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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
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Hypot herm cal | y-i nduced injury to the endothelium during preservation may
lead to drastic alterations in cytoskel etal and organelle structures.
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met abol i sm may occur. These changes may be marked by the rel ease of cal cium
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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

25  preservation of organ and tissue viability and function.



deep hypot herm c-environnment or physiol ogi cal environnment, where the
machi ne perfusion solution continuously circul ates through the chanber. 15
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cadaveri c and living donor organs for transplantation. Once infused, the
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stabilizing, platelet aggregation prevention upon reperfusion, and complement activation
30  inhibitory properties, a nitric oxide donor, and a glutathione-forming agent. The organ and
biological tissue preservation machine perfusion solution is intended for infusion into the

vasculature of cadaveric and living donor organs for transplantation. Once infused, the donor
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reperfusion, and prevent the production of such radicals during cold ischemia. |

Compounds that form glutathione (glutathione-forming agents) are also components
30  of amachine perfusion solution of the invention. One such compound is n-acetylcysteine.
Glutathione (GSH) is synthesized from L-glutamate, L-cysteine, and glycine in 2 ATP-
dependent reactions. The first reaction, known as catalyzed bygamma-glutamylcysteine

synthetase, is effectively rate-limited by GSH feedback. The second involves GSH
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A machine perfusion solution of the invention may also contain components typically

used in known machine perfusion 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: sodium gluconate

and Mg gluconate, which are impermeant anions that reduce cell swelling, KH,POy, which
20 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
provides energy stores for metabolically stressed cell, and mannitol and pentastarch, which
25  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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W O 02/ 30193 PCT/USO1 /32026 The invention is further explained by
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system every 30 mnutes for the first 2 hours of MP, and every hour
thereafter throughout the -10 WO U2/ 30193 PCT/ USOL/ 32026 period of M.
All chemwealo2/davd were conpared to a baseline assay of pePCHg&#0y3208@t had
not circul ated through the kidneys. Al perfusion characteristics were
standardi zed to 1Q0 g of tissue weight. Analysis 5 The follow ng

bi ocheni cal doapwstpreteresdd epahvadisentctheorganroebmlogdaldissueprasavationmeashireut VP

w th an i. 4 L tianal.yt yst .Omi, AVL Medical Instrunents, Atlanta,
GA) : [NB%ESI?EQIY‘;&,‘OI[Rgﬁdgf"é&-aé]@?g] 3" Al bi ochemi cal assays were

standardi zed to 100g of tissue weight, For each neasurenent, a O Scc
al i quot of perfusate is drawn fromtﬂ‘@blfe?fusi on chanber, anal yzed by the

Omi, and is avai ' {Uatrion TO ‘ W Statistical
anal ysis Al data mﬁrli-e(;;ﬁ()lr’lggy as_nmean v mdgbjrw%g?\[/liun ess_ot harw se not ed.
Pai red and unpai r e8odluntl€hicosatt- t est s wef Appioe@Onmiir e appropri gte. All
-statistical analyses were perfornmed by Statview 4.5 software (Abacus
Concepts, Berkel ey KIBRPs 15 EXAMPLE 1 Conapio¥@im¥ sel ect ed dgnor,
preservation, and riables by nge ype of presarvation
(mean +'-SEM n = m@gﬁ%ﬁ%r eci pients nskggrg’éfswghni ficant MPSBel zer- MPS p
val ueDonor Char act e(defifneCs (Nn=82) (n=80) (MppixrsesifEnbodi ment of{student’s
t-test) Tabl e 3) Donpor age (y) 62.864.2 nsFinal serumcreatinine|(nmg/dl)
1.21.1 ns PreservailRibosecharacteristics CoAgpiosmeMi c time (h) 28 27 ns

Qut come char act er %(fs Del ayed grant fungti on (9 121 0.03 1 yr.
function (% 95 95 20 -11 WD 02/ 30193PRPK (e 2026EXAMPLE 2Conpar i son
of sel ected donor| gpgservation, and outcapgoshanagt eristics by method

of machi ne perfusi pn sol ution (nmean +/-SEM 1=prost agl andi n El{(500ntg/L)5
NTG=Ni trogl yceri n| (Bagpsk) PGEl NTGPCGEl+ ptoxdlOmM val ue(n=1S3)
(n=50) (n=48) Bel zer _unpai {ed(Enbodi ment - ipstu%%nt' s t-of Tableg 3)(n=140)

test) Donor Char ac ™ML} cs Donor age (y) PPYRS E¥un creati nine (mg/dl)
I ntraoperative ur{pg autout (m) Approx 50g/L
Prostaglandin E1 Approx 500mcg/L
Nitroglycerin I Approx Smg/L
N-Acetylcysteine Approx 1mg/L
Sterile Water Approx 800mL
5 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 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 80 mol/L sodium gluconate,
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

