptic peritonitis associated with gram positive microbial

contamination of a dialysis solution. Peptidoglycan is a major component

of a gram positive bacterial cell wall and thus can serve as a marker for
irﬂé?ﬂg%iﬂﬁiﬁ\f&fﬁ bﬁ@tfmadﬁﬂ iigategaksly, tast nsglggéspi pﬂﬂmghgﬁhllogm@n tialthe
. utilizeq to effectively prevent peritonitis in patients that use the peritgneal ..
lcafiaqi‘/g?g'géﬁ?ﬂeoﬁg{lg%\%’r?ag‘ﬁ‘hpﬁf n PH?é’lyE‘.éssgl?tﬁﬁ%S ecaogf’%? in’ asepte

pahicase. Palymer inghisingaanicodextrisaand dhe ddwildbeptbperimpitiss  the
- associated with icodextrin-based peritgneal dialysis solutions is believed
B e e S HETRE e ATIE o TOP R EMPR A CTARER, RSHIHGH ©
peieiotReCRtateiRaN faidmictolial Tigin fikased Wndheexpewhiiataldtoxin is

investigations as described in detail below, this suggests that
DY IORA A P B AT A5 EP R, S STV oot

16 H5atKe adeninflasaplic peritanitisshugher, mwasmeorgilencgdatarntd as

detailed below supports the, effectiveness qf the corrective action and )
D RASELERER G128 SR § br BEBRIGRE Y oS eV BRE IS b B rReR B0 Producing

cRefiantissi thesadindingsiliisicite thabywhilpiendeiaxiisieesanedineneral
of the more worrisome bacterial product that can cause adverseggffects to

DATBAEUICA RERIHETS ShetoRRss | enfOTRSAHE h RIS ARD B I RS Ggmeecopoeia

sSidaas Reptidopheans thathave Rotbeendquaiouslyridentfiediasemine the
capable of producing clipically significant inflammation. Tg , this )
cdEraenandehat B%F@ﬁ?e?é‘?%ﬁ%ﬁﬁﬁQ&E%i%%?‘ﬁ?o%‘t?&f@’tﬁ i3 isggspssociated
wampendialigsts and so meet Pharmacopoeia standards may still require

a further level of testing to effectively determine the efficacy and safe us

of sucHFRSITEES b IBBEREH B Q3R e R AR < LR A URB T P RRTHAG S s 2

bsameniaine HeasnbiNvERtan Bk PyaarRRCantamRaionwRstion of
recognized as a problem because peritoneal dialysis exchanges

REdTrtRaRfreEt JBEATVRABATOR SERtRRIIFOSRTABIR &d FHSRANRBGHICC
Sikh Reptidoglygan isiasbateropalvmesdarmed RomeB8{h4diibkashine residues
N-acetylmuramic acid and N-acetyl-D-glucosamine residues_crosslinked .
BBk B RIGESS SESLRST 856aritpIE- By el Patdy BEY Enasiariie ke
prapertiesplanQriackiamaassypigticeaukanyRtisiehaiateliabke @realbae, J
algae, J Endotoxin Res 1996;3:437-44. The %chan backbone js

EREpicatly 5 mogenots - Hinetoss THE e FRAEREoSS- RS HHY difgapgenous
VA ReRtdopbiaROCGURIE nking the sugars vary. Peptidoglycan ocoupies

approximately 40% by weight of gram positive cell wall, but about 1-10% of the total
weight of the gram negative cell walls. Royce CL, Pardy RL: Endotoxin-like
properties of an extract from a symbiotic, eukaryotic cholerella-like green algae, J
Endotoxin Res 1996;3:437-44. Peptidoglycan and another cell wall constituent,
lipoteichoic acid, include virtually all of the major inflammatory inducing components
of gram-positive cellular walls. See, for example, Sriskendan S, Cohen It Gram-
positive sepsis, In: Opal SM, Cross AS, eds. Bacterial Sepsis and Septic Shock,
Philadelphia: W. B. Saunders Company, 1999:367-412.

Like endotoxins, peptidoglycans cen induce cytokine production in a wide
variety of cells and have long been recognized to have immunomodulatory actions.

See, for example, Garner RE, Hudson JA: Iniravenous injection of candida-derived
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approximately 40% by weight of gram positive cell wall, but about 1-10%
of the total weight of the gram negative cell walls. Royce CL, Pardy RL:
Endotoxin-like properties of an extract from a symbiotic, eukaryotic

mehaiereladike-0EasRBiIDARol ABRROMIea IR0 G 3ed3ir 48rum, Infect frnmun
P?%ptido lycan and another cell wall constituent, lipoteichoic acid, include

LORGReiG 2 o tRerRaforah A aRTHOISHS iPRaRervGCoimsBHARRLY Gp-polysaccharide
pSAREROsHME GallWanwalis Beaelar axampianSriskandaniCoRrl Jotonize

Gram- positive sepsis, In: Opal SM, Cross AS, eds. Bacterial Sepsis and

heyERRe SHETIPHIAAEH A VR B. SAUrIETs ReBHEH 710 8E: Soveip) orders of
ke G005 QAR B0 RONRR VIO OUMPR AN UGS,

variety of cells and have long been recoagized to have immunomodulatory

fofcteriaple ddengriera mpie Wam e HaenHa Ssrtomal| mesvénsua peeielass of
viheandida-dearivedcd Qmanae Eﬁ%t%%%i%@t%% Mﬂ&h@@ﬁ&@r@%&esxﬁ&
C

alpha levels in serum, Infect Immun 1996,64:4561-6; and Schwab J."
Migraielidardaies: ot paprisr Niaknepr sacMisdadlpbiyrbrk foaivetpn of
dalls efRatingenic gad ?&E’?ﬂahﬁg’é@ BACKRSR IR QIO NIZRIEMINANS e from

Infect Immun 1993;61:4535-9. However, peptidoglycans are several

by P ARG ERSit GRS PO SR EHIOTERME RO PHovEEHt (ps s eand
Riglegical eHects e tastlQrEXAE glgab'ﬁmﬁf%m@}z@%.%%@paﬁ% le, the

