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I nivention The in i e n and bi ol ogi cal

ti ssue preservati§E&B‘hr¢mﬂé\ﬂsgﬁgﬁgﬁ&éﬂgﬂﬂm(ﬁ'@é Falt es to cold storage
sol utions for the preservationSgk ns and bi ol ogl cal tissues for

i npl ant. Baekground of Invention It is believed that the ability to

preserve human organs for a few days by cold storage after initial flushing
with aRefem:eaﬂzeRélathmﬂwaamol yte solution or by pulsatile perfusion with

an el ectrol rotein qu n d. suf CI ent. t [

hi st o- conpatit ﬁ 1!‘?3’7‘“?%% tthS?’ Efgﬁ&f ﬁa%?\egéﬁoﬂ'f‘ plicpjion g”eﬁ(i[84%8;§ filrdy

t hat Rfr@&w&tl'?ao Bodv, eﬁﬁﬂé& *“GrgaR BncPB{chbl%ﬁbﬁ'Tﬁbﬂé PRlsERafbn CHRIStbApe (Sroﬂﬁﬂm »
sharing anong transpl ant centers, care preoperative preparation of the
reci pl\elmbhlﬁmmpbmftedﬁrmmﬂwrlaﬁe;end@nor culture results to becone avail abl e,

and vascul ar repairs of the organ prior to inplantation. It is believed
that theldidgfdaventias been a decade characterized by increasing waiting tines

for cadaverjc .or al | ant rovvl d| s arit
bot veon. vl By e e Elesin e iald 8hotus And hiolikieel frdpreer mul at ed
effor tp%rﬁ&ldfﬁﬁiefih\?&u% kdhedtd Qa %rdé@@é‘mﬁbhscfo? éservﬂ"t‘mﬁ%%%%h? ahdiat nmay

arise’in the’effort to increase utilization s t at maxi el [1zation may
r equi rldologimaktdsaes ft implast. al | avai |l abl e organs, includi ng extended
criteria donor organs. However, by extending the criteria for suitability
of donBackgraipnkaf Invemispl ant clinicians may risk a penalty with respect to
graft function, dimnishing the efficiency of organ utilization if

transpl ant diisheliswed atihgability gpessrveiupan g (ohp fevodarsdryirold siprage

i nter I V. y of
clini cﬁa&%gﬁ? % ﬁgs%ggggﬁ }Qaﬂ %g%{ﬁé#gegéﬁhnah@ ﬁ&lhtgdrhu%lrbg' ﬂ‘{i%hgic rfeu\gﬁ’rrllg t%%ﬁ goal
of rraxalcnhmilytg—ptdstemesbiutmnéas yiovedadtdent ttmd: foat histd-eornpatibolity testmg\wdﬁﬁqhs 0191

PCT/ USQ /32077 The i f inj t d ' I
1T oo Srreatienh i S ensd Bef treseotfion Teiibion ot Feutiot ey 485 Sleged for °"
reper f 3igiPshading aﬁﬁa'ng%\éﬁ@blﬁlﬁ ceﬂe@oaabmp@agerame prébaritisteems tgstend @RV er ,

it is believed that there exists anple evidence to suggest that many of the
i nj ur i foupreliinamidoner wditue reagltstorbesame avdilableeansovaseulat iepairdf the organgeidr col d
|scheng d reperfusion (1/R). Reperfusion alone may not be deleterious to
t he grgfl?lp %‘8@ reperfusion after short periods of cold ischem a may be

i uri st b betietrtaaE 199 s Pae Beh AR R ioRg by tEeng g ined '
suggesfof dadabatic Bf%dhs NRY refhal GANRANRM G, BHe drbWirgtisya¥ity bétivea! dslableBnors

preserved renal | ograft begi'n during cold ischema and are expressed
dur i ncandeysients ondke waltiag dist ksl stivwlasediefforts to abaximjzg mylllzattmmf@yd@enc organs.

Fypor e Al e PHIERLBR 2 Do BR PR EPRIP R puvarionms oy

| ead teqelif@ginsplankdtidvhdfalngaildbleyrighid dlchidihg andaded@ﬁt&ial d@nslt origghgir es.
Dur i ngﬂl schem c stress, profound chaﬂg;s in endot helial cell calcium

met abollPWRYSHRY Seenting theasiteriafansutabiiy obdones okgaas.iiansplant cinicians sy Gl ci um
f h h
 ho'| SEEARE NI Alpdeiarnaib S BBah DSlhRly) ot iagbgin LT ovs
el ect rirasplaptedenpanslexhyibidnfenivy gragsutwivalg Consdéqoentiye q:htenventhnﬂs itloat battd