-8-



Preservation characteristics Cold ischemc time (h) Perfusion time (h)

Qut conme characteristics Imediate function (% Del ayed grant function (% 3
mont h f uwota2em93%9 PCT/US01/32026

41.1 +/ - 644. 34/ -542. 2+/ - 944. 14/ - 50, 721. 0+/ - 0. 21. 2+/ - 0. 30. 9+/ - 020. 8+/ - 0. 50. 45

240+/ - 80220+/ - 90300+/ - 100240+/ - 600. 5624t/ - 423+/ - 422+/ - 623+/ - 40. 6117+/ - 319+/
- 615+/ - g8lgase, gnl approximately 30 mol/L mannito] are also added, in any order, and mixed.

85+/ - 384+/.- + | =510/ - + + +/ - 4 |z 493+[ - 2 - +/¢5 -12
WO 05/ SoPEBERDCRRT L R jRAIRY el e st sieh e ARBMELy Taidls

r ef er enpleadetyl®gteim, BpmoRineiteled mghivdigheetis, and wpproaimatalydioli meg ofansdified
alterations, and changes to the described enbodi nents are possi bl e w thout

depar t | BEpstagsriindel el arapdfed dgsay srdarde thegedwion, PCRLIsIBedIHEd Y n t he
appende ¥l | ' . : : t he
ot o | oo RO LA by BONLAAL BORAubISH 30k g AT gt Bl

" or gansiniznck theoughn'0. @hmdorp didter. dlle modidied PGH1dsw achalfdifd ldpthenpdbya t hat nmay
be transplanted. Accordingly, it _is jntended that j nvent.i on not be

i o ot 4hout 15100 abie BT BRI opY haeh OhBFRiRnY o L

def i nedohy sNHEOHAR IR i ddbl s hebdAWTHG fﬁé%agecdna%_teg iy 44 BOLR3rsBET/ USOL
/32026 What we claimis: 1. An organ or biological tissue preservation
aqueous machine: - US| [ L.si.ng: : ' LN

vasodi | at or y TIELHERUUE UG oA s S E QTR bRl inaRr el BOLBIA BAKETD o
r epes f uThe metlaaddncladd piuEng tachhaolihe werfusivhi sohitionintpraaghembeethat mirmick &i C

oxi de daqnor; and a, gl utathione-formng agent. 2. The machi ne perfusion

sol ut i oAcegxhypoticanic YVEpPRTANt s PhyTielogal ErvioRmeptAnd meang thegpagame, di n E1.

10 3. Ther@mGhidigi ' dﬁ?ﬁ i WRGIS | andi n
has cel Pﬁr ar andgabdr?lg{atofrl\lgﬁlée&}i@%r ngﬁ%s?{aftlgﬁe?z’lgei]%n pre?pegfru %flags,sgfa}tlﬁgh@
cyt opr ofrfused\ie apnewhemitaldashich thidvehrithe irterml pevdnoss pascelar systen ob fadavenicorl

wherein_the nitric oxi de _donor conprises . : .
living cﬂ)nor organs, or infused over or through an avascular biological substance in order to

15 maintain organ or tissue viability during the ex vivo period. 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. Use of this solution provides for the serial assay
of solution 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

20 tissue once it has been returned to physiologic conditions.

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 moves through the chamber. Any perfusion machine that is
known in the art may be used with the solution, including machines providing pulsatile, low

25  flow, high flow, and roller flow perfusion. Typically, the perfusion machine includes a 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 pulse pump rate, perfusate temperature, systolic, mean, and diastolic pressure, and
real-time flow. Once such machine is the RM3 Renal Preservation System manufactured by

30  Waters Instruments, Inc.® 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.



nitroglycerin. 5. The machine perfusion solution of claim1 wherein the

gl ut at hi one-form ng agent 15 conprises N-acetyl cysteine. 6. The nachine
per f usi owgs@lIsidson of claim 1l further conprising KH2P04, podussvigbisconat e,
magnesi um gl uconat e, adenine, and ribose. 7. The nmachi ne perfusion sol ution
of claim1 further conprising Cad 2, HEPES, glucose, mannitol and

pent ast ar ch. TROin¥entldieis Fagir RepIARIEH BY it fosietvitid GMex@pldsaifMhelintettidnals
conprising NaCl and KOH. 9. The machine perfusion solution of claim1l

wher ei nWelhas geraparisgh sxamples.obpall efdbe srples, dadneys wompigrured fios bggrtandi n E1,
the nity] | ' - ' . ' and: t he

gl ut at e SRnE ALt 48P BlosivBRE SEBeANRY by ol ile BlebbRBIdHE JRidbopiich

f ur t her waoageoiplisiged a3analpen labéldd 1< uddtind ahalysig | All agaite weadadded 10- 50mM
KH2P04; . about 1-1SmM magnesi um gl uconate; about 1-1 SmM adeni ne; about

