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The invention provides an organ and tissue preserving solution for machine
perfusion preservation that denonstrates superior quality preservation when
conpar ed wo oesodki ng preserving nedia, in terns of organ RI/U$KSUES
viability and function. The organ and biol ogi cal tissue~preservation
aqueous machi ne perfusion solution includes a cellular energy 30 production
st i mul atThese irmthrdendethelidl ¢njasy) dukiocyts seqdstaationy ylgestet falkesiorpahididatressedvenger .
The invention al so provides a preserved organ and bi ol ogi cal tissue. The
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tissue. Thi s method i ncludes pouring e m perfusion solution into
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According to a preferred enbodi nent of the invention, an organ and

bi ol ogi cal tissue preservation nmachine perfusion solution containing

super oxi G0 di/3uret ase in the preserving 10 sol ution signifPCEAISPY3I202Dr oves
vascul ar resistance, vascular flow, and calciumefflux during the organ
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PCT/ USOl/32U25 In a preferred enbodi ment, the organ or biol ogical tissue
pr eser v HXIRESHPeTaxide disnayiass 18t9the ARGl udes, but is not linmited to:
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| 0. 15 2mVHEPESn latec@ GanivEiwithothe invention, the organ and biological tissue preservation
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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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t he conpenengingpesitidse Preforbey, thd dupsioridel dsnmthsris conjafatedtodictydthylett andl or
dei oni zed water. For exanple, to prepare the saolution, approxinately
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accordingly. .l n the nost, preferred enbodi nent, the follow ng are added, in
iy or d@PHYS e B SRR i GO HSCAET SR SBCIH Y fe PEtvod | n t he
sol ution: appfQxidiRg &Ja% 13frfEl thoaflin BF HeUn RRRbE, m@&g&%mbﬂeg?/cyﬁgssﬁe: 'L

pot assi um phosphat e; roximately 5 nol /L adeni ne, approxi mat nol / L
of ri bogegsemyation xiachine pyrfosion selbifién cdntainingisuperotide distwitasam thePpreserving

[ ]y 50. dified tastarch. Th dified t.ast h i
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by i nf U&hé‘@rgraﬂgrd%&%ﬁ&{ Férfda. UNRShhiBitRh B ehlcRinP Sk Dvbi ViR dkidnéysal yZi ng
filter wwitha bore size of about 40-60 kDaltons. About 5 nollL ‘nagnesi um

gl uconatreeserysdboxhempnopbsedisolution/suggdEpRmt, mmddiicnte vajopctive effectsl agl ucose,

and appr.gxi el | /L mannital.are.also added,. in any. order. .and

i xed: 20RR Csrtontteliye Ao GRAPpRei R Forft My mtydribibin HiefotatBR cong
step, apsshexidmeyyTEe BRfroveMEibale3bQantRER MshitlcARAIL2Ey ystbvediper oxi de
di snut ase, which Is conjugated to pol yethyl ene glycol, is added to the

sol dfi orfPpaasanceiof sitoghendsiads paoxmebtufalar edliscopwared\e mytaghondia frem Kifdneyh
method 1ok sl HRhE Brboofed RRERE 1 0 O Ol ution Phto a chamber that
Gl Teul ating.the. maehine. Dot s on sol Ut on eon L nuoust .t arstan. L e and
chanber _usch@ Loy %%@?rl?qs@asm SQBNE’PF-O‘%F% v gn? %%‘E(Nqsn“é%sé%é‘gﬁ +819:28%hi on
t hrough Fo?%xﬁ?%lg,re &Ofﬁér QnpURBRY tha gﬁ?'ﬂe%’iﬂﬁé’@fnﬁﬁé agu&@gg&ﬁm}epsgg@ 'gmic&gatéionor

organs, or iIn over “or through”an avascul ar bi ol ogi ca nce in

or déf t enddgghiconabe, gehiclparetimpsmecant @bons thgt rddudercgl! swellimg, KHxPOaewhich.

