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by ext erfleqiigl Yter@reieinsekiian hag allayadmifiqiens tigre 96 histo- @?rgmﬁ%nhtyfcqsans pf ant
f'h' ni Ci ang, My Irebli)lfen? R%‘aﬁ%& el%gé‘ﬂ{a?ﬁxg??%aﬁo% s%flﬁt g)te}feélon ﬁé%h{b | shing
e efficlrenc an u I za ans ant ed’ ans ex |

inferi oraug)mﬁtfowgm s&ahng afiong mﬂs;mdtytenteﬁ; @ramnpﬁeepaaﬂi&eapremaﬁbﬂ gmheve
graft functjon and inprove the ability of 25 clinicians to assess the donor
or gan md§cipEenk tirs 9 PlfeBHaWéW?fgmitH@ TgBHIs tobesams Mialablg, adoaseiaiTepadiicy of

cadayer i mechani sms of injuries sustained by the
cadal\\jsgr |cgftf?ée %I gfl?} ograft ﬁnt -tgllre’:ﬁng pre-preservation, cold ischemc
preservation IIy
under st ood. \%3)\? égp&f%;&cﬁgé’ Egﬁ?ﬁ g]{]/%sﬁleeﬁé?ﬂ g%erchgrggfi%g?éf@ﬁ%{@geaggg g’ea{rﬂzg to
suggest tithed foBBadmeanyc élfgalﬁd”ldnlréljaﬂl trhnpdani@ivhathic R RG Qlikpafis; iﬁmwwvhﬂab‘le t he
conbi natjon of pral onged col i.schemia and reperfusion (I1lLR). ?erfua on
al one m;f{pnﬁgtangé)aag}%plép}}edﬁ%ltl{lg)hgtﬁ)@s @t,ugp{atedsq ﬁ)gté to max1mlze utilization o

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
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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

20  dehydrogenase to xanthine oxidase, and mitochondrial derangements.

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.



WO 02/ 30193 PCT/ US01/ 32026 Sunmary of the Invention The invention provides
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20  solution.

The invention further provides a method of preparing an organ or biological tissue
machine perfusion solution. This method includes providing a solution with sterile water,
adding sodium gluconate, potassium phosphate, adenine, ribose, calcium chloride,
pentastarch, magnesium gluconate, HEPES, glucose, mannitol, and insulin to the solution,

25  and mixing prostaglandin E1, nitroglycerin and N-acetylcysteine into the solution.

Detailed Description of the Invention
In accordance with the present invention, the organ and biological tissue preservation
aqueous machine perfusion solution includes a prostaglandin having vasodilatory, membrane
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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bi ol ogi cal tissue preservation machine perfusion solution is intended for

I nfusion into the vasculature of cadaveric and |iving donor organs for
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per fusi on ution of the 1 hvention also contains a nitric oxide donor,
such astahilizatgy propeities, CIdemg:tthxropermes, annd dhilitydo prevehieplateletiaggregdtienause

fit t ept t 25 t t bl di | at

e venbie Pistndi fdbefirara SRRt WedbEhalsr maydpiRLnagebdl, o ©

prevent agRdERIne MMt AdtiiopBll bRIAubRH oL & :@E&pﬁa@fadldm §peeiih y@hicRRti S known to
ot

rel ax smooth nuscle cells of t he end elium scavenge free oxygen radicals
duri ng procoagulant activity after endothelial injury, and stabilize cell membranes. When used in

20  vivo, PGEI1 is metabolized almost instantaneously by first pass clearance through the lung,
but during hypothermic conditions, PGE1 in the machine perfusion solution may remain

vasoactive even after several hours.

A machine perfusion solution of the invention also contains a nitric oxide donor, such
as nitroglycerin. Nitroglycerin is utilized in the solution because of its potent nitric oxide
25  donation properties, its ability to dilate the venous vascular system and prevent vasospasm,
and its ability to prevent complement activation upon transplant. Nitroglycerine is known to
relax smooth muscle cells of the endothelium, scavenge free oxygen radicals during

reperfusion, and prevent the production of such radicals during cold ischemia.

