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SOLUTI ON Reference to Related Application This application clains the
benefit of¥ow/M19Provi sional Application No. 60/240,023 fipedusar2Ct ober
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the ability of clinrcians to assess the donor organ may b
electrolyte-protein solution has allowed sufficient time for histo- compatlblhty testing of donor
and recipient. It is also believed that preservation by solution or perfusion has also allowed for
organ sharing among transplant centers, careful preoperative preparation of the recipient, time
for preliminary donor culture results to become available, and vascular repairs of the organ prior

to implantation.

It is believed that the 1990°s has been a decade characterized by increasing waiting times
for cadaveric organs. In renal transplantation, the growing disparity between available donors
and patients on the waiting list has stimulated efferts to maximize utilization of cadaveric organs.
An obstacle that may arise in the effort to increase utilization is that maximal utilization may
require transplantation of all available organs, including extended criteria donor organs.
However, by extending the criteria for suitability of donor organs, transplant clinicians may risk
a penalty with respect to graft function, diminishing the efficiency of organ utilization if
transplanted organs exhibit inferior graft survival. Consequently, interventions that both
improve graft function and improve the ability of clinicians to assess the donor organ may be

crucial to achieving the goal of maximizing the efficiency of cadaveric transplantation.



crucial to achieving the goal of maxim zing the efficiency of cadaveric
transpl antation. WO 02/30191 PCT/ US01/ 32077 The mechani sns of injuries
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Alterations in cytosolic Cat++ concentration may disrupt several intracellular functions,
many of which may result in damaging effects. Unregulated calcium homeostasis has been
implicated in the deveiopment of endothelial and parenchymal injury and is believed to be a
fundamental step in the sequelae of steps leading to lethal cell injury. Among the most
significant damaging effects of increased cytosolic Ca++ are believed to be the activation of
phospholipase A1, 2 and C, the cytotoxic production of reactive oxygen species by macrophages,
the activation of proteases that enhance the conversion of xanthine dehydrogenase to xanthine

~ oxidase, and mitochondrial derangements.



oxi dase, and mtochondrial derangenents. -2 WD 02/30191 PCT/ US01/ 32077
Solutions for preserving organs are described in U S Patent Nos. 4,798, 824
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The invention also provides a method for preserving an organ or biological tissue. The
method flushes a cadaveric organ or tissue with a cold storage solution of the invention, allows
the flushed cadaveric organ or tissue to be enveloped in the cold storage solution, and then stores
the cadaveric organ or tissue in the cold storage solution in a deep hypothermic condition or

physiological condition.

The invention further provides a method of preparing an organ or biological tissue
preservation cold storage solution. The method includes providing a solution with distilled water
or deionized water, adding potassium lactobionate, potassium phosphate, raffinose, adenosine,
allopurinol, and pentastarch to the solution, and mixing prostaglandin E1, nitroglycerin, and N-

acetylcysteine into the solution.

Detailed Description of the Invention



acetylcysteine into the solution. Detail ed Description of the Invention -3
WO 02/ 30191 PCT/ USO01/ 32077 In accordance with the invention, the organ and
bi ol ogi ca¥Ov2/389e preservati on aqueous cold storage sol ue€omsévRbdes a
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membrane stabilizing, platelet aggregation prevention upon reperfusion, and complement
activation inhibitory properties. One such prostaglandin is Prostaglandin E1 (PGE1). PGE1 is
an endogenous eicosanoid of the cyclooxygenase pathway and is utilized for its potent
vasodilatory properties. In addition, PGE1 has cellular and organelle membrane stabilization
properties, cryoprotective properties, and the ability to prevent platelet aggregation upon the
vascular endothelium post transplant. As such, PGE1 may inhibit neutrophil adhesion, inhibit
neutrophil production of oxygen free radical species, counteract procoagulant activity after
endothelial injury, and stabilize cell membranes. When used in vivo, PGE] is metabolized
almost instantaneously by first pass clearance through the lung, but during hypothermic

conditions, PGE1 in the cold storage solution may remain vasoactive even after several hours.

