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cadaveric organs. An obstacle that may arise in the effort to increase utilization is that
20  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
25  clinicians to assess the donor organ may be crucial to achieving the goal of maximizing the
efficiency of cadaveric transplantation.

The mechanisms of injuries sustained by the cadaveric renal allograft during
pre-preservation, cold ischemic preservation and reperfusion are believed to be complex and
not fully understood. However, it is believed that there exists ample evidence to suggest that

30 many of the injurious mechanisms occur as a result of the combination of prolonged cold
ischemia and reperfusion (I/R). Reperfusion alone may not be deleterious to the graft, since
reperfusion after short periods of cold ischemia may be well-tolerated, but reperfusion may
be necessary for the manifestation of injuries that originate during deep and prolonged
hypothermia. It is suggested that four major components of I/R injury that affect the

35 preserved renal allograft begin during cold ischemia and are expressed during reperfusion.
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20 Solutions for preserving organs are described in U.S. Patent Nos. 4,798,824 and
4,879,283, the disclosures of which are incorporated herein in their entirety. Despite such
solutions, it is believed that there remains a need for organ and tissue preserving solutions
that allow for static storage and preservation, while demonstrating superior quality
preservation of organ and tissue viability and function.

25  Summary of the Invention

The invention provides an organ and tissue preserving solution for machine perfusion
preservation that demonstrates superior quality preservation when compared to existing
preserving media, in terms of organ and tissue viability and function. The organ and
biological tissue.preservation aqueous machine perfusion solution includes a cellular energy

30  production stimulator under anaerobic conditions and an oxygen free radical scavenger.

The invention also provides a preserved organ and biological tissue. The preserved
organ and biological tissue includes a cadaveric organ or tissue within the machine perfusion

solution in a deep hypothermic condition or physiological condition.
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preservation aqueous machine perfusion solution is intended for infusion into the vasculature -

of cadaveric and living donor organs for transplantation. Once infused, the donor organs are

20  exsanguinated and blood is replaced by the solution in the native vasculature of the organs to
return the organs to a normothermic condition. The solution may be used under deep
hypothermic conditions or physiological conditions. The solution remains in the vasculature
of the organ as well as envelops the entire organ during the period of cold ischemia. This
method of preservation allows for the extended storage of organs, tissues, and all biological

25  substances. When the organ or tissue is returned to normothermic conditions, the solution is
replaced with blood or other physiologic media. Variations of this solution may also be used .
for cold storage solution preservation. The machine perfusion solution of the invention may
be used in the same manner and for the same tissues and organs as known machine perfusion
solutions.

30 A machine perfusion 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.
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"20  and Mg gluconate, which are impermeant anions that reduce cell swelling, KH,PO,, which

provides acid-base buffering and maintains the pH of the solution, adenine, which is a
precursor to ATP synthesis, and ribose, which reduces cell swelling during hypothermia. In
addition, CaCl,, which is a calcium-dependent mitochondrial function supplement, HEPES, -
which is an acid-base buffer, glucose, which is a simple sugar that reduces.cell swelling and
25  provides energy stores for metabolically stressed cell, and mannitol and pentastarch, which
are oncotic supporters, may also be added. NaCl and KOH may also be used for acid-base

buffering and maintenance of the pH of the machine perfusion solution.
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A machine perfusion 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 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

10

prepare the solution, where 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 80 mol/L sodium glucoﬁate,

approximately 25 mol/L potassium phosphate, approximately 5 mol/L adenine,

approximately 5 mol/L of ribose, approximately 0.5 mol/L of calcium chloride, and

15

approximately 50 g 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. About 5

mol/L magnesium gluconate, approximately 10 mol/L HEPES, approximately 10 mol/L

glucose, and approximately 30 mol/L mannitol are also added, in any order, and mixed.