Bacterial modulins: a novel class of virulence factors which cause hos
THSS T PaENEEY By dertueingeRtIElRasy i eSRMiErdbl ok &g, T9bde that of
Adctdftt1i20@Maka .as%e,'vk%?%éi'nﬁ@ﬂrﬂeﬁé&!@&@,‘%ﬁ%fe“%? HHER M

pyrogen test system based on proinflammatory cytokine release from
Heciaaal mbedeyres: Contshiden witharkisnem (elers bideehcerure teatt tissue
YRS ipiBifhe AR RRGER 31 R PR | a6lmmyRal 2002
9:588-97. For example, the minimum pyrogenic dos_,e‘of peptidoglycans in
rabbitdls FEiégRg lviie #hateie aid BioRiEmIS COU2PBG/chbSeeeforsafety of

Fxamale ndaisn BuRosle Satilioan WhBactedalmodulins BaEl: trei

class of virulence factors which cause host tissue pathology by inducing

B SagivmEsralivies s dRer 1006 5018 16 2L Mew e altlor e incubation
{BRRRaS: A RPasN Koertainig:SUDSIanEas SUPYLREIRERS & dhe srowth of

roducts are generally defined by Pharmacopoeia tests to determine their
_ npl_lé@c?@%m&ukaﬁ@@m@%%|W@%ﬁﬁw&ﬁq@mﬁamﬂ%@#@ﬁw that
0aHRATAN, IRMPBEEAH & e WERR-A O erd eS8 AT & WRRP ML fore, routinely

conditions for the growth of . ‘
employed “sterility definittons” and the supporting assays may fail to detect

microorganisms that do not grow under conventional conditions. In an embodiment of
the present application, acid hydrolysis at an elevated temperaturs is used for
hydrolysis of starch to produce icodextrin. These manufacturing conditions are suitable
for the growth of Alicycclobacillus acidocadarius, but discordant with those used to
determine sterility based on bioburden.

As referenced above, a detailed description of the investigative findings are

provided below in accordance with an embodiment of the present invention by way of

example and without limitation:
CHEMICAI AND PHYSICAL INVESTIGATIONS
The majority of glucose molecules m icodextrin are linearly linked with o (1-4)

glucosidic bonds (>90%), while a small fraction (<10%) are linked by o (1-6) bonds.
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thermophilic, acidophilic microorganisms such as Alicyclobacillus
acidocaldarius that require an acid medium and elevated temperature for
growth. Therefore, routinely employed "sterility definitions" and the

M1pRgHingyaissaysimanuih o deiedemigioagansmmital 49 NelIM¥Wneation
under conventignal conditions. In an embodiment of the present

CHIOBIRRGER i d Y LRI PEIVATRA 1éniPerlire © ugbaagidic links in
idOVeFeSIS/ 0! SRECE:T0IRI GRURRICRRBXEIR. REFMBRANUALILIIG CORMUIANS]

are suijtaple  for the growth of AlicycclobaciZlus acidocadarius, but

STHUCEREIHE WIS TUBBENE dWFmiReStEIty Bhsbiebn RiohTRaeRs Aquid
chedeigneeshabaxe neselsilek iption of the investigative findings are

provided below in_accordance with an embodiment of the present
~ inven c}ﬁ‘jby W&Wé@ﬁ&mutlimitmion: CHEMICAL AND
cooxtin reinsaty Inked wih & (4] ghicoskie bonds (20050, wiie
icodextrin are linearly li with a (1 ucosidic bonds (>90%), while a
R e BlE SRR R R by S PO BB TOBE MR Bty [-16
andstTiItion offieddexinmuassiedormad bygetParmeati®th performance anion
chromatography. The distripution of a(1-. 6 ) and a(1-> 4) glucosidic links
“Hoere ﬁﬁﬂ%\%@%@sg‘@ Bg}l}ﬁﬁglé’é}??ﬁ%ﬂ%% Eeigriee ShectYsedpRple.
Bueltatiterqfllise MicclatikleygBRICO Mg ities wergiexamiRed ¥ dihetabolites

. ‘Ee formance “r%iid chromatography and mass spectroscopy. DIALYSATE
TEPRFDERFRA ?W%@%f%%ﬁ&&ﬂ@aﬂﬁe&“%%%&@%réet@c‘fl%

Jan?ﬂ*ysaadagr odesidn :Ejye)tabgii&%g?tf%m@%dﬁa Tngcé@E%I iﬂ{é{g%'@a ARk performed
selective pyrogenic cytokines (JL-6, IL-10 .an -a). Icodextrin
W%%%BSR@WM%@%%%@ i Fr PRSI AHEL Sl YeoleRg Meyeasurements
veicomalegsaithy ih pulsekanpetemetiadeigdionideg, for example,
Burke vizd Shockley TR: Direct determination of polyglucose
metabﬁ@é%gmmg S)S%%&(g%ﬁ@‘iéhange chromatography with pulsed
ampemidettigisleteckiomatidGhreadaiond B88K RIS RR3nfinddiglyse1idR noint

nd protejn lysis were performed with Boehringer Mannheim/Hitachi
°§’H‘%ﬁa%‘is§ ARz &FeCitbIERERsastiiameits thableigegs 1, ot ab

VElGAg s RED, SysiemenMiBIBaReH S M hnMEARIY REMENIf M parenterals,
IEIY%%SD%%, Levin J, Novitsky TJ, eds, Detection of bacterial endotoxin with
limulus amebocyte lysate test. New York: Alan R. Liss, 1987:307-22. Rabbit pyrogen
test was performed in accordance with the guidelines provided in the European
Pharmacopeia. Buropean Pharmacopoeia, Pyrogens, 4% ed. Strasbourg, France:
Council of Europe, 2002:131-2. An ex vivo pyrogen test that measures [L-6 response
in freshly isolated peripheral blood mononuciear cells (PBMC) following exposure to
a test substance was nsed to quantitate non-endotoxin pyrogens. See, for example,
Dinarello CA, O’Conner IV, LoPreste G: Human leukocyte pyrogen test for detection
of pyrogenic material in growth hormone produced by recombinant Escherichia coli, J
Clin Microbiol 1984;20:323-9; and Poole S, Thorpe R, Meager A, et al: Detection of
pyrogen by cytokine release, Lancer 1988;1(8577):130.

