WO 02/ 30452 PCT/ US01/ 42670 ORGAN AND BI OLOGE CAL TI SSUE PRESERVATI ON COLD
STORAGE SOLUTION Reference to Related Application This application clains
t he benefwo om$o4sd S. Provi si onal Application No. 60/ 240, 02BCT/ube@di26n

Oct ober 13, 2000, entitled "Organ and Bi ol ogi cal Ti ssue Preservation Cold
Storage Solution,” which is incorporated herein by reference. Field of

I nvention The invention relates to the field of organ and bi ol ogi cal tissue
preservation. In particular, the invention relates to cold storage
solutions for the preservation of organs and biol ogii cal tissues for
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Conseq &t }njl,t}al iflyshing gath andatragelplap glegtrolyte solution or by pulsatile perfusion with an

electrolyte-protein solution has allowed sufficient time for histo-compatibility 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 efforts 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.
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i nprove graft function and inprove the ability of clinicians to assess the
donor organ may be crucial to achieving the goal of maxim zing the

ef fi ci enoyoot/3@araveric transplantation. -1 WO 02/ 30452 PETT/USOI424B670 The
mechani sms of injuries sustained by the cadaveric renal allograft during
pre-preservation, cold ischemc preservation and reperfusion are believed
to be conplex and not fully understood. However, it is believed that there
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the plasma membrane. Hypothermic preservation may disrupt the membrane electrical potential
gradient, resulting in ion redistribution and uncontrolled circulation of Ca++. The depletion of
ATP stored during I/R may compromise ATP-dependent pumps that extrude Ca++ from the cell
and the energy intensive shuttle of organelle membranes, causing a dramatic elevation of

intracellular free Ca++.

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 development 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 Al, 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.



fundanental step in the sequel ae of steps leading to lethal cell injury.
Anmong the nost significant damaging effects of increased cytosolic Ca++
are bel i aved2/s@sbe the activation of phospholipase A, 2rantis@/426tve
cytotoxic production of reactive oxygen speci es by macrophages, the
activation of proteases that enhance the conversion of xanthine
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02/ 30452 PCT/ US01/ 42670 Sol utions for preserving organs are described in
U S. Patent Nos. 4,798, 824 and 4, 879, 283, the disclosures of which are
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organ or tissue within a cold storage solution of the invention in a deep hypothermic condition or

physiological condition.

The invention also provides a method for preserving an organ or biological tissue. The
method includes flushing a cadaveric organ or tissue with a cold storage solution of the
invention, allowing the flushed cadaveric organ or tissue to be enveloped in the cold storage
solution, and storing 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, pentastarch, insulin and dexamethasone to the solution, and mixing superoxide

dismutase into the solution.



hypot herm ¢ condition or physiological condition. The invention further
provi des a nethod of preparing an organ or biological tissue preservation
col d st ovege2/3mbuti on. The net hod includes providing a soPOT/USEL/42610h
distilled water or deionized water, adding potassium | actobionate,

pot assi um phosphate, raffinose, adenosine, allopurinol, pentastarch,

i nsulin and dexanet hasone to the solution, and m xi ng superoxi de disnutase
into the solution. -3 WD 02/ 30452 PCT/USQ01/ 42670 Detailed Description of
the Invention In accordance with the invention, the organ and bi ol ogi cal
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solution o e I nvention S a ce energy production stinulator
under amaésaiisretumed to msotienmicl donditinhs, ¢ie saduteonpe kepleepd itk hardwrheri s t he

priTery SOLIDOC. nLEEPONsLbLe far. cantr oLl 08, LS. MRk Akt hidkgtd on and
preservation. The cold storage solution of the invention may be used in the same manner and for

the same tissues and organs as known storage solutions.

A cold storage solution of the invention includes a cellular energy production stimulator
under anaerobic conditions. Insulin, which is a polypeptide hormone, is the primary hormone
responsible for controlling the uptake, utilization, and storage of cellular nutrients. Insulin
stimulates transport of substrates and ions into cells, promotes translocation of proteins between

cellular compartments and activates and inactivates specific enzymes.