20

Approximately 40 U of insulin is also added. Then, in a second step, approximately 25,000
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vascul ar systragifienGadl@¥e pidvidek a nhdtNddBr GRAGH IR MadiSan & biblobieakksayer or

t hrough_an avascul ar bi ol ogi cal substance in order to nmaintain organ or

ti ssue Vhapiethodyineludesmyuring themechins psefusion sofptien artp e¢hemhprdhaitminges 2 ange 10
fromab - ' . ) ndi ti.0on . t.37C, or
roo?n3 tg%%)elﬁgg) g’%g%lﬂi e&\lgﬁﬂg‘%g‘ﬁy°2¥§?%§§é‘g}ﬂceé‘ g]ﬁ‘c "t"%%tn%n %g}gul%@% ﬁ‘?gﬁlasco%ﬁt i on
provi degperffsiorn dvdutiay doatina@siythrauigh 3i6d ¢Hahdar, Ahe mdchif pegfusieh eslatiogis

hydrostatjc and chem cal ch% These ,hi/drostatic and chem cal changes
provi delHuseddn ameshamigal fashag ghitlee Frignial PIOYPRPUS YaSBHIET $Xpieat Ok qRdavsrisad or
tissue i : r ' ' : j 1

I nventi ggﬁl L(Ii ro %1%12@%%1%2@{'1 ngste g oggtrdofrﬁgriog%}/%c a?%%&ctggrr% |Ctsai| é%fg§t§n%e}5]ig-5 er t(t) hat

m m cs aatleap ongamairhissus viald ity duoingeind exovivp pysed| Bgiet@ld tanpératorasemige wher e
the machi ne . perfusion saolution continuqusly circylates through the
chanber ! Oﬁl‘rﬁbogééﬁ‘lﬁsd: ghihrdesn neothegpic 90§8Wt‘?8\ﬂﬁ F‘Wat%ﬁét %ﬁg HePoBe used with
the sol whi b nidcg] e bR ABERANGA LAY U4 ol Rovidb oM feQutiathisgly, f1 ow
and roll er&f I ov?/’ per f Bg%én. ngy;r)b?%gllﬁF)g, t%ﬁgg%lgﬁoa%lfdg Qr)r\élg i ng Hlen\(é;ﬁl?} géﬂgla 20
uni t f opf sdhaticat ater tmednidetsrinmg hydrostatio spbcheatica chadgesr Tams hpdrosatid agi cal

tissues and assette,.. or chanmber,  used t i rcul ate rfusate through
the or ggﬁeémgﬁl %ﬁ%egé’ff%‘}éfle ?P’S&%Pé’és.mk’ ‘?ﬁlg‘?ﬂntl%‘? fhe H@s‘”a&gﬁ%{ﬁgﬁ&%{gmé%h as
pul se pusdecloatLit hREhdsaSBlutnddeHBRYASIBER cofdifib@.i ¢, nean, and diastolic
pressure, and real-tinme flow ce such machine is the RVB Renal

Pr es®r vat i onThsjnyeatiomfwitherprovidesia byrfuseremachins equprisinga chamehef that As
di scussgd, AROV &, Bgﬁ%lﬁér%"ge I tﬁ%?é@h&{s% ; %T%’Igvﬁoﬁn%”é‘n?b%‘étre e %rgﬁ%g_{,n% t he

a)
] W. .
deep hypotherm<c'c tion and are 0 ' r room’tenpera in the

physi ol pegifsidn sodutibnt dontinudiRBy dirtvkitdsithrdugs tHelohbmBer. e} perAstbniiadhiie that
foll owi ng of exanples of the invention, wel | as_ conparison exanples. In
r

all of ProBRARIGAT Ty bR ey Wik Besplidionoacksmehines PRvAPREUEEHE! s and
Preser Vggy HBwhisR RN LA YolRY AGR! i LiBh 2§GpiRARS B/ Mrfilfdn FARHRThaARESN