1- | Shiv pmedatelyRyiog o yascylar gy cacl z;  1- 30nM HEPES: about 1- 30mM gl ucose;

. about 10-100nM mannitol; and about 40-60g/L pentastarch. - 14 WO 02/ 30193
PCT/ USORa1a30@/#etedd. The machi ne perfusion solution of claim1 wherein the

0 5% 201 a0 5 R0 AN Ws TR RO A ol Do 11

gl ut at hiqreteti doidither BgatibleClosHExanfte 20 astor Agd (13 g, Lybiay findl avisdredatinine
further conprising: 5 about 60-100mM sodi um gl uconat e; about 20-30nmM
KH2P04; (Rsung/dLE donakigtraeparntive wingroytnat (WA unl) caldvsehgene Hae (8Bbut  3- 8mv

rib e, a. . - . _ P . I

ol ulbe oSt Bl R e B R G Db e RO M RS0,
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

15  exceeding 2000 mL 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

20 Kidneys were perfused en bloc at 4°C and at 60 beats per minute with either 1 liter of
UW-MPS (Belzer-MPS, TransMed Corp., Elk River, MN), Belzer I-Albumin (Suny-
Downstate, Brooklyn, NY), or the Machine Perfusion Solution (Storage) (MPS) of the
invention. Tﬁe 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

25  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
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

30  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+],
[Ca++], and pH) were measured when the kidneys were placed on the machine perfusion

system, every 30 minutes for the first 2 hours of MP, and every hour thereafter throughout the

-10 -



15 11. The machi ne perfusion solution of claim1l wherein the prostaglandin
conpri ses about 500ntg/L protaglandin E1, the nitric oxide donor conprises
about 5ng/doxéotgsogl ycerin, and the gl utathione-form ng ageot/usongozeses 1
ng/ L N-acetyl cysteine, further conprising: about 80mM sodi um gl uconat e;
about 25mM KHzPO04; 20 about SnmM nmagnesi um gl uconate; about 5nM adeni ne;
about SpdviodididdR.; Adlahemical SatdlvZaCe@mpabd th a baiivt bEERESS p@fusatedhat Ha@mivt

gl ucose;. abouf .30 njtol; and _about. 509/ L pentastarch, 12. e nmachine
er T e R rIBGRe et /AR Britiaon cmgriraaths vete tamaigdo P0Gt 11 og
wat er apgd,dej.pmized water. 30 13. A preserved organ or biological tissue
conprising at 1east one of a cadaveric organ and tissue within the nmachine
per f USi}f};'al S% ution of claim1l1l in at |east one of a deep hypotherniic

condi ti'on and physi ol ogi cal condition. -15 WO 02/ 30193 PCT/ US01/ 3202C 14.
The Pr eser vethofodbwing bivchdmighlomimponssts f pérfudati werk Inssoeree ieverly heunachi ne

. perfusion solution is infused through vascu) ature_of at, |east one of a
cadaver&‘é""lﬂ?‘@‘éﬂ\,ﬂlww %B&HH&MB ’@é{%}’teﬁﬁfe{q @H’é‘a X}@f Medicahng®upe® or gan or
bi ol ogi i e CHca_ i i i solution is

i nfuse g(llméé’ %&gt H?% QL@aHp\/[g{gé’m?ﬂé%? Eg‘l cr@? Bigg %@%ﬁi%%’%%?g? ntain

vi abi | i styndafdiatd toelfOg ob esvefwdipie. Fadeachrmeasoregamt,antiSdd akuet afipetfmsptas ex

