COMPOSITIONS AND METHODS FOR THE STORAGE OF RED BLOOD CELLS John P._ Hess
Tibor I. Greemvait. STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT BACKGROUND OF 'THE INVENTION The invention generally relates to
composthons and methods associated with the storage of red blood cells (RBCs). In particular, it
relates (o an uBIYRA PHBRSIRKATS AATRISUIPD AR LIRSRATHUPRRISRIBSOMEIRAls  The
ability to store and preserve red blood cells (RBCs) tbr later re-inthsion into patients is a relatively
recent technological development that was the hasbrngessto modern surgical practice. Such
preservation is scientifically tricky and the stepisdolachiemivift longer storage duration and higher quality
re-infused red blood cells have been incremental. As soon as they are collected from a donor, red
blood cells begin to did’ AT TEY VTR LR BIAGE FAEERAI R, L DR Idhibaiid Beth&Rarea and
integrity, and hemoglobin (Rh). Roos & Turn&EHERQEMENRobertson in 1917 first demonstrated
successful whole blood storae AC|d citrate- dextrose (Ad), 1943), comprising citrate as an

anti- coagul W L Agnt utilized by red Hood cells, and

Citrate-phosphate- dextrose solutlon (CPD, 1957) adding phosphate as a metabolic source and for

membrane retentigp, wers: SseuRNLARAIQNEALIN Rl cav: slorae alunale bload GER.

adenine (CPDA-1, 197 ?was ater intro uce use the shelf ilfe of stored whole
blood and ﬂ&@:l@@ﬁﬁ% {8BGp)to 1 waskiRalar, it reme%t@ra’gé"éﬁﬁﬁ'ﬁé sVere EFGHEN e acidic

to prevent the catanelizgioneithe.ghscose during the heat stennzation performed in the final
production step, in the |1 950s, adeniu was discovered to he useful as as additive and replaces the

adenine lost by deamination. In the 1970s it became desirable to remove the plasma from the
collected whole blBodafolitpléatetets antipfiosetive redahidthiceate Gt Plasma lderivatiesomhis) poiwever, led to

a reduction;in the peregntdeceveryaidheresiltngmpackesl RQGhe harbinger to modern surgical

practice. Such preservation is scientifically tricky and the steps to achieving longer storage

duration and higher quality re-infused red blood cells have been incremental. As soon as they are
collected from a donor, red blood cells begin to die as they coagulate, starve, lose ATP, 2,3-DPG,
membrane surface area and integrity, and hemoglobin (Hb). Rous & Turner in 1916 and
Robertson in 1917 first demonstrated successful whole blood storage. Acid-citrate-dextrose
(ACD, 1943), comprising citrate as an anti-coagulant and dextrose as the sole nutrient utilized by
red blood cells, and Citrate-phosphate-dextrose solution (CPD, 1957), adding phosphate as a
metabolic source and for membrane retention, were subsequently approved for 21-day storage of
whole blood. CPD with adenine (CPDA-1, 1979) was later introduced and used for extending the
shelf life of stored whole blood and packed RBCs for up to 5 weeks.

Initially, storage compositions were designed to be acidic to prevent the caramelization of
the glucose during the heat sterilization performed in the final production step. In the 1950s,
adenine was discovered to be useful as an additive and replaces the adenine lost by deamination.
In the 1970s it became desirable to remove the plasma from the collected whole blood for
platelets and for the manufacture of plasma derivatives. This, however, led to a reduction in the

percent recovery of the resulting "packed RBC."

To circumvent this, compositions known in the art as additive solutions (AS) were
developed to restore volume, nutrients, and other useful RBC stabilizers. Additive solution
compositions for the preservation of red blood cells (RBCs) after their separation from whole

blood are intended to be tailored specifically to the needs of RBCs. The development of certain
1



To circumvent this" compositions known in the art as additive solutions (AS) were developed to restore
volume, nutrients, and other useful RBC stabilizers. Additive solution compositions for the preservation
of red blood cells (RBes) after their separation from whole blood are intended to be tailored specifically
to the needs of RIK:s. The development of certain additive solutions extended RBC storage to 6
weeks in 19S1. Red Hood cells (R,BCs) ston-x1 in these solutions, however, undergo steady

deteriorationzafier 6 weekssasdgieninedsky.thednabilitysof, 75% 81@&5091883'\4&% sHBME D thei,

circulation th 24 hours alt}r re- mfusmg back into the human donor, it has been observed that during

continued re rlgsgrg? e AGe Y iircs ef§°c8f?§ﬂ¥n8’ﬁf%‘c°é?ﬂ%’br%%e§lrﬁg PARSS o tHEEBIRSh R 4GR of
metaboiie wastel]iteo{détic dcidcand hydrogercionse inereases fGudhavdecheaseiifithe, taiek ofglucose

metabolism lgadiRASRIROR o edEBpIRE NRSPIAIRATRE e erlly SORSIRISs R NG

recovery of Rides when the cells are rtirned to the 6re:dation. Additive s utlons su dSolRTM