20  unit for the static monitoring or transportation of organs or biological tissues and a cassette,

or chamber, used to circulate perfusate through the organs or biological tissues. A monitor
displays parameters, such as pulse pump rate, peffusate temperature, systolic, mean, and
diastolic pressure, and real-time flow. Once such machine is the RM3 Renal Preservation
System manufactured by Waters Instruments, Inc.® As discussed above, preferred

25  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 of 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. Randomization

30  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,

-8-



30 was acconplished as an open | abel ed, sequential analysis. Al agents
were added imrediately prior to vascular flush. Data Coll ected The

f ol | owi ngvaonany2 preservati on, and postoperative reci pi enPCDUBCIAIR25Dat a
were collected for either Exanple 1 or 2: donor age (D age, years), final
donor creatinine (D C, -8 WO 02/30192 PCT/US01/ 32025 ng/dL), donor

i nt raopardliy éomnriimtmqpltaqtiue ufin @ytpwti (U/Ocwilg), doddiselmingic ttinme(QIT) Aqur$)our s) ,

(i 100G s s LT o) porhispee 88} FobUioheh Petbtll -y BRMURE). ber fhsate
(RS, e”@bfff‘éam“ﬁﬂﬁ?‘i"%o@ D g G ek ?’Sﬁ“siéi??*eﬁf’léf?’.ﬁf“é‘?ﬁ@ "

di schargzg IealtlL/mm/éo@g tonal Tegisiange dunngﬁ\@(REg @(mL?@@n@Oan recipieii t al

or ontiot oo (B hearb RSBl et el e O Crubs) B R0 R .

del ayedhospial staj/US(g.‘Eafatys)gfrmﬁfédlafelgﬂQﬁ fuaRtioEF, Yetinéd db&ﬂ'm%fpr@diﬁtlﬂﬁed for

dialysis within the first post-transplant, and present function (3
Mo or 1°exgeedingy20 Berlln@wsesths ﬁﬁfﬁ ﬁfl moz;iromr?éwy Sp@@w«t’égéwdtal omafgalt 10

stat us jat 60
beat s poyenR (DO RERNE i KeiEy bRl LIRS PRty nsthuffo

Cor p. , E.tdserﬂlﬁxmtl,onWNMo &el Xey, %)-dalihethass mSuthyor obewaatpisopditdekdraf, NY), or
t he chi ne Perfusion Solution (Storage) (MPS) of the 15 present invention.
Thel®Bel $8MSsol ution, which is also the Control-Bel zer solution, is

descri b%thdb’&fﬁesé%%%t Nos. 4,798,824 and 4,879, 283. The Al bumi n sol uti on
contained, pef liter, 17.5 g sodium bicarbonate, 3.4g potassi um di hydrogen
phosphat e, 1Kidnays wmsmrﬁﬁgd eglhincaat WP QG ard atlo(Bapatsden agnute with clifeHERESof 200K

msul i hOBHP R BRI HPRy A Med Lt | B g OV et v B BiSseach of the

sol uti ompwrshage, Rir6ilays NEY, 6r RRINIAHR% mm% Sblhﬁﬁﬁh (B&frﬁéé? '(MPSWBP!NeneS
(Waters I nstrunents, |nc. (r), Rochester, g@ow