A cold storage solution of the invention also contains a nitric oxide donor, such as

nitroglycerin. Nitroglycerin is utilized in the solution because of its potent nitric oxide donation
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al nost instantaneously by first pass clearance through the |lung, but during
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organ and biological tissue preservation cold storage solution containing
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during the organ preservation period. The inhibition of calcium efflux over time in kidneys

preserved by the proposed solution suggests that, in addition to vasoactive effects, an additional
cytoprotective and cryoprotective effect may also be important in ameliorating ischemic injury.
These improvements are substantiated ultrastructurally by improved appearance of mitochondria
in proximal tubular cells compared to mitochondria from kidneys not exposed to the proposed

solution.

A cold storage solution of the invention may also contain components that are typically
used in known cold storage solutions. See, U. S. Patent Nos. 4,798,824 and 4,879,283. For
example, other components that may be utilized in the solution include: potassium lactobionate,
which is an impermeant anion that reduces cell swelling, KH,PO4, which provides acid-base

buffering and maintains the pH of the solution, MgSQ4, which stabilizes cellular and organelle
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solution. A cold storage solution of the invention may al so contain
conponents that are typically wused in known cold storage sol utions. See,
U S Patvean2/dast 4, 798,824 and 4,879, 283. For exanpl e, BCHESIICRAPONnent s
that may be utilized in the solution include: potassium ]l actobionate,
which is an inperneant anion that reduces cell swelling, KH2P04, which
provi des aci d-base buffering and maintains the pH of the solution, MSH,
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addi tion, "adenosine, which is a precursor to ATP synthesis, allopurinol,
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a pr ef paseddfferbg ahdmainteriahee of thepHT the olha@ncal tissue preservation cold
storage solution includes, but is not limted to: Table 1 COVMPCSI TI ON
AMOUNT | N 1y 4 FeRerrddinatsirdentl @6 batih o 8idtodOal HaQIB\rddREen o4t MySOL
2-8mM Raffinose 10-50mM Adenosine 1-20 Al l opurinol 1-10mM Pentastarch
40- 60gsalutiqy instudes, dutismoklimitedios, 000ncg/ L N trogl ycerin 1-10ng/ L

N- Acetyl cysteine 0.1-4ng/L Sterile Water 700-900nL

Table 1
COMPOSITION AMOUNT IN 1 LITER
Potassium Lactobionate 50-150mM
KH,PO, 10-40mM
MgSO4 2-8mM
Raffinose 10-50mM
Adenosine 1-20mM
Allopurinol 1-10mM
Pentastarch 40-60g/L
Prostaglandin E1 100-5,000mcg/L
Nitroglycerin 1-10mg/L
N-Acetylcysteine 0.1-4mg/L
Sterile Water 700-900mL

In a more preferred embodiment, the organ or biological tissue preservation cold storage

solution includes, but is not limited to:



In a nore preferred enbodi nent, the organ or biological tissue preservation
cold storage solution includes, but is not limted to: -6 WD 02/30191

PCT/ USO1M3Q0Z73019TTabl e 2 COVPOSI TI ON AMOUNT IN 1 LI TER Poepeb®sum2077
Lact obi onate 75-125mM KH2PO4 20- 30mM MgSO4 3-7mM  Raf fi nose 20-40nM
Adenosi ne 2-10mM Al l opurinol 1-5mM Pentastarch 45-55g/L Prostaglandin E
250- 3,000ncg/L Nitroglycerin 2-7mg/ L  N-Acetyl cysteine 0.5-2ng/L Sterile
Wat er 700-900inL In a nost preferred i ment, the organ or bi ol ogical

ti ssue preservation cold storage solution includes, but is not limted to:

Tabl e 3 COVPOSI TI[ON AMOUNT TN I LTTER Pdt assi um Lact obi onate 100nM KH2P04
25mMM MgSH4 15nM | BevipxigIHROMM  Adenosi ARIGENY 1IN LapwR nol i M\l
Pent ast arch 50g/L

Potassium Lactobionate 75-125mM

KH,PO, 20-30mM

MgSO4 3-7mM

Raffinose 20-40mM

Adenosine 2-10mM

Allopurinol 1-5mM

Pentastarch 45-55g/L

Prostaglandin E1 250-3,000mcg/L

Nitroglycerin 2-7Tmg/L

N-Acetylcysteine 0.5-2mg/L

Sterile Water 700-900mL

In a most preferred embodiment, the organ or biological tissue preservation cold storage

solution includes, but is not limited to:

