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Thi s appl .8?5/%(992 clainms the benefi Provi si onal ApgtiuSatiemn No.
60/ 240, 0 I'Ted on Cctober 13,ﬁ h , l mmm’m ed "Organ and Bi ol ogi cal Tissue
Preservation Cold Storage Sol ut , S incorporated herein by
reference. Field of invention The i1®ion relates to the field of organ
and biol ogical tissue preservation. In particular, the invention relates to
cold storage solutions for the preservation of organs and bi ol ogi cal

t i ssuesORGANKNDBIOBOCHGAILUTISSTE PRESERVATION COILR STORAGESOLUKION
ability to preserve human organs for a few days by cold storage after

_i ni ti alReferesne toRelted ApplicgtiPucel | ul ar el ectrol yte solution or by pul satile

perfusion wifl mfc%ﬁ&ﬁ E1in¥d Bie BE bpusglpmaen&l p@i'cat@deflelgo.%of/im@nﬁle&i e

for histo-conpa Ity testing or donor reciprent. is al so belileved
. t hat pras@ctobérn I3n 2090, sotitled ‘Organ apkBiolodical Thssse Bteservatidmiield StangoBglation,”
shari nqﬁﬁnﬁ)n trans;t)l a%tr .centers, careful preoperative preparation of the
reci pi eftch i pgorpgrated heysin by 2etereleor culture results to become avail abl e,
and vascul ar repairs of the organ prior to inplantation. It is believed

t hat t H&eldpfngentigt heen a decade characterized by increasing waiting times
for cadaveri i: . i i rity

bet ween avai léﬁg&ggjggrk@tegﬁﬁmga e?(gﬁf@g%g%%e@gf%rﬁ%% ?fsgtsaﬂ?atgh:? ?rrul at ed

ef f or t pakticul@xtheiizeentibn kélated toavlditorage avations for thamseseAvatiol sf arghues drdat may
arise in the effort_to increase utilization is that maximal utilization may
requi r @iplogirabtissHesfor BAPIBR al | avai | abl e organs, including extended
criteria donor organs. However, by extending the criteria for suitability
of dondbackgtpid oflpyerdignant clinicians nmay risk a penalty with respect to

graft functi 0L Nk S 4 .G f |k i |

P anspl ant ed® by shis R YR R gl FiotrtieRetiitenrp B M 0dyE Ry oY dbrae

i nt er vedfier diitialtfhahingotith amiptrasedlutsr efectrblytecdohaionasrbyipufsatilegeifisionbith 4ny of
clinicians to assess fh_e donor organ. may be crucial to achieving the goal

of maxiFecsohgePrRicBspluion hasallywed et sime fon istoarrmpatigHity testinggrbdonssso
PCT/ Usjagnﬁ/réaﬁiéﬁt. g ﬂ&Fﬂ@i@béd%a@Sreée%ﬁgh%g sEiﬁ‘ﬁBﬁ'oP ﬁgﬁﬁk’or{ﬁh‘% aﬁ%%?lﬁ@/reh oy enal
al lograft ‘during pre-preservation, cold ischemc pfeservation an

r eper f usgamsherieg laslong Wradsplant bentersgarefi! predperativef prepayationcedithd wobientidtvme er ,

it is belieyed that there exist | e evi,dence to s est that many of the
i ur i oL PrRLEREA Shadr Rt Tawil o Bliome SAAHE AR B Fais ! e YR ol ¢

i schenmig japhntaar f usi on (1!'R). Reperfusion alone may not be deleterious to
the graft, since reperfusion after short periods of cold ischema may be
wel | -tol eratg, Y54 he 1e)s i i f
injuries that o%%?%%@gﬂggr ?gnééggge%%eeanéi %gér}%ﬁ:gﬁ%éﬁhgydpﬁt g%ﬁgé Qﬁ%%tﬁ%gstﬂﬂeso
suggestfercadaseérid angansranaenat trapsplantationpthe igtdwingjdispgrityttetwednf ayatiatiiéidonors

reserved renal all ogr.aft_begin.duyi old i schem a.and are expressed
G+ ng PO gers pa e iBas e S lblthehels fa i g g1l AR0aR SEgAdE vorts organs.
sequest Abbstible HabhRY atisHNBS bR A Mclelsd RASEE0F RABH n@xiARl utilization may

Hypot herm cal | y-i nduced i nj ur_% to the endotheliumduring preservation may
| ead t cequirsstransplentation of alh availablgyorganseineludingextendedyenitetia domaronganar es.