fi x&31- ppessenirieveniien e Fhe Balzemiolwion, whithis %lﬁ@Hte (EQIltltoﬂI@e f fsQlEﬁlQm ipressure, as
needed, Byl 11 PUBT BRI Thg g YRS 1y BB EF L ONLARETS
liter, 17.5 g sodium blcarbonate 3.4g potassium dlhydrogen phosphate, 1.5g glucose, 9g
glutathione, 1.3g adenosine, 4.7g HEPES, 200K units penicillin, 8mg dexamethasone, 12mg
phenosulphathelein, 40 units insulin, 150 mL serum albumin, and 1g magnesium sulfat‘é: In
20  each of the solutions, the kidneys were perfused on RM3 organ perfusion machines (Waters
Instruments, Inc.®, Rochester, MN), which provide a fixed-pressure system that allows
adjustment to the perfusion pressure, as needed. All kidneys were perfused at a systolic
pressure below 60mmHg. Perfusion characteristics (FL, RES, PT, [Na+], [C1-], [K+],
[Cat+], and pH) were measured when the kidneys were placed on the machine perfusion
25  system, every 30 minutes for the first 2 hours of MP, and every hour thereafter throughout the
period of MP. All chemical data were compared to a baseline assay of perfusate that had not
circulated through the kidneys. All perfusion characteristics were standardized to- 100 g of
tissue weight.
Analysis
30 The following biochemical components of perfusate were measured every hour
throughout MP with an Omni 4 Multianalyte system (Omni, AVL Medical Instruments,
Atlanta, GA): [Nat], [C1-], [K+], [Catt], and pH. All biochemical assays were

standardized to 100g of tissue weight. For each measurement, a 0.5cc aliquot of perfusate is



[ Ca++], and pH) were neasured when the kidneys were placed on the nmachine
perfusion 25 system every 30 mnutes for the first 2 hours of MP, and
every howootianeafter throughout the period of MP. Al chenusal320mt a were
conpared to a baseline assay of perfusate that had not circulated through
t he kidneys. Al perfusion characteristics were standardized to 100 g of
ti ssue veivghiromAhapgison Gambee ahelykalbnthe@monihemd 5al aitxbibefon evdisativh
perfusate V\BEQ mea&ﬁured every hour throughout MP with an Omi 4

Mul ti andT4AHR385%08AS- (Omi, AVL Medical Instrunents, Atlanta, GA): [Na+,
[d-], Bb‘a#]stic&l%éiz‘y]m and pH Al biochem cal assays were standardized to
100g of tissue weight. For each neasurenent, a 0.5 cc aliquot of perfusate
is -9 WO 02/ 201 dita RETERSEL 82028 vatiieavwrSHEM amleshethpoviesototh Bdivedinad,

anal yze L 1:-h i,.and is available for evaluation. w.thin 30 seconds.
S at Fot LoRra oS bR uls? y A B e S AaliisOSH VB BeF L o

ot her wi perfopicithy Saiview43ndfivar biLCoride@EBErkEley; APt S were used where
appropriate. Al statistical anal yses were perfornmed by Statview 4.5

sof tware (Abacus Concepts, Berkeley, CA). -10 WO 02/30192 PCT/ US01/ 32025
EXAMPLE | Conparison of selected donor, preservation, and outcone vari abl es
by nethod and type of preservation (nmean +/-SEM 5 n = nunber of
recipients ns = not significant MPS Bel zer-MPS p val ue Donor
Characteristics (n=65) (n+71) (unpaired (Enbodi ment of student's t-test)
Tabl e 3) Donor age (y) 64.1 61.1 ns

-10-



Final serumcreatinine 1.2 1.2 ns (ng/dl) Preservation characteristics
Cold ischemic tinme (h) 29 29 ns Qutcone characteristics Del ayed graft
functi on WO®2/3B925 0.04 1 year function (%9 95 94 ns - 1RCTNOSO22815192

PCT/ US01/ 32025 EXAMPLE 2 Conpari son of sel ected donor, preservation, and
out cone characteristics by nethod of machine perfusion solution (nmean

+/ - SEM: 5 SOD=super oxi de di snut ase- pol yet hyl ene gl ycol (25,000 units/L) SOD

Cont r ol 5 val ue (unpaired (n=57) -MPS (n=140) student’ s t-test)
( Enbodi cteristic 3+/-12
44, 141 - 3l by B PaT S B T el G o B
I ntraop L%Lh“§1#£%ﬁﬁ 450+/-140 240+/-60 0.56 output(m ) Preservation
charactggiﬁﬁgéﬁfm, dischemc tine (h) 23+/-6 23+/-4 0.61 Perfusion tine
(h) 18+/-4 16+4/-5 0.33 CQutcone chggpacteri st g§srMpPS p value