Table 3
COMPOSITION AMOUNT IN 1 LITER
Potassium Lactobionate 100mM
KH,PO4 25mM
MgSOq SmM
Raffinose 30mM
Adenosine S5mM
Allopurinol ImM
Pentastarch 50g/L
Prostaglandin E1 500mcg/L
Nitroglycerin Smg/L
N-Acetylcysteine Img/L
Sterile Water 800mL




Prostagl andin EI 500ncg/L N troglycerin 5ng/L N-Acetylcysteine | ng/L
Sterile Water 800nmi -7 WO 02/30191 PCT/ US01/ 32077 A cold storage sol ution
of the i wentsmam my be prepared by conbining the conponert USUeR0T7 bed
above with sterile water, such as distilled and/or deionized water. For
exanple, to prepare the organ and biol ogical tissue preservation cold
storage solution, approxinmately 700- 900nmL, or preferably about 800 nmL, of
sterile water is poured into a one liter beaker at approxinately room
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{1 scugo iR SRuPREY-PPRoRLEE A onk Ol RUTE R A S REBR bt e BP o e

sol ut i3camadf éiréb@uﬂel‘tme)ﬁglh edialpdingofiBer wiktea Bé&%&m@f@mmmoqmmm Thed, i1aue to
be envel oped in the cold _storage solution, and then stores the cadaveri c

or gan Se¢ond;siepy apraxipeiely P mee of mpdifisdinipstesiandin §1 (REE Lh ppwsokinately 5 mg
condi trl'lt?&lﬁ{enn, and approximately 1 mg of N-acetylcysteine, are added, in any order, to the

solution. PGE1 is modified by centrifuging PGE1 under hypothermic conditions at 30K rpm and
then filtering the resulting mixture through a 0.05 micro filter. The modified PGE1 has a half-

life lengthened by a multiple of about 15. The first and second step may also be reversed.

The invention also provides a method for preserving an organ or biological tissue. The

method flushes a cadaveric organ or tissue with a cold storage solution of the invention, allows

~ the flushed cadaveric organ or tissue to be enveloped in the cold storage solution, and then stores
the cadaveric organ or tissue in the cold storage solution in a deep hypothermic condition or
physiological condition. Additional cold storage solution may be added to ensure adequate
preservation of the organ or tissue. Preferred temperatures range from about 2-10°C in the deep
hypothermic condition and are about 37°C, or room temperature, in the physiological condition.
In one embodiment, the cold storage solution is first cooled to below 10°C using an ice bath or
other cooling means known in the art. It is typical to inspect the cooled solution for any
precipitates which may be removed by filtration prior to use. Alternatively, the organ or tissue to

be preserved may be placed in the solution and then cooled.
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physi ol ogi cal condition. Additional cold storage solution may be added to
ensure adequate preservation of the organ or tissue. Preferred

t enper at wes2/sange from about 2-10C in the deep hypot her p)CTUS@IMAEDT7 on and
are about 37C, or roomtenperature, in the physiological condition. 1In one
enbodi nent, the cold storage solution is first cooled to bel ow 10C using an
ice bath or other cooling neans known in the art. It is typical to inspect
the cool ed solution for any precipitate mhichggﬁy.b .renoved .h

filtration pFheomveriopsarthe)prayides 3 PErsyved gan Py &Caﬁ‘%%lﬁé"’iﬂB“SI a
preserve C I F | : ‘66l Jtheghl
T UsoEra g0 e it il FochidlaR Bon bR AR i RBA I o B

bi ol ogi exiditidnssphysiolvgicabcaditione afedissussedabgue poefetredwoweratuas range ommy

storage sol ution of the jnvention in.a deep hypo ic condit] o

physi ol 8yt at10eiutbeidsep %"ﬂ%ﬁr@é‘iﬁ‘g’«g&mﬁ‘%@@f‘a %&é‘% g?&’?ar 18 %{;eg%)te ta(r&%g ’ lﬁlaﬂnl%e
from aﬁ%’éiol@%&ﬁ@oﬁ&itﬁ)ﬁe deep hypotherm c condition and are about 37C, or
roomtenperature, 1n the physiological condition. The invention is further