Duri ng 1 rof ound c s in.endothelial ;cell. .cal cium.
ot o1 TR 5 i 8 GBl B A BB o onBl s el efiniE B b¥oeisk i
from i nd pemaity ithaesptepotgzaffthctivn, diairdehintothe efficiéncl B btpanetiligaioniigm t hr ough
t he pl asma nmenmbrane. her m cégr eservation may djsrupt. the nmenbrane

el ect r i ‘Eaweplanied grgans eszﬁ/iggfi@fﬁltif;r gral gpvivaly Censeaventlyginterysnbions et both
tr; ' ' + L of | f ing /R
iy coniphett bt Sl e fihos9 tho obl1ty B O Rl HasdY (he HoBbEHa il B T o

ener gy drmdiglrteiackiesingttid goabbf magjarehp ¢henaffibieacyest cad awesic tgnsplahtatiaat. i C

el evation of intracellular free Ca++. Alterations in cytosolic Ca++

* concentration may (di.srupt several intracellular functions, many of which
may result in damaging effects. Unregul ated cal ci um honeostasi s has been
inplicated in Mmment of endothelial and parenchyma) injury and is
believed to b \“\m‘“\ al step in the sequelae of steps leading to

| ethal cell injuryum«ANg the nost significant damagi ng effects of

i ncreased cytosolic Cat+ are believed to be the activation of phospholipase
Al, 2 and C, the cytotoxic production of reactive oxygen species by

macr ophages, the activation of proteases that enhance the conversion of
xant hi ne dehydr ogenase to xant hi ne oxi dase, and m tochondria) derangenents.
-2 WO 112/31152 PCT/USI |1 /42670 Sol utions for preserving organs are
described in U S. Patent Nos. 4,798,824 and 4, 879, 283, the disclosures of
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Summary of the |Isave~ation The invention provides an organ and tissue
preserving solution for static storage preservation that denonstrates
superi or yigad/kde¥2 Preservati on when conpared to exi sting ppesgkyi/idgrgred a,
in ternms of organ and tissue viability and function. The organ and

bi ol ogi cal tissue preservation aqueous cold storage solution includes a
cel lul ar energy production stinulator under anaerobic conditions, an
anti-inflammatory agent, and an oxygen free radical scavenger. The
invention also provides a preserved organ or biological tissue, including a
cadaveri c Or g8 RéchhhiSHy 8f Wjirits Bustaiféd By BleWadRrie Qbnil hdpref dhfigg | nvention
in a deep hypotherm c condition or physiological condition. The invention
. al so pr evi-prsseraatia, kold isobemiy presarvation aad repegfiisionarghadicved todie complereandmes

met hod inel udes 1] LN . [l rgan or. ti At h I

ol ut 1 ooy MRSt b e BRI RIAER Bl inilbSbhles SrBles SAGHERE
- to be enryeledipglions nicBRanidhbiPisatRsiHob Lthe eombiation b Dprolagtdeold dsthemid hd
organ or tissue in the cold storage solution in a deep hypotherm c

condi t i aepesiusionERY BgparBisiomienernynnot-bedeletrions o themial iace mnstiusien affer

met hod i (o] Mool I : L rage
ol ut1 onno R dToRleGllilindl] bBWAARICERY K FRUE LT FaY BE hATRGE forithe” O
dei oni z exhnifestation aflitjurips pot afginatedusiag dbépoasit prolopgédisypotrarpia Iptsanggested
raf f rose, adenosine, allopurinol, pentastarch, insulin and dexanethasone to
the sol GhatdPHT TRYAT SATPGIGN'S @b MiRaR wre thef alient shepresariediirpal elipgraft degin diringyo
112/ 311 i ?Qﬁ§ I PEe0; is