Compounds that form glutathione (glutathione-forming agents) are also components
30. of a machine 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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reperfusion, and prevent the production of such radicals during cold
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See, U. 2Rpeapgcept miggghondriy ypprezimal fgpulargels cquparedipmigeehopfisa frompddneys
conponeptSe B@dtﬁ%ﬁ%ﬁ&%h%ﬁﬁ%.i n the solution include: sodium gluconate
d ¢

and My gl uconate, are I nperneant anions that reduce cell swelling,
KH2PO4, whi ¢ ovi | d- b I L.nt ai th H t he
ol Ut o, adaraatie i ARR 3BT el lol A AR PhSoch® el
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swel | i ngn@Rfb oluconate, which are impermeant anions that reduce cell swelling, KH,PO,, 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, CaCly, which is a calcium-dependent mitochondrial function supplement, HEPES,
which is an acid-base buffef, 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.



provi des energy stores for netabolically stressed cell, and mannitol and
pent astarch, which 25 are oncotic supporters, nmay al so be added. NaC and
KOH may av@exbdmused for acid-base buffering and nai nt enp@T@S@f320dse pH of
t he machine perfusion solution. -5 WD 02/30193 PCT/US01/32026 1In a
preferred enbodi nent, the organ or biological tissue preservation nmachi ne
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N-Acetylcysteine 0.1-5mg/L

Sterile Water 700-900mL
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Nitroglycerin 3-8mg/L
N-Acetylcysteine 0.5-2mg/L
Sterile Water , 700-900mL




Sterile Water Approx 800nmL 5 A nmachi ne perfusion solution of the invention
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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 poﬁred 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-



15 maintain organ or tissue viability during the ex vivo period. Preferred
tenperatures range fromabout 2-10C in the deep hypotherm c condition and
are aboutw@¥13010 room tenperature, in the physiol ogi cal PCONEII2026. Use of
this solution provides for the serial assay of solution over tine to

determ ne hydrostatlc and chem cal changes. These hydrostatic and chem cal
changes PYEVF-d@d arprexipgiely #0maolde manpitel @rg #leo @dﬂ@dxm(malordnraﬂmdlmm;cd of the

organ Ora. oﬁlhﬁw 40RFEr dhgulﬁ'ﬁ§ aﬁ? %Hdéde R e% A s%ccp épgl ﬁé‘og n&agéi%gtéii O{gﬁ at The

i nvention furt provi des a perftusion machi ne - ot

m m cs aN{de@plcygtpne mpmmﬁmw 5 mrgn&m@glpcrenmlbym @pﬁgdn?]ﬁ,{eI}ESUr? Ilthﬁ% mglﬁgﬁ%ﬂeg?er i y
th hi ol uti cont i nuous noves roug

pe(raf 32 fd)lﬁ nﬁ%’éﬁf‘f%ﬁi r@g@E?%are l?ﬁ‘g‘?ﬂﬂ 1 st fiderata tﬁﬁﬁ?/luﬁ‘én uBeH1 v madified byol ut i on,

i ncl ydi '&nﬁﬁ?ﬁlh@?@]ﬂ@rlﬁﬂéﬂiﬁgt}ﬁ%ﬁz%hhﬁoné V4 gefih W\er%ﬂn{lgol Ihgr

flow perfusion. Typically,” the perfusion WBO%{S e |nc Q%es a
stati c rmigiure threeghor 0.0 arsiodilteat The moklifradEE1 hers aﬂiaﬂ)ﬂ -lgilemdthdned y@s and a

f h h th
bi o1 og! ayipleof AR T Thridiist feGel HEsoutrL bo Sonp7 2l o pestraly 24 -
t enper atour, SN BY$t &lNﬂDHﬁEédﬂedadb%e‘é&é&P‘tﬂle' frsPARSB stﬁ%’}ﬂa y agé‘be el | OW-

Once such machine is the RVMB Renal Preservation Syste acture y 30

Waters | nstr ufRRfwntibRSish :ﬁ)}ovaéesgi Iﬁ&ﬂﬁé g%tpgggﬁ%%g & gllé Lol %gppg{lgstuglggst

range from about 2- 10C in the deep hy CONdi tron a

37C,100r rﬂh@amth@hme}udewc&mmgnhdﬁ imechmdsw&ﬁmlicﬂgiodl&ionqmtﬂ dhafiber th3t M2 30193
PCT/ USO 32 The i nvention further expl ained by the follow ng of
exanpl e éthW\lfe‘?ﬂvﬂr(?Hmﬁ’% siQlogighfaioaRsIEand P Eag thenaghinesf ¢ he

exanpl eﬁ)erfdélgﬂi‘ Qddﬁtu‘ﬁ@écﬁitlﬁﬁ&fsw fifodhafe BEAHer. ’ﬁf‘e édﬂgle%%'éﬁn%gﬁtlgﬁ gserved in

a laboratory by cold storage preservation. om zat'1 on acconpl i shed
as an op@ﬁisqdaméll raethasiegj festnomthrenghl the amenal\bf Va@amV&char eysaﬂjﬁl eﬂcdﬂavenc or