Donor Characteristics (n=65) (nt+71) (unpaired

(Embodiment of student’s t-test)
Table 3)

Donor age (y) | 64.1 61.1 ns

Final serum creatinine 1.2 1.2 ns

(mg/dl)

Preservation

characteristics

Cold ischemic time (h) 29 29 ns

Outcome characteristics
Delayed graft function (%) 15 25 0.04

1 year function (%) 95 94 ns

-11-



| medi ate function (% 85+/-3 85+/-5 Delayed grant function 14+/-3 18+/-4
(%9 3 nonth function (% 95+/-3 87+/ -5 While the invention has been

di scl oseavow/boipef erence to certain preferred 10 enbodi NnRAT/ASOWANEST OUS
nodi fications, alterations, and changes to the described enbodinents are
possi bl e without departing fromthe sphere and scope of the invention, as
defined in the appended clains and their equival ents thereof. For exanple,
al t hougextAaprges ai | ed description may refer, at tinmes, to only organs, the
ternms " ohgpdMsortdlcklecR2ll AMNS, pres@R SURPAA Subhe BAGNBSsticd BySTdRa of MitHink pelyuspar t s

t hat mayolbien (manspdEMYE ed. Accordingly, it is 15 intended that the invention
not be BOPFsupatorids disnmtcdepdyettytede gydo@s.0f@mbis/L)but that it have the full
scope defined by the | anguage of the following clains. -12 WO 02/ 30192

PCT/ US01/ 32025 What we claimiS®D 1. An Or‘%?ﬁ"l@elzﬁi ol ogirvalbe fuppsisese
preservation aqueous machi ne p&Fsion sol MESERTI4Qonpr i sFifgat'sateed] | ul ar
energy production stinul at or (mbdéimeranaer obi ¢ condi tions; and 5 an oxygen
free radi cal scavenger. 2. The&Tawed)i ne perfusion solution of claiml
wherein the cellular energy production stimulator conprises insulin. 3.
The machi neppgk Cushatrissed uti on of claim1 wherein the oxygen free radical
scavenger conprises superoxide disnutase. 10 4. The nmachi ne perfusion

sol ution of pgloaifyyd Wherein thegsgyperoxi de diygmit ase conjugaies to
pol yet hyl ene glycol. 5. The machi ne perfusion solution of claim1 further

conprising sodidin glicanate, KHZPO4, magnegigyg gl uconate, gdenine, and
ri bose. 6. pyrachine perfusion solution of claim1 further conprising
Cadl 2, HEPES, 15 glucose, nmannitol, and pentastarch. 7. The machi ne

perfusion sqlLflofeQfineCl @l M 1idourisher conprigdng, Nad and Kgkg

output(ml)

Preservation

characteristics

Cold ischemic time (h) 23+/-6 23+-4 0.61
Perfusion time (h) 18+/-4 16+/-5 0.33
Outcome

characteristics

Immediate function (%) 85+/-3 85+/-5

Delayed grant function 14+/-3 18+/-4

(%)

3 month function (%) 95+/-3 87+/-5

While the invention has been disclosed with reference to certain preferred
10 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, to only organs, the terms “organ” and “organs”
encompass all organs, tissues, and body parts that may be transplanted. Accordingly, it is
15  intended that the invention not be limited to the described embodiments, but that it have the

full scope defined by the language of the following claims.
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8. The machi ne perfusion solution of claiml1 wherein the cellular energy
production stimulator conprises about 10-100U/L insulin and the oxygen
free radivwab2/3oaxyenger conprises about 1,000-100, 000 U LPEeTp8Iinizie

di snut ase, further conprising: 20 about 40-160mM sodi um gl uconate; about
10- 50mM KH2PO4; about 1-15nM magnesi um gl uconate; about 1-15nM adeni ne;
about 1Wigwmerddainsis; 25 about 0.1-2nM Cad 2; about 1-30nM HEPES; about