(AS- NutriceFRIVMASEeY EiSIRGIMTEDALAS-EY SACFEARPESYI REMRS e dasigiedasiexaeifdeie
stotaim of Kils'dibéeﬁ '1dGs, e AS S ctif renslydice nsed mhﬁ g!&oeeSnlgtaﬁﬁré’m mds“u&épréﬂem saline,

adenine, glu me annit Ias e rotecta co tains
monosodlumg%%% é)h ?—555# g“tghﬁ}()‘%‘ ?céqn%%a S rar%%se Oﬁr?e s%r%v? %%é%t@? \ﬁﬁalék RBC
storage, but ¥l 't%i%&?ﬂéQéfP\ﬂéélk%magﬁidan%eﬁuydr@eﬁséchﬂB@ddﬁMéw Utidteom poBidons

were develogestgetqsﬁsﬂmﬁﬁ%at@mﬂa Iﬁgt%égﬁﬁmﬁﬂméed&%ﬁéﬁl?o%mnﬁftﬁ'a%éw@@‘@h{ﬁﬂ@/ or
function- I|m|t|F9 gjf l(E)f stor§%e on RBC.$) was understood to be an aEéJtOIIC process Almost

all of the wh BEte %Wféeﬂﬁlgdléc?ﬂf(‘}dc&ﬁlb%”e%ts‘o‘ﬁﬂd ENEE: Hict6Aridiestitras
packed RBCsleFor.hibodsdradspintaithecadditive: solittian Sysiemse RHGstaare paskedibyceentrtbgation,

plasma is rem&}@gM%Bsﬁﬁﬁ§ nﬂﬁ%ﬁ bjlptﬁé)@sc’fl \éﬁlﬂ@s 3oy tllihqlce]p Qrénrleonlilge%%qu\segof ution is

added sterilely. The resulting suspensions have uRB volume fraction of approximate Etis

stored in the"&5hvertiGiatssDAL B I8 el atditvess siatehs B%@ﬁ%%b@?@@f%%ﬂlg@t»@% an
accept:1We %Mdﬁls&&ﬁ)dﬁ@%{ﬁ&/before the merease:tbadine etasseptahiedo wiveurscaveary of

RBes re-infu %\9 into,p tie fte_r a stora attem ve bee made to improve the addiiive
solutions an§l storage ‘g’r"éc%‘%%e"s“ lm'lsg?ﬁ ies quaagl é%@ﬁ%vrgs'ér}v%ﬁ“gﬁ@ % \ﬁgoa%?%"thcwtro
Studies WitlPRIMédified Phosphate- Ammonlum Additive Solution," by Greenwalt et ai,, Vox. Sang.
65:57-94 (1992), the authors determined that an experimental additive solution (designated EAS-2)

containing (in .\r\. RINFL %ﬁ)!ﬁ Ci“ f ? ??E’ﬁ%wlo dextrose, 55 mannitol, formulated at a pH of
7.15, is :Mal: in extenraoﬁb &'t %?a‘ég halPfites I’P BRREVIE HolH IS BARRSAIS B R S -6
weeks to anfirsproviedtstechaapecbfSRB Gre€ks bidowwdven packethRBES stared ipskAS-RB@eraot
directly but ispuiied besdemaned of e, 3Heralat Wik wRSIUNG Rtep ARl 1B IADSIipign,due to

the presence of ammonium in the additive solution, In "Studies in Réd Blood Cell Predervation-8;

Liquid Storal® d?’h%fd@E}Eé?o?OIEf&ﬁ‘té?n?ﬂﬁeﬂ\éfﬁ'ﬂl?éySshitﬁﬁﬁ@'%ﬁuﬁwr@ﬁ‘iwalﬂgggmh@ﬁecnwalt
et at describigtéum ad difive:seiutipn (derigoaledd ASn ) ivailtallowed A 3mpercentdacovesiefnacked

e e o SR el HBNSYEL RS RGN QAR FRNEg I pproent glvcerol and thus, are
not safe for transfusion in humans in

To increase the time of acceptable in vivo recovery of RBCs re-infused into patients after a
storage period, attempts have been made to improve the additive solutions and storage processes.
In "Studies In Red Blood Cell Preservation-7. In vivo and in vitro Studies With A Modified
Phosphate-Ammonium Additive Solution," by Greenwalt et al., Vox. Sang. 65:87-94 (1993), the
authors determined that an experimental additive solution (designated EAS-2) containing (in
mM): 20 NH4Cl, 30 Na, HPOy,, 2 adenine, 110 dextrose, 55 mannitol, formulated at a pH of 7.15,
is useful in extending the storage shelf-life of human RBCs from the current standard of 5-6
weeks to an improved standard of 8-9 weeks. However, packed RBCs stored in EAS-2 were not
directly infusible but required the removal of the supernatant with a washing step prior to

transfusion due to the presence of ammonium in the additive solution.



hag the Storage of Red Cells at 4,degree, C" Transfus. Sd. i5105-115 (1994) by Maryman el: at,
acceptable viability of RHOs stored in very dilute suspensions at low hematocrit for as long as 27
weeks were demonstrated. However, such stored RBC suspensions were not acceptable for direct
infusion due to their high content of potassium and ammonia and their low volume fraction of RBCs.