[ [ | d.The foll d
or eser v g Rnabbeans SE oy raBiopebie SutulanoReic Sistmect tetiod 1 or
ei t her lﬁmapine)rgarpdsr tE @ bkiLi® dutipQhe 800ivOPABE, PYER ) tembédRlesdGRN

creatini ne nmg/ dL), donor ‘intraoperative urine output (WQ™"nL),

cold i s@f?&ﬁ@“ﬁf ?THQ Q ai the df@P W@mwﬂul&n@ndmi@ogfﬂ °Chourosin - per f usat e
VA rfusate
Lgl? ;r Lsgt e E Ebﬁ%é)lg?{c per usat Jtﬂg%} thrl lc?nl p&ﬁ/‘“&%ﬁ% 8‘6 Whidlidly

of solutlon over time to determine hydrostatic and chemical changes. These hydrostatic and

chemical changes provide a mechanism to determine the fumctional 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.



MP (FL, nmL/m n/100g), renal resistance during MP (RES, nmHg/ (nmL/ m n/l00g),
reci pient age (R age, years), recipient discharge creatinine (R Cr,

ng/ dL), wO0/a193 ength of recipient hospital stay (LCS, ®Bap®por/izmeedi ate
graft function (IF, 9% defined as urine production 15 exceedi ng 2000 niL
during the first 24 post-operative hours, delayed renal allograft graft
function (DG‘-The%vedébm rseftirther dxphlinadéxy thefolkbwahy of examptids of thdmvéntiomtas7 days

post - tran pl ant, and prese r 1 Yr., i ned as 3
mont h or* B CERAT sp?(‘j‘setxa‘&‘ﬁ E[? 313 fﬁth& mg‘B]ng%‘g“eyﬁ/B‘feﬁ%ﬂmg%‘regg@ Repglri on 20
Ki dneys bagiry dReabiusadraeries a Mbofdod i Rid §0re E%e%elﬂr%ﬁor{n Rit@®midifdnei t her
1 liter of UWMS (Bel zer-MPS, TransMed Corp River, M), Bel zer

| - Al bum“rﬁs@gtﬂmypllsmfa@l@n lﬂredﬁdksgquenWﬁnaIWStAH agemih iwege Rideflusi on

Sol uglo mha g)? % N % g Lﬁhg i nvention. The Bel zer solution, which is
al so”the PRE 28540t t™0n, is described in U.S. Patent Nos.
4’798’8é¥4ﬁ E,d 4,879, 283. The Albumn sol ution contained, per liter, 17.5 g
25 sodi eleds ate, 3.4g potassium di hydrogen phosphate 1. 5g gl ucose,
9g gl utat hi onge fdiiciing AVEAOPIe8Gvatfon! Snd 53 E@era@l@@lfe bﬁtsoli?@d?ﬁ&%dté {vre 8110
dexamet hasone, 12nygy phenosul phat hefei n, 40 units su I n m. serum
al bumi ncoléerc@ed fgr nﬂg:m@&ammeshblfﬁxmple Aa: demrragof(Dtalge, wata) firh dondrivecakintheey s

Fnee Py O oielRardthoRieRnRe f b titzant bebblRsmets bl lhar a1t ove
30 adj uqabﬁf@ptpeimbﬁlanﬁqpfrumlﬁ@ pérﬁssaﬂér[ﬂaﬂa@nmﬁ@@l fpeﬁ*ubatés @lﬂ

perfused at K stolic pressure bel ow 60 usi on char acteristics

(FL, REBeffFBFte «an/[l@Dg)} perffusate, [Catrtia(ml}/l/loé)g)i pprﬁ)lsaﬁ@pﬁ resakflovedusikgn t he

ki dneys th h| n r S m nut es for
the 11 MOt BhPRR 1680} RETRECLAC: B MRS Har P g o0 Ret