1- 30nM gl ucose; out, .10- 100mM manni t ol :  and about 40-60g/ L nt ast ar ch.
3000 e mmanorBepdydSelarEh PR Bion Al en R Ritine SRR soBERHS: “ner gy
product cemprisihg:mul at or conpri ses about 30-60U/ L insulin and the oxygen free
radi cal scavenger. conprises about 10, 000-50, 000 U L superoxi de disnutase,
further conpaicglihﬂgr: SISEDRIOGeLPDGHVUARN Undepanaeiohia @nditigs and20- 30mvV KH2PO4

-13 02/ 30 / . ut 3-8mM nagnesi um gl uconat e; about
oG R Rt

3-8 adenin about 0.3-0.8nM CaCl2; 5 about 8-15nmM
HEPES; 2aboufTh8snibbhilt pktfasise solatiauidf dlanbDwbreanthe cellylacadrgyadrodiictidn- 559/ L
pentastarch. 10. The machj ne perfusion solution of claim1 wherein the

cel | ul afBRBIYFOBPHERSANSWM- 10 stinmul ator conprises about 40U/L insulin and

the oxygen freenlRRhE BbrfESaY S51866n SATRN & Berein the oxygen free radical scavenger

comprises superoxide dismutase.

10 4. The machine perfusion solution of claim 3 wherein the superoxide dismutase
conjugates to polyethylene glycol. ,
5. The machine perfusion solution of claim 1 further comprising sodium gluconate,
KH,PO4, magnesium gluconate, adenine, and ribose.
6. ‘The machine perfusion solution of claim 1 further comprising CaCl,, HEPES,

15  glucose, mannitol, and pentastarch.
7. The machine perfusion solution of claim 1 further comprising NaCl and KOH.
8. The machine perfusion solution of claim 1 wherein the cellular energy production
stimulator comprises about 10-100U/L insulin and the oxygen free radical scavenger
comprises about 1,000-100,000 U/L superoxide dismutase, further comprising:

20 about 40-160mM sodium gluconate;

about 10-50mM KH,POy;
about 1-15mM magnesium gluconate;
about 1-15mM adenine;
about 1-15mM ribose;
25 about 0.1-2mM CaCly;
about 1-30mM HEPES;
about 1-30mM glucose;
about 10-100mM mannitol; and
about 40-60g/L pentastarch.

30 9. The machine perfusion solution of claim 1 wherein the cellular energy production
stimulator comprises about 30-60U/L insulin and the oxygen free radical scavenger
comprises about 10,000-50,000 U/L superoxide dismutase, further comprising:

about 60-100mM sodium gluconate;
about 20-30mM KH,POy;

-13-



about 25,000 U L superoxide dismutase, further conprising: about 80nM
sodi um gl uconate; about 25mM KH2PO4; about 5nmM magnesi um gl uconate; 15
about 5mwadzsiipe; about 5mM ri bose; about 0.5mM CaCl2; r@boee1/3e02sM HEPES;
about 10nmM gl ucose; 20 about 30mMM nannitol; and about 50g/L pentastarch.
11. The machi ne perfusion solution of claim1l Ru-ther conprising at |east
one -of disti kbed 3-8mMemagnedivgeglondneésd water. 12. A preserved organ or

bi ol ogi cal tigsLﬁ(é mr' sing at |east one of a cadaveric organ 25 and
tissue withi A°THe i EmSErfusion solution of claiml in at |east one of
a deep hypotba&itBigmepisisei on and physi ol ogi cal condition. 13. The
preserved organ or biological tissue of claim1l2 wherein the nachine
per f usi on sé\’QRtioénOJS@M%aﬁ%d t hrough vascul ature of at |east one of a
cadayeric or I_'S\{':ﬂgﬂ r organ, and tissue. 30 14. The preserved
orgg% or bio ogltga# |ss%gﬁg’f claim 12 wherein the machi ne perfusion
solution is abdutSebnaMetiuaset hr ough an avascul ar bi ol ogi cal substance to
mai ntai n vi abj Iitg of the at_ |east one of a cadaveric organ and tissue