Preferr %go{[rigeragp ﬁgcﬁ{)gsre %ffeﬁrqg g.nd 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.



10 from about 2-10C in the deep hypotherm c condition and are about 37C, or
roomtenperature, in the physiological condition. Use of this solution
provi des W@e2/30h® serial assay of solution over tine to dePEF/HISNE3202S
hydrostati c and chem cal changes. These hydrostatic and chem cal changes
provi de a nmechanismto determ ne the functional viability of the organ or
ti ssue once Inta praferied embodimem,glie prgaploy biobdgicl tismmrpdeseination nifshifiee
invention.further. provides, a.perfusion machi ne conprising a chanber that
mimi cs BETHSER Sﬂﬁ‘ﬁ’t‘}ﬁﬁ‘é“;jﬁe@ %‘ﬁd??%‘d%lmd Br physi ol ogi cal environnent, where

t he machi ne perfusion solution contipyeg!y circul ates through the chanber.
Any perfusion machine that is known in the art may be used with the

* sol ution, includijng machi nes providing pulsatile, ow flow, high flow, and
roller flow perfusion. T E)i cally, the perfusion nmachine includes a 20 unit
for the static rmrﬁf’MPQ\é BYONr anspor t af iAYTQINEAYhEIBERD ol ogi cal tissues
and a cassette, gr—charber—usedto—cirgul-ateperfusate—through the organs
or biol ogical tigsREUmMATlHeanatesr di spl ay4O0p0adt ers, such as pul se punp
rate, perfusate t|eHeP@f ure, systolic, maamsOnavid di astolic pressure, and
real -time flow ( h chine is the nal Preservatiop System
manuf act ured by V;ﬁgr(?ﬂg?{&glunents, I nc. liggrﬁ]lﬁgcussed above, preferred 25
t enper at ur es r angeAdendmg about 2- 10C i n {HelxeMp hypot hernic copdition and
are about 37C,  or| ppgse tenperature, in §hejfpysi ol ogi cal condition. The
invention is furth@r expl ai ned by the foll OWwR/g of exanpl es of|the

i nvention, as wel|l %@%orrpari son exanpl ¢d:1-¢ 11 of the exanp|es, kidneys
were procured frgrsfBBBSt beati ng donors |dmbm¥eserved in a | abpratory by
col d storage preg i.on. Random zati on acconpl i shed as an open

| abel ed, sequenti S‘F’M‘gzﬁﬁl ysis. Al agents lﬁ%&ﬁ;dded i mredi ately prior to
vascul ar fl ush. Il ected The fol | pW0r@OsdMor, preservati pn, and

post operative redipimdstareit come dat a wer eocgdgected for either| Exanple 1 or
2: donor age (D gjgl ears), final donor 1<r6r @:/QI ne (DCr, -g | WO

02/ 30192 PCT/ USOL/ 5'6‘ ng/ dL), donor int é‘g@ tive urine output (UQ
rnL), cold i schenisuperomdd Bisfutdsour s), pdrGadsitd0a0Use (PT, houfs),
perfusate [Na+] (|ndfLs perfusate [C ! 100g), perfusate [K+]

(MM 100g), perfusate 1;%%2?3 (PM-100g) ?Dbgg% pH—renalflolv duri ng MP
(FL, nlL/m n/100g), renal resistance during MP (RES, mmHg/ (mL/ m n/100gq),
recipient 5 age (R age, years), recipient discharge creatinine (R Cr,
ng/dL), initial length of recipient hospital stay (LGS, days), inmediate
graft function (IF, 9% defined as urine production exceeding 2000 m,
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-transplant, and present function (3 M or 1 Yr., % defined as 3 nonth
or one year post-operative graft 10 status. Method of Presewati o~a Ki dneys
were perfused en bloc at 4C and at 60 beats per minute with either 1 liter
of UW MPS (Bel zer-MPS, TransMed Corp., Elk River, MN), Belzer I-Al bumn
(Suny Downstate, Brooklyn, NY), or the Machine Perfusion Solution (Storage)
(MPS) of the 15 present invention. The Bel zer solution, which is also the
Control -Bel zer solution, is described in U S. Patent Nos. 4,798,824 and
4,879, 283. The Al bum n solution contained, per liter, 17.5 g sodium

bi carbonat e, 3.4g potassi um di hydrogen phosphate, 1.5g glucose, 9g
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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