02/ 30193gP@. ég@@&dr%%@wrﬁ@hchﬁkgéﬁrdmmné’(ﬂ{ Ctheglded] inflal fengl f réqpRar ed tO a
basel [ ngaassay of (g%rfusate that had not circulated through the kidneys.

per POFIBhStEY @2 tdays)s im@g W@r@a% funistian OFz & deBnad winsfproduciiee wei ght .
Anal | d
e cSaThobobi oA, B R0y SOTERERLSacl, ESE SIS ok "oce 1

Medi cal fumesion (D6Ht %) deﬁné(hzmtthe n@d)for {ikbysis, wiftth tHe, fifskAH Hays[foat-ttdnspnt] apdd. Al |

bi ochem cal
resent%n tP(/)n (g\%/[o orlYr., %) 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. 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

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 -



standardi zed to 100g of tissue weight. For each neasurenent, a 0.5cc
aliquot of perfusate is drawn fromthe perfusion chanber, analyzed by the
Omi, andv0e2/3083 | abl e for evaluation 10 within 30 secondBCT/USM&R2)Bt i cal
analysis All data are reported as nean val ues + SEM unl ess ot herw se not ed.
Paired and wunpaired student's t-tests were used where appropriate. All

st ati st peradd efiMdPy g'dkchearieal dptarwere genpirgd 8 abedchine 4ssBy obpdrfimnte tiiaithad nst

or osorvarTaRed Birdeby Pkt ket SRR Sha o A a6 300 B on

(mean +issEMeight= nunber of recipients ns = not significant MPS Bel zer- MPS
p value Donor Characteristics (n=82) (n=80) (unpaired (Enbodi nent of
student;ﬁa@,g,-gest) Tabl e 3) Donor age (y) 62.8 64.2 ns Final serum
creatinine (ng/dl) 1.2 1.1 ns Preservation characteristics Cold ischemc

ti me5(h) 28 ZTe fidlovdng bwebernnival componiests of perbedateyeete greasired avary howr (% 11 21

0.03 1_.yr..fu jon (%, 95 s 20 -11 02/ PCT/.USO1/ 32026
exanpL U EFEL SR o O e S S e oGl BUTERSHES
char act @fiafifal GA)D  [or], gk +] TeaiNan® Al US BidcR&hidhl RehysWRA +/ - SEM
PCGE1=pr ost agi _angli g\Nﬁélﬂz l;%_Om:g/ I]__) 5 RITG:EIi troglycerin (5ngy/@L)
standardized to 100g of tissue weight. For each measurement, a 0.5cc aliquot of perfusate is
drawn from the perfusion chamber, analyzed by the Omni, and is available for evaluation

10  within 30 seconds.

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).
15 EXAMPLE 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 -



PCGE1 NTG PGE1+NTG Control - p value (n=152) (n=50) (n=48) Bel zer unpaired
(Enbodi nent -MPS student's t of Table 3) (n=140) test) Donor

Char act ew@vy/ag9donor age (y) 41.1+/-6 44.3+/ -5 42. 2+/ -9 BAT/USHHBOB. 72

Final serumcreatinine 1.0+/-0.2 1.2+/-0.3 0.9+/-02 0.8+/-0.5 0.45 (ng/dl)
| nt raoperative urine 240+/-80 220+/-90 300+/-100 240+/-60 0.56 output(m)
Preser vEXNAMPLIN2r acteristics Cold ischemc tine (h) 24+/-4 23+/-4 22+/-6
23+/ - 4 Coadparizohwdiselacted deném) prdsérvatibnl And oatcbmie chird@eristicsby3nethodtofonme
char act gfachineqserfusiGidéoM ol (th€dn -oSKM) 85+/ -3 84+/-4 89+/-3 85+/-5 Del ayed
gr ant fp@Eﬂ:ﬁy}oﬁ landit| E 506 i%9+/-2 18+/-4 3 nonth function (% 95+/-4
93+/52 gﬁi#ﬂﬁﬁﬁiﬂ cevin %ﬁyﬂy)ogl 0193 PCT/ US01/ 32026 Wile the invention
has been di sclosed wth.reference to certain preferred enbodi nents,

numer ous nodi fications, alpigjati onsyr@nd chgpeasrd 0 t R&nEESC i bg§Uaue

enbodi ments are possi bl e giishput dcg,p@?}ti ng fmemthe spbar® and gfpep& of the
invention, as defined in the appende claﬁgﬁoﬁgghﬁheimwequivaaﬁmhﬁsv
thereof. For exanple, although the 5 detailggagjescri ptieronay refist), at
times, to only organs, the terns "organs” and "organ" enconpass al

or ganNHendd GSHREs@d body parts that may be transplanted. Accordingly, it
is intended that the invention not be limted to the described

enbodi t ut that it the ,full scopg,defined the | anguage of.
t he fé][g?%\%?"’n%)bcl ot St bty U2 5h00e. M e o SH20P