during an ex2R9Wd pdmMananpgfol;#ad preserved organ or biol ogical tissue of

claim 12 wheggln 46t en . h herm c condition conprises a tenperature of
about 2-10C. -1“9( V\%%ggygu'ﬁ%ﬁ%l US01l/ 32025 16. The preserved organ or

bi ol ogi ¢@l t Ths mechihe pkrfision Solufiar ef dlaitrhkwhbre#i the ogliulad energynutbdiction

co i ses enper at ure of ut 37C. 17. A perfusion machine conprising: a
Chabber Sendllcrehrpgseh b RLARt il ad i bb beh AL SR ohe ORoang
about 25,000 U/L superoxide dismutase, further comprising:

about 80mM sodium gluconate;
about 25mM KH,POy;
about SmM magnesium gluconate;
15 about 5SmM adenine;
about 5SmM ribose;
about 0.5mM CaCl,;
about 10mM HEPES;
about 10mM glucose;
20 about 30mM mannitol; and
about 50g/L pentastarch.
11.  The machine perfusion solution of claim 1 further comprising at least one of distilled
water and deionized water.
12. A preserved organ or biological tissue comprising at least one of a cadaveric organ

25  and tissue within the machine perfusion solution of claim 1 in at least one of a deep
hypothermic condition and physiological condition.

13.  The preserved organ or biological tissue of claim 12 wherein the machine perfusion
solution is infused through vasculature of at least one of a cadaveric organ, living donor
organ, and tissue.

30 14.  The preserved organ or biological tissue of claim 12 wherein the machine perfusion
solution is infused over or through an avascular biological substance to maintain viability of
the at least one of a cadaveric organ and tissue during an ex vivo period.

15.  The preserved organ or biological tissue of claim 12 wherein the deep hypothermic

condition comprises a temperature of about 2-10°C.
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5 physiol ogi cal environnent; and the machi ne perfusion solution of claiml
that continuously circul ates through the chanber. 18. The perfusion

machi ne o¥oeraitm 17 further conprising: a unit for staticraDuSedE202sg of at

| east one of an organ and tissue. 10 19. An organ or biological tissue
preservation aqueous machi ne perfusion solution conprising: about

1, 000- 106, 0006 presenyed oxgad @r Hicdogitad siesue odlotairh 120vHDEbIthe psislagical about

40- 160nmM s(f)di um gl uconat e; 15@85%0{7?@50m\/| KH2PO4; about 1-15nmM rmagnesi um

gl uconaf¥AriheARPIISC] B AFPREIRHT 1- 15nMM ri bose; about 0. 1-2nM

Cad 2; 120 ahopdribiosQninifcReripraeut 1-30mM gl ucose;  about 10-100mM
manni tol ; about 40-60g/L pentastarch; and about 700-900nL sterile water.

25 20. A net heharhber thatewisrios aideashonsr efardesp hppatheryiic ahvitdngmnearonpr i si ng:
pourgng er fusi.on dﬁm ution into a chanber that m mcs at | east