expl ai ned byfh ,\;‘é@{iélﬁg’if(&?ﬁl&%%ﬁt&%@'b ?hé)llfollt)@ﬁlé %P@(Qﬁlbl%@ oftheW¥dntioASs well

conpari son exanp e exanpl es, Kidneys were procured from
hear t - bga¢dnfghriseip acmsples) dnpillefeheedmiplesakidatyratre pyochyeddioim hsarbbeajing

preservation. Random zati on was . ac 8 | i shed as _ .an e Iabtel eda

sequent flenoragng preservedan; a laporatory Wéf"gl gg’&%gf Rrﬁsﬁé‘ﬁﬁtlgfl‘e%n%%%? %R ascul ar

flush. Dabg, %é&%&ﬁ@@ﬂﬁb@%j Q4186128 9RYsis. PAR S 86t alvRuddad EnRedikepepdd Ve
a

reci pi ent out cone were collected for either Exanple 1 or 2: donor age
(D age, toyemedys fldshnal donor creatinine (D Cr, ng/dL), donor intraoperative
urine output (WQ nL), cold ischemic tine (CIT, hours), perfusion tine
(PT, hobag) Copetddisate [ Na+] (nmM 100g), perfusate [C-] (MM 1009),

oo o e RO P o h e 03 0 At
Cr cat 1 Pl e R BIE b 2o D o e B oy (LGS
days), impidd) dowordntadapefative trinmogtpm, (U, théd)i avddiiseleemie itime (ST bdres)operfusion
exceedi ﬁglez(%%?mfurs), perfusate [Na+] (mM/100g), perfusate [C1-] (mM/100g), perfusate [K+]
(mM/100g), perfusate [Ca++] (mM/100g), perfusate pH, renal flow during MP (FL,
mL/min/100g), renal resistance during MP (RES, mmHg/(mL/min/100g), recipient age (R age,

years), recipient discharge creatinine (R Cr, mg/dL), initial length of recipient hospital stay

(LOS, days), immediate graft function (IF, %) defined as urine production exceeding 2000mL
during the first 24 post-operative hours, delayed renal allograft graft function (DGF, %) defined
as the need for dialysis within the first 7 days post-transplant, and present function (3 Mo or 1

Yr, %) defined as 3 month or one year post-operative graft status.

Method of Preservation

All cold stored kidneys subject to the above criteria were flushed and cold stored at 4°C
in 1L of either University of Wisconsin (UW) solution (V: iaspan® cold storage solution, Dupont
Pharma, Wilmington, DE) or the Cold Organ Storage (Perfusion) solution (OPS) of the present
invention. The University of Wisconsin solution, which is also the Control-UW solution, is

described in U.S. Patent Nos. 4,798,824 and 4,879,283.
-9.



during the first 24 post-operative hours, delayed renal allograft graft
function (DG, % defined as the need for dialysis within the first 7 days
post - t r ave@bzsior and present function (3 Mo or 1 Yr, % BefRad20 3 nont h
or one year post-operative graft status. Method of Preservation Al cold
stored ki dneys subject to the above criteria were flushed and cold stored
at 4C in 1L of either University of Wsconsin (UN solution (Viaspan(r)
col d stgrage lsol tion, Dupont Pharma, WI mngton, DE) or the Cold O gan

St or ag ‘(tfggf gyﬁﬁs solution (OPS) of the present invention. The

Uni versity of1 Wig ey @psrt&Pisthéa@aluds HSENM Sinddss Othb R séastbd. OPaitdd/ shdhimbhiesd i S
described in U S. Patent Nos. 4,798, 824 and 4, 879, 283. -9 WO 02/ 30191

PCT/ USGiydesndytrtesistveare ysedoshere apnroptiae. AM stpsisticad pealyssp stereperE¥mgd B% val ues
SEM unl . [\ [ (yed student's t-tests were
used msg%glegé%sgwgﬂegg%%s (g%qlg%ﬁg’t]?éég?l%%)yses were perforned by
Statview 4.5 software (Abacus Concepts, Berkeley, CA). EXAMPLE | Conparison
of sel ected donor, preservation, and outcone variables by nethod and type
of or gewAMERENvation solution (nmean +/-SEM n = nunber of recipients ns