vivo period.. 16., The.preserved organ Qr biglogical. tis, f claim 13
wher of UG TR 1 Ry RIoE CHEDE AT eo YDA i e 6 s b0t £ At b ou
2-10C. dfhinBiesebbsier ved organ or biological tissue of claim 13 wherein the
physi ol ogi cal 10 condition conprises a tenperature of about 37C. 18. A
perfusiigtgti%%p&y&)npri sing: a chanber that mmcs at | east one of a deep
hypot herm ¢ environnent and physi ol ogi cal environnent; and the nmachi ne
per f usi on soAilitdacnare repeiriet s inchh atlueoh ISEM atkky/otherwise adted Pdiredupl t he 15
chamber. 19. T{'}ggﬁ)erfusi on macgi rﬁa of claim 18 further corr%rgi sing: a unit
for st atFRATRE SUAEH SHofeRl Vare Ped STNEHEPRIPPTAC-oAYSHAtisHER! APAIYRAE W59, An or gan
or bi ol ggi | : j j sion solution
conpri s?ﬁg&ﬁfg%gﬁaﬁ?w%%g%ﬁ%%%gﬁﬁ% %%te gg%%rgi@lr??’g%&{about 1-15 ng/L
i 100l ¥SANVIBLE 1

Comparison of selected donor, preservation, and outcome variables by method and type

of preservation (mean +/-SEM)

n = number of recipients

ns = not significant

MPS Belzer-MPS p value
Donor Characteristics (n=82) (n=80) (unpaired
(Embodiment of student’s t-test)
Table 3)
Donor age (y) 62.8 64.2 ns
Final serum creatinine (mg/dl) 1.2 1.1 ns
Preservation characteristics
Cold ischemic time (h) 28 27 ns
Outcome characteristics
Delayed grant function (%) 11 21 0.03
1 yr. function (%) 95 95 ns

20

-11 -



about 0.1-5 ng/L N acetyl cysteine; about 40-160nM sodi um gl uconat e; about
10- SO™ KH2P04; 25 about 1-1 SmM magnesi um gl uconate; about 1-1 SnM adeni ne;
about 1- m8wda/soigose; about 0. 1-2nNI Cad 2; 1-30mM HEPES; BOT/AS01432026- 30mVi
gl ucose; about 10-100nmM rmannitol; about 40-60g/L pentastarch; and about
700-900mL sterile water. 21. A nethod for preserving an organ or bi ol ogi cal
ti ssue EX#MPEIENY: -16 WO 021 30193 PCT/ US01/ 3202C pouring the machi ne
per f usi Gongalrisbh of selacted dondrg phevert:dtiun, ahdioatconie dhatterinticsdiy methmeof
hy pot hemachinePerfisivisvlu tioid(piérns+-/osPRI)cal envi ronnent, the nmachi ne
per f usi paFIepybitanafn @ikl G00@cg1yr ost agl andi n having vasodil atory, menbrane
st abj | imNﬂ@fﬂeﬁn @Watl on prevention upon reperfusion, and

ation 1n |

conpl ement act| tory properties, a iutric oxide donor, and a
gl utat hi one-form ng agent pggir cul atGfg the pgREINRE PerdddibON SOIgHajRN
continuously through the ghasper; iRsgyting gladyeast opeLf a Cagawelic
.organ and tissue into the chanber; and fl ughing uﬂ? at . Messt orRmd&ilt’s @

cadaveric organ and tissue with the machin fﬁ‘gﬁlinng| on @sel4afi on. 18y22. The
met hod of claim 21 wherein the flushing conprises: infusing the solution

t hrou GHl.akkie of the at |east one of a cadaveric organ and tissue.
23. T en%eq?hoéét#ccl aim21 wherein the flushing conprises: infusing the

sol utign over, or through an avascu}ay biol ogjcal, subst%qggs[ of the gt |east
| ,

.
15 one %?a%fe@adaverl c organ and tissue to maintaln viability during an ex

vivo period. 24, The nethod, of clajm 21 further conprising. nonitoring
paranéggggmﬁfmwwgeat Ieagﬁﬁﬁ%% of g£%8%aver#¥“6@ban aﬁ@+f8§sue. 24 The

nmet ho claim?21l furt$er conprising: exsanguinating the at |east one of a
cadaveric organ and tissue; and 20 replacing the machine perfusiaon solution
with Zfree H%E‘fe“ﬁ‘%od to reéfB0t he B0%%8ast WE-WP a cA4%WEPic or §2ff and

ti ssuPE™® normot hermic condition. 26. A nmethod of preparing an organ or

bi ol ogi cal tissue preservation nmachi ne perfusion

Preservation

characteristics

Cold ischemic time (h) 24+/-4 23+/-4 22+/-6 23+/-4 0.61
Perfusion time (h) 174/-3 19+/-6 15+/-8 16+/-5 0.33

Outcome characteristics

Immediate function (%) 85+/-3 84+/-4 89+/-3 85+/-5
Delayed grant function (%) 10+/-3 13+/-4 9+/-2 18+/-4
3 month function (%) 95+/-4 93+/-2 96+/-3 87+/-5

-12 -



solution conprising: providing a solution with sterile water; 25 addi ng
sodi um gl uconat e, potassi um phosphate, adenine, ribose, calciumchloride,
pent ast aman2/3mgesi um gl uconat e, HEPES, gl ucose, mannit oPCT/&Rel/320%ul in to
the solution; and m xing prostaglandin E1, nitroglycerin and

N-acetyl cysteine into the solution. 27. The nethod of claim26 further
conpri si ng: WBhhileithe mgerttion Iss baér disclusddiwmaﬂeferemqiomenma paeferreld ssol ved. 28.