A cold storage solution of the invention also includes an anti-inflammatory agent.
Dexamethasone, which is a steroid analogue, is used for its anti-inflammatory properties.

Dexamethasone has a prolonged plasma half-life and pronounced growth-suppressing properties.

A cold storage solution of the invention also contains an oxygen free radical scavenger.
One example, superoxide dismutase, is known for its potent free oxygen radical scavenging
propetties. Preferably, the superoxide dismutase is conjugated to polyethylene glycol so that its
half-life is extended by a factor of about 100 times. Superoxide dismutase is a potent scavenger
of several classes of free oxygen radicals during cold ischemia and upon reperfusion. When
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stinmulates transport of substrates and ions into cells, pronotes

transl ocati on of proteins between cellular conpartnents and activates and
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i ncludes an anti-inflammtory agent. Dexanethasone, which is a steroid
anal ogue, is used for its anti-inflanmatory properties. Dexanethasone has
a prolonged plasma half-1ife and pronounced growt h-suppressing properties.
A cold storage solution of the invention also contains an oxygen free

radi cal scavenger. One exanpl e, superoxide disnmutase, is known for its
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contai n conmponents that are typically wused in known cold storage
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| act obi on
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, MgSQy, which stabilizes cellular and organelle
membranes, and raffinose, which is a complex sugar that reduces cell swelling and provides
energy stores for metabolically stressed cells. In addition, adenosine, which is a precursor to
ATP synthesis, allopurinol, which is also a free oxygen radical scavenger, and pentastarch,
which is an oncotic supporter, may be added to the solution. NaCl and KOH may also be used
for acid-base buffering and maintenance of the pH of the solution. In a preferred embodiment,

the organ or biological tissue preservation cold storage solution includes, but is not limited to:



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,
whi ch st avdb2/2s2 cel | ul ar and organel |l e nenbranes, and reE€f/iR@sRE7MWNI Ch iS
a conpl ex sugar that reduces cell swelling and provides energy stores for
nmetabolically stressed cells. In addition, adenosine, which is a precursor
to ATP synthesis, allopurinol, which is also a free oxygen radica
scavenger, and pentastarch, which is an oncotic supporter, nay be added to
the solution. NaCl and KOH may al so be used for acid-base buffering and
mai nt enance of the pH of the solutionTablel preferred enbodi ment, the
organ or bi ol ogi cal—tissue—preservation—eal-d—sterage——sotution iubl'des, but

is not limted to: 452 PCT/ USQl/ 4 COMPCSI Tl ON
AMOUNT IN 1 LITER %’Mﬁgsgﬁé ct obi onat e %@ﬁﬁ@i&ﬁ& -40mM |MySO4
2-8mM Raffinose 1 5 nﬂﬁ..“u. +—+orM—Pent ast arch
40-60g/ L Insulin 4Poewtye LagieRiondhasone 2D super oxi de Di snut ase
1, 000- 100, 000U/ L StEH,P®; WNater 700-900nl |inlGa4GmMe preferred enbodinent,
the organ or biolg b tissue preservatigm gohfl storage solution
i ncludes, but is not Jiited to: -6

Raffinose 10-50mM

Adenosine 1-20mM

Allopurinol 1-10mM

Pentastarch 40-60g/L

Insulin 4-100U/L

Dexamethasone 4-24mg/L

Superoxide Dismutase 1,000-100,000U/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:



WO 02/ 30452 PCT/ US01/ 42670 Table 2 COVPOSI TI ON AMOUNT IN 1 LITER

Pot assi um Lact obi onate 75-125mM KH2ZPO4 20- 30mM MgSO4 3- 7nM  Raf fi nose

20- 40mM waensmsne 2-10nmM Al | opurinol 1-5nmM Pent ast ar chp@BUS&BIgRE70 | nsul i n
20- 60U L Dexanet hasone 6-16ng/L Superoxi de Di smutase 5, 000-50, 000U/ L

bi ol ogi cal
limted to:

Sterile Water 700-900nmL In a nost preferred enbodi nent,
ti ssue preservation cold storage
-7 WD 02/ 30452 PCT/ US01/ 42670 Table 3 COVPOSI TI ON AMOUNT I N 1
LI TER Potassi um Lact obi onate 100nM KH2PO4 25mM MgSO4 5mM  Raf fi nose 30nmM

Adenosi ne 5nM Al | opurinol 1nM Table 2
COMPOSITION AMOUNT IN 1 LITER
Potassium Lactobionate 75-125mM
KH,PO4 20-30mM
MgSO4 3-7TmM
Raffinose 20-40mM
Adenosine 2-10mM
Allopurinol 1-5mM
Pentastarch 45-55g/LL
Insulin 20-60U/L
Dexamethasone 6-16mg/L
Superoxide Dismutase 5,000-50,000U/L
Sterile Water 700-900mL

the organ or
sol ution incl udes,

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

solution includes, but is not limited to:



Pentastarch 50g/L Insulin 40U L Dexanethasone 8ng/L Superoxi de D snmutase
25,000/ L Sterile Water 800nL A cold storage solution of the invention may
be prepamedotigo46Dbi ni ng the conmponents described above nCTWSGL670 €

wat er, such as distilled and/or deionized water. For exanple, to prepare
the organ and biological tissue preservation cold storage sol ution,

approxi mately 700- 900nmL, or preferably about 800 nlL, of sterile water is
poured into a one |iter beaker at approximately roomtenperature. Although
a one liter beaker is used in this exanple, any other container of any
size may be used to prepare the sol utilable where the conponent anmpunts woul d
be adj usted accor di-aglyy—tnthe nost preferred-enbodi-nent—thefollow ng
are added, in any | order, to the solution|and each is m xed until dissolved

in the solution: a:pﬁﬂMPWg@F?Nl_OO nmol / L WQHESWWX@%M onat €,

approxi mately 25 npltL—of notaﬁsl—um-phas-pba-t-m-pp%n&t-ew—&—mlu of
raf fi nose, approxif ?té‘FSyJI‘?:L%tP PIYE adenodi WOMMpor oxi mately 1 nol /|L of

al | opurinol and apRlBROyately 50 g of nodiXsnéd pentastarch. The nodified
pentastarch is a f(rjl@%gid)nat ed colloid mxt of 40-60 kDaltons in
di aneter and is nodi i ed by infusing the pentastarch under 3 atm gf
pressure through a Befingsg ng filter with g ¥ size of about 40- 60
kDal t ons.  Appr oxi|natelosind0 U of insulin gdmnmpproxi mately 8ng/ L
dexanet hasone are Jal 59 added to the sol utjiig Then, in a second st|ep,
approxi mat el y 25, 08 Eplg?noiuper oxi de di smjt'd%&¥ which is -8 WD 02/ 30452
PCT/ US01/ 42670 conPedestadht o pol yet hyl eng Hgficol , is added to the
solution. The firstyapgh second step may al|sgyihpe reversed. The invgntion
al so provides a nethod foyf preserving an qrgan_or biol ogical tissug. The
met hod flushes a ca@ﬁW?tEaSB%an or tissug ¥k a cold storage sol dtion of
the invention, all|o88peroxide Dismutase 25,000U/L