-13 W O 02/ 30192 about 3-8mM magnesi um gl uconate; about 3-8nmM adeni ne;
about 3-8nmM ri bose; about 0.3-0.8mM Cad z; 5 about 8-1SnmM HEPES; ' about
8- | SmM gWwoeansger9zabout 15- 50mM mannitol ; and about 45-55g/#CTpestiasdar ch.
PCT/ USOL/ 32U2S 10. The machi ne perfusion solution of claim1l wherein the
cellul ar energy production 10 stinulator conprises about 40U/L insulin and
t he ox)lgeﬁsﬁpeﬁncideadibmatass,o;dﬁdng&bnjugmpd tepslyethplete BlycODG ddded suther oxi de

di smut ase, . futréngﬁr r| si,n aboyt §omv| sodi um gl uconat e; about 25mM
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physi ol ogi ca] condition. 137 The preserved organ or biological tissue of

cl ai m 12 ined mechnmiorh Hishion tlp@uglu&e@:tesdl artvienensi vas¢uidn systgmt afrcgdayigric or

! Seuo MBS aGHor M in RO Sy G AP ad bR B8 TG
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bi ol ogi cal substance to maintain viability of the at | east one of a

cad@verfrem gbejaird- HRE inithsdeep diyppthgroain cenditipn andareiabept 375C, orHeomyr eser ved

or 92 ey aREEple R 518 S 5 RS AR AL T ey

PCT/ US(olffbbBli‘iﬁﬁ over time to determine hydrostatic and chemical changes. These hydrostatic and
chemical changes provide a mechanism to determine the functional viability of the organ or
tissue once it has been returned to physiologic conditions.

15 The invention further provides a perfusion machine comprising a chamber that
mimics a deep hypothermic environment or physiological environment, where the machine
perfusion solution continuously circulates through the chamber. Any perfusion machine that
is known in the art may be used with the solution, including machines providing pulsatile,
low flow, high flow, and roller flow perfusion. Typically, the perfusion machine includes a

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, pei‘fusate 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-



16. The preserved organ or biological tissue of claim12 wherein the

physi ol ogi cal condition conprises a tenperature of about 37C. 17. A
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perfusion solution of claim1 that continuously circul ates through the
chanber mgi#.), diner perabperative nmohoutputd)/Q) miLn cdi fschrenhie tinwo(@iT) lsdurg), a uni t

o gan opeBrbrge G hostesreas IV ER e leb aeihelritis! GBI 198 cor it on
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i nsulin; about -160mM sodi um gl'uconat e; 15 about 10- SO"M KHzP04, about
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t hrough the chanber; ' inserting at | east one of a cadaveric organ and

ti skle $AS the chamber; and flushing the at |east one of a cadaveric organ
and tis ] hi ne perfusion solution. 21. The nethod of claim 20
wher ei nﬁi{éﬁ'eo\%%g%léﬁﬁd@gnpri sbs. ~15 WD (12/3U192 PCT/ USUL/ 32025 i nf usi ng
t he sol ut i onKidiregsiglressesfiudediten ibioodt 48Q andihit 0ctsats pen eninfite avittosltheel licer@fgan

[ . Th haod of c¢l ai ' he f hi [ :
o A e it AR A0S, ShO, et BB ROE L5 o
the at HeasbtaR, BP&‘ok‘P;‘fn, ?{}%?Q@%%M&hﬁfe%?ﬁ%ﬁ JohRRMEStRa g (PR) Br Mleabi 11ty

during an ex vivo peri od.
15 present invention. The Belzer solution, which is also the Control-Belzer solution, is

described in U.S. Patent Nos. 4,798,824 and 4,879,283. The Albumin solution contained, per

liter, 17.5 g sodium bicarbonate, 3.4g potassium dihydrogen 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 sulfate. 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+], [Cat+], and pH. All biochemical assays were