Final serum creatinine 1.0+/-0.2 1.2+/-0.3 0.9+/-02 0.84+/-0.5 0.45
(mg/dl)

Intraoperative urine 240+/-80 220+/-90 300+/-100 240+/-60 0.56
output(ml)

Preservation

characteristics

Cold ischemic time (h) 24+/-4 23+/-4 22-+/-6 23+-4 0.61
Perfusion time (h) 17+/-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 -



1; An organ or biological tissue preservation aqueous nmachi ne perfusion
solution conprising: a prostaglandin having vasodil atory, nmenbrane
stabi li ziwgo2/pl1ad el et aggregation 5 prevention upon repeP€T@s@i320nd
conpl ement activation inhibitory properties; a nitric oxide donor; and a
gl ut at hi one-form ng agent. 2. The nmachi ne perfusion solution of claim1
wherein the Nv’hibtthgiramﬂﬁian Iesrbeen disslosq@m'ﬂ;h mjéramﬁ o cEﬂainb@efBrredl‘ he machi ne
per f usi on on of clai wher eji n the t agl an el lul ar and

sQl ut | n ha
organel@@b9§ﬁﬁp nBWRETRS IOSUICRENSH? @FFF NEHHY ﬁ1 e properties.

4. The gRBOARRNRAS pSdsle ﬁﬁhéﬁt'd@ﬁarﬁﬁ%%ﬁi ﬂﬁb% NE bl &of)é‘@fth'eﬁﬁx}e%u@ff'age donor
corrpnses mtroglycerln . he” nmachi ne per usi on solution of cl a|m1

wher ei ndefireedgh thesappeaded- d@mﬁﬁh@ ﬂmgequa@fsdbﬂppf skas expraplet sithoygh giene. 6.

ol iconate THE R st e B T ey e S BT i e =0
per f usi efitosaby AlD6rgats, ﬁb@ieﬂlaiadfbbl T%bﬁ*ts BRAY B¢ REhspheled. Adchimgly,dt iscose,
manni t ol and pent ast arch. e machi ne_perfusion solution of claim1l

f ur t her éeded ithet thy ingtion rlilat lkfdlmltgd torthe desseihpdhempedimenisobutdeatithaya thf ¢l ai m
1 where S 00- 10, 000nctg/ L prostagl andin
El, thehﬂ}%gﬁ%aﬁﬁﬁg%gag%gég%l %E?gggﬁogﬂgﬁﬁ%n%Sng/L nitroglycerin, and the
glutathlone-fornlng agent conprises about 0.1-5ng/L N acetyl cysteine,
further conprising: 25 about 40-160mM sodi um gl uconate; about 10-50nmM
KH2P04; about 1-15mM magnesi um gl uconate; about 1-15mM adeni ne; about
1-15mM ri bose; 30 about O0.1-2nmM CaCl2; 1-30nmM HEPES; about 1-30nM

gl ucose;

-13 -



about 10-100nM manni tol; and about 40-60g/L pentastarch. -14 WO 02/30193
PCT/ US01/ 32026 10. The machine perfusion solution of claim1 wherein the
prost agl ava@onsaehpri ses about  250-2, 500ntg/ L prostagl andP@T/ESQ/2b2 nitric
oxi de donor conprises about 3-8ng/L nitroglycerin, and the _

gl utat hi one-form ng agent conprises about 0.5-2ng/L N acetyl cysteine,
further Whfbwe slafigis:5 about 60- 100mM sodi um gl uconate; about 20- 30nM

KH2PO4; about 5 3- nesi Hm - _about 3-8nM adeni ne;. about 3-8nmM
i bose: 0 apsne st BT E s reRRRbn 4808 & PETIRO OB0R

gl ucose;coatprisingl 5- 50mM manni tol ; and about 45-55g/L pentast alrcha_ 15 11.