MEASUREMENT OF PEPTIDOGLYCANS

Peptidoglycan (P() quantitation was performed with the silkworm larvae

plasma (S5LP) test (Wako Pure Chemical Industries, Ltd., Osaka, Japan). See, for
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Endotoxin concentration in icodextrin solution was determined by a fixed
point chromogenic LAL test. See, for example, Weary M, Dubezak J,
Wiggins J, et al: Validating an LAL chromogenic substrate pyrogen test

ex%’r%e {d %%%WL%?M& RISg M ats aReR¥iokh iR shtilowiieky Tk Bdglucan
e a

ction ot bacterial endotoxin with_limulus amebocyte lysate test. N _

wﬁbdiﬂﬁtammgs,pifggm:W-f@%ﬁwﬂzﬁwﬁé‘?ﬁlf%hﬁg’ﬁ }f%%;iiéﬁ\g-%

ar £P& %%9%%’%59 the-guidelingsenigyidad inithe Fitenesne hasphagopeiddase
uropean Pharmacopoeia, Pyrogens, 4th ed. Strasbourg, France:

(RO oRERcEY- GO0RY SECRNSEOli #ffod 8R Teot tRriiBasipdted b
p%b@é?gﬁ%%;% I‘Qfﬁggﬁ@}{é’s ?4 Mé&@%ﬁb%&?%%ﬁ&@ﬂt&@@s@e e phenol

ng exposure to a test Substance was used to quantitate

oRisenatrtuikin isyroteimseiS edlfolwralphIE i bindraliey EAX BRSBRRETRE 25
s:ligsl;ii)rrzﬁg.t G ]E'Hl?;] dGHKOGY rc?f%\éfﬁ k iesiioh delesten LirwvegeriGound to
m uce

aterial I growth hormone pro y recombinant Escherichia coli, J
be ot Mignobi AhESHA 26383 oneir e Pebfadt THBIpe R, Meager A, et al:

'Ii)/leEtzctEO%gﬁ ,%?%Edgé fokine. reiRase, d-aNeel LaB8KMBSIE ! Ihb3btection of

TIDOGLYCANS Peptidoglycan (PG) o
agadtiztion Was Peforaetievithried stikwesnfalipvie pasepisioeyianeg the

(Wako Pure Chemical Industries, Ltd.,.Qs ) fQr. :
RERARATR R  RERLATINE SR o 2R D RAfen Wil epeciticall
BalIGam Ml GilwerT R/ epiasmadestaEMSdhiand fredigartan period

Micrbiol 1996; 15:129-34;. and U.S. Patent _ Pogontains:
of | §e £ AR o TR TSR PO HBR O BxidS S 1%#3%%%% ’e%%f-ﬁe%é’ m t_he
meshanismnfinsects ThafRRQ taseadenssnitars dijhedpidogiyapicih with

which PPO is ultimately activated henol ox . '
SRR % CAABIAATS CERE i, T s aodt LN HR o
Sothsiiatgichbeolimeitefdetactiomofipepidoglycan in icodextrin solution was

found to_be 7.4 ng/mL. The SLP test does not dete tQXi I
cisclosTT O AL RS SIS0, o B oL oo ey o for e
ReplidnalsaRdoida-63) canthe canvetetibasofoRGns. sampitecohtainigafter
the  peptidoglycan is well mixed with a reagent that ingl } :
AR PR B TG ) o et IE IO o ime
selutien. idftesareartaiospetiodalot tbfichanmneyhdticatvwtyratyt aeacsed by

of BAEEase, PPAE, PO, etc., in the
PO 1s measured.

By way of example and not Iimitation, an experimental procedure that utilizes
the SLP test can be conducted in accordance with an embodiment of the present
invention as follows.

Peptidoglycan (PG) and (1,3)--D-glucan (BG) are components of the cell walls
of gram positive bacteria and fungi, respectively. PG and BG are measured with the
Silkworm Larvae Plasma (SLP) test. The SLP test contains all the factors of the pro-
phenot oxidase (PPO) cascade, an important self-defense mechanism of insects. The
PPO  cascade is initiated by peptidoglycan, in which PPO converts 3.4~
dihydroxyphenylalanine (DOPA) to melanin. The resulting formation of melanin is
colorimetrically detected at 650 nm using a standard plate reader. The raw material

icodextrin is tested undiluted and bas a limit of detection (LOD) of 0.74 ng/ml (the
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reaction solution can be measured by a conventional method and
compared with calibration curves previously obtained by using PG
standard solutions with known concentrations to determine the amount of

loRe&t Akpmabieclyaitisdossit)e Thafpiephendmenmolihat AXTRANEAL, is
required for the activatian of PO depends on the cancentration of PG i

tegfed i MBI, 0 o T R TE AD TR0 IPRRGTs (A B the

profesence Htdhelsunsiatesahpie didiroe sieplutadiidn reachingfay ceaifl after

value of the amount of reaction product generated by PO is measured. By
‘WS&*@&&%@-;% t¥itation, an experimental procedure that utilizes
the SkRdsiicammEDNducted in accordance with an embodiment of the

present ipyventio llows. Reptidoglycan (PG).and (1,3)--D-glucan .
(56) N D g T B e i
deespactivaly PatamddBG Aractabagudddmith theaBikkvewiel antaq Pialamdnc;