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



23. The nethod of claim 20 further conprising: nonitoring paraneters of the
at | east one of a cadaveric organ and tissue. 24. The nmethod of claim20
further weneriosiang: exsangui nating the at | east one of a REHHNE/F28250r gan or
tissue; and 10 replacing the machi ne perfusion solution with at |east blood
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nor not héramindrano tieh peirfusion2hamBemyendlpzeddfy the €yawi any iz avatapbnfooevdlnailongi cal
ti ssue g{r@se vation machi ne perfusion solution conprising: providing a
sol ut i oMt %FO1%ast one of distilled water and deioni zed water; 15
addi ng segis ghapapate, potassium phosphate, adenine, ribose, calcium
chloride, pentastarch, nmagnesium gl uconate, HEPES, glucose, mannitol, and
insulin to tAd detd areireportedas mear ivalyesh SEM unltss etherwisearased. nPasrediaadsol ut i on.
26. The nethod qf ¢laim25 further conprisi.ng;, 2 1.Xi,ng ;t he solution until
211 Tonfsonmitt stupns ™ FloSh hecibes Joers SR ERAAR A ot BRIl e
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filter; and conjugating the superoxi de disnmutase to pol yethyl ene glycol.
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; <B=>?] ??] @@ARAAB| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
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rbrb& () wdo28@9pb& ()-c045}[ <1@ 10b= PCT/US01/32025

10%8& ()-! fy&IA0%b& ()-g! Xy&Yd0% br b&' () - gy&YA0%s& () - g! Xy&¥A 0% r & () - gsnib
109P& ()-Y567CS3mN 10%@& () - 9S10%@&' () - " 10%@& () -

10%@E ()-" 10%@& ()-&10%@& ()- 10b 10b5AJEMN

10%@ $10% b f F" 109 F'109%@& ()- 109 ()- $10%a& 1
10%@ $10%ek 0} 10%ex ()- (- 0 ()- ss 0-{g

00/@ &#ﬁt isen of gelecirg ganary Rresghr A ingBnd Optoopp YRHRPIEY ypmethod R Pt STPFOSeTTRIigR: () - 1
B 10% 10@ 10@ 10@ = :
10ty 2 5$10% & - #10% YA 0% () - )} #H##YSELIEYNC
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10% m' 1 (V ' 10‘V@L O)-1 #10‘V@LN£P)S- Gl10 /@‘Bél}er-MPS pvalue
" 10%@: () - 109GGnde) cfidelebild ) GEYNC G0 | @LO%gEA) - |
109 () & 1098 () SROORR () - go/ ,% YFORLOYGE () - ) )ebdini o 4@YNG 10%
/109 () - &F. 3" 10%a& () - $10‘V@4 /@L ()-$310%& ()-##10%2& ()-,,,,.,,
+-_-bC 100M QY& () 10%& ()-1 10%; V) - s100& {)}- 10@

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-



10@ 10@= 10%@& ()- _-g-i-U----- KQRC 10%& ()-f 109%& ()-f 109%& ()-f
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10%<& ()-f 10%& ()-P.X. b.c.x....u]COF f 10%& ()-& 10%& ()-)f
109%& (kxNMPLE 2

Comparison of selected donor, preservation, and outeome characteristics by method of machine perfusion
solution (mean +/-SEM)
5 SOD=superoxide dismutase-polyethylene glycol (25,000 units/L)