Sterile Water 800mL

A cold storage solution of the invention may be prepared by combining the components
described above with sterile water, such as distilled and/or deionized water. For example, to
prepare the organ and biological tissue preservation cold storage solution, approximately 700-
900mL, or preferably about 800 mL, of sterile water is poured into a one liter beaker at
approximately room temperature. Although a one liter beaker is used in this example, any other
container of any size may be used to prepare the solution, where the component amounts would
be adjusted accordingly. In the most preferred embodiment, the following are added, in any
order, to the solution and each is mixed until dissolved in the solution: approximately 100 mol/L
of potassium lactobionate, approximately 25 mol/L of potassium phosphate, approximately 30
mol/L of raffinose, approximately 5 mol/L of adenosine, approximately 1 mol/L of allopurinol
and approximately 50 g of modified pentastarch. The modified pentastarch is a fractionated
colloid mixture of 40-60 kDaltons in diameter and is modified by infusing the pentastarch under
3 atm of pressure through a dialyzing filter with a bore size of about 40-60 kDaltons.
Approximately 40 U of insulin and approximately 8mg/L dexamethasone are also added to the

solution. Then, in a second step, approximately 25,000 U of superoxide dismutase, which is
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the cadaveric organ or tissue to be enveloped in the cold storage sol ution,
and then stores the cadaveric organ or tissue in the cold storage solution
in a deepvoypauber m ¢ condition or physiol ogi cal conditipaT/USaidi2670onal
cold storage solution may be added to ensure adequate preservation of the
organ or tissue. Preferred tenperatures range from about 2-10C in the deep
hypot herm ¢ condition and are about 37C, or roomtenperature, in the
physi ol ogi cal condition. |In one enbodinment, the cold storage solution is
first cooled to below 10C using an ice bath or other cooling neans known

i n the aothjughted ispdlygthgkehe plycolnsmeded tohtke saiotied The fmitiand sécond atep may also be
preci pitates which may be renoved by filtration prior to use.

Al t er natP¥%": the organ or tissue to be preserved may be placed in the
solution and then cool ed. The invention further provides a preserved organ
or bi ol ogi calThejigention glsgPravides agnetbad foy Preservingamorgan oF bislogica] tissup Aheo| d
st orage : [ - .
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be preserved may be placed in the solution and then cooled.

The invention further provides a preserved organ or biological tissue comprising a
cadaveric organ or tissue within a cold storage solution of the invention in a deep hypothermic
condition or physiological condition. As discussed above, 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.

The invention is further explained by the following examples of the invention as well as
comparison examples. In all of the examples, kidneys were procured from heart-beating donors
and preserved in a laboratory by cold storage preservation. Although kidneys were used in the
examples, any organ or biological tissue may be preserved in the cold storage solution.
Randomization was accomplished as an.open labeled, sequential analysis. All agents were added

immediately prior to vascular flush.

Data Collected
The following donor, preservation, and postoperative recipient outcome data were
collected for either Example 1 or 2: donor age (D age, years), final donor creatinine (D Cr,

mg/dL), donor intraoperative urine output (U/O, mL), cold ischemic time (CIT, hours), perfusion
-9-



time (PT, hours), perfusate [Na+] (mM 100g), perfusate [C-] (MV 100g),
perfusate [K+] (mM 100g), perfusate [Ca++] (nmM 100g), perfusate pH, renal
fl ow duriw@ons463L, nl/ m n/ 100g), renal resistance duri ngP/PUSRESE70

nmrHg/ (mL/ m n/ 1 00g), recipient age (R age, years), recipient discharge
creatinine (R Cr, ng/dL), initial length of recipient hospital stay (LGS,
days), immediate graft function (IF, % defined as urine production
exceedi ng2000nL  during the first 24 post-operative hours, delayed renal

al lograft graft function (DG, % defined as the need for dialysis within

é h](ca_ fi ' ﬁmeKPaayeurﬁ);perfusaawW%ﬁan@ﬂg)mee&wm [(EhﬂfmivﬂﬂmOan mfusatﬁ iI§+Y][ )
preser vaEMOI bepPe3FErLEmERRL PRt B Do B P EL T e o

f I ushed nanehibOk)S teRbBesidlandduring MP (RES Snhl¥8s/(ndDin¥if1180£)y ré\%pléfft 2O (R e, ( ;JV\)

solution (Viaspano cold storage sol ution, Dupont Pharnmg, ton,

or the @eird), Gopientsisshaige ccia@nm@éR&Q mgédllax ingial lep@th) ofgecipiest nspit rﬂay
cont rol (CRPLEFEEHfEaRtd el uleRESC 5, REndLALRind Bl o3l Yhog