The machi ne perfusion solution of claim 1 wherein the prostaglandin . .
conpri ses ab?ﬁi@ms"%}éﬁ@ﬁ VIBgE{F%]FIQWEWaﬂl@@ra@%@abﬂ@mggplétﬁleﬁégm‘ggﬂﬂoncerpr| ses
abouts Srggédentil ' Ak t conprises

| mg/ L I\I—rfgcetn 9?%32%*%2{&?%%%&@? O%E%pn%:n{sj% ng: ﬁ%ﬁ%t]}{bq@&%% g%gﬁ%m gl uconat e;
about 25nmVI KHRR®IE 0x2de ddwutandnM magnesi um gl uconat e; about 5nM adeni ne;
about 5mM ri bose; ..about 0.5mM CaCl2; about 10mM HEPES; 25 about 10mM

gl ucose: abdl#"3 eﬁféﬁﬁf&goﬁgfmand about 50g/L pentastarch.

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,PO,, 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 CaCly;
1-30mM HEPES;
about 1-30mM glucose;
about 10-100mM mannitol; and
about 40-60g/L pentastarch.
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12. The machi ne perfusion solution of claim1 further conprising at |east
one of distilled water and deionized water. 30 13. A preserved organ or
bi ol ogi ca¥Oov/38ee conprising at | east one of a cadaveric PEERIU/RMND ti Ssue
wi thin the nmachi ne perfusion solution of claiml in at |east one of a deep
hypot herm ¢ condi ti on and physiol ogical condition. -15 WO 02/ 30193

PCT/ USO 110320 Zkhe rikdchinkheerfisesesoivtidn of ghm @ rwlsrah oo mataglasdueomprisdsaboutl 3

wher ei n € chi er f usi,o splution .iis,i nfused .t hrou ascul ature of
ol one 0 B pRS AR L 3he M SitS b romar e PoaeRl e 18 “he
preser veadirs. IQ@éﬁn‘?ﬁnd)ih@!g%ﬁhtﬁﬁJneIfbﬁﬁMg agént‘ébﬁbﬂkek?ab%ﬁfﬁhﬁlg‘;’ﬁﬁ- machi ne

per f usi on sol ution i's infused over or through a vascular biol ogical
subst anosetyteystginet Birhev¢bpiising of at | east one of the cadaveric organ and

tissye during,an 1 V. riod. 16. The preserved organ or biol ogical
tissue of cl ab%utfgielx%dé?% %%flﬁ%gﬁlg%at?iypot herm c condition conprises a
tenperat ure ahoabtm80RdMRE,POS. The preserved organ or biological tissue of
claim 13 wherein the physiological 10 condition conprises a tenperature of

about 37C. 1&bopt H8mMisiagrewaBIglurene8npri si ng: a chanber that mimcs at

| east one of a deep RgLpgL.m c environment and physi ol ogi cal environnent;
and the machine perfusion sdlution of claiml1 that continuously circul ates
t hrough the abbuchamdéribod®d. The perfusi on machine of claim 18 further
conprising: a unit for static nonitoring of at |east one of an organ and
tissife. 20. &]ﬁ’OB“r%éTQ-%F%C%fF]@gi cal tissue preservation aqueous nmachine

perfusion sol g, '15&RFWE igng: 20 about 100-10, 000ntg/L prostagl andin E1;
about 1-15 ng#L frzslptrog ycg:ﬂl h; about 0.1-5 ng/L N-acetyl cysteine; about

40- 160mM sodiabougd-tSmvagkicoseabout 10- 50mM KH2PO4;
about 15-50mM mannitol; 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;PO4;

20 about 5mM magnesium gluconate;

about 5SmM adenine;
about SmM 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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25 about 1-15mM nmagnesium gl uconate; about 1-15nmM adenine; about 1-15nmM
ri bose; about 0.1-2mM CaCl2; 1-30nmM HEPES; 30 about 1-30mM gl ucose;

about 10wWQOxdMip@Enni tol; about 40-60g/L pentastarch; andPCEbSU327H0- 900N
sterile water. 21. A nmethod for preserving an organ or biol ogical tissue
conprising: -16 WD 02/30193 PCT/ US01/ 32026 pouring the machi ne perfusion
sol ut i ot nt Sheprhanbéergahat bivlogicd tissue lof akim dA evhetera thbtawpohimgyesrfusioni ¢