= Not  SC@iphviSo $f seleetedtoffdr Shrie¥erdhtion, YdidUshitt O Jarisbles by ﬁie@aod/\ﬁﬁ&gﬂfédf
St udentorgaﬁﬁgi@sg{.‘)aﬁoh% }ofld(%)&%r_,g_@%gcterlstlcs Donor age (y) 41.2°39.8 ns

Fi nal

_#l o 5‘%‘.}8@ ) ns Preservation characteristics Cold
ischem ¢ tine.(h 3 ns
ns = notsigniicant
OPS University of p value (unpaired
(n=70) Wisconsin Student’s t-test)
(n=62)
Donor characteristics
Donor age (y) 41.2 39.8 ns
Final serum creatinine(mg/dl) 1.0 1.0 ns
Preservation characteristics
Cold ischemic time (h) 23 23 1s
Outcome characteristics
Delayed graft function (%) 19 31 0.04
1 yr. graft survival (%) 98 94 ns
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Qut come characteristics Delayed graft function (%9 19 31 0.04 1 yr. graft
survival (%9 98 94 ns -10 WO 02/30191 PCT/ US01/ 32077 EXAMPLE 2 Conpari son
of sel ectwa@ozidner, preservation, and outcome characteri st PCEUBYI/R29Pe of
organ preservation solution - cold storage fornulation (nmean +/-SEM
PCEl1=pr ost agl andin E1(500nctg/L) NIG=Nitroglycerin (5ng/L) n = nunber of
reci pients PGE1L NTG PGEl +NTG Control -UWp value (n=48) (n=67) (n=65)

sol uhgﬁgyﬁi@)s (unpal red (Enbodinment student's t-test) of Table 3) Donor
Char ac )385-73 5+/-9 Ot/ -1
Fi el LIRS 913 Seacdtnl nbp wnJ il oficn. %ﬁerg&w *tocpe f ptesh
(ny/ dl Preqeﬁwt&alp“éhh&m% L 200+/-80 0.45 urine
out put BGE —prpetgglanémm(%’ﬁmca&)en stics CoI d ischemic 22+/-5 23+/-6 24+/-5
23+/ - 4 NTGoNitroglgcarin (Smg/Edme characteristics | nmmediate 84+/ -4 82+/-3

84+/ - 6 n/< nilmtber of recipients

PGE1 NTG PGEI+NTG Control-UW p value

(0=48) (n=67) (n=65) solution (n=86) (unpaired
(Embodiment student’s t-test)
of Table 3)

Donor Characteristics

Donor age (y) 38.5+/-7 38.5+-9 41.4+/-8 44.0+/-12 0.8
Final serum 1.0+/-0.2 1.3+/-0.4 0.8+/-0.5 0.9+/-0.5 0.65
creatinine

(mg/dl)

Intraoperative 300+/-90 290+/-120 280+/-70 200+/-80 0.45

urine

output(ml)
Preservation characteristics

Cold ischemic 22+/-5 23+/-6 24+/-5 23+/-4 0.59
time (h)

Outcome characteristics

Immediate 84+/-4 82+/-3 84+/-6 TT+-5

function (%)
Delayed grant 16+/-5 18+/-3 15+/-4 22+/-5
function (%)
3 month 95+/-3 90+/-5 94+/-4 87+/-5
function (%)

While the invention has been disclosed with reference to certain preferred embodiments,
numerous modifications, alterations, and changes to the described embodiments are possible

without departing from the sphere and scope of the invention, as defined in the appended claims
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function (% Delayed grant 16+1-5 18+/-3 15+/-4 22+/-5 function (% 3
nmonth 95+/-3 90+/-S 94+/-4 87+/-5 function (%9 Wile the invention has
been di soVosrshini th reference to certain preferred enbodi PEMUS)1/320M7MEr OUS
nodi fications, alterations, and changes to the descri bed enbodi nents are
possi ble w thout departing fromthe sphere and scope of the invention, as
defined in the appended clains -11 WO 02/ 30191 PCT/ US01/ 32077 and their

afer aad e aavaicpls GafeoE by e RratRsgh el SesipgoS Sy abler. g iiRbes s
al 1 or gapsly Jrb23 UGS tpd “B%Ms’%dt‘%réﬂaEnchPﬂl bFANS Risatk 8Hd bASEPES tha V.