4, 879, 28drin Sttt 24dst-3perhtied ouhd, ldeligédrennicallog Rt drafl fa&tm@@lﬁa%)e&ﬁn&w
unI ess otherw se noted. Paired and unpaired student's t-tests were used

wher e apgpiisgicrdier diglysis stithin the fizg|7 déﬁap%é@n%a@ sk nresenkBugtion G Mowrdw 4. 5
softwarq{( %gﬂ ed%rBCI?B &Or%ﬁéﬁeér st— atl%%ﬁ%’o Oorrparl son of sel ected

donor, prés rva I on, outco d and type of organ

preserv ution.(nmean +/-SEM n = nunber of recipients ns = not
signifi %eﬁét?owgkr ei'r\‘;%tés'ﬁ ty of p value (unpal red (n=152) W sconsin

Student's t-tAg5dld stoReedliG@heys subject to the above criteria were flushed and cold stored at 4°C
in 1L of either University of Wisconsin (UW) solution (Viaspan® 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.

Statistical analysis
All data are reported as mean values + SEM unless otherwise noted. Paired and unpaired
student’s t-tests were used where appropriate. All statistical analyses were performed by

Statview 4.5 software (Abacus Concepts, Berkeley, CA).

EXAMPLE 1

Comparison of selected donor, preservation, and outcome variables by method and type of
organ preservation solution (mean +/-SEM)

n = number of recipients

ns = not significant

oPS University of p value (unpaired
(n=152) Wisconsin Student’s t-test)
(n=160)
Donor characteristics
Donor age (y) o441 42.1 ns
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Donor characteristics Donor age (y) 44.1 42.1 ns -10 WO 02/ 30452

PCT/ US01/ 42670 Final serumcreatinine(ng/dl) 1.1 0.9 ns Preservation
charact ew@v2/a®sLol d i schemic tine (h) 23 24 ns Qutcone PORUSCHL6T0Sti CS
Del ayed graft function (% 17 32 0.03 1 yr. graft survival (% 98 91 0.04
-11 WO 02/ 30452 PCT/ US01/ 42670 EXAMPLE 2 Conparison of sel ected donor,
preservation, and outcone characteristics by type of organ preservation
solution - cold storage fornulation (nmean +/-SE" SOD=super oxi de

di snut ase- pol yet hyl ene gl ycol (25,000 units/L) n = nunber of recipients
SOD Control -UWp value (unpaired (n=48) solution (n=86) student's t-test)
( Enbodi meHinalgdrunf eidtisingng/didonor Chalrlact eristics Bdnor age (y) 3¥s2+/-10
44.0+/-12 0.8 Final serumcreatinine 1.1+/-0.6 0.9+/-0.5 0.65 (ng/dl)

Preservation characteristics

Cold ischemic time (h) 23 24 ns
Outcome characteristics

Delayed graft function (%) 17 32 0.03

1 yr. graft survival (%) 98 91 0.04
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I nt raoperative urine 250+/-80 200+/-80 0.45 output(m) Preservation
characteristics Cold ischemc tinme (h) 26+/-4 23+/-4 0.59 CQutcone

char act ew@vt/a®s2 | nmedi ate function 79+/-5 77+/ -5 (% Dep@p@doigrarit
function 20+/-4 22+/-5 (0) 3 nonth function (% 91+/-4 87+/-5 Wile the

i nvention has been disclosed with reference to certain preferred

enbodi nents, nunerous nodifications, alterations, and changes to the
descri bed enbodi nents are possible wthout departing fromthe sphere and
scope of the invention, as defined in the appended clains and their

equi val #XAMMd 2of . For exanpl e, although the detail ed description may
refer, #omparison ofsdl2ctéddonobBPpreRrPdion,/30d/cdhene: ctharactbisticsdartype vhergaar ns
" or gans ‘présegvativngsdluti@nNceld stragd formiugativn, (nidaast/SEMNd body parts that may
be tr ansupsuRroids @istiviaieypolydthylené Blyesld2s,0000 ahits/hy | nventi on not be
limtedytonhher dfRkipibid embodi ments, but that it have the full scope
defined by the | anguage of the following clains. -13 WO 02/ 30452