LP) test. P test contai he factors of the pra- phenol oxida ,
B R NN S SORARE o AETo Bt R Ao L AL g, Each

ant e efise mechanism  of
gBROreascedie isipltatedimyipeptidogbptan, ¢f whickiBR epiedveits 8,4, 5, 10,
ihydroxyphe nine PA).ta melanin. The resulting formation ,of
56rjli‘1e agréfn {XSBQOT%@% rfcaﬁ%/?}%)efle% e aR%’é@?ﬁ ﬁasrfngaltla astac%%’a%ré)%lg e ml/kg.
Peptiderivthe daviverbferialSicplieutbndisstestedsufTaiiteTeincbhas dm i aksots,
etection (LOD) af 0.74 ng/ml (the 13 lowest detectable standard point).
P R Lt L, SERERTEER NEbaten ANB i Ao
sdnrdicet, tarmitihatdlithe mathix ipdribitionl cansed bysthaapiesgnsde aloliccted by
electrolytes. The.s le dilution step results in.a LOD qf 7. Inil after
ESTRRRNG T h B R B FE AFREB BE BPBEach Beiied cel
chuavelaN @i dati gleptidag ivearpintiadaxdin Wwasdde@rnined datatiabs.
modeé Jiqgah%%S §ague-DawIey rats (Harlan Inc; Indianapolis,
IN, U X?\ welghing - g were divided into 9 equal groups. Each
groupRetemetkat smgieitarapeditneal ispetieh biidodk trwispiked with;irin
; 0 peptidoglycan at a dose of 35
A e o L oo e e e £ 38 hitRe an
aFechnticlo deineenSapisdeglycan level and the incidence of aseptic peritonitis. To

accumulate sufficient complaint frequencies to effectively display complaints per

million {(CPM), data were classified into peptidoglycan level in a log scale, namely,
L4, >74-15, >15-30, >30-60, and 250 ng/mL. For each of peptidoglycan
concentration range, the tot;cﬂ complaints and the total units sold were calculated. The
CPM units sold were computed as the total complaints divided by the total units sold
multiplied by one million. Negative binomial regression was used to assess the
association between CPM and peptidoglycan level. The statistical analysis was

performed using the SAS procedure GENMOD (SAS Institute, Cary, NC, USA).
CLINICAL CASES

According to reports received through the BAXTER HEALTHCARE
CORPORATION’s global pharmacovigilance system in 2000, the frequency [(number
of complaints -+ number of patients freated) x 100} of aseptic peritonitis was 0.095%.
There was a steady increase in reported cases in 2001 to a peak frequency of 1.04% in

March 2002. The patients were rarely febrile or toxic in appearance; abdominal pain
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FL, USA) was used in these experiments. Six hours post injection, the rats
were: sacrificed, and the fluid in the peritoneal cavity was quantitatively
collected by determining the weight and volume. Peritoneal fluid was

waalyaed {orBueteateddialseeunis alwd;i%remlaﬂeﬁwﬁh dofskgroteihgounts
and IL-6 and TNF-a concegntratro s. STATISTICAL AN

RSSO GAE o e OFER B AR C RSt Ao, 08
mAeapast r@ﬁmﬁr%mmgogem&ammaﬁaa e araakyz ebiatcge in

determine an association between ptr an I%I/gl?gnd h

ul@ra%eﬁﬂewrﬁaﬁrﬁeeﬁﬁ@%mm u ures

weféegkyﬁmrﬁe@gawmmmaIommsmwmmm@mmm
peptidoglycan level in a log scale, namely, 9.4, >7.4-15, >15-3Q,

Pt P Rt AL ST e et
Somplaints,and thedata! unitsienidivereccatesdateds AT HRPM HRAT SEITC ARE

were computed as the total complaints divide total units so
CRBRTRA B o KRR BRHAAR SRS UoRE RagTts beiches of
1&%&@@%&% ogigtion between CPM and peptidoglycan level. The

?éeat\rétrcal analxérs was éE)erformed usin 'F?R é@?fc&%ﬁ%@wmm

reCGIVEQtHﬁE@iZ@BH&@E&%XﬂEE&?bE)‘ALﬁH%%OME@%EI@bﬂsxgrlnbhdltches
_ pharmacovrgrlance syste %@ 000, the fre uenc number. ofc Qr%%l hi
Wi BEF BT petientS et 76t 48¥ caBEr frs Was0. 55} g
dlferaMasH seadyrincirasaibrepatieddtatesckiadbitdsaqreaice volatﬁe and
frequency of 1.04%.in Marc%ZOOZ The paglents were rglrel}ilfebr Itecor;ij Fitomitis
ORI AR MR AT AT 3% VAR SEHOS S QBB tREC P
a‘i‘i@'ﬁ@é@ was elenshiand gelldeswithigisdybatecrll edustdutianyingrfromnts of
300 to 3500/mm3 (variable percentages of neutrophils, lymphgcytes, and
TREFBPRagas ith St SESROPRMEI BHHRE b%f@fé??g ﬁlyonrﬁ‘s %lexeretstl i aroduct
Ghargeninandtradiivation thamm@mmmruty for small solutes.

lood and dia riably negative. Antibiotics were
varrab M%&ﬁ%%ﬁ@g s. All clinical signs resolved upon
stopping inoslesdrinleasemecisds, doocextainowaszse statagdait Bsegigysate
|ton|t recurred AX ER HEAALTHC RE C RPQRATION ipiHated &5000
ﬁ% %r?da/ade feca ﬁ ndred ba % g &

ches of
versus 59 pg/mlL, respectwely). An increase m pro‘sem conceniration was noted with

the complaint sample compared to the control (236 mg/dL versus 125 mg/dL,
respectively). There was r;o difference in icodextrin and its metabolites (glucose
polymers with degree of polymerization from 2 to 7) between the complaint and
control samples. These results indicated that neither icodextrin nor its metabolites were
the likely cause of aseptic peritonitis.