uncontrol |l ed c%trcul ati o of Ca++. {]‘Wa&% | eti on of ATP stored during T/R

may coOWPIOYR SET AP, d@ﬁ’c‘o"ﬁ@#‘p%b‘ <Butciamao €565 the SOROF AEEADGRY Bnd ¢ he
ener gYerhhBB Sty iipUhd k@al%&'nﬁ&ﬂﬁ‘i‘%ﬁ{gj the %?Imn@ BB cadafiid fifhs laﬁfaﬁgﬁt Ic

el evation of intracellular free terations in cytoSolic Ca-++-
concentration nmay di srupt several i ntracel | ul ar functi ons, nmany of which
may result in damagi ng effects. Unregul ated cal ci um honeostasi s has been
inplicated in the devel opnent of endothelial and par enchyma) injury and is

believed to be a fundanental step in the sequel ae of | eadi ng to

| et hal cell i t he nost significant darra Uﬂwﬁw«ﬁmﬁm

i ncreased cyt Hm\mwmwwm re believed to be the acti osphol i pase
A, 2 and C Loxi c production of reactive oxygefsdpeci es by

macr ophages, the actl vatl on of proteases that enhance the conversion of

xant hi ne dehydr ogenase to xant hi ne oxi dase, and m tochondria) derangenents.
2

i




WO 02/ 30191 PCT/ US01/ 32077 Solutions for preserving organs are described in
U S. Patent Nos. 4,798,824 and 4, 879, 283, the disclosures of which are

i ncorponve@ezi3inerein in their entirety. One such sol uti onPC3/U$0H3AN col d
storage sol ution, which may be used for hypotherm c flushing and storage of
organs. Despite such solutions, it is believed that there remains a need
for organ and tissue preserving solutions that allow for static storage and
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and Nacet yl cysteine into the sol ution. |'ed Description: of
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t he or |oI oJaution
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i nhibitory properties, a nitric oxide donor, and gﬁglutathlone fornlng
agent andrfie enegarintsndve sty ptemanslleduambranase sapsing srirapplic eevationefsol ut i on
is i”hﬁgﬂaﬂﬂEP&eé fasion into the vascul ature of cadaveric and living donor
organs for transplantation. Once infused, the donor organs are
exsangui na I
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vascul at ur gans toO return ermc condition.

The sataniiod m}ﬁmmnbﬁrssﬁn th datsgingl effectd yontcgelared caloiuml hbmesstasty has ib,een ol ogi cal
conditions. The solution remains in the vascul ature of the or as wel |
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storage solutions. A cold storage solution of the invention includes a

pr ost 8gldasediand tatechendriab defahganenys. menbr ane st abi | i zi ng, platel et
aggregati on prevention upon reperfusion, and conpl enment activation
inhibitory properties. One such prostaglandin is Prostaglandin E 1 (PGE 1
). PCGE 1 is an endogenous ei cosanoid of the cycl ooxygenase pathway and is
utilized for its potent vasodilatory pdoperties. In addition, PGELl has
cel lular and organell e nenbrane stabilization properties, cryoprotective
properties, and the ability to prevent platelet aggregation upon the
vascul ar endot hel i um post transplant. As such, PGEL may i nhi bit neutrophi
adhesion, inhibit neutrophil production of oxygen free radical species,
counteract procoagul ant activity after endothelial injury, and stabilize
cell nmenbranes. Wen used in vivo, PGEl1 is netabolized al nost

i nst ant aneously by first pass clearance through the |ung, but during
hypot herm ¢ conditions, PGE 1 in the cold storage solution nay remain
vasoactive even after several hours. A cold storage solution of the
|nvent|on also contalns a |utr|c OX|de donor such ‘as nltroglycerln
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PCT/ US01/ 32077 properties, its ability to dilate the venous vascul ar system
and preveix0xsasdspasm and its ability to prevent conpl enRGE/USILRGAL | on
upon transplant. Nitroglycerin is known to relax snmooth nuscle cells of the
endot hel i um scavenge free oxygen radicals during reperfusion, and prevent
the production of such radicals during cold ischem a. Conpounds that form
gl ut at hi oneg{@ali I cold
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As such, \N-acetyl cysteine i t he only gl utathione precursor
That  caplikPERerpEsrE e of ad) GFeSF RRRE Eadfinctie Consti turi ve

gl ut at hi one- bui | di ng properties of N-acetylcysteine help prevent the
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in the preserving solution signifi.cantly. jnprqves vas Iar r esi nce,
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sol ution suggests t in addition to vasoactive effects, an additi onal

cyt opr membrmestadmlczmg, Mclot aggrégation pfayentionaypon Irqy;arfmelonnwu} ¢oamplemnant
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See, U S. Patéent Nos. 4, 824 and 4, 879, 283. For exanpl e,
corrponewn(hthtfmtphympldmcallt:omdmw in the solution include: potassium

| act obi onate, which is an inperneant anion that reduces cell swelling,
KH2PO4, whi The piventisieslsaprovidea aendthiéd for pregemving amporghmomisiologivaptibsut. The

sol ution 04 whi ch stabilizes ceIIuIar and organel | 2/ 3(1191
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sol uti on. ref.er enbodj ment e. organ or bi ol oqi caI tissue
preservat i o&hEH'P 8“‘%‘?‘6 T REOVIstes 8t Qfaggpanggtanlogg%r iolpgicalissBe Tabl e 1