SCD Control-Belzer p value (unpaired
(n=57) -MPS (n=140) student’s t-test)
(Embodiment
of Table 3)
Donor Characteristics
Donor age (y) 38.3+/-12 44.1+/-5 0.72
Final serum creatinine 1.0+/-0.4 0.8+/-0.5 0.45
(mg/dl)
Intraoperative urine 150+/-140 240+/-60 0.56
output(ml)
Preservation
characteristics
Cold ischemic time (h) 23+/-6 23+/-4 0.61
Perfusion time (k) 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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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,PO,;
about 1-15mM magnesium gluconate;
about 1-15mM adenine;
about 1-15mM ribose;
25 about 0.1-2mM CaCl,;
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,PO,;

-13-



109868& () - 044$5t 556p6| [: @ , 2Z940%&' ()- 01098& ()- .1098& ()- L-1099& ()-
+: 1 1090& ()- *CULOYE ()-p66' 7W77*8+8, 8- 8| [ NAAL109A0940% F: IA098E () -

8! 10908’ WO 0F3NMAE ()- f5"10%4& ()- 3G 10984 () - - 898.J888 PED|USH NI
3"1090908& ()- f 109990& ()- 10999%& ()- 1099%& ()- ! 1090%& () -
910909®& ()-99M ; <B=>| [ : NA410 9, #10%09@& ()- " "1090%& ()- , #109@%0& ()-
“ys! 1099908 @hout 3EHIVERMERIeSIm jum ZHEEMESOE () - >?] 72] @ [ : NA410 Y. 109990& () -
L %1090YB& ( %1 09999 "1 1099908 () - @M' 10%9%9&' () -

" $$1090908 M"é NA410 8109090& ()- 6 10909%& ()- " 4& 1099%& () -
93F" 100/<90/<9&' fDout 3 LOURYRG() - / 109990& () - BB7C, C<C=C>CICYOv U4 | 109RI&E&: () -
" 109RIRE () - 1090/@1090/@109%9 = 109990& ()- S:Z"109098& ()- 9

- 1099998& () - YOREY PRFFBMM GACL; 1098988 () - 1098988 ()- 10%BY&S& () -

Z#1098Y&& () % #1098$8&& () - F>GECEHHA | [ vU4 s! #109R9&& () -
| 10789&&’ () - wﬁ%%éﬁéﬁ%% ES; “loveoge ()-  10%%&& () -
109R9&&: () - Ohisud 3FsknMa| dludeled; Y. @FLOYBIRR: () - s, &10%%&' () + 109RY&RS&' () -
y) 109%89&&' ()- ':! 10%RI&& () - s$3cyaocy&cy&& () - - LELLLZMVMVE Y8+4108%& =
109R9RS’ () - - Aot 06@ 0 mannitgh @9does’ ()-- s6: ! LOYRIRSE' () -

A@10YRYERS! ( % N'NbAA10&YE O 10990 ()- 10006& ()-
| T0988& () - %‘%%@g%a‘ g‘ég%i%%r & () - 108%&10&9&" NpNNOOOOO! O obU40&

1098& (16.1096hO MMERR peksiBREoltion dOXBRMEI (heredd HRWAEIaL dnergy gafm@f&n( ) -
| 00O OOOBPYP{ Z>bU40& s Y10% & () - @ 08$10% & () - o*&$10%:c&'
t &$hQomsTRYIEY orn@r&mwb&umﬂwbm é)thwmgsw ﬂmdmbé@am compHiges,

¢ ()~ GEAI MR Uit Bl RS ()6 viow & () @3

Y10% & () - @ abe BOUM sodiiy PsRARRP_?bU40& s Y10% & ()-@ Y10% & ()- @ Y10%
& ()-@ Y10% & “& %? YlO% & () - @PPPPPPI HhU40& #3YYs Y10% & ()- @ Y10%
& ()-@ Y1098 sl () - @3YPPPPPPPPgGH4s Y10% & () - @

about 5mM magnesium gluconate;
15 about SmM adenine;

about SmM ribose;

about 0.5mM CaCly;

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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about 10-100U/L 1nsulin;
about 40-160mM sodium gluconate;
15 about 10-50mM KH,POy;
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:
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51 pentastarch, magnesium gluconate HEPES, glucose, manmtol and insulin to thesolution;
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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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