accor daﬁéledav%%eﬁé %%d ?%\%éﬁ%ﬁ%ﬁmﬁg% rgaﬁB%ﬁde eﬁ?%@@g&%ﬁ?&??@ﬁﬂé&gf ie‘:glé(r)c a? ion
col d st cequpstratitn plateieti adhésicteandancreddedcaagudationgy pr oducti on sti nul at or

under anaerobic conditions, an anti-inflammtory agent, and an oxygen free
radi cal scavéngethermhivallgiighizediigurpit® trgindafhelinrg Mufing pasat xtidn w8y at do
storage solutjon is intended for 1 nfusion into the vascul ature of cadaveric

and | i vidrstiasHemtiengacytoskeletal andgseanedls stragturesn Paring fsehermic stress. Briddor gans
are exs . y S

vascul a'? E%eg?{ %ﬁigﬁ(}?ﬁaﬁ%@@%&@gﬁ%&@ Elg lgér&g%%gr'tgﬂéég E@#%?ﬁ‘té ﬁle@?%%é/n |3{i on.
The sol the eieasayf dxdcimndtbm dexcelildapicpyisand ey thepatiologital dnuosf qalonanahoggle al
conditigns. The solution remqains in the vascul.ature of the organ, as well
as envel¥pRiasiamegirinee %fpgg%nawrnr?ﬁgﬂfaﬂen Y TR Be Bloraneinistiagal ppieta

met hod ad?{xﬁ,%éd’lﬁﬁ% Rgioﬂlrédi’é’tﬁbﬁtﬁfn dldQueiFsIda dirshigfiawss ¢f+-or 1dHoRHES
and all biol ogi ca ubstances. Wen the organ or tissue Is returned to

nor not heXTR storedrthiiring dRsmay hempimisd AfPidepereiehtmaevpsithatexbudoGabt frotrhthe cell
physi ol ogi,¢ nmedi a.. Var.i atigps of this solution may al so be used. for. machi ne
Doyt ot G et v Yl of trebeif e pInSE ERmRT S MEVIOB iy be
used i n jhthrRcBa@laEBERCREF. and for the sane tissues and organs as known
storage solutions. A cold storage solution of the invention includes a

cel lular e”“ﬁﬂl’erﬁ'idh@‘i'n%*}t@éblﬁ@@' c%h&%ﬁﬂéﬂ%fna?'@ﬁsﬁﬁﬁ%&r&l%ﬁﬁéehﬁﬂ% lfuéic]ﬂgflgg,i n,

whi ch is a pol ypeptide rmone, is the prinmafy hornone responsi

cont r ol Inhany of véhiclpmak egsulitin Hamaging effecis dUnrtegulatgd colciunahdmbestasishasibeen s.
I nsulin.stj.mul ates transpor f bstrates and ions.into, cell.s [ oot es
tr ansl odpiEHeE e dbRRHES o Rendb el Bk £ FelidtenIBPES and
I nact i vahRRnfepes sfepGn HiZ¥gRdac of stk feading 16 SthARLN injy. Kmbhethe Myt i on al so
i ncl udes_ an_anti -i nfl am’ratgq;g/’ agent. Dexamet hasone, which is a steroid
1

anal ogusignificaptdamaging elifectyefincressed ghoselin Gapr g deli¢ved to be sherastivatiomf has a
pr ol ong f ] Lf - Su in t A
ol d st SaiBERRetet2 dot Gl bR RAREHo LR RO el BY RREHnERes. o
scavenggelie adiivatiokafproteases ipg eakdnde thdl dMérsiva of kanthine \@hydebgdnhse 1atthind r ee
oxygen ragdj cal scavengi ng properties. Preferably, the superoxide dismutase
i s~ conj G§iieey and nptachendsipl defanggmeaty so that its half life is extended by a
~ factor of about 100 tines. Superoxide disnutase is a potent scavenger of
several classes of free oxygen radicals during cold ischem a and upon
reperfusion. Wen -4 2.