envi ronnent and physi ol ogi cal ;envi ronnent ., t he chi.ne perfusion solution
conpr 1 oFor SRy SRS o BLERR bne bF S o hERF SreBSIpi fhorng,

pl at el ebrgagggideRaid. on preventi on upon reperfusion, and conpl enent
activation inhibitory properties, a5 nitric oxide donor, and a

gl ut at hidne- The niceyvedergan ot piotagicsl tisrye of elairad Bivhergie tamspdipesirtisiosn
continu . ol i S ] f A ric

or g apuiosht MLt B SRRIRL vasolBATELIL s A iR
cadaver least@hgaifi tienddhveeloega 4nd tishies dmibgianexpevd padddn  solution. 10 22. The

met hod of claim 21 wherein the flushing conprises: infusing the solution
t hr oughl®aschhapiseeved oigsm onbiolegical tigwe of £lagm d 4 yeliessin thegfegh Hypothernie ssye.
23. The -bad. I Wer £ e1dolrushi ng conprises: infusing the
sol uti o%@ger oor p[rﬁslreghg n%%eﬁ ava@gg?‘glr’kebq gjltlogi cal substance of the at |east
15 one 7. a Thdpreserved orggamnr hivtbdidad tissme tof chiirh N8 avherain éix physiplagical ng an ex
vivo period. 24. The nethod of c¢laim21 further conprising: nonitoring
par &fret &pnditign gopaprises P@%Herﬁﬂ’@‘&@g utcéd%veri c organ and tissue. 25. The

met hod @ cl ai gg-BlichUhddAfle GRIFPKIng! N9: exsanguinating the at |east one of a
and

cadaveric organ and tissue;
a chamber that mimics at least one of a deep hypothermic environment and

physiological environment; and
the machine perfusion solution of claim 1 that continuously circulates through the
15  chamber.
19.  The perfusion machine of claim 18 further comprising:

a unit for static monitoring of at least one of an organ and tissue.

20.  An organ or biological tissue preservation aqueous machine perfusion solution
comprising:
20 about 100-10,000mcg/L prostaglandin E1;

about 1-15 mg/L nitroglycerin;
about 0.1-5 mg/L N-acetylcysteine;
about 40-160mM sodium gluconate;
about 10-50mM KH,POy;

25 about 1-15mM magnesium gluconate;
about 1-15mM adenine;
about 1-15mM ribose;
about 0.1-2mM CaCly;
1-30mM HEPES;

30 about 1-30mM glucose;
about 10-100mM mannitol;
about 40-60g/L pentastarch; and
about 700-900mL sterile water.

21. A method for preserving an organ or biological tissue comprising:
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20 replacing the machine perfusion solution with at |east blood to return
the at | east one of a cadaveric organ and tissue to a nornothermc

condi ti owO 286301 net hod of preparing an organ or bi ol ogi CRCTAURGIZEA2826
preservation machi ne perfusion solution conprising: providing a solution
with sterile water; 25 adding sodi um gl uconate, potassium phosphat e,

adeni ne, ri bpewingthk eiachine pefusiockesolufp@ningsi aliaiiher itheag) nesticsmt (asicoraife,
HEPES, gl ucose, mannitol, and insulin to the solution; _and nixing

pr ost agfeapdprotermig; sy gghpenand PRysioiReiselanyreyaert e hafiemsEusBRyt i on.
217 ThesSTRHAPCRfrisihh BolfchHafflAling VIRiBIRY: melfbhX kg, sAlddki on unt il
all conmponents are dissolved. 28. The nethod of claim26 further

conpri saggyegatiohpsdviegtioepgenepersitsaom; andi aateplementsativatiarhmbibioryaprdpetivs iang

;inldt 1E|P&tlg‘?g’tffrslezigﬂgérg%ﬁ{$§'P%@ﬁ§ltlegﬂ>@gr}%qnggﬁél zncéler [131/$ot hernmic conditions:

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.

10 22.  The method of claim 21 wherein the flushing comprises:

infusing the solution through vasculature of the at least one of a cadaveric organ and
tissue.
23.  The method of claim 21 wherein the flushing comprises:
infusing the solution over or through an avascular biological substance of the at least
15  one of a cadaveric organ and tissue to maintain viability during an ex vivo period.
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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