PYROGEN ANALYSIS OF ICODEXTRIN

Endotoxin levels in all the icodextrin samples associated with aseptic
peritonitis were found to be within the product Himit (< 0.25 EU/mL) as determined by
the LAL test. In rabbit pyrogen tests, there was no increase in temperature with either
complaint or non-complaint icodextrin batches. However, an increase in IL-6 response

in the in vitro PBMC assay was observed with both complaint icodextrin-contamng



icodextrin in May 2002. CHEMICAL AND PHYSICAL INVESTIGATIONS
OF ICODEXTRIN Extensive chemical and physical investigations of
recalled icodextrin batches were performed. These analyses did not

sayeakany gifterences nJnaleeHIARWEIGRE ISR UloR LLIGRHEXIHR complaint

percent branching ot glucosidic bonds, or trace volatile and semi-volatile
beligemiofi prastipiend distyratmahidl patetrdsmdabisdtbalvith aseptic peritonitis
and thpsq Hotasspaiated with adverse £linical eyeRisi A LA icodextrin in
components of complaint batches of icodextrin-containing dialysate were
theitBRMIE protiucinspusifiesaionenafid-faesnanehop Hapmecopseialt pe/ml is
standards. DIALYSAT T ANALYSIS A marked elevation in
Cﬂ%%%ﬁ%grﬁ?% ﬁéﬁ{%ﬁ?ﬁﬁhe dialysate effluent from a patient
with aseptic peritonitis compared to control effluent (>5000 versus 59
pa/mL, respectively). An increase in protein conceniration was noted with
| thet Sempilaint sample compared to thsoon®? (236 Rl 0dersus Depor 011
mg/dL, respectively). There was no differehce il icodes&h andiits pgmL
netat ] . thdegggeof p iymeriggtio_n f_r m21G{)
etween the complaint and contrpl samples. These results indicated that
Presitties Conteodrin nor its metabolites wek#0the likely. cEl8&of ageptic 0,000
‘RWN ANALY SIS OF TG QPEXTRIN ENGOTOXIN [EVETS {R
a_el_____cmga(trl&gamplas_assg_daﬁed with asepti¢_peritonitis were found

TeoBedwithinaneproduitiimit (c 0.25 EUARD) as determ®dd by the LAELO
fgg&eﬂ{gi@ggg TS eSS, there,Was Bg gacrease in gegpperature witg7g

either _complaint.or’non-complaint icadextrin batches However lan

TnedeustnitcomBleggponse in the in vird'BBMC assay #88bbserved with®
s R RN, EedERE R RRAININg 1o glysate batchggand the 1,600

icodextrin raw. material used to manufacture the ¢ \es of

FedednrarapaiREasftstrated in Tabl€ ) below: TabléPAL-6 rdsponse’B
é@ﬁﬁﬁlﬁﬁﬂ and non-complaint batches of icodext in in the PBMCjassay. In
thisS@ssay, an IL-b response of greater than 500 pg/mL is considered a

O RO G P 58 SRR SRR R B BRACE HASRGNG *Bacer

experimental product, *Glucose containing standard peritoneal dialysis solution

f The IL-6 provoking substance in the complaint samples was unaffected in the
presence of polymyxin B, thus suggesting that it was not LPS. See, for example, Pool
EJ, Johaar G, James S, et al: Differentiation between endotoxin and non-endotoxin
pyrogens in human albumin solutions using an ex vivo whole blood culture assay, J
Immunoassay 1999;20:79-89. In a filtration experiment using a 30 kD molecular

| weight cut-off filter, the contaminant producing the inflammatory response in the
PBMC assay was found in the retentate, suggesting the molecular weight of the
substance was >30 kD, i.e. larger than icodexirin. The negative assays for LPS, but
positive PBMC IL-6 response indicated that the likely cause of aseptic peritonitis was

a non-endotoxin, pyrogen contaminant in icodextrin raw material used to manufacture

}  the final peritoneal dialysis solution.

PEPTIDOGLYCAN AND MICROBIOLOGICAL ANALYSIS
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pg/mL pglmL pg/mL Control Medium' 45 24 50 Positive Control 12,000
10,000 10,000 Negative Control' 130 92 150 Icodextrin (non-complaint)
330350 110 Icodextrin (complaint) 5,100 7,000 970 Icodextrin

(complainlly4260 4206 HaAdteddexiliad awohatedatiaempiaingid300hat 41%
780 1,600, Icodextrin raw material, (non- 9 0 130 complaint) 'Eagle
o B AT SRR An b EFRERE €5 o e SRR (o SLP
£perirneniab prasductokiitasR £o piaingrsta i dtpefibanealtialysisig/mL to
Eﬁiﬂio he IL-6 proyoking substance.in the complaint samples was .
PSS ARR T BN O P E S S0 b PR Tragisehest
LS aSigf daicampicidBalldokal ohgakitzatlomesrSitet ‘BlefHiterati@inmions
between endotoxjn aEd nop-endotoxin pyr ggns in human albymin

SEIERISHYS J4h FHIPER o THOTeSHIRD A RGPS B8 XS hRh iR G5 sgypminated
%999, 20: T6:Rophia | tratiopkpesm @Rk Sipgsais0 kBrsanloaylan il Hacills

cut-off filter, the contaminant producjng the inflammatory response in the

AL WAL HERATRHHE TSRS U RSP I BIE RSP et yoan.

dfhansulstan B s s Ik ddut@. 3fara thathicoeexinnl pheinedatifated the
assays for LPS, hut posjtive PBMC IL-6 response indicated that the likely

BatSE D1 Pl HerRSRRRCRE0 WEHEHBISXif, PITBHEnCEHaRM aFfinfound

icadestindsyiseajesialibead to mansiastrathrfinakpesiiongsl diadysld in the
solution. PEPTIDOGLYCAN AND MICROBIQLOGICAL ANALYSIS 16
RRM(siesrEelial Rithdte PHOSIIEE H SEREEEY il dBxukhrihdiesnengies seen

Hibp-af thehrigheswerecanipnatesiR PRRIYsalEaR-that was
detected bg the SLP_assay. Peptidoglycan concentrations ranged from
the det # nghnL to 303 ng/mL. Because the manufacture

of icodepieirnefraces nodlthdexistitsaepliresdianiraich agidfigaiidnifan in rats was
pirshclopel mestealon e ppssce o el oeanare 185,y
specification for icodexirin manufacturing. Total protem, white blood cells and
neutrophils were elevated in the peritoneal fluid of icodextrin + peptidoglycan-treated
rats compared to confrol rats that received icodextrin without peptidoglycan.
Infiltration of neutrophils in peritoneal fluid showed a dose dependent increase with a
NOEL at 100 ng/ml (See, Fig.2). Both mflammatory cytokines showed dose
dependent increases with NOEL values at 10 ng/ml for TNF-¢ (See, Fig.3) and 100
ng/mL for IL-6 (See, Fig.-ﬁr). The‘}owest NOEL for pepfideglycan was for TNF-¢
response which was 10 ng/mL.