WO 112/311. 152 PCTIU S111 i.12t~711 conjugated to pol yet hyl ene glycol,
super oxi de di snutase can remain active for several hours in the cold
storage sphyssAg of the invention. According to a preferrpgrgapogient of
the invention, an organ and bi ol ogi cal tissue preservation cold storage
sol ution contai ning superoxide disnutase in the preserving sol ution
significantly inproves vascul ar resistance, vascular flow, and cal ci um

ef fl ux during the organ preservation period. The inhibition of calcium
efflux over tinme in kidneys preserved by the proposed sol ution suggests
that, in addiggnRbnk fortieRanhs B&gﬁsf hre desoribad i OH, tPaRneNoS Y PR euesti ve and

cryoprotective effect 'may alSo be inportant in aneliorating ischemc .
i nj ury. 4J8785383| therdischsures ©f whichsud sicarporaiediereintin Swiirrantirely.a Oing sagh solgony ed

of mgt dria i. i mal . tub | ed t
o E oc horfuy ISP el Rarhes soiton USSRy b UEHLAE Pt dmne B Soraes of
. storage os@ind!t DREpiff subh Solutibve Rttis BelicBY that thercrefiaiisa rieed B higbuedr e

typically used in known cold storage solutions. See, U, S. Patent Nos.
4, 798, 8ptesarvingisclmipns gimt aflayw fes siapie storageirad preseRyariem hileklgmonsgfiatisg superiarzed

in the soluti incl : i ] whi ch is an inperneant
ani on tﬂﬁﬂ“&éﬁ%ﬁ%@ﬁ8§ﬂf°%§§%ﬁ¢ﬁ%@gkﬁ@ﬁkgghﬁﬁ?%ﬁm%rovides aci d- base

bufferi and iptains the pH of the solution, MyS04, which stabilizes
celIuIaggﬂﬂﬁﬂﬂﬂggﬂ%ﬁpﬁnﬁ@%branes, and raffinose, which is a conplex sugar
that reduces 19glihveniBh ptdEdRARE obs@\Vand eRsRIRERYViRiE S618G0r R sTHBE %%/g%c al ly
stressed cells. In addition, adenosine, which is a precursor to ATP

synt hesipseserviatiop that dernonsiates isupesion quality praseryatiory when equapased tosexisiimgger , and
pentastarch, .which is . an oncotic ort.er.... may, be add to the .sol.utiaon.
G andriesyitpede.d Bid R GrRIBRE vy TR SRR’ dhe ofen g bk oSk
the pH gissieliftesetatioh @Guedud calddidthgy sobdionTheldd¢¥riBellulaf enddE @ prodctidH tinRdatea !
ti ssue preservation cold storage solution includes, but s not limted to:

-5 VWaonfarangarobiz cpaditions, apeniigiammetpry ageativpden vrBeaNIaoNTFdica] seavenger.
LI TERPot assi um Lact obi onat e | 50- 150mvKH2P04

| 10- 40mVVy SO ZhedmiviRtibh ialso pedhid S@pvEsteredsirgaortdotivpichldiasue, madluding h cadaveric
OnmVPent ast ar ch. ~40- 60q/ LI | in4- 100U/ LDexanet hasone4- 2 [ L Super oxj.de

5 St o CBAGBOsTO BB GO HpTeBe st S5E BRHISH R 555 hPaheB piifith or
enbodi mpRysioloBRaPéE@ARIcN, bi ol ogi cal tissue preservation cold storage
solution includes, but is not limted to: -6 WO 02/ 3(1~S2 Table 2

PCT/ USQOL/ ~2G VB L TEBRGH j 4

75, 12EmK R Y 30%@% S imitod e ol SERAI AT bESORRANRl e, The
OmVAI | omethotbintluSed\Peshingss cadahettc- Gge 01 tisud with @-cobLitoPes sotetidrecithe6- | 6ng/ LS

uper oxi de Di.snutase5, 00Q- LSteril e Water 700-9Q0ni, .In, a st

o of o r SVBHEDARERE PN e R e e P besaEc gttt omaseg
st or age sghtibh, @i stdilgUHE Sadaletic bram6f tidshéid BF cbld stardge sohWida ifk hedd | - t 52
PCT/ U S111 /21711 Table 3 COVPOSI TI ONAMOUNT I N 1 LI RPot assi um