it is intended that the invention not be limted to the described
enmbodi meytts, tramsplantedt Aiccordingdy, titHie irftended sl the idedritisadiobbe limited tmpgage of t he

or gan SPEE Biadmertss B bR o Tl rese dshdd ol EhelBa e BTt ™

conpri glgds. a prostagl andi n having vasodil atory, nenbrane stabili zing,

pl at el et aggregati on prevention upon reperfusion, and conpl ement
activation inhibitory properties; a nitric oxide donor; and a

gl utat hi one-form ng agent. 2. The cold storage solution of claim1l wherein
the prostagl andin conprises prostaglandin El. 3. The cold storage sol ution
of claim 1l wherein the prostaglandin has cellular and organelle nenbrane
stabilization properties and cytoprotective properties. 4. The cold storage
solution of claim1l wherein the nitric oxide donor conprises
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nitroglycerin. 5. The cold storage solution of claim1 wherein the

gl ut at hi one-form ng agent conprises N acetylcysteine. 6. The cold storage
sol uti on v ozBebm 1 further conprising potassium | actobi oPET/@SIIKRRPOS,
MySO4, and raffinose. 7. The cold storage solution of claim1 further
conprising adenosine, allopurinol, and pentastarch. 8. The cold storage
solution of claim1 further conprising NaC and KOH 9. The col d storage
sol uti of claim1l wherein the prostagl andin conprises about 100-
5,000%@"&%@%@ andin E1, the nitric oxi de donor conprises about

1- 10ngAL  ni tADEHeXE BF biBlogical ssub pregbivhadhadiiReud @ldkiotage §6Mtios smplisiag: about
0.1-4ng/L N-acetylcysteine, further conprising; about 50-150m\V potassi um
| act obi onat &progi¢giendin baviogveskeisiory, meptuenestapizing slaielet aggapation. 50mv

021 301 seeitt Ml FBg R AT i Rims Rl RISy SR 0T S or age
sol uti on of aafiicroxidedv@oeiandt he prostagl andi n conpri ses about 250-

3,000ntg/ L prostaglandin, El, the nitric oxide donor conprises about 2-7ng/L
ni t rogl ycer irglutaihdonec logmig A8g8thi one- f or mi ng agent conpri ses about 0. 5-2ng/L

N acet yl cystgi : i : 5 &ﬁgﬁﬁ :
| act obi&bnat é[?ﬂe %ggio{gegvag%&ggwlggt&gﬂwg%ggg&%% g)r#\ﬁ%%gig%gl abgﬁﬁﬂo%l-g%%

raf fi ndde;

3. The cold storage solution of claim 1 wherein the prostaglandin has cellular and organelle
membrane stabilization properties and cytoprotective properties.
4. The cold storage solution of claim 1 wherein the nitric oxide donor comprises
nitroglycerin.
5. The cold storage solution of claim 1 wherein the glutathione-forming agent comprises N-
acetylcysteine.
6. The cold storage solution of claim 1 further comprising potassium lactobionate, KH,POj4,
MgSO,, and raffinose.
7. The cold storage solution of claim 1 further comprising adenosine, allopurinol, and
pentastarch.
8. The cold storage solution of claim 1 further comprising NaCl and KOH.
9. The cold storage solution of claim 1 wherein the prostaglandin comprises about 100-
5,000mcg/L prostaglandin E1, the nitric oxide donor comprises about 1-10mg/L nitroglycerin,
and the glutathione-forming agent comprises about 0.1-4mg/LL N-acetylcysteine, further
comprising:

about 50-150mM potassium lactobionate;

about 10-40mM KH,PO4;

about 2-8mM MgSOy;

about 10-50mM raffinose;

about 1-20mM adenosine;

about 1-10mM allopurinol; and
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about 2-10mM adenosi ne; about 1-5nM al |l opurinol; and about 45-55g/L
pentastarch. It. The cold storage solution of claim1l wherein the