CORRELATION BETWEEN PEPTIDOGLYCAN AND ASEPTIC PERITONITIS

A positive correlation was found between peptidoglycan concentration in
icodextrin and CPM as illustrated in Table 2 below:

Table 2: Correlation between Complaints Per Million (CPM) units sold and

peptidoglycan conceniration in icodextrin solution

Peptidoglycan (ng/ml) | Total units sold | Total complaints | CPM per units sold® ]

=7.4 2506643 53 18.2 1
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with a thermophilic, acidiophilic, gram positive organism, Alicyclobacillus
acidocaldarius. Alicyclobacillus was the source of the contaminating
peptidoglycan. Heat and sterile filtration procedures applied to the near
> Tifhal product eliminated theS1e8ria, but not th&lpeptidogycan  12.0
ntaminant ifive correlation was found between peptidaglycan
> 18veR0n icodextrin and the 3¢9 #8sponse obserid in the] PBMC a&%ay

(See, Fig.l). Substantial variabhility in the 1L-6 r. ( s seen _between |
> Hgonérs suggesting a range?f?f]s@%itivities to peﬁidoglycan. ANIMAES
STUDIES.The-effectsiof intraperitonealladministration-of-peptidoglycan-in
=68ts was investigated!in or&éﬁ%’%stablfsh a NOEL. This ¢an be %dqo
establish-a-regulatery--speciicationfor-lcodextrin-manufacturing—total
protein, white blood cells and neutrophils were elevated in the peritoneal
fluid gf ijcodextrin + pemglyc -treated, rats compared to control rats
that récBERSdBErin Wi ut@é&o%@aﬁ?fﬁﬁ ?ﬁti(%ﬂl%?%g%tr%sph irfoal
copgiiianesdifisid shewedaat asasene rasbinet easasitiiltorNOEL at 100.
ng/mL (See, Fig.2). Both inflammatory cytokines showed dose dependent
increases with NOEL values at 10 ng/mL for TNF-a (See, Fig.3) and 100

ng/mTer hasliSed . 4)2T HE 13wadieN GEPHErPEpEddglykaivwastigpw the
-3 2SO [ a : I .
o R e A B SO R positve romEiasgivee
levids foare dopnl deppeptidoy ean omneéntratidy issskoaesaribeareeT MM and
as: llustrated | . : ~eorrelation between Complaints
pEfg%elrH Rﬁ#ﬁr%n(dgjg %n'é l%#(? gar?g%gé%ﬁygggycan concentration in icodextrin
solutiSNFIBERSY N A FRGAR DERSTAINHIES ELLoVANeorptaREsIE A pION

units ﬂlﬁgﬁé}bﬁl BI066AR pPalS Al A% A é@ﬁ@%&@ﬂ%&aﬁe@"ﬁﬁ@ﬁcms
10 28.6 02313308 34.6 > 60 415099 105 253.0 ‘Complaints Per Million

o GPimirnssalamiRz e wiuRerHdanb tetaft a concentration >10 ng/ml, as well
as all lots that were not assayed for peptidoglycan at the time of the recall. In addition,

an internal regulatory specification for peptidoglycan below the detection limit of the
assay (<7.4 ng/mL) was implemented for product release. Routine, serial monitoring
for peptidoglycan and thermophilic bacteria was implemented. The peptidoglycan
concentrations in all the recent batches manufactured have been below the detection
limit of the SLP test and are devoid of an IL-6 eliciting agent by the PBMC assay.

Fig. 5 shows the incidenée rate of asepiic peritonitis by month beginning
Séptember 2001 to January 2003. The frequency of complaints has decreased from a
peak value of 1.04% in March 2002 to 0.013% in Janvary 2003 following the
implementation of corrective actions. The number of patients using a commerciallys
available peritoneal dialysis solution known as EXTRANEAL fom BAXTER
HEALTHCARE CORPORATION during this period remained at ai;proximateiy
7.000. These results suggest that corrective actions have been effective in preventing

exgess complaints of aseptic' peritonitis due to pepiidoglycan contamination in

icodex trin-containing dialysis solution.
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complaints divided by the total units sold multiplied by one million. The
baseline CPM was 18.2, when peptidoglycan levels were below the
detection limit of 7.4 ng/mL. In contrast, the CPM was 252.9, when

peptidqglyeancIgHelaerS &HUR L0 Srgrsater fhan, _0#911.%14‘"1; NGrethods and

association betweéen CPM and peptidoglycan was highly significant

COEpROSTONE). INC IENCE BF ASELPIC PERITOREYSFOLLOAWINIE! dialysis
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pe@itqi@ahsﬁggY{B?wlngnn&_) e iriplperentsdl folighsduse heiease Routingn 2
ciaesa &%ﬁ%lﬂﬁi&%%‘?B&Q&&%%ﬂ@ﬂ%ﬁﬂ?&mOph'“C bacteria was

implemented. The peptidoglycan concentrations in all the recent batches
manufagared havarprseinisdldhateuatesitions,ipstioitie SaRdEstandons and
m@ifofieuPltl oA A SR W AOSI Y e e Sl ReP Y e BB i i
incidence rate of aseptic peritoriitis by mon 8eg|nn|ng &ptember
acePIdansaryEb031 Ehbddmennoyl dheomplamtsivastidacrdasen fobvdiment, the
% | 0 0.013% in January 2003 fallowi i
P e e S g
thepmenbiistalyzavsitabkepudivgetd dialydisdaiutiodukeown dsscribed in various
fr BAXTE EALTHCARE. CORPORATI during thjs .
e b msai? 7000 T B2 o Bt thd b i
adghitrettiice tetitrssiavidh benteffectiveingte ventigeeieess quipplaigiisafs as

ase h ritoniti _due to peptidoglycan contamination in
pricoé?é{x%ipr%%%%s&%%ing dialysis solution. 18 As previously discussed, the

preseh inventiohiretecbtpmethbiy amtbcpropdsitiontthit femplayfheuring a
g T B bt e O NS R AR e o
- premeRsureriepfgrafopesiivplordhnismsedn thituregandvpiptidogiycase polymer;