Lact obi dipethenmioganditipwoyphysiological condition.
| 25mVMg S04 SmvRaf f i nose30mvAdenosi neSmMVAl | opur i nol 1mPent ast ar chSOg/ LI nsul i n
40U/ LDexanet Hasdnmentionditisn peavades dendthedefil preparingsin@igw drdielogicel tissuer 800nL

preservation cold storage solution. The method includes providing a solution with distilled water

or deionized water, adding potassium lactobionate, potassium phosphate, raffinose, adenosine,
allopurinol, pentastarch, insulin and dexamethasone to the solution, and mixing superoxide

dismutase into the solution.



A cold storage solution of the invention may be prepared by conbining the
conponents described above with sterile water, such as distilled and/or

dei oni zedyyabBhesy FOr exanple, to prepare the organ and bi ¢l-qgigRlehd ssue
pr eservaﬁvon co ’d storage sol ution, approximately 700 900ni, or pr e# erably

about 800 nlL, of sterile water is poured into a one liter beaker at
approxi mately roomtenperature. Although a one liter beaker is used in this
exanpl e, any ot her container of any size may be used to prepare the

sol ution, where the conponent anmpunts woul d be adjusted accordingly. In the
most pr %&Eﬂ&ﬂp&?’z?%%@h Edendd | owi ng are added, in any order, to the
sol ution and eac s m e(f unti| dissolved in the solution: approxinmtely

- 100 nol /L of Ipecemdanomwiticthe vwentiors theapgew idrbibligicapssue prasemvitigoeadd si um

hosphat i matel.y 30 ol /L of fj. imately 5 np)./L of
P omba s sisra g G B G1ds & Cettiba phiesy gyl o AR S ARserokie pgiens,
- modi fi ednpeRiiAfhRidE) F§é§ﬂ,eada%i dxiBsh RESHaaRaPIcaVerglr. aTHd Gghn ANPBiSIbgical isue

m xture of 40-60 kDaltons in dianmeter and is nodified by infusing the
pent ast qirederyatidn coldl steragosolptiandis intended forigfistondntsl the vasgulature ef cagiavéricansor e

i f .ab 40- 60 kDal.t . i mat el Q f i | i d.
2ppr oxi HRPES donargreans &5 diadoiauaREt St Birdeet, (i danProrefly et Prffginatsd and 1
a seconglsdEi ,rep?l%ﬁQgi R8s sthtYorin tRORatlYeGlas il ref ittt ord it réteif thedigahs ta _0_

WO (12/3(1.152 PCT/US(I1/~2(r70 conj u%at ed to pol yethyl ene glycal, is added
to the dwrmpthsrmicueaditionshe selutierncaay b uegs yndpr decp diypetheranie carditions g

i nventi | . [ f O | Q . b j.cal
{1 ssue. EhEORHH Eiae TRE ool Binalts Y HleaBihi AP 3R o, 6 5T o e
sol ut i oren9tlopéethe Bittretorgun, duringahepdrivd of @dhMectemin Mhdymethod iof pregervatidie

envel oped in the cold_ storage solutiqgn, and_ then stores the cadaveric organ
or tissplows forihe sytended siorageokreans; tssueh and all pplegicnl swestances. Wi the ereasr
physi ol ch'tfééﬂe i§ 0 0HnEl P4 rﬁ[%‘i’t'lén;n dfifdnd +hL 841 ﬁ%ﬂigeﬁ%m Qfoﬁ&ﬁad to
ensure adequate preserva?l on of the organ or tissue.” Pref erreq enper at ur es
range f rphysialogid medih0 ¥ ariatidriseofdige polhiigoivag also be msatifor rzichian pedngdombout 37C,
or room tenperature, i]a t he ph){sj ol ogi cal condition. ne enbodi nent,  the