The 5 L of solution for 200 tnL of RBC required to produce his observed eficial effects were not
clinically practicadle. >U9\Kith FShBIAYS GPpIoeE ANyt Orhf'ﬂ‘é'ldcéitﬁ?é‘?ﬁ%z{) e %?o%b"ct(g,fytﬁéogdditive

solutions présentiynicardgedinSietidnS'. Work Senmrly: B3R sk W) abaveralecretodenyibfB09. Two

additive solyfigns rraseoiydlicensed INEWSRRNAIKIOY TSRk WLD AYEIREONBHIGRGS 77%
(ErythroSol from Baxter Healthcare, La Chatre, France) and 75% (PAC-1GS mannitol from A\re?aco

Rhatma). N&0& &bl rage iR aadtnmb B8 by Kincapidnsh | prkEaRGoG™. 885285 ¥8d4ay he
expected torhaveghastemsiorage iimegehacause of the lower ATP concentrations, In response to
the deficiencies in these prior findings, the present inventors developed lower volume disodium
phosphate-contain alkaline experimental additive solutions (EASS) that g;rtially neutralize the effect of

collecting blood into"Saigic!matibe Siurestosdlad St stichdsgresFb ' (dmratEipRes R dxtbsd), and
showed that theseyBASSimprevesdRHOVDRISopCenEdians.derusad hismelysiseanthappeared to

decrease RHO membrane morph ical changes and loss (see U.S. Patent N 150,085 and
6,447,987 t0°HBYE @%@%ﬁﬁ)?l@%ﬁgﬁs‘ﬁfg%wgﬁemstﬁ%?w% oegﬂpﬁ%cﬁ E?gf\%ie%% Ao T2 %Weeks of
storage, AltheugivthespEASHyididedisuperniclupérfinindnge reseniso finelpsomainédrsodiigriehloride
and were fofmuiated ip eauire & 'aladvely 1aroe v el Ies wingdnerepias dikier Liths.steced RBC,

thus increasing the risk of hemodilution in multiply transfused patient recipients. In addition, the
presence ofEatitsRY EHisrfis W ESrst Y esInpirN iR SrPeHE2RIfount of hufferinta salts and phosphates

that the system could sustain at desirable volumes. inceased duration of RHO storage remains an

important conside(glin during Peripds.1iog demandinhieh AbdnEmlenh S UehR? duingavartime,
and for geographical regions that gquwe transfusable blood but only on an inconsistent and sporadic

basis, In fadtegtudn tsenseinrdnt leberorirdporay fases o raes P iRy $480%%ordge period

prior to realization Qb atdemaRGIN gEoaAd IRCRRASIAG B turatierich linedhatRiiGscnay ke safely
stored is anﬁg}og&pﬂhl#gégplftr%lrjns ﬁgxqgle frpe'althcare, La Chatre, France) and 75% (PAGGS mannitol from
Maco Pharma). Novel solutions recently described by Kurup eta 1. (Vox Sang 2003: 85:253-261)

may be expected to have shorter storage times because of the lower ATP concentrations.

In response to the deficiencies in these prior findings, the present inventors developed
lower volume disodium phosphate-containing alkaline experimental additive solutions (EASs)
that partially neutralize the effect of collecting blood into acidic anticoagulant solutions such as
CPD (citrate-phosphate-dextrose), and showed that these EASs improved RBC ATP
concentrations, reduced hemolysis, and appeared to decrease RBC membrane morphological
changes and loss (see U.S. Patent Nos.6,150,085 and 6,447,987 to Hess and Greenwalt). Various
EASs were shown to support between 9 and 12 weeks of storage. Although these EASs yielded
superior performance results, they contained sodium chloride and were formulated to require a
relatively large volume resulting in greater dilution of the stored RBC, thus increasing the risk of
hemodilution in multiply transfused patient recipients. In addition, the presence of sodium
chloride created a solubility limit on the amount of buffering salts and phosphates that the system

could sustain at desirable volumes.

Increased duration of RBC storage remains an important consideration during periods
when demand is high but intermittent, such as during wartime, and for geographical regions that

require transfusable blood but only on an inconsistent and sporadic basis. In fact, given the
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'thus, there ;3 a need [or RBT: stomp wmpesitions ;bond:Red to retain or enhance recovery and
performance benefits in the lower VOitilllOS of conventional. additive sok:lions. There :3 a continuing
need in the blood storage and transtltsion art for improved RhIC storage that results lo tiger stoti-ige
digigion, better recovery percentage, and improved physiol;:igical functioning of the transfused REC.
Consequently, there o;miains a need for Improved RBC storage compositions and processes of

manufacture thereof, T here, is:alsg.a continui 2ed f; itiy, mpositions which. ailow the 11.BO
suspension tco whichvt%e cogrpnpositign isgléd%;gg g‘ﬁﬂ?ﬁ‘:ﬁ%ﬁ?&%&%ﬁt r<'5{)rr|s¥(\,4 5%’1 Z\/?/l?ghogzérmit an

acceptable pEStaRIRIBH TeboveiBing it Jistsienrot tisaebadRBSing Bnbafideld RS Gidiearigietioning
capabilities amtlowerdniesof clearance from the infused patient's circulation. CIIIA 'DONS Di BEt
ITIER E.: 'Back to the figure M 111130 preservation”, TRANSFUSION, Vol. 40 2000), pages 893495;
D2; BEUTI.LER E. et al.; "Preservation of red cell 2,3-DPG and viability in bicarbonate-containing
medium: The c.::itréetoftbitod-Hatepé e BBilitto BOURNAISIDFSLIABORAT ORYIAND ChIRHGAL