PCT/ US01/ 42670 \Wat we clai gpps: 1. An orgamotv bi ol ogiwert uhpgsiie
preservation aqueous cold st q=age sol uti ORoIGRA=BSI NJ: student’s t-test)

(Embodiment of
Table 3)
Donor
Characteristics
Donor age (y) 39.24/-10 44.0+/-12 0.8
Final serum creatinine  1.1+/-0.6 0.9+/-0.5 0.65
(mg/dl)
Intraoperative urine 250+/-80 200+/-80 0.45
output(ml)
Preservation
characteristics
Cold ischemic time (h) 26+/-4 23+/-4 0.59
Outcome
characteristics
Immediate function 79+/-5 T7+/-5
(%)
Delayed grant function 20+/-4 22+/-5
)
3 month function (%)  91+/-4 87+/-5

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

and their equivalents thereof. For example, although the detailed description may refer, at times,
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a cellular energy production stinulator under anaerobic conditions; an
anti-inflammatory agent; and an oxygen free radical scavenger. 2. The cold
storage sodorsmm of claim 1l wherein the cellular energy pPOTUSM/42670
stinmulator conmprises insulin. 3. The cold storage solution of claim1l
wherein the anti-inflammatory agent conprises dexanethasone. 4. The cold
storage solution of claiml wherein the oxygen free radical scavenger
conprises superoxide disnutase. 5. The cold storage solution of claim4
wherei n the superoxi de di snutase conjugates to polyethylene glycol. 6. The
col d st ¢o agly osgrngstheterofs “of gansii mdf iorgand encoomass sli oxgaps tiasss and bedst petstsdhatt e,

Fur t hot TEBHB s R Ase PR o pirdeg e s o feieARblhe Al <S8 Col o

st or age degdribbd @ﬁb@(ﬁmfdn@s‘ Butlthhtut hzh@fth@ﬂﬂ'l}@’cbllﬁ daﬁn%asy tmdngﬁage o0Pthe FHRoWRIgd
storage sol ution of claim1 wherein the cellular energy production

sti nul atclims.conpri ses about 4-100U L insulin, the anti-inflammatory agent
conpri ses about 4-24ng/L dexanet hasone, and the oxygen free radi cal
scavenger conprises about 1,000-100,000 UL superoxide disnmutase, further
conpri sing: about 50-150mMM pot assi um | act obi onate; about 10-40mM KH2PO4;
about 2-8mM MySO4; about 10-50mM raf fi nose; about 1-20nmM adenosi ne;
about 1-10nM al | opuri nol; and
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about 40-60g/L pentastarch. -14 WO 02/ 30452 PCT/ USO1/ 42670 10. The cold
storage solution of claiml wherein the cellular energy production
stinmul at o opampz i ses about 20-60U/L insulin, the anti-i nPCEUREIQFY agent
conpri ses about 6-16ng/L dexanet hasone, and the oxygen free radical
scavenger conprises about 5,000-50,000 UL superoxide disnutase, further
conpri sing: about 75-125mM pot assi um | act obi onate; about 20-30mM KH2PO4;
about 3-7mM MgSO4; about 20-40mM raffinose; about 2-10nM adenosi ne;
about 1-5mM al | opurinol; and about 45-55g/L pentastarch. 11. The cold
st or age VBloitute dainois: cl ai m 1 wherein the cellul ar energy production
sti mul ator onprises .about 40U/ L insul.in, the anti-inflammtory agent
conpri ses abg\‘ﬁng)rg%?{blo @kcé‘hgfsﬁfg%ﬁgvaéa\%é%qguso‘i@%%tﬂrang é@“ﬁ?ﬁf%lﬁ?ﬁ B&venger
conpri ses abqukliviar §RPshlodastREr Biktulifor HdeRiMaRRdIc Eddithedl; conpri sing: about
100mM pot assi um | act obironate; about 25mM KH2PO4; about 5nmM MySO4;  about
30nMM r af f i noge anti-adammeiory agretiésiine; about 1mM al | opurinol ; and about
509/ L pentastarch e _col rage solution of claim1 further
conpri sing st P ?‘V%en\]/%?eer}Blcalcscagen%%