prost agl avaom3aenpri ses about 500ntg/L protaglandin El, PéRURNIYI2T oxi de
donor conprises about 5ng/L nitroglycerin, and the gl utathione-form ng
agent conprises Ing/L Nacetylcysteine, further conprising: about 100nM
pot assi um | act obi onate; about 25mM KH2PO4a about 5mM MSO4i  about 30niM

raf f nose; about, 5 denosi ne; about 1nmM al | opurinol; and about 50g/L
pent ast ar ch.agﬁ';t.‘lor‘;}@/@mﬂ%aé?%ﬁage solution of claim1 further conprising
steril| gowat ethe chii stérapé SS18HMESE QAifANwREreRi b PEstlantinSdong rizedious 2HE at

| east one of a cadaveric organ and tissue wthin a cold storage sol ution

of cl ai3f00ncg/laprosaglandisrdl, dfe nitrigeaxiderdaner pemprises eoo 2t Trag/L mitseglycerin, and
physi olpgical..condition, 1 T e 1.0l Qg4 i of
C1'%; m 1R Rl e oo RERE DS E A P e BB B AR SIS
at | east oneboiit 7-txhaVgiotadsiafrdactobionateng donor organ, and tissue. 15. The
preserved organ or biological tissue of claim 13 wherein the deep

hypot her mi ¢ 2bewif-3GraMl $ses a tenperature of about 2-10C. -14 WD
02/30191 PCT4UR05L . The preserved organ or biological tissue of
claim 13 va-gPel n ?ﬁég%@bl ogical condition conprises a tenperature of
about 37C. hbouflle4pnbbmffuede;or gan or bi ol ogi cal tissue of claim 13 wherein
the cold sto%a&e i@l@ﬁ)ign i.s cooled to below 10C. 18. The preserved organ
or bi ol ogi c&PoYi% PALPHRM 13 wherein any precipitates in the cold

about 1-5mM allopurinol; and
about 45-55g/L pentastarch.

11.  The cold storage solution of claim 1 wherein the prostaglandin comprises about

500mcg/L protaglandin E1, the nitric oxide donor comprises about Smg/L nitroglycerin, and the
glutathione-forming agent comprises 1mg/L N-acetylcysteine, further comprising:

about 100mM potassium lactobionate;

about 25mM KH,POy;

about 5SmM MgSOQOy;

about 30mM raffinose;

about SmM adenosine;

about ImM allopurinol; and

about 50g/L pentastarch.
12.  The cold storage solution of claim 1 further comprising sterile water.
13. A preserved organ or biological tissue comprising at least one of a cadaveric organ and

tissue within a cold storage solution of claim 1 in at least one of a deep hypothermic condition
and physiological condition.
14.  The preserved organ or biological tissue of claim 13 wherein the cold storage solution is
infused into vasculature of at least one of a cadaveric organ, living donor organ, and tissue.
15.  The preserved organ or biological tissue of claim 13 wherein the deep hypothermic
condition comprises a temperature of about 2-10°C.
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storage solution are renoved prior to use. 19. An organ or bi ol ogical

ti ssue preservation aqueous cold storage solution conprising: about

100- 5, 00Om@ g2/801pt ost agl andi n El ; about 1-1 Ong/ L nitrogl yereriuRel/32atyout
0.1-4ng/ L N acetyl cysteine; about 50-150nM pot assi um | act obi onate; about
10-40mM KH2PO4; about 2-8mM MgSH4i  about 10-50mM raffi nose; about 1-20nmM
adenosi ne; about 1-10nM al |l opurinol; about 40-60g/L pentastarch; and
about 7Q00-9QQnL sterile water. 20.. A nmethod faqr preserving.an.organ..or

b1 ol ogiiCal - THEgHREBEHSTE drioIp AR chimac whiren ghe B dicibe e 3R e
and ti $5h@rivéddtempehie 8 BAPS7ER! ution, conprising a prostaglandin with
vasodi | atory nenbrane stabilizing, platelet aggregation prevention upon