MEDIC NE, Nabv89, 4Q.-3dt8%2hce bd3iid3ENSINGER Joifnat 8k cRrQlonged mainenange,g! 2%
DPO in liquid,blood storaﬂ?@;nga&gt aI{%nternal 002 trap to stabilize pH", JOURNAL OF LABORATORY

" AND CLINICAETMEDTE S CRIGFI A EL AGEIEER At OBRPRGOTRE $oratsibatThe
Effect al PeriegitsMixihgon therf2reservationbeft, 3« Diphpsphoglyeeraiel (2:30RE) dhevilsditHtored

Blood", BLOQD,:Val. 4 17,5 798731 (HESS J. R, et 3010/09/ 6: BP
0313808 .A2 (AfMEFﬁ(?fANI\%R%%Z@%agg?US )gc")’%g'gqhgs e re%‘ﬂ%fa% %??%l%”ihfé‘l‘fé?é’gﬂzs%%?scthe
history of I:iiCid&%RENCiERoBY SXratestieidnaTHachrfclbersés st dieas tratiotphsediom

chloride or anjtiothesoatyasidenionhithSillbiQyocuses.opeiRghadianisiohmesginday solutians that: were
(BSC:OW:Mtito be imgs%gaing b){uha%1 egsqanﬁehTheret:Sire, we vv@nid ar%ﬁe that this reference.is not
truly relevant to the patentability of the colution b tha aleifSCEE coMH IO oF LT ENM O

application. viable RBCs possessing enhanced physiological functioning capabilities and lower rates of

clearance from the infused patient's circulation.
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D1 is an article that discusses the history of ‘accidents’ in the blood storage field. The
article does not address the role of sodium chloride or any other chloride ion, it simply focuses on
ingredients of modern day solutions that were discovered to be important by happenstance.
Therefore, we would argue that this reference is not truly relevant to the patentability of the

solution of the aqueous composition of the cutrent application.



02 and 03 are abstracts discussing CO2 gasses generated by metabolic activity of the stored blood
cells. We agree that one of the storage :ADO:MS used in 03 is 13A0PNI, a specific solution that omits
chloride ions, and we discuss the particulars of that solution below. Likewise, 1)4 is an abstract that
discusses mixing the bags of cells stored in iIACiPM. BM-1PMution containtng lul,4 mlvi of sodium

bicarbonate (Nal-(C00, 143 mhil sodium carbonate (Na2CQO3), irtM hisodiutn ate
1-1P04), 1 rdM alf@nihe, 155 HivF GitRas &I SHIEEES b4 h R Wﬁ?f@gB?N '%E ’tgog??t Aif sodium

chloride or amydthierdngtedidnt thateprovidesoéXogenogs mmndeumnlmv@ﬁé&ﬂh(lnw@m
carbonate, wigh %0k RRRRSSANAOMRPRET Bl ankBCHS cMRRSIUAN.AY dhe cuTTREk application.

Further, the concentrations of the ingredients in BAGPM are not the same as the concentrations used
in the aquegﬂ§5&ﬂﬁb%§%habﬁﬁ?éséﬁﬁf8m‘5ptﬂﬁ@&%ﬂ wdr EREANSEABPM uses a very high

concentration of sodium bicarbonate, almost 102 niNI, In the current application, the broadest range

cited is 20 to 130 el 2 Aieleied angs $h72 190 kb and morer SRl 20 Thus, for

all these reasons oes not tea ments invention an " therefore,

negates thé%ﬁm%hﬁy’aéﬁ 650G05). | |mMdbisRshurehsehag MaeatiBof WhkterHiRs: pH b‘EPf‘ferlng

systeni is pggseit inanesmewahsufficienhier thhesrompesition tohaoperableckomainaing htof a red
blood cell (RBczgsus en3|on 0 which the 31? 5 smontlﬁ addec{ at ay alr%%usﬁlc ent to estabalsh and
maintain dufiRg4%t ﬁtg%r?o egcf’éoggéc‘ffo equiitsfitim i thered bido AVOrS giyedlsis over

synthesis oh@@&dmhmﬁmglycefatE(I@@@)UﬁrdMMFb@,Qﬁéhebwgenfeﬁanh@aonet gaithén dbienosine
tri phosphat%,(&?{ﬂ)tm@m@q rg}&raﬁsrﬁaﬁtmui@h{méiwma@ﬁﬁlémmﬁt@%m‘s@a theigaims is

not taught by Wood et al, (04). For example ure_lc of Wood shows that storage in the BACPM

solution doégqf‘é’é'ﬁlt"mﬁsi‘ﬂefb%eﬂ?ﬁ A"I’F"'&s IqiPage HEribHBRIGrésdEMHowR e We tial
decline of Acbicfaaeanise thedBACRIVHSalutpalisoso [alkativie thathit fances ppptuctian tbé 2/8:DRIG in

favor of AT ERIOENER Ao B R IRHTSMRL IIRAHI INE R SYSh ISP ndfl QIER AP 92! N0

time does the BAGPM storage s tion of ever r |n a total net gain of ATP. Therefore, the