COMPOS}, bk CAMAA-BYTd §lrake lsbIEBROTHRS #i %HBd lud idi Tut h distilled wat
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COMPCSI TI ONAMOUNT IN 1 LI TERPot assi um Lact obi onate | 75- 125mKH2PO4

| 20- 30mvIVySCa3- 7mVRaf f i nose20- 40nVAdenosi ne2- |

OmMVAI | opwoi3d 1 5mvVPent ast ar ch45- 55g/ LPr ost agl andi n PCT/US01/32077
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Wat er 700-900nL In a nost preferred enbodi nent, the organ or biol ogical

ti ssue preservation cold storage solution includes, but is not limted to:
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accor dioragiopmothermivecomgigionp Thf eeiutidn oraly beivsedhunder Heepf yipotheimiy conditiprslet, in
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a fractj t 1.l QI } r 40~ d i L S
ot 1 9060 St ta ot Bofdiis i siish3 Rplabed ARG A,
di al yzphygioladié atedisi. tVarfatibng ef thiszsehnfon akuilsoie wsed Khahadite pethigion i n a
second step,. approxi mately 500 ncg_ of .nodified prostaglandin E1 (PCGEl),
appr oxaTREREAtiens The Cﬁﬁaﬁt@gg? sQlption OLifg nazsa%kmﬁhgé pgedpnthe ggme manner and for
N- acet L | to the solution. PCGEL is
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nodi fi ed centri ypot herm ¢ conditions at 30K rpm and
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first mesbraestbiliie) phwsletalggreghiion preectiod upbh ecpenfusioh, ad mhipderpemvi des a
nmet hod for preserving an organ or bi ol Oqlgr,(liﬁl .tissue. The thog flushes a
cadaveatha%qrg@hﬁam propeidics; Pre suchgirgstaglandip s krgptaglapdindil L) PEkiten,

al | ows 3 j i 0.t he cold
st or agaé{ ngg%@ﬁ?%g%% t g%mgtcgélgg}%g%{éas%ﬁ%\% ?'itagd?)srelgg%\ég bf&ﬁi sdlﬁéglti n the cold
st or ageasedilatoryqgoperties. daeddiippoPGEL thccetlotadiahd organeligqnymbrane gtabdization

condi tion. .Additional, . cold stora sol ytion may b dded to.ensure_ adequate
pr eserRIQPFIGRS: STy PRt et s ATORT 1S, §’g‘§g‘° aHi’é}' E)rl?ré?ig”tt @ff’ﬁé?taﬁgﬂ"eggﬁ?’éﬂ%‘ 0 mq
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tenperature, in the p %/3| ol ogi cal condition. I n one enbodiment, the cold
st or ageeuttoplil porduction o exygen dice tadienl bpdcips; cem@tenant prpcaagulant apvily afterot her

coolin J in.the art.. |1t is typical 1o ins t he . e

o ut  SORRRaL SR bdolec el pcntornfes, “Bhisch S bV PRI 0B EBRAH, o
use. Allirestiastadtahyousty ey ffsgpabs eleatdnbstheoiigh the hidkebridueids pyothamiit aced in
t he solutjion and then cool ed. 8. WD 02130191 PCT/US01132077 The

i nvent $onditions: HEE1 i theicqldssterage sojutioremay regamin yasoaptbvedtyien gfter seygighbhours.
conprising a cadaveric organ or tissue wthin a cold storage sol ution of
t he i nvent i Areoldistarage eplutigipof the inventiomaldd comgaing & nithiy okislesignen suchosdi t i on.