2. The cold storage solution of claim 1 wherein the cellular energy production stimulator

comprises insulin.

3. The cold storage solution of claim 1 wherein the anti-inflammatory agent comprises
dexamethasone. A
4. The cold storage solution of claim 1 wherein the oxygen free radical scavenger comprises

superoxide dismutase.
5. The cold storage solution of claim 4 wherein the superoxide dismutase conjugates to
polyethylene glycol. |
6. The cold storage solution of claim 1 further comprising potassium lactobionate, KH,POy4,
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 cellular energy production stimulator
comprises about 4-100U/L insulin, the anti-inflammatory agent comprises about 4-24mg/L
dexamethasone, and the oxygen free radical scavenger comprises about 1,000-100,000 U/L
superoxide dismutase, further comprising;:

about 50-150mM potassium lactobionate;

about 10-40mM KH,PO,;

about 2-8mM MgSQOy;

about 10-50mM raffinose;

about 1-20mM adenosine;

about 1-10mM allopurinol; and

about 40-60g/L pentastarch.
-14-



13. A preserved organ or biological tissue conprising at |east one of a
cadaveric organ and tissue within the cold storage solution of claim1l in
at | east vome2/af45na deep hypot herm c condition and physi ol pgrwaé/£2ermdi ti on.
14. The preserved organ or biological tissue of claim13 wherein the cold
storage solution is infused into vasculature of at |east one of a
cadaveric organ, |iving donor organ, and tissue. -15 WD 02/30452

PCT/ US01/ 42670 15. The preserved organ or biological tissue of claim 13
wherein the deep hypothermic condition conprises a tenperature of about
2-10C. 16. THhepokkssomegdsauiganoforaibi bivbegienathe telbdarenefgyqiradurtids stnelagdrn t he

hysi ol ogi cal diti Ot | t t f about 37C. 17. Th
P veer veRBRgEnAo0n 1B eamn Redel-biTEraRt 6 auRaRirs cRassidngtor age
sol uti ouekaﬁ?etﬁ&@h@%a%&&b%% HRCradiéhl sdengddr ;@&ﬁ{n\{&@ aBb@F 05006y ugi cal

tissue of clai m;é wherein any precipitates in the cold storage solution
are rensveatoxide dismugasgsiarthercommisinggan or bi ol ogi cal tissue preservation

aqueous col d _gtar tion ¢ ri.sing: about 1,000-100, 000U L

super oxi de diaéﬂﬁtégg%ss%ﬂasmn%ﬁkho%%?assi um | act obi onate; about 10-40nM
KH2PO4;  aboutabdut®oM ¥ H,PE@Rout 10-50mM raf fi nose; about 1-20nM

adenosi ne; about 1-10nmM al l opurinol; about 40-60g/L pentastarch; about

4- 100U/ L i ns@bpw;3-amdM&#BPany/ L dexanet hasone; and
about 20-40mM raffinose;

about 2-10mM adenosine;
about 1-5mM allopurinol; and
about 45-55g/L pentastarch.