SR sa0% SeE Nigchle NEUen oeranien PUeR il
wiklatz cpertade gl yghuc obsepoliningy mcludingricoféxtripsatiddplydies. and using the
glacose polymer to make the peritoneal dialysis solution if it is determined that 2
sufficiently low level of the peptidoglycan is present in the glucose poiymer. If the
amount of peptidoglycan or the like exceeds this level, such as about 10 ng/mL or less,
the glucose polymer can be further processed to remove the peptidoglycan or the like
in order io achieve a sufficiently low level of same. 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 an
affinity device and/or the like.

in an embodiment, the present invention provides compositions, such as
glucose polymer compositions that can be used to prepare peritoneal dialysis solutions.

A wvariety of different and type of compositions and solutions containing same can be

utilized. For example, the type of compositions and solutions can same can be found
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It should be appreciated that compositions, peritoneal dialysis solutions
and methods of manufacturing and using same can be provided in any
suitable manner in accordance with an embodiment of the present

inineBtidnidntaNemagtimest, tbetidsaseRERYEONmAN ODHESTHOP USRI TION
AR ST SR B B S
“PERITGNEAdEI AP s An(re flmm@sb _bllelf@uiltiselatﬁ% g@f@ﬂ@_wf of y.s.
testing. in ion to the testing for bacterial fragments etection o
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Peliatysigstbatinnn ifNois oleteTnBned hata pafiiciant awrleve 8T ¥181s Frus
ﬂ, I c§n is¢oresent in the glucose polymer. If the amount of
(tpég %%%% n Or thiefikd BXeeds tisqBvEICeeBheas WhothOR) mgfink & Patent
ApsBeathe giveosenpatpmeos san-he: i therproessgedito rampyeise soLUTIoN

C@gﬁ% n or the like in order to achieve a sufficiently low level of
. YN e e e HIHART pridicas ey Pcapmpisiitdlel 998, the

diselbagts B RR@MRROHMEAL AGANCARE RRNHSLEAN HBRBracesselWith 1 o

any suitable number and type of separation devices, such as’an _affinity
HROURSRb BERETHeR Rl FAlEHTSReRt, e prastnERVRANGRASF RS X TER

HRNIPISTARS: SUORPORAIIG0se HOlMSN CAIBRGRIGNS tiatsan be used to
prepare peritoneal dialysis solutions. A variety of different and type of

compRitiBnS AR SBnshbndeontaRig SapieAnpeludeniZaaires examipleding

piRdNEe BfBRMDORIRNS ea%%ﬁ@o&%@m@%&%% 0L 12 0 s Sinated
Patent No. 4,761,237, entitled "PERITONEAL DIALYSIS SOLUTION

PEEIPPA NG 8 ARSORIPERA tR sty ERiongab dialiat tppatient performs

s4v8R0 8%, ertitladqd RER I@ME&E&@%X%?%P&QM@,%&HCPM times per
FOR_USE THEREIN"; U.S. Patent No. 6,07 ,é36, entitled "PERITONEAL

B AL PSISTRRIBR Bt TS S TSN Srig 8 3 Steaih SR g GiRib talss about four
HBatent No. 6,248,726 B, entitled "METHOD OF

Automated peritone_al dialysis is similar fo continuous ambulatory peritoneal
- dialysis in that the dialysis treatment includes a drain, 1l and dwell cycle. However,
a dialysis machine automatically performs three or more cycles of peritoneal dialysis
treatment, typically overnight while the patient sleeps.

With automated peritoneal dialysis, an automated dialysis machine fluidly
connects to an implﬁanted catheter or the like. The automated dialysis machine also
fluidly connects to a source or bag of fresh dialysis solution and to a fluid drain. The
dialysis machine pumps spent dialysis solution from the peritoneal cavity, through the
catheter, to the drain. The dialysis machine then pumps fresh dialysis solution from
the source, through the catheter, and into the patient’s peritoneal cavity. The

automated machine allows the dialysis solution to dwell within the cavity so that the
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PERITONEAL DIALYSIS USING GLUCOSE POLYMER SOLUTIONS, the
disclosures of which in their entirety are incorporated herein by reference.
Additional examples of compositions and solutions containing same can

rheRRAncbexauad 5:4hS aRatentApplitaticrolo 140/327.264, BRitdeteam to the
BIOCOMPATIBLE DIALYSIS FLUIDS CONTAINING ICODEXTRINS, .
IRIEGFPIEERNTERES PIB62; anAOTRIBFRRE N i AttRiSS B fpshine

s@ i enk RERIO NEivk dal Ak oS 2R AR EAON wRENTAPMRNE IMERIEER to the
ICODEXTRINS, filed on December 4, 1998, the disclosures of which in_.