Wood referéide dbes ﬁﬁtﬁéﬁkﬂﬁ%&%ﬁ?%@é@@ﬁy Iﬁ?ﬁfeﬂfﬁﬁ%f‘lﬁb%ﬁ%ﬁﬁ‘@‘@f%@%&ﬁ’éﬁ?dbﬁm%n As

such, Appligant:asgies, thahithelB, s RMbaeiusiamdogs not render the claims not novel or lacking
inventive step. D5 describes several blood storage compositlons which contain sodium chloride Table

2). Also, Figure 4 depicts the effect of vof sodium chloride on the health and survival of red blood cells
over time. One skilletddfitve tart shedtVingtRign 2ivoultnot e pidivaiad eosripninatersediumaghloride

all together mmostFigertiindicates I‘:Bﬁ)tpla@bn to be operable to maintain a pH of a red blood cell (RBC)
suspension to which the composition is added at a value sufficient to establish and maintain
during a storage period a reaction equilibrium in the red blood cell that favors glycolysis over
synthesis of 2,3-diphosphoglycerate (DPG) from 1,3-DPG, thereby generating a net gain in
adenosine tri phosphate (ATP) with respect to the reaction equilibrium during the storage period”
in the claims is not taught by Wood et al. (D4). For example, Figure 1c of Wood shows that
storage in the BAGPM solution does result in an increase in ATP as the storage period progresses.
However, the initial decline of ATP (because the BAGPM solution is so alkaline that it forces
production of 2,3-DPG in favor of ATP production), is so severe that the ATP levels never fully
recover. In other words, at no time does the BAGPM storage solution of Wood ever result in a
total net gain of ATP. Therefore, the Wood reference does not teach each and every limitation of
the claims of the current application. As such, Applicant argues that the BAGPM solution does

not render the claims not novel or lacking inventive step.

D5 describes several blood storage compositions which contain sodium chloride (see, e.g.,
Table 2). Also, Figure 4 depicts the effect of various concentration of sodium chloride on the
health and survival of red blood cells over time. One skilled in the art observing Fig. 4 would not

be motivated to eliminate sodium chloride all together. At most, Fig. 4 indicates that high
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comenttalions of i:odium chloride (150 mEqd..) are somewhat detrimental over a long storage
Further, D,3 teaches using Mese solutions in large volumes. Such large volumes are impractical to use
in the actual storage of red blood cells for blood-ban:king purposes because, I'M example, with those
solutions, a patient in need of many units of Mood would be at a risk of hemodilution. The smaller
volumes used in the current application are medically acceptable volumes. The claims of the current
application regie. ieAaLsPus.ARRAASHIAN R @ NRME.fEB it 3B S uplme,ofocaligsled whole
blood, for example, or as a percentage fraction, for ex:triple, or as a standard volume uSe inDlood
banking, -forp§$&8?1nple. Therefore, the aqueous composition of the current application is an inventive
improvement over the compositions described in Di 1)6 teaches a Mood storage solution that is,
leis:cep:: for the nutrient s that is desirably dextrose, cifric acid or citrig acid derivative, sodium
bicarbonate and irrﬁ gg@%ﬁh%ﬁ\ Sodimentsca eesr%r?éul{fgrésr%grgaéﬁcvgourrnnﬁ%ung %gd |fﬁ7e¥g]t(’é'ﬁ%ﬁ§esis
added) (pag& 6! 3iiss! 82190f IB)addehviviaes thecddlreuies tofrpdsitiohrofitieeuwenttapplicafion
contains masgitQbaVRiEh ifeASsaISUTAT 2 QEFRNIGEAMPALNG. Al30 oPRiisachssbalancingther

osmoiarity bX :14(:1I1'L:tsting Lpe con(iéentraﬂons of electrolytes, such as sodium chloride, potassium
chloride, calCitMChiMte, HagRaSTt nMCatsh At aRd PRSHEBASRPRAHIA pHoSsAALY F5Ee 8 nes
18-23). Thus;chénfellsTio:tdachs twohimportanraspects et thalagueous compositiomaf thaedrrent

application the us dthe ific exclusion of chlaride ions. IARA
OF THE iNVEN“ﬁﬁ?g“NWVQ?&%P&%@%%?B%@JS@?%&%ﬁ%ﬁ&%g@éﬁo‘%ﬁﬁgw Slions Sutable fix-
t

the storage SR8 ToHBF 6! 6Lt redbibdipedirenkite BresewnlivefiorsSurpthsingipous

discovered thahsesassansialycelimninating segisinichioridesfonm sush COmROSIIANS PEBMIOsSNns

considered tgeg)c?. e%sl%rﬁi@l ita proper opermMtistmage compositions, proviidr. an incFeaSei capacity in
the composition 110r an enhanced Mi buffering system which, in turn, provides benefits both in terms of
the integrity and physiological functioning quality of the stored and then re-int:Med red blood cells, and

with respect to therigngibhef {une the.RBCsimay hs at,or@(}i(x\éifmfsﬂﬁ@ﬂa&i% meraceyerabilip;and

hensclysis levels requited under regulatory law for licensing. In addition, the. inventive COMpOSItiOPS

retain their sUTHAST SEHO MM O ROl KN Fmted Ia R IRRTE AR stRESH e P kit red
blood cells vehiomenay ﬁeetafgem@itordmﬂtt_simmmm:(@ptmsimak&i&)e{pdgar&sfﬂm&pmienmé). One
embodiment b Iz pisaRLiNealABRIRACGSR (RAIHANIREFDIRARLISHBION aBls Alle 6° C.