A chi ne £
one of R ysg'gg%lcﬂyeﬁgirﬂlgpﬁqca% vi ronment and physi ol ogi cal environnent, the

nmachi ne perf usiMachiiedpeifusion sRIEBH o tRMEN & 64 lcbitifiousyRIdlaks @dbEdH @8
stimul at or under anaerobic conditions and an oxygen free radical

scaveng€&hami®y. cjr cul at ing the machine perfusion solution continuously
1 ouat e SheRBten WRSRLL PR 1 SRk o lng, Coon Sy € orgen et
and tissue wathittfhiestatichomieorgrdfusieast ons of b ban and #dsueThe net hod of claim
20 \1/\61er ?i9.n t ?@1 Jrzl;gnsgri bnio o(éi%a triSiSISlee Sr:eservation aqueous machine perfusion solution
comprising:
about 1,000-100,000U/L superoxide dismutase;
about 10-100U/L insulin;
about 40-160mM sodium gluconate;
15 about 10-50mM KH,POy4;
about 1-15mM magnesium gluconate;
about 1-15mM adenine;
about 1-15mM ribose;
about 0.1-2mM CaCly;
20 about 1-30mM HEPES;
about 1-30mM glucose;
about 10-100mM mannitol;
about 40-60g/L pentastarch; and
about 700-900mL sterile water.
25 20. A method for preserving an organ or biological tissue comprising:
pouring a machine perfusion solution into a chamber that mimics at least one of a
deep hypothermic environment and physiological environment, the machine perfusion
solution comprising a cellular energy production stimulator under anaerobic conditions and
an oxygen free radical scavenger;
30 circulating the machine perfusion solution continuously through the chamber;
inserting at least one of a cadaveric organ and tissue into the chamber; and
flushing the at least one of a cadaveric organ and tissue with the machine perfusion
solution. .

21.  The method of claim 20 wherein the flushing comprises:

-15-



-15 WO 02/ 30192 PCT/ US01/ 32025 infusing the solution through vascul ature
of the at | east one of a cadaveric organ and tissue. 22. The nethod of

cl aim 20 wheraitm t he flushing conprises: infusing the sol BCT/WRO1B2625 Or

t hrough an avascul ar bi ol ogi cal substance of the at least 5 one of a
cadaveric organ and tissue to maintain viability during an ex vivo peri od.
23. The net hodusifig theabhutian tHromghhreascdotups oStha gt leavone of & ngylapaniaoehensd of t he
at | east. one of a cadaveric organ and tissue. 24. The nmethod of claim 20
further "fprisi ng: exsanguinating the at |east one of a cadaveric organ or

tissue; 2and e FRBAGIRGIhH PO WResh e PehitisdMpries:ution with at |east blood
to return the at | east one of a cadaveric organ and tissue to a

nor not her i cindesiel the snlutios ovex arglrengh e ayaseyar binkpsial wbgtancent the af logstcal

tissue preservation nmachi ne.perfusi.on. solution.conprising..providing a
ot ofict e R RSO iR Pin Rhthy SO RR A Sl Gl er - 12 7
addi ng g9di uTh@hiéaRAIfRlaiAQDIE]hetVoppEiSMIat €, adeni ne, ribose, calcium
chloride, pentastarch, magnesi um gl uconate, HEPES, glucose, mannitol, and

insulin to tmendering pasametersnd thg atilerst engpel psadaecrts iR aldissyg. o t he
solutiop, 2k e%@&oq%tft&%%n% poan-To)y ﬁlgnfs{ﬁrt her conprising: 20 m xing the
P a conp qressied.

sol ution ‘unti onents are 27. The nethod of claim?25
further conpexsahfighatingftis htigast bee pentalavaichrgimdetisspe;emgur e t hrough a

dialyzing filter; and conjugating the superoxi de dismutase to pol yethyl ene
gl yE®I . - 16 replacing the machine perfusior solution with at least blood to return the at least one
of a cadaveric organ and tissue to a normothermic condition.
25. A method of preparing an organ or biological tissue preservation machine perfusion
solution comprising: ’
providing a solution with at least one of distilled water and deionized water;

15 adding sodium gluconate, potassium phosphate, adenine, ribose, calcium chloride,
pentastarch, magnesium gluconate, HEPES, glucose, mannitol, and insulin to the solution;
and

mixing superoxide dismutase into the solution.
26.  The method of claim 25 further comprising:
20 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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