|0
col d st dFeyEvaiopu e Roldstaragesoltion ol the lpvepiionnake wise iyths same apaenpang;for
ot her cqgl gaﬂgeﬁysg%mw%sldg %Qﬁngﬁ}a#glsbldtﬁn&ypl cal to inspect the cool ed
y

solution for any preciprtates whic be removed by filtration prior to
use. Alternatj V. L . . i
the sol ut on ARgOeRe SR biihe blEINR hORR MR ider PociBidl AREHLE
or gan orundeodmagrobid cdnditione. heni, ivehicigisa pdylreptde horatopais the fris@ydionholds N a
cold storage solution of the invention.in a deep h herm ¢ conditjon or
ohysi ol JEHHOaR bGP ineALe PGkt dlidmting bt SREr o POl cHiieriR JRBY ange
fr om abqigindatdOfrarsPort BE sERERDYROLASTHS CelOPBidt@Nr MR cAldh JHPrdtking BétweRh

roomtenperature, In the physiological condition. The invention is further
expl ai newllblar corepdrohénssantbactivatep Arebinaétivates spenifinienzymeas wel | as conpari son
exanples. In all of the exanples, kidneys were procured from heart-beating
donors and pr Asmid stdraga selutiedoof tht daventiyn aled thchides ag entpirdhermysdtycagentAl t hough

ki dneys re used in.the exanples, any.or qQr bi.al ggi cal tissue may be
preser véﬁee’fawefth‘?éo% e 18R &l5E IQGP‘E}_PFB% s ‘ﬁg&gﬁd{sﬂpﬂﬁﬁ R BOREIUEhed as
an open hahsi SeEIEHd fdelad | a=Yall fﬁ'l.rty
pri or to]bvasc?glﬁg? fl u?%bI%%%%ﬁ?deﬁlgd Theqﬁgﬁfngwwﬁgoﬁg%ﬁ%gﬁ atleosh,
and postoperafi o) 0 - e [ I |l e
10r"2:  aonort£58 BNl on bl e AR A B BBl ey AT
donor i riDmeexaerpdd, iswgeroxide disontgseitis kdvnforrits)potenofide bsypeanadicdl iscavenging

hours), perfuysi 9 iy s . . )
) p?'opertlfes. %r}efera:bly, the superoxide dismutase is conjugated to polyethylene glycol so that its

half-life is extended by a factor of about 100 times. Superoxide dismutase is a potent scavenger

of several classes of free oxygen radicals during cold ischemia and upon reperfusion. When
-4-



WO 112/30.152 PCT/USII1/.t2G/70 time {PT, hours), perfusate [Na+]

(mvI 100g), perfusate [Cl-] (mM 100g), perfusate [K+] (mM 100g), perfusate
[ Ca++] (ndbhASQey , perfusate pH, renal flow during MP ( FLpctukei4264009) ,
renal resistance during MP (RES, mmHg/ (nL/ m n/ 100g), recipient age (R age,
years), recipient discharge creatinine (R C, ng/dL), initial |ength of
reci pient hospital stay (LOCS, days), immedi ate graft function (IF, %
defined as urine production exceedi ng 2000nL during the first 24

post - operative hours, delayed renal allograft graft function (DG, %

def i ned cagugdied apdydiRylest gliysl] sipetokiderdisnngtadel oaf trenfaifl aptivefos tevierA homisdnt ,
and present function (3 Mp or 1 Yr, 9% defined as 3 nonth or one year

. post - op&iegald gogpga selugen pfthe iNgnHER of Preservation Al col d stored kidneys
subject to the above criteria were flushed and cold stored at 4Cin 1 L of
ei t her Uni vedscendingftoaypsefsmred smposimenbeithe étyeption ap argan@nd binlegiag)dissue

et o Bese B s RO B AR By
W scons isignifivabifly prowss viliciilgr rebistandd) @ascolat flovw; AMY @ldinthieflux diiingehe bidaad in