The composition consists essentially of: adenine; dextrose; at least one nonmetabolizabl
menibrane-prEEcEhCEHG4T PP blfrstdlsiies. THapleiimeimeiyttehy cetivshsedhsodium
bicarbonate @nckdisndiin prhlespligie andlisapresonh iohaniameuRkSuiiceRtifer the cempasitien to

have a pH of fr 0 nN:MOs:non is aperable to maintai H ed bloo IL(RBC)
suspension to %ﬁ] ;ﬁgrgﬁgrgb%gs?tirgﬁnggﬂag(ﬁé "akalte as%qig?c en?’t%'%gté%%&i and’ ?h%ﬁ?g#% &ﬁring a
storage perifdch reactivRTEglniatmeiritheqeegus soa rsitigrae favorsrgiycatysisiover synthesisaof
2,3-diphospheglyeseaieRRG) fiom i 1RBG.hareby;ganetaingia;tiQ gain in adenosine tri phosphate
(ATP) with respect to the reaction equilibrium during the storage period. Another embodiment of the

invention provides that the composition is substantially five of sodium chloride.
SUMMARY OF THE INVENTION

Accordingly, the present invention provides novel compositions suitable for the storage
and preservation of collected red blood cells. The present inventors surprisingly discovered that
substantially eliminating sodium chloride from such compositions, previously considered to be
essential to proper eperation of storage compositions, provides an increased capacity in the
composition for an enhanced pH buffering system which, in turn, provides benefits both in terms
of the integrity and physiological functioning quality of the stored and then re-infused red blood
cells, and with respect to the length of time the RBCs may be stored with retention of the
recoverability and hemolysis levels required under regulatory law for licensing. In addition, the
inventive compositions retain their superior performance at conventional volumes, making them
particularly suitable for storing red blood cells which may be targeted for infusion into multiply or

massively transfused patients.



More specific embodiments of the inventive composition are directed to particular components and
amounts thereof, and ranges for the osmolatity and pH of the compositions, Other specific
embodiments are directed to inventive compositions that are operable to intinitain the pH of the red
blood cell within particular value ranges, A further embodiment of the invention is dsuspension of red
blood cells comprising the inventive composition. Method embodiments are also provided. One
such embodiment is direct to a method of preserving red Hood cells (RBC.$) for a storage period. The
method compriseOf&)embxidighansafnplepofseal imetadavipoleitits ed@optsininddhgdRBECS td beostored and

plasma with g gpjcpagulant selign  RErsPYarnaa SueReiga.af colltiRdavioleiogd: (0

treating the suspension of collected whole blood to deplete the plasma and concentrate the RBes,

thereby Ry PAEREHZRECTRSMEYARAAFRICHEThAMKEd RB E LIt HF B St o' C6 o RHiEH G fficient
to form a sygpensiomefifRBGsinaying:Anietoard RBGERYprokpme: (@)dcoolingeheisuspansion of

RBCs 0 1 100G 2Rd (R) Sonnai s SORRT SUsRelelanof 76 agedingde sraodprhent
procedures. The Composition consists essentiafly of; adenine: dextrose.; at least one
nonmetabolizéttsiénrnefh bfm%@&@ﬂﬂ&@@é@m%@b(g@iﬂ@ §9§mﬁtrmésrﬂqd5@;ﬁ*$;gﬂ;§y?temh
comprises Aat | 5} iOA QUIRE $ gt for the
cor_nBosit.oﬁ%ﬂgﬂﬁi@%&%ﬁmﬁgﬁﬁ l'}I'urf:ﬂggc: p g‘}%ﬁ IS @r@fﬁﬂ?ﬁ%%gﬁp@ { 1; r%bred blood
c.oil (RBC)EULPEHEISH @GRS A e%@'rﬁ%Sﬁﬁ%%?&'@b%s@ Va Lﬁ%@)u |g}§?ff‘to’ establish and
maintain g gestordge pesiodia readtiorsieguiliphiosphitet i TROVIbodspedt thahfazartalyanilisigaver
syro.FIQSSe3 '?tﬁQLRQB Qgr%%‘é?eﬂiﬁr@E@oﬁfﬂ%t%#ﬁ??ﬁvéﬁ%@Byo\%‘éa%@{img SRSHAAA i

adenosine to phosphate (ATP) with respect to the reaction egnilibrium during the storage period. More
specific emBOeiirerds fre s iprotiddife:  Additional embodiments are provided which are directed
to methods of using the inventive compositions to improve red biood cell (RBC) membrane

maintenance and suppress. NBC tosis during a storage period. ecrease red Hood cell (BC)
fragility and :3Up|§48 Sspﬁ_cﬁ‘ﬁ fT%tgr%)?f tl% %ﬂrgﬁ]% lgvgtnc;lr‘é%é:%%é%%?égn% %o(?}lr?(%gase \tlk%bility of red

blond cells ¢(RuUGCsIHbs quEnntD hesesfagedpariers 0 BresmiESID AR h Palie MORRIEEATSF such an

thil:::31013panpd grergasadaien! ReatinfiusionislearmacembinadRBEs ki the:potientmaintain
Compositions and Kfte SEEF?EHSI%PAS" produced jn aclcordance with the invention provide a storage

period for RIFCERISIT ic B EHE ThErAB TR amount of the RBes is rC' coverable and

art directly infusible into patierils without further processing in acconlance :vith known standarde

established and r%?&%ﬂéﬁ@rﬁ@ﬁ&ﬁﬂ%ﬁ“@fti{ﬂé’ixﬁ@ﬁ%n is directed to a suspension of red blood cells

comprising the inventive composition.