" deep ryubmarec Brodi ErES SR BT ST sERRF of [ERMAIHL Sidihoribe

physi ol ogi cal condition. The invention is further explained by the
fol l owi ng of exanples of the invention4as well as conparison exanples. In
all of the exanples, kidneys were procured from heart-beating donors and
preserved in a | aboratory by cold storage preservation. Random zation was
acconpl i shed as an open | abel ed, sequential analysis. All agents were added
i mredi ately prior to vascular flush. Data Coll ected The foll ow ng donor,
preservation, and postoperative recipient outcone data were collected for
either Exanple 1 or 2: donor age (D age, years), final donor creatinine (D
Cr, ng/dL), donor intraoperative urine output (WO nlL), cold ischemc tine
{CIT, hours), perfusion tinme (PT, hours), perfusate [Na+] (nM 1009),
perfusate [Cl-] (mM 100g), perfusate [K+] (mM 100g), perfusate [Ca++]

(mVf 100g), perfusate pH, renal flow during MP (FL, nli/m n/100g), renal
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Met hod of Preservatio~a All cold stored kidneys subject to the above
criteria were flushed and cold stored at 4Cin 1L of either University of

W sconswo ¢2ddJ91sol uti on (Vi aspan cold storage sol ution, BPoposél/hzr na,

W Il mngton, DE) or the Cold Organ Storage (Perfusion) solution (OPS) of the
present invention. The University of Wsconsin solution, which is also the
Control -UWsolution, is described in U S. Patent Nos. 4,798, 824 and

4,879, 283, t at i st t

rean Dpaties st e dlg e Pl Mooty R HRL et yARiePo St FRARRY °°
t - t es{Spréfen coMplen¥ne hEivAEBhH Qpéi Rirdplafit. | Nﬁiog ycafm @ﬂm@ﬁﬂﬂo}ﬁl&ﬁ sm@bm
performed by Statview 4.5 software {Abacu ncepts, Berkel ey

ExANVPIsale caligefithe erdathelym, seavenseiBproxyesn sakisaladwing reaf&réusm @aﬁﬁrqrami abl es

b f | ut / - SEl' Vi = nunb
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graft function (% 1931 0.041 yr, graft surV| val (9% 9894 ns -10
U2/ 30§@SH) is synthesized from L-glutamate L-cysteine, and glycine in 2 ATP-dependent reactions.
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st or alifhifed bRUGSH rfmbémeamadecmvme‘d GOHGFhthglass) v cHELMSONB) ext o
NTG=Ni_t rogl ycerl n = nunber of recj p| ents PCEl NTG PCEl +NTG
Cont r &edbagkp @%H iseassymed abieedback inhabition islost, pyailghilite of
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to be the only glutathione precursor that can enter the cell freely. In addition, the constitutive

glutathione-building properties of N-acetylcysteine help prevent the formation of free oxygen

radicals generated during the preservation period and during reperfusion with a recipient’s blood.

According to a preferred embodiment of the invention, an organ and biological tissue
preservation cold storage solution containing PGE]1, nitroglycerin, and N-acetylcysteine in the
preserving solution significantly improves vascular resistance, vascular flow, and calcium efflux
during the organ preservation period. The inhibition of calcium efflux over time in kidneys
preserved by the proposed solution suggests that, in addition to vasoactive effects, an additional
cytoprotective and cryoprotective effect may also be important in ameliorating ischemic injury.
These improvements are substantiated ultrastructurally by improved appearance of mitochondria
in proximal tubular cells compared to mitochondria from kidneys not exposed to the proposed

solution,

A cold storage solution of the invention may also contain components that are typically
used in known cold storage 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: potassium lactobionate,
which is an impermeant anion that reduces cell swelling, KH,PO4, which provides acid-base

buffering and maintains the pH of the solution, MgSO4, which stabilizes cellular and organelle
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out put (m ) 300+/-90 Preservation characteristics Cold ischemc 22+/-5 tine
(h) 38.5+/-9 41.4+/-8 44.0+4/-12 0.8 1.3+/-0.4 0.8+4/-0.5 0.9+/-0.5 0.65
290+/ - 1D @Bt9r 70 200+/ -80 0.45 23+/-6 24+/-5 23+/ -4 0. BOT/OSOIWE
characteristics Imrediate 84+/-4 82+/-3 84+/-6 77+/-5 function (% Del ayed
grant 16+/-5 18+l -3 15+/-4 22+4/-5 function (%9 3 nonth 95+/-3 90+/-5 94+/-4
87+/-5 function (%9 Wile the invention has been disclosed with reference
to certaLn referred enmbodi nents, Funero% nq?ificajiqgﬁ, al terations, and
chandBenbgnbh and et 3 s AicAERIE SEY BYiH5escel TRGHtE AEHEPHORS 11 om
the Sé?{c}\g}ﬁst?’%g f&%&ﬁba{cahggnegay@e@llspm adifticiebBRRineNwhits i@ PpREARE: © ai s
-11 U2/ 30191 PCT/US01/ 32U/77 and their equivalents thereof. For
exanpAEP suhthbgsgiloptinad swhich étha fresexygon raficalagavengass gndaientastarah, whirhoal y
organs, the terns, "organs” sorgan” e a 1 organs, tjssues and
body BLricote Aoty Y b iR FasiPetiitan c BRGH Rt SO ol 28R BB upcd B ARE: “Fhe