11.  The cold storage solution of claim 1 wherein the cellular energy production stimulator
comprises about 40U/L insulin, the anti-inflammatory agent comprises about 8mg/L
dexamethasone, and the oxygen free radical scavenger comprises about 25,000 U/L superoxide
dismutase, further comprising:

about 100mM potassium lactobionate;

about 25mM KH,POy,;

about SmM MgSOy;

about 30mM raffinose;

about SmM adenosine;

about 1mM 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 the 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.
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about 700-900nL sterile water. 20. A nethod for preserving an organ or

bi ol ogi cal tissue conprising: flushing at | east one of a cadaveric organ
and tissweow/s@asa col d storage solution, having a cell ul RET/ER&LQY70
production stinulator under anaerobic conditions, an anti-inflamrmatory
agent, and an oxygen free radical scavenger; allowi ng the flushed at |east
one of a cadaveric organ and tissue to be enveloped in the cold storage
solution; and storing the at | east one of a cadaveric organ and tissue in
the cold storage solution in at |east one of a deep hypotherm c condition
and phydbol odiheareseniediorganror bid@giv@tiswead%@nﬁ@ﬁwllﬂ@im/tmm hypatherfitie net hod

of claim2 Wnerelnth flus i . infusing the solution into
vascul atf? tl?)]?c‘?rﬂ@n%ﬁsa gﬁg?ra oafCb gp%g@ﬁeri c organ and tissue; and

exsanguiigat i "IElhetpPe%eNed|oﬂg”a$1tor%ﬁtﬂoglf:amlsﬁfédﬁ\éﬁiiﬂnq3%m&nalﬁ@pﬁ}ls§)$égical céaditidine
nmet hod of claim 20 wherern the storing conprises: replacing blood in

vascul acompriggs attﬁlélpaltamféaﬁﬂb%lhy& a cadaveric organ and tissue with the
sol ution, 23Th-£55??swe?%g$ i &%kogbg&%%sﬁér tfr}?arl 3P drSih Bk c#lggﬂocgggglgrrnplg is

solution w th at Teas UPR T he At Teast one
organ abéled ksbelewt10°@. nor not herm ¢ condltlon 24. The met hod of claim 20
further conprising: cooling_ the salution to below 10C, inspecting._the

cool ed 481 ut 148 PreservsA OrzaH; qr&e@ggwf& igsueraf R VErye1n RBY PERCIRARES %916 cold
f||trat|RE%% @mgggﬂﬂﬁwg& LEeRaktng an organ or biol ogical tissue

preservati st or age 56 utl on
An organ or biological tissue preservation aqueous cold storage solution comprising:

about 1,000-100,000U/L superoxide dismutase;

about 50-150mM potassium lactobionate;

about 10-40mM KH,POy;

about 2-8mM MgSOQOy;

about 10-50mM raffinose;

about 1-20mM adenosine;

about 1-10mM allopurinol;

about 40-60g/L pentastarch;

about 4-100U/L insulin;

about 4-24mg/L. dexamethasone; 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, having a
cellular energy production stimulator under anaerobic conditions, an anti-inflammatory agent,
and an oxygen free radical scavenger;

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.
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conprising: providing a solution with sterile water; adding potassium

| act obi onat e, potassi um phosphate, raffinose, adenosine, allopurinol,

pent ast amedp2/8msul i n and dexanet hasone to the sol ution; aPdT/wSxI/42G70

super oxi de di snutase into the solution. 26. The nethod of claim25 further
conprising: mxing the solution until all conponents are dissolved. 27.
The nmethod of claim25 further conprising: infusing the pentastarch under
pressure through a dialyzing filter; and conjugating the superoxide

di snut ase to pol yet hyl ene glycol. -17
21.  The method of claim 20 wherein the flushing comprises:

infusing the solution into vasculature of the at least one of a cadaveric organ and tissue;
and

exsanguinating the at least one of a cadaveric organ and tissue.
22.  The method of claim 20 wherein the storing comprises:

replacing blood in vasculature of the at least one of a cadaveric organ and tissue with the
solution.
23.  The method of claim 20 further comprising:

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 asolution with sterile water;

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

mixing superoxide dismutase 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; and

conjugating the superoxide dismutase to polyethylene glycol.
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