Method embodiments are also provided. One such embodiment is direct to a method of
preserving red blood cells (RBCs) for a storage period. The method comprise: (2) mixing a
sample of collected whole blood containing the RBCs to be stored and plasma with an
anticoagulant solution, thereby forming a suspension of collected whole blood; (b) treating the
suspension of collected whole blood to deplete the plasma and concentrate the RBCs, thereby
forming packed RBCs; (c) mixing the packed RBCs with an amount of a composition sufficient to
form a suspension of RBCs having 35 % to 70 % RBCs by volume; (d) cooling the suspension of
RBCs to 1 to 6° C; and (e) storing the cooled suspension of RBCs according to standard bank
procedures. The composition consists essentially of: adenine; dextrose; at least one
nonmetabolizable membrane-protectant sugar; and a pH buffering system. The pH buffering
system comprises sodium bicarbonate and disodium phosphate and is present in an amount
sufficient for the composition to have a pH of from 8 to 9. The composition is operable to
maintain a pH of a red blood cell (RBC) suspension to which the composition is added at a value
sufficient to establish and maintain during a storage period a reaction equilibrium in the red blood

cell that favors glycolysis over synthesis of 2,3-diphosphoglycerate (DPG) from 1,3-DPG, thereby
7



These and atthilithial embodiments and aspects oNhe present invention will be more fully appreciated
by reference to the brief description of the figures, &stalled description of the preferred embodiments
and e8amples provided below. BRUfFDESCR1PUQN()BRITS npre is a graphical representation of
the results of a pooling study showing the effects on RBCs of storage as a function of time in weeks.,
in 4 different additive solution compositions: 1) AS-3, 110 ml,volume (-O..); EA.S-61, 170 mJ. volume

(-t)t E.AS-7 ini" Rts-),.and EAS-8:" ifirett, (-0-4. Bicarbonate-containjng composil ions,
represented %/h%c?ﬁ%ﬁgsa Qfgeﬁgaﬁﬁd Heard%nf)ﬁngorrfc%tl}lbt%%%ﬁfﬁé‘ @nf?fé rated ﬁtrltﬁélﬁee.r ?&?tfé)'éﬁ%@géfﬂﬁ\/alent
volume comJBEREoAHS ShitPRILRSHieArbYRErEDae fireai ivédeb s tith aliamondsd These compositions are also

associated with higher thetate concentrations (panel D), higher extra:elk:kw an_d intracellthar pH o
(panels E and F), higher bjcarbonate. and PCOZ2 concentrations (panels F_| and F), Higher votaimli
compositions, rep%gs%ﬁ (g}? %ﬂ%’g O AGUPES T ffgtf‘é?éj'f@ﬁfﬁ%é‘d%eémﬂﬂ&ﬂg%ﬂ?éém@éﬂvﬂorage
hematocrit, ileistretédin panelsBcand ®lrespedti@BC) (mE)beompatidttaradistoric: saatto REE
licensure stugy, Rﬁ@%@riﬂ%@'ﬁ%ﬁ%ﬂ!&ﬁ&% glalal 1383, B0L0;s R%'éf/lﬁéﬁ?ﬁtéhﬁd%ﬁdpe%'seﬂﬁ%e'
method, DETAILED DESCRIPTI OF THE PREFERRED EMBODIMENT
emolysis during a storage period, and to increase viability of red blood cells (RBCs) subsequent
to a storage period and after infusion into a patient in need of such an infusion, and decrease a rate

of post-infusion clearance of the RBCs by the patient.

Compositions and RBC suspensions produced in accordance with the invention provide a
storage period for RBCs throughout which a sufficiently therapeutic amount of the RBCs is
recoverable and are directly infusible into patients without further processing in accordance with

known standards established and recognized for transfusion of RBCs.
These and additional embodiments and aspects of the present invention will be more fully
appreciated by reference to the brief description of the figures, detailed description of the

preferred embodiments and examples provided below.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: is a graphical representation of the results of a pooling study showing the effects on
RBCs of storage as a function of time in weeks, in 4 different additive solution
compositions: 1) AS-3, 110 mL volume (-0-); EAS-61, 170 mL volume (-¢-);
EAS-78, 170 mL, (-e-); and EAS-81, 110mL, (-0-). Bicarbonate-containing
compositions, represented by circles, yield higher ATP concentrations, as
illustrated in panel A, than the equivalent volume compositions without
bicarbonate, represented by the diamonds. These compositions are also associated
with higher lactate concentrations (panel D), higher extracellular and intracellular
pH (panels E and F), and higher bicarbonate and PCO, concentrations (panels E
and F). Higher volume compositions, represented by the solid figures, demonstrate
reduced hemolysis and reduced storage hematocrit, illustrated in panels B and C,

respectively.