r eper f Ugi on, Therpdesenieg lozgrmrr badegioalttiseue ofreldim i3ovherpindheeald sioragg splutionds
oxi de ﬁgpeggtogglg\%&%o | ut at hi one-form ng agent; allow ng the flushed at
a

| east & VEric organ and tissue to be enveloped in the cold

st or ag€g 8sol UthHeqiésered oSgar dridolbgicalatssiheesSllaifie WwherdinGag @v&ﬁdﬂimssri@&m coldl
tissue in the cold storage solution in at |east one of a deep hypothermc
condi t istagareluionsroTanfived Priebiedisei on. 21. The nethod of clai m 20 wherein

e 490 R Pl LA RETL SR TR R 3 s
tissue; and adyatEliiges,0dimddl phwtaglandael®l; one of a cadaveric organ and
tissue. 22.ab'(l)'ltlitel_Ergéig/%dm%gl%grimr_’n 20 wherein the storing conprises:
about 0.1-4mg/L N-acetylcysteine;
about 50-150mM potassium lactobionate;
about 10-40mM KH,PO4;
about 2-8mM MgSOQOy;
about 10-50mM raffinose;
about 1-20mM adenosine;
about 1-10mM allopurinol;
about 40-60g/L pentastarch; and
about 700-900mL sterile water.
20. A method for preserving an organ or biological tissue comprising:
flushing at least one of a cadaveric organ and tissue with a cold storage solution,
comprising a prostaglandin with vasodilatory membrane stabilizing, platelet aggregation
prevention upon reperfusion, and complement activation inhibitory properties, a nitric oxide
donor, and a glutathione-forming agent;
allowing the flushed at least one of a cadaveric organ and tissue to be enveloped in the
cold storage solution; and |
storing the at least one of a cadaveric organ and tissue in the cold storage solution in at

least one of a deep hypothermic condition and physiological condition.

21.  The method of claim 20 wherein the flushing comprises:
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repl acing blood in vascul ature of the at |east one of a' cadaveric organ
and tissue wwth the solution. 23. The nethod of claim 20 further

conpri si mgo or/apbaci ng the solution with at | east bl ood toPerpUSIIB20TTEe at

| east one of a cadaveric organ and tissue to a nornotherm c condition. 24.
The nethod of claim 20 further conprising: cooling the solution to bel ow
10C, inspecting the cooled solution for precipitates; and renoving any

precipitates by filtration. 25. A net f epari ng .an _organ or. .. )

b1 ol opi cal - troiag s edunons el e e Bh R Tl Rl R U di ng
a sol Utah@Bx¥hERinSiRY th 8t Wadtdhe 0P8 dhdi@eRObRES bhdniésae! obi onate, potassium
phosphate, raffinose, adenosine, allopurinol, and pentastarch to the

sol ut i (hiﬂ aerdleWh@th(v{bohl'@i@“t]%@WhPrﬁinﬂttht,OﬂngW@gﬁwéri n and N-acetyl cysteine
into t tion. ., 26. T t Lai m.25. furth
the ol ut  onCRIkeRE bigPf in SEalBRT 8P uB st a8l 615 baiBAC oA Ryl

25 furtsbrkiogonpri sing: infusing the pentastarch under pressure through a
dialyzing filter; centri fu(?i ng the prostaglandin El under hypothermc
condi t i28ns; Thednethed ofqlaipy2 EPARPHSI}Ed prostagl andin El . - 16

replacing the solution with at least blood to return the at least one of a cadaveric organ
and tissue to a normothermic condition.
24.  The method of claim 20 further comprising:

cooling the solution to below 10°C;

inspecting the cooled solution for precipitates; and

removing any precipitates by filtration.
25. A method of preparing an organ or biological tissue preservation cold storage solution
comprising:

providing a solution with sterile water;

adding potassium lactobionate, potassium phosphate, raffinose, adenosine, allopurinol,
and pentastarch to the solution; and

mixing prostaglandin E1, nitroglycerin and N-acetylcysteine into the solution.
26.  The method of claim 25 further comprising:

mixing the solution until all components are dissolved.
27.  The method of claim 25 further comprising:

infusing the pentastarch under pressure through a dialyzing filter;

centrifuging the prostaglandin E1 under hypothermic conditions; and

filtering the centrifuged prostaglandin E1.
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