| Nvenddse Buffetindfhd mbint@fnéLofthe pHOTEHd fpdiopnbodi ments, but that it have the
full scope defined by the | anguage of the following clains. -12 WO
02/30191 R T ed%hdffiat, #E ofdatibictogidal tilheAfrBRRARon RbRIpsthga! tissue
preservation aqueous col d storage solutioh conprising: a prostaglandin

havi ngplutemadcludes) byt ismetbmitadtst abi | i zi ng, pl atel et aggregation prevention
upon reperfusion, and conpl enment activation inhibitory properties; a nitric
oxi de donor; and a glutathione-form ng agent. 2. The cold storage sol ution
of claim1l wherein the prostaglandin conprises prostaglandin E1. 3. The
cold storage solution of claiml whéakled t he prost agl andi n has cellular and

or ganel | e nenbr gne—stabtttrzationm—properties and-—cytoprotective pnoperties.
COMPOSITION AMOUNT IN 1 LITER
Potassium Lactobionate 50-150mM
KH,PO, 10-40mM
MgSO; 2-8mM
Raffinose 10-50mM
Adenosine 1-20mM
Allopurinol 1-10mM
Pentastarch 40-60g/L
Prostaglandin E1 100-5,000mcg/L
Nitroglycerin 1-10mg/L
N-Acetylcysteine 0.1-4mg/L
Sterile Water 700-900mL

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

solution includes, but is not limited to:



4. The cold storage solution of claim1 wherein the nitric oxide donor
conprises nitroglycerin. 5. The cold storage solution of claim1 wherein
t he gl utwap bi/sner f or mi ng agent conpri ses Nacetyl cyst ei ne. p6T/USBE32001 d
storage solution of claim1 further conprising potassium ]l actobionate,
KH2P04, MyS04, and raffinose. 7. The cold storage solution of claiml
further conprising adenosine, allopurinol, and pentastarch. 8. The cold
storage solution of claim1 further thaﬁgp ising NaCl and KOH. 9. The cold
storage solution of claim1 wherein %r ost agl andi n conpri ses about
100S, OQOeg/ L prostagt andt' m EL, —The nitric oxi de donor conprises jabout

1- 1O/ L nitroglly, e gl utathijo N ﬂg?? conpri ses about
0.1-4ng/ L N acet ?cys el ne mrther conpr‘rng(?tg: a‘ggut -1?150rr1\/| pot assi um
| act obi onat e; abOPEEIEAYEMoRIGARES, apoUTR{BARIVOSCa, about 10- 50V
raf fi nose; about 1 20mM adenosi ne; about! 1- allopurinol; and 13 WO
02/ 30191 KH,PO4 20- g(%M P

PCT/ US01/ 321177 jabip$0,40- 609/ L pent astch?MnM The col d storage kol ution
of claim1l wherej rostaglandin co &m@bout 250 3, 000ntgf L

prost agl andi n E1}, ﬁf‘"iiﬁrgl%nérot ri c oxide donorp%dogrprr Ses about 2-7ng/L
nitroglycerin, anddenesingl utat hi one-formndlé@dht conprises about P.5-2ng/L
N-acet yl cyst ei ne| AilU G conprising: abopsmig- 125mM pot assi um
| act obi onat e; abg Qﬁ%}&g}ém KHZP04; about 53 MyS04; about 20- 4pMM
raffi nose; about ent denosi ne; about 428 al I opurinol; and apout

45- 559/ L pent ast pProktaglahdinTfie col d st or 4g250300@meglLof claim | wherein the
prostagl andi n comuti, out 500ntg/ L ra)‘r bagl@andin El, the nitrig oxide
donor conprises nEo ggeﬁ?L nitroglyceriln 3 ﬂ%l the gl ut at hi one-f opm ng
agent conprises | €€ &%?@P?I cyst ei ne, tzﬁ‘ﬁ/ conpri sing: about| 100nM
pot assi um | act ob SteﬂleaWasdnout 25nM KHZP470(R%ﬂmL5rﬂVI I\/gSO4 about 30mv
raf f nose; about 5ir Og/ L
pentastarch. 12. The col d storage sol ution of claim1l further conpri sing
steril e watlea.mdsBpreferpddeanboditient) hanrgin dribidlogicalalssid msseevatiomeoldsstorggat

| east one of a cadaveric organ and tissue within a cold storage sol ution of
cl ai mselutign jaclydeghut gppotdimiledd@ep hypot hermi ¢ condition and physi ol ogi cal
condition. 14. The preserved organ or biological tissue of claim13 wherein
the col d storage sol ution is inf used‘"ﬂb#t@) vascul ature of at | east one of a

cadaveri c organ, r+Hvng-dotor—orgaf; oulu t+sste: Fhe—pteserved organ or
o olod s BN 1oL | Py dHsEN BRI con ] on