U S. Patent Nos. 4,798, 824 and 4,879,283, Statistical analysis Al data are
r epor t e@reservatemperiady ddie igiiiition|of salcinn el ouerine i Kidugys piessrved b ihe r ed

st udent' - . . o st Ses
ver e pePloapeniclEets il IPLRNARRO AIBh of e, B b BroBRtarRg)
EXAVPLE aild Cigopotdcsion effbct adyedliceiok iigpoptant inraamdiotding dsohernicdniuuy. @hiese vari abl es
by nmethod and type of _organ preservation solution (nmean +/-SE1VI) n =
nunber HNPYONEM téﬁ{essuhgtaaﬂ%f ulirasirciyraliy,by mprsovyd apppappse Qffmitpchgndia in

I e s i s s A

Pr eser vadlution.characteri stics Cold ischemic tinme (h) Qutcone characteristics
Del ayed graft function (% 1 yr. graft survival (%9 1.1 23 17

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, MgSQy, which stabilizes cellular and organelle
membranes, and raffinose, which is a complex sugar that reduces cell swelling and provides
energy stores for metabolically stressed cells. In addition, adenosine, which is a precursor to
ATP synthesis, allopurinol, which is also a free oxygen radical scavenger, and pentastarch,
which is an oncotic supporter, may be added to the solution. NaCl and KOH may also be used
for acid-base buffering and maintenance of the pH of the solution. In a preferred embodiment,

the organ or biological tissue preservation cold storage solution includes, but is not limited to:



98 -11 0.9 24 32 91 PCT/US(11/42C7(1 ns ns 0.03 0.04 WO 112/311452
PCT/USI | 1/ 421 >>7f 1 EXAMPLE 2 Conpari son of sel ected donor, preservation,
and out cagg oghssact eri stics by type of organ ' preservati egtaghiizéqn - cold
storage formul ati on (nean +/-SEM SOD=super oxi de di smut ase- pol yet hyl ene

gl ycol (25,000 units/L) n = nunber of recipients SOD Control -UWp val ue
(unpaired (n=48) solution {n=86) student's t-test) (Enbodi nent of Table 3)
Donor Characteristics Donor age (y) 39.2+/-10 44.0+4/-12 0.8 Final serum
creatinine 1.1+/-0.6 0.9+/-0.5 0.6S (ng/dl) Intraoperative urine 250+/-80
200+/-80 0.45 output(m ) PreservationEdpié pcteristics Cold ischemc tine
(h) 26+/-4 23+/-4 Q.59 Qutcone characteristics |mmediate function 79+/-5

.77+ -5 (9% Del ayed| grant function 20+/-4 22+/-5 () 3 nmonth function| (%
91+/ -4 87+/ -5 COMPOSITION AMOUNT IN 1 LITER
Potassium Lactobionate 50-150mM
KH,PO4 10-40mM
MgSO4 2-8mM
Raffinose 10-50mM
Adenosine 1-20mM
Allopurinol 1-10mM
Pentastarch 40-60g/L
Insulin 4-100U/L
Dexamethasone 4-24mg/L
Superoxide Dismutase 1,000-100,000U/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:
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order, to the solution and each is mixed until dissolved in the solution: approximately 100 mol/L

of potassium lactobionate, approximately 25 mol/L of potassium phosphate, approximately 30

mol/L of raffinose, approximately 5 mol/L of adenosine, approximately 1 mol/L of allopurinol

and approximately 50 g of 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.

Approximately 40 U of insulin and approximately 8mg/L. dexamethasone are also added to the

solution. Then, in a second step, approximately 25,000 U of superoxide dismutase, which is
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. pot assi um phosphat e, raffinose, adenosjne,  allopurinal, nt.ast arch
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be preserved may be placed in the solution and then cooled.

The invention further provides a preserved organ or biological tissue comprising a
cadaveric organ or tissue within a cold storage solution of the invention in a deep hypothermic
condition or physiological condition. 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.

The invention is further explained by the following 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. Although kidneys were used in the
examples, any organ or biological tissue may be preserved in the cold storage solution.
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
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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.

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).