The et hog f cI aim 26 further corra sin nf usi ngg the, p starch under
s S borfine ey PR e 4 A ReF U B IeBHbEaT and| 1 E1
under héiﬁ%d]ﬁl'éﬁi!s (axec.gmehme Wikout ae%ﬁ%ﬁem fRg sﬁﬁh‘?e Ezﬁmcbbé Hﬂﬁfé iPFeRRbAAsandi n

El. : Yo A . A9. AuL . AFL. Ar. As9ex, Phv
@D G Pdeﬁned in the appended claims and their equivalents thereof For example although the

I A N g il

0 kf Vv
T ea) ca ol e e a  haaar 010

=61 666 6mtgnded fre} thglivedntiah aatjeckithived todhe d]:mbetb]:mh@!;llmptﬁamdeqmjatxl}@a]them] ca] ca

] iﬂioa/;%' Ca%@%ﬁal’cwa@gg%%@ﬁﬁ%c%c?l ) gg?gg?ﬁg?ga] ee]eE:a] calcaUca]c

a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca! E, FyF
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a nitric oxide donor; and

a glutathione-forming agent.

2. The machine perfusion solution of claim 1 wherein the prostaglandin comprises
prostaglandin E1.
10 3. The machine perfusion solution of claim 1 wherein the prostaglandin has cellular and

organelle membrane stabilization properties and cytoprotective properties.

4, The machine perfusion solution of claim 1 wherein the nitric oxide donor comprises
nitroglycerin.
5. The machine perfusion solution of claim 1 wherein the glutathione-forming agent

15 comprises N-acetylcysteine.

6. The machine perfusion solution of claim 1 further comprising KH,POy, sodium
gluconate, magnesium gluconate, adenine, and ribose.

7. The machine perfusion solution of claim 1 further comprising CaCl,, HEPES,
glucose, mannitol and pentastarch.

20 8. The machine perfusion solution of claim 1 further comprising NaCl and KOH.
9. The machine perfusion solution of claim 1 wherein the prostaglandin comprises about
100-10,000mcg/L prostaglandin E1, the nitric oxide donor comprises about 1-15mg/L
nitroglycerin, and the glutathione-forming agent comprises about 0.1-5mg/L N-
acetylcysteine, further comprising;:

25 about 40-160mM sodium gluconate;

about 10-50mM KH,POy;
about 1-15mM magnesium gluconate;
about 1-15mM adenine;
about 1-15mM ribose;
30 about 0.1-2mM CaCl,;
1-30mM HEPES;
about 1-30mM glucose;
about 10-100mM mannitol; and
about 40-60g/L pentastarch.
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about 8-15mM glucose;
about 15-50mM mamnitol; and
about 45-55g/L. pentastarch.

15 11.  The machine perfusion 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 80mM sodium gluconate;
about 25mM KH,PO,;

20 about 5SmM magnesium gluconate;

about 5SmM adenine;
about 5mM ribose;
about 0.5mM CaCl,;
about 10mM HEPES;
25 about 10mM glucose;
about 30mM mannitol; and
about 50g/L pentastarch.
12.  The machine perfusion solution of claim 1 further comprising at least one of distilled
water and deionized water.

30 13. A preserved organ or biological tissue comprising at least one of a cadaveric organ

and tissue within the machine perfusion solution of claim 1 in at least one of a deep

hypothermic condition and physiological condition.
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24,  The method of claim 21 further comprising:

monitoring parameters of the at least one of a cadaveric organ and tissue.
25.  The method of claim 21 further comprising;
exsanguinating the at least one of a cadaveric organ and tissue; and

20 replacing the machine perfusion solution with at least blood to return the at least one
of a cadaveric organ and tissue to a normothermic condition.

26. A method of preparing an organ or biological tissue preservation machine perfusion
solution comprising:
providing a solution with sterile water;

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

mixing prostaglandin E1, nitroglycerin and N-acetylcysteine into the solution.
27.  The method of claim 26 further comprising:
30 mixing the solution until all components are dissolved.
28.  The method of claim 26 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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