Potassium Lactobionate 100mM

KH,PO, 25mM

MgSO4 5mM

Raffinose 30mM

Adenosine 5mM

Allopurinol ImM

Pentastarch 50g/L

Prostaglandin E1 500meg/L

Nitroglycerin S5mg/L

N-Acetylcysteine 1mg/L

Sterile Water 800mL




WO 02/ 30191

PCT/ USOL/ 32077 16. The preserved organ or biological tissue of claim13
wher ei nwich@/3lsi ol ogi cal condition conprises a tenperatpcrusivabout 37C.
17. The preserved organ or biological tissue of claim13 wherein the cold
storage solution is cooled to bel ow 10C. 18. The preserved organ or

bi ol ogi cal tissue of claim 13 wherein any precipitates in the cold storage
solution are renoved prior to use. 19. An organ or biological tissue

reservation ueous cal d or.age,.sol uti,on _co i Si ng:. abqut 100-S /L
P oot hl Ao Eataes safhod of g SR iy bRy RN LY i tE e sppnent ™9
N- aCgdsrHBPARIVE WithPREHE walter LAY BREASSE Aiidd RESIRIAONAEE; FarRRAthpkDtod OMM

KH2P04; about 2-8nmM MySQa; about 10- SOTM raffinose; about 1-20nM adenosi ne;
abouprepareheargah epdibiotegical dismetpreservetign coldetarags slusien, aprroxipwitaly 7600~ 900n

ster} ter..2 d.f Leservi.n n.or . D i_.cal tissue
corrp?é@ﬂyr‘:’gqr W?ﬁﬁgag’}ynébogf %‘5@% 8%?{%11& aéerégggwgrgg?rgggrr%élgiﬂ%r?glﬂ%gggue wth a
col dapsproxiaeel$ edoth tediiperf0RPIAlfiongh 8 oRé Lifdsr dghleen i usedlin thiy @anmhlé, ahp bther
menbrane stabilizing, platelet aggregation prevention upon reperfusion, and
conpfangner elanysizeiety hewsedite prepars thpiolitians wherethe compenanyamawifs woulthg a

gl ut ks \: a ; ] . o; cadaveric
or ot ARRER SRRy D 98 e B Lol BE Bhon Bhe AR By o ng
t he aidet,@adic sohionfand eaécttid neiked utilghissobved i iesoRition: tpsrogidatels 1100 age/L

solutjon in at | east one of, a deegn hyPot erm ¢ condifion and_ ph fi ol ogi cal
condPt PRSassium lacigbionals, gBRro¥Imately 2 QtRs5iunh hasphale; PWPrEHRACEYY: "o 15

WO Qﬁfl/i%%ffﬁ?y %ﬁﬁzﬁ&g’ 5 AbS BPQdcﬁnBﬁné,%?dex%aﬂey PrbfE Sttafb off the
at |east one of a averi ¢ organ and tissue, and exXsanguinatlng the at
| easandapprotinmtaln 0 gef ntodifigbpentasthreli. SBheamodified pamastatch ada frhctiminatedh 20

wherei.n.the storj i ses:,. repl aci,ng bl in vascul] ature of, the at

e aseolit Rt SR RPRosi S irleriane Smonitien bt @BEhs batiSue e hoo
of - chatmof Brekstirt BRbuGLIBalyZildR1tdr SRIACHAE siz8 @ f 8BdU4 40D Mbl{dndt Th&A$Hh abl 0od
to return the at | east one of a cadaveric organ and tissue to a

nor neackad slep, appreNimiately S0Mmeg hEmedified prostaglangdimED (PEEL ), approsimagiely S mg:

cool llnrt]t%g}y%%ﬁg,oénﬁtipgpoxgﬁatgfyl f)l\{lvglo(%g-acetylcysteine, are added, in any order, to the

solution. PGE]1 is modified by centrifuging PGE1 under hypothermic conditions at 30K rpm and
then filtering the resulting mixture through a 0.05 micro filter. The modified PGE1 has a half-

life lengthened by a multiple of about 15. The first and second step may also be reversed.

The invention also provides a method for preserving an organ or biological tissue. The
method flushes a cadaveric organ or tissue with a cold storage solution of the invention, allows
the flushed cadaveric organ or tissue to be enveloped in the cold storage solution, and then stores
the cadaveric organ or tissue in the cold storage solution in a deep hypothermic condition or
physiological condition. Additional cold storage solution may be added to ensure adequate
preservation of the organ or tissue. 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.
In one embodiment, the cold storage solution is first cooled to below 10°C using an ice bath or
other cooling means known in the art. It is typical to inspect the cooled solution for any
precipitates which may be removed by filtration prior to use. Alternatively, the organ or tissue to

be preserved may be placed in the solution and then cooled.
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I nspecting the cooled solution for precipitates; and renoving any
precipitates by filtration. 25. A nethod of preparing an organ or

bi ol ogi &b 02/368ue preservati on cold storage sol ution conmpgirgjsigs2opf ovi di ng
a solution with sterile water; addi ng potassium | act obi onate, potassium
phosphate, raffinose, adenosine, allopurinol, and pentastarch to the
solution; and m xing prostaglandin E1, nitroglycerin and N-acetyl cysteine
into the solution. 26. The nethod of claim25 further conprising: mxing

t he sol uti oFheuinventicaifurtherrmyovides a presever] exegn pekiological fipmeempHaingfa cl ai m 25

further rising:..infusi g r r
i a1 y e PR R kil HR 18 B SR R g M R AT o B
condi tdopaRiondtghiéiblogicaneoriditéort X disdusgichbpr e, Sirefgirad timpekdtures thgeAdm A . ACGH
.An A& . Ah& AU AU Al LA AU . A& LA A L AU . AU )
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 was
accomplished as an open labeled, sequential analysis. All agents were added immediately prior

to vascular flush.

Data Collected

The following donor, preservation, and postoperative recipient outcome data were
collected for either Example 1 or 2: donor age (D age, years), final donor creatinine (D Cr,
mg/dL), donor intraoperative urine output (U/O, mL), cold ischemic time (CIT, hours), perfusion
time (PT, hours), perfusate [Na+] (mM/100g), perfusate [C1-] (mM/100g), 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 exceeding 2000mL
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

YT, %) defined as 3 month or one year post-operative graft status.

Method of Preservation

All cold stored kidneys subject to the above criteria were flushed and cold stored at 4°C
in 1L of either University of Wisconsin (UW) solution (Viaspan® cold storage solution, Dupont
Pharma, Wilmington, DE) or the Cold Organ Storage (Perfusion) solution (OPS) of the present
invention. The University of Wisconsin solution, which is also the Control-UW solution, is
described in U.S. Patent Nos. 4,798,824 and 4,879,283.
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Cold ischemic time (h) 23 23 ns

Outcome characteristics
Delayed graft function (%) 19 31 0.04

1 yr. graft survival (%) 98 94 ns

-10 -



10%r&' () - EAMANAZAa4b4pax4x~?E 10%& ()- 10%r& ()- 10%r& ()- 10%& () -
10%m&' () - x4y44444443"FE 10%&' ()- 10%m& ()- 10%r& ()- 10%r& () -
4444444000 @B1Q%TE () - & 10%& ()-) 10%m& ()- & 10%r& ()PQT/US01/32077
10%&' () - 4555\ 55555nM@B10>$10>% 610%3$& ()- @ 10%3& ()-( *!10%3$& () -
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| 109%4& () - 10%#& ()-10>$55555666pX<310 10%t& ()-{

EXAMPLE 2

Comparison of selected donor, preservation, and outcome characteristics by type of organ

preservation solution - cold storage formulation (mean +/-SEM)

PGE1=prostaglandin E1(500mcg/L)

NTG=Nitroglycerin (Smg/L)

n = number of recipients

PGE1 NTG PGEI+NTG Control-UW p value

(n=48) (n=67) (n=65) solution (n=86) (unpaired
(Embodiment student’s t-test)
of Table 3)

Donor Characteristics

Donor age (y) 38.5+/-7 38.5+/-9 41.4+/-8 44,04/-12 0.8
Final serum 1.0+/-0.2 1.3+/-04 0.8+/-0.5 0.9+/-0.5 0.65
creatinine

(mg/dl)

Intraoperative 300+/-90 290+/-120 280+/-70 200+/-80 045

urine

output(mi)
Preservation characteristics

Cold ischemic 22+/-5 23+/-6 24+/-5 23+/-4 0.59
time (h)

Outcome characteristics

Immediate 84+/-4 82+/-3 84+/-6 77+/-5
function (%)
Delayed grant 16+/-5 18+/-3 15+/-4 22+/-5
function (%)
3 month 95+/-3 90+/-5 94+/-4 87+/-5
function (%)

While the invention has been disclosed with reference to certain preferred embodiments,
numerous modifications, alterations, and changes to the described embodiments are possible

without departing from the sphere and scope of the invention, as defined in the appended claims
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and their equivalents thereof. For example, although the detailed description may refer, at times,
to only organs, the terms “organs” and “organ” encompass all organs, tissues and body parts that
may be transplanted. Accordingly, it is 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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3. The cold storage solution of claim 1 wherein the prostaglandin has cellular and organelle
membrane stabilization properties and cytoprotective properties.
4. The cold storage solution of claim 1 wherein the nitric oxide donor comprises
nitroglycerin.
5. The cold storage solution of claim 1 wherein the glutathione-forming agent comprises N-
acetylcysteine.
6. The cold storage solution of claim 1 further comprising potassium lactobionate, KH;POs,
MgSO;, and raffinose.
7. The cold storage solution of claim 1 further comprising adenosine, allopurinol, and
pentastarch.
8. The cold storage solution of claim 1 further comprising NaCl and KOH.
9. The cold storage solution of claim 1 wherein the prostaglandin comprises about 100-
5,000mcg/L prostaglandin E1, the nitric oxide donor comprises about 1-10mg/L nitroglycerin,
and the glutathione-forming agent comprises about 0.1-4mg/L N-acetylcysteine, further
comprising:

about 50-150mM potassium lactobionate;

about 10-40mM KH,POy,;

about 2-8mM MgSO,;

about 10-50mM raffinose;

about 1-20mM adenosine;

about 1-10mM allopurinol; and
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3 OOOmcg/L prostaglandin E1, the nitric oxide donor comprises about 2-7mg/L nitroglycerin, and
the glutathione-forming agent comprises about 0.5-2mg/L N-acetylcysteine, further comprising:

about 75-125mM potassium lactobionate;

about 20-30mM KH,POyq;

about 3-7mM MgSOy;

about 20-40mM raffinose;

about 2-10mM adenosine;

about 1-5mM allopurinol; and

about 45-55g/L pentastarch.
11.  The cold storage solution of claim 1 wherein the 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 100mM potassium lactobionate;

about 25mM KH,POy4;

about SmM MgSOQy;

about 30mM raffinose;

about SmM adenosine;

about 1ImM allopurinol; and

about 50g/L pentastarch.
12.  The cold storage solution of claim 1 further comprising sterile water.
13. A preserved organ or biological tissue comprising at least one of a cadaveric organ and

tissue within a cold storage solution of claim 1 in at least one of a deep hypothermic condition
and physiological condition.

14.  The preserved organ or biological tissue of claim 13 wherein the cold storage solution is
infused into vasculature of at least one of a cadaveric organ, living donor organ, and tissue.

15.  The preserved organ or biological tissue of claim 13 wherein the deep hypothermic
condition comprises a temperature of about 2-10°C.
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The preserved organ or biological tissue of claim 13 wherein the cold storage solution is

cooled to below 10°C.
18.  The preserved organ or biological tissue of claim 13 wherein any precipitates in the cold
storage solution are removed prior to use.
19.  An organ or biological tissue preservation aqueous cold storage solution comprising:

about 100-5,000mcg/L prostaglandin E1;

about 1-10mg/L nitroglycerin;

about 0.1-4mg/L N-acetylcysteine;

about 50-150mM potassium lactobionate;

about 10-40mM KH,POy;

about 2-8mM MgSOy;

about 10-50mM raffinose;

about 1-20mM adenosine;

about 1-10mM allopurinol;

about 40-60g/L pentastarch; and

about 700-900mL sterile water.
20. A method for preserving an organ or biological tissue comprising:

flushing at least one of a cadaveric organ and tissue with a cold storage solution,
comprising a prostaglandin with vasodilatory membrane stabilizing, platelet aggregation
prevention upon reperfusion, and complement activation inhibitory properties, a nitric oxide
donor, and a glutathione-forming agent;

allowing the flushed at least one of a cadaveric organ and tissue to be enveloped in the
cold storage solution; and

storing the at least one of a cadaveric organ and tissue in the cold storage solution in at
least one of a deep hypothermic condition and physiological condition.

21.  The method of claim 20 wherein the flushing comprises:
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and tissue to a normothermic condition.
24.  The method of claim 20 further comprising:
cooling the solution to below 10°C;
inspecting the cooled solution for precipitates; and
removing any precipitates by filtration.
25. A method of preparing an organ or biological tissue preservation cold storage solution
comprising:
providing a solution with sterile water;
adding potassium lactobionate, potassium phosphate, raffinose, adenosine, allopurinol,
and pentastarch to the solution; and
mixing prostaglandin E1, nitroglycerin and N-acetylcysteine into the solution.
26.  The method of claim 25 further comprising:
mixing the solution until all components are dissolved.
27.  The method of claim 25 further comprising:
infusing the pentastarch under pressure through a dialyzing filter;
centrifuging the prostaglandin E1 under hypothermic conditions; and
filtering the centrifuged prostaglandin E1.
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