EXAMPLE 1

Comparison of selected donor, preservation, and outcome variables by method and type of
organ preservation solution (mean +/-SEM)

n = number of recipients

ns = not significant

oPs University of p value (unpaired
(n=152) Wisconsin Student’s t-test)
(n=160)
Donor characteristics
Donor age (y) 44.1 42.1 ns

-10-
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Final serum creatinine(mg/dl) 1.1 0.9 ns

Preservation characteristics

Cold ischemic time (h) 23 24 ns
Outcome characteristics

Delayed graft function (%) 17 32 0.03

1 yr. graft survival (%) 98 91 0.04
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EXAMPLE 2

Comparison of selected donor, preservation, and outcome characteristics by type of organ
preservation solution - cold storage formulation (mean +/-SEM)

SOD=superoxide dismutase-polyethylene glycol (25,000 units/L)

n = number of recipients

SOD Control-UW p value (unpaired
(n=48) solution (n=86) student’s t-test)
(Embodiment of
Table 3)
Donor
Characteristics
Donor age (y) 39.2+/-10 44.0+/-12 0.8
Final serum creatinine  1.1+/-0.6 0.9+/-0.5 0.65
(mg/dl)
Intraoperative urine 250+/-80 200+/-80 0.45
output(ml)
Preservation
characteristics
Cold ischemic time (h) 26+/-4 23+/-4 0.59
Outcome
characteristics
Immediate function 79+/-5 77+/-5
(%)
Delayed grant function 20+/-4 22+/-5
]
3 month function (%) 91+/-4 87+/-5

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

and their equivalents thereof. For example, although the detailed description may refer, at times,
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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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What we claim is:

1. An organ or biological tissue preservation aqueous cold storage solution comprising:
a cellular energy production stimulator under anaerobic conditions;
an anti-inflammatory agent; and
an oxygen free radical scavenger.

2. The cold storage solution of claim 1 wherein the cellular energy production stimulator

comprises insulin.

3. The cold storage solution of claim 1 wherein the anti-inflammatory agent comprises
dexamethasone.
4. The cold storage solution of claim 1 wherein the oxygen free radical scavenger comprises

superoxide dismutase.

5. The cold storage solution of claim 4 wherein the superoxide dismutase conjugates to
polyethylene glycol.
6. The cold storage solution of claim 1 further comprising potassium lactobionate, KH,POy,

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 cellular energy production stimulator
comprises about 4-100U/L insulin, the anti-inflammatory agent comprises about 4-24mg/L
dexamethasone, and the oxygen free radical scavenger comprises about 1,000-100,000 U/L
superoxide dismutase, further comprising:

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; and

about 40-60g/L pentastarch.
-14-
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superoxide dismutase, further comprising:

about 75-125mM potassium lactobionate;

about 20-30mM KH,POy;

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 cellular energy production stimulator
comprises about 40U/L insulin, the anti-inflammatory agent comprises about 8mg/L
dexamethasone, and the oxygen free radical scavenger comprises about 25,000 U/L superoxide
dismutase, further comprising;:

about 100mM potassium lactobionate;

about 25mM KH,POys;

about 5SmM MgSOQOy;

about 30mM raffinose;

about SmM adenosine;

about 1mM 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 the 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.
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18.  The preserved organ or biological tissue of claim 13 wherein any precipitates in the cold

storage solution are removed prior to use.
19.  Anorgan or biological tissue preservation aqueous cold storage solution comprising:

about 1,000-100,000U/L superoxide dismutase;

about 50-150mM potassium lactobionate;

about 10-40mM KH,POy;

about 2-8mM MgSOQy;

about 10-50mM raffinose;

about 1-20mM adenosine;

about 1-10mM allopurinol;

about 40-60g/L pentastarch;

about 4-100U/L insulin;

about 4-24mg/L dexamethasone; 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, having a
cellular energy production stimulator under anaerobic conditions, an anti-inflammatory agent,
and an oxygen free radical scavenger;

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.
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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,
pentastarch, insulin and dexamethasone to the solution; and

mixing superoxide dismutase 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; and

conjugating the superoxide dismutase to polyethylene glycol.
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