Figure 2: illustrates the in vivo recovery of red blood cells sampled 24 hours after re-infusion

into a subject for RBCs stored in EAS-81 for 6 weeks (n=6), EAS-81 for 8 weeks
8



The invention generally relates to compositions and methods associated with the o red blood cells
(RBC), in particular, it relates to novel additive solution compositions and related methods for storage
of RBCs that have been separated from whole blood collected in citrate phosphate dextrose (CPI))
solution, its variant, citrate phosphate double dextrose (CP2D) solution, or by aphaeresis (rem ova' \.
of whole blood from a patient or donor) in acid citrate dextrose (ACD) or similar solutions. For
purposes of this inventiofl, ’ecf)el?ﬁwamr%ct:%\?zﬁriﬁtolrs'cug%" rﬁ‘ér{]alr’nﬁ%g?ﬁ fg)ﬁ'?gdsﬁrgo égc%igﬁgc[} Sg?grté)a RBCs
that remains in circulatio¥irfon 24ahcurd8aft&ote Sntisionahtbetherorigindrbrimaticdonor”  As used
herein, "chtoride" refers to ank rile chloride, Thus: the term chloride" includes anionic chloride and the
salt :forms thereof, such as may be formed from chloride %1 &E jologically-acceptable
cation(s)" TRET&.I;[:‘E&'U.,%@ NI %GE%@F%%EIHVUUHUQ wheretrthe chloride atom is
covalently bonded to, for example, a carbon atom in all organic molecule, As used herein, the

phrase Physioi09i%ﬂQx&&&%@@éﬁ&%{;ﬁ%&&@&%ﬁ%ﬁszﬁrén@amlrﬁ@g{ws@gs&ﬁﬁmm M'H@'Qo?i’gé%‘i and

anions either normally ibund in the blood, plasma, or serum of a human, or that may be tolerated when
introduced AitbbXRdIATER (Rfithnle eattioHeintEaE DIOtoNE! LGt iRafoRasHE hatdreatisns.
Suitable metatigations salde bRBae thet limieaddo stpareatiohieforiog dilsedlitnisqpatassiitme calcium,
and smagnegiih M GS RS TR RRIRSU ABICTEES BRUIOHURBI ARRIEIAHREHAD
ammonium cation. 1.e., a compound o & formula R4 te where. szhydrogen or an organic group,
may he usethlstitongradyitighphipsivlogiai aEceitigohod fprefenBlEnmbodinBnt tdcetiol is
selected frofafydcoaem i siRiRtar)ugadium, potassium, calcium, magnesium, and combinations
thereof. As used herein, "buffering agent' refers to an agent that adjusts and regulates the pH of a
composition. The inventive comp st nadiaclosed herein are aqueous, that is, they are formula cc
in water. A preferrés wapessfirfikistioreis ¢redte tbim Orelerthat il lssesserntialtyipliragah: fiwetigusof
usedinapt” wefers ke canerniiRtion ol a.RBHiRY 3% sRMBONRAt(AkE, RigSERtIRRIANRAtian to the
amount of water present. More specifically, nEqJL refers to the number of milli-equivalents of solute
per liter of Wﬁt@F:.Milli-equivalents per liter are calculated by multiplying the moles per liter of solute by
the number of charged species (groups) per molecule of solute, which is then multiplied by a factor of
1,000

As used herein, "chloride" refers to anionic chloride. Thus, the term "chloride" includes
anionic chloride and the salt forms thereof, such as may be formed from chloride anion(s) and
physiologically-acceptable cation(s). The term "chloride" is not intended to include compounds
wherein the chloride atom is covalently bonded to, for example, a carbon atom in an organic

molecule,

As used herein, the phrase "physiologically-acceptable buffering agent” refers to buffering
agents which yield cations and anions either normally found in the blood, plasma, or serum of a
human, or that may be tolerated when introduced into a human. Suitable cations include protons,
ammonium cations and metal cations. Suitable metal cations include, but are not limited to, the
cationic forms of sodium, potassium, calcium, and magnesium, where sodium and potassium are
preferred, and sodium is more preferred. An ammonium cation, i.e., a compound of the formula
R4 N* where R is hydrogen or an organic group, may be used so long as it is physiologically
acceptable. In a preferred embodiment, the cation is selected from hydrogen (i.e., proton), sodium,
potassium, calcium, magnesium, and combinations thereof. As used herein, "buffering agent"

refers to an agent that adjusts and regulates the pH of a composition.

The inventive compositions disclosed herein are aqueous, that is, they are formulated in
water. A preferred water of the invention is treated in order that it is essentially pyrogen-free (i.e.,

is sterile).



One embodiment of the present invention provides an aqueous composition for storage of red blood
cells at 1 to 6 C. The composition consists essentially of; adenine dextrose; at least one
non-metabolizable membrane-protectant sugar; and a pH buffering system. The pH buffering system
comprises a combination of physiologically acceptable buffering agents and must include at least one
agent that provides bicarbonate attions, at least one agent that provides phosphate anions, and one
agent that provides sodium cations. The invention contemplates that a single bufferingmay satisfy
more than one of these