e AP Gr e M OB PATe F RER P IRAHSTRT SHRS In Sh Yeinissatthehe fheiysis

spestoneahialysis, Salutiens SARIIRCHERE NTRANEAh DY BARIE Ravity, allows
HEALTHCARE CORPORATION or suitable modifications thereof, In an

s ABsHimeRps QY AT IGRTEPRALICRIEE n O RSP HRoPRARRIre:
peritogeal gialysis, FHCA8 aaRiNERISsambubiar hstiienpakdiatsis. andso, a

automated peritoneal dialysis. In continuous ambulatory peritoneal

Fapdiyeiumpelpstic Je el et al Sairdirtdhe aummayd gelds fatment,
vihR R SOt axaimp i RbRL forn Hin e se §artay ReNIeAMaNEREIdects from

which includes a drain, fill and dwell, takes about four hours. Automated

tretidnearemalysis Bsihndiio cofmmatidparionrofeheitdreathgiapfisat fom
Hiihatihe dialysis H@ﬁ&%@%@@l‘dﬁﬁsﬁvgﬂ?iEinﬁ”ﬁﬁnéié%\é/%{lﬁxgl%e day. T an

However, a dialysis machine automatically performs three or more cycles

egripsimsmbateiapaisirmeativnst Gipicsity vebsigrtimmedhy sitleine an admix
&leeps. With automated peritonealdielySifan ayfomaieditiRlySISEAL THCARE

machine fluidly connects to an implanted catheter or the like. The

HOFR R WA sksHitbhrRoil HiormBRRECts to a source or bag of
fresh gialysis seyEon-andie afluiddiain,fibg Fialyais Macking RiBRSine if a

spent dialysis solution from the peritoneal cavity, through the catheter, to

RAdneth. HbYEnsly SRIWISEhInB e rthuribs Fredmditlyaisedol GBBH i minciudes
;%g}]ﬁiaggr tiraugh-tha catbeiet.anddptodheRatrplsirgliigneah caMBhat uses

e automated machine allows the dialysis solution to dwell within the
EAty B PIesEiE DUCRAMRRIPEIARRAIECIESHIAL BIRIosRe 83 Walise frokpegsat, such

Paligaks Blopdsiream @ Wiewlialy 3is Rl YlIaeeANARKe, BIRGRNRA LOMPWRIIIA be
controls the automated dialysis machine " so that the dialysis treatment

FoeeriaisdiEinatiea frRHOT o en R o REieted f8k any suitable stage prior

to use of the peritoneal dialysis solution.

For example, the raégent can be added to a glucose polymér composition, such
as an icodexﬁ'in composition, in raw material form to determine the presence of
peptidoglycan,  If the level of peptidoglycan is at a sufficiently low level, the _
composition can then be utilized to prepare the peritoneal dialysis solution. In another
embodiment, the reagent can be added to the peritoneal dialysis solution, such as after
the sterilization process in finished product form. For example, the reagent can be
added to the peritoneal dialysis solution that is contained within any suitable solution
bag, such as a single-chambered solution bag or a multi-chamber solution bag, An
example of a multi-chamber solution .bag or container is provided in U.S. Patent No.

5,431,496, the disclosure of which in ifs entirety 1s incorporated herein by reference.
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dialysis machine, for example, when the patient sleeps. In this regard, the
dialysis system automatically and sequentially pumps fluid into the
peritoneal cavity, allows for dwell, pumps fluid out of the peritoneal cavity,
‘and rapeddsctiiesfrionedyrsll Seseraisistvaiiithsond ublieydies wdlddotbatent
ring the treatment. Alsq, a final volume "last.fill" is typically used at the
PRSI S BRSPS P FBEh the peritoneal
cavitytadtibgl p abieinkerbpodirap atifohideonre cisilraod: Hhetdindysithe presently
chipe fqr the day. Automated peritoneal dialysis frees the patient fro
PTG AR ST b S A HE APV DA A IS dogpe
Strinshemeo dienbaftamaie dpebtonedetidliRist Cesp aepe o e Ryirit and
utilizing an admix .device, such as ADM]X HOMECHQICE by BAXTER )
SQEALT HE RIEEPC BRPR APHON P UL AR T
fepeRedinesidtderpesat twartioRRIovsES sxtksistodetaeii®if foe appended
eritoneal dialysis solution, such as an icodextrin-based solution, includes
“¥&htidoglycan that exceeds a level sufficient to cause peritonitis in the
patient that uses same. The present invention provides a detection
protocol that utilizes a reagent, such a reagent derived from a silkworm
larvae plasma, for such purpose. It should be appreciated that the
detection procedure can be carried out at any suitable stage prior to use
of the peritoneal dialysis solution. For example, the reagent can be added
to a glucose polymer composition, such as an icodextrin composition, in
raw material form to determine the presence of peptidoglycan. If the level
of peptidoglycan is at a sufficiently low level, the composition can then be
utilized to prepare the peritoneal dialysis solution. In another
embodiment, the reagent can be added to the peritoneal dialysis solution,
such as after the sterilization process in finished product form. For
example, the reagent can be added to the peritoneal dialysis solution that
is contained within any suitable solution bag, such as a single-chambered
solution bag or a multi-chamber solution bag. An example of a
multi-chamber solution bag or container is provided in U.S. Patent No.
5,431,496, the disclosure of which in its entirety is incorporated herein by
reference. 21 As described herein, all patent applications and publications
including patent publications are incorporated herein by reference in their
entirety.



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 agd ﬁé;§pe of the present invention and
without diminishing its intended a A ges. It is therefore intended that
such changes and modifications be covered by the appended claims. 22
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_capable of reacting with a peptidoglycan. 2. The glucose polymer

Wik RRRIBSHNTEC1aim 1, wherein the reagent is capable of reacting with
the peptidoglycan to initiate a serine protease cascade. 3. The glucose

2 PORLBORATHEN of SRR G el (LR RO'RARRAPRCRARable of
includes a prophenol oxidase cascade. 4. The glucose polymer

regeling aditidhediaplidasty carnteriiitiaieasaidenprotdas 68598fe- a silkworm
larvae plasma. 5. The glucose polymer composition of Claim 1, wherein

he glucose polymer composition is an icodextrin. 23 .
3.trhegg ucose polymer compaosition of Claim 5 wherein t%e serine protease cascade

includes a prophenoi oxidase cascade.

4. The glucose polymer composition of Claim 1, wherein the reagent is derived from

a silkworm larvae piasma.

5. The glucose polymer composition of Claim 1, wherein the glucose polymer

composition is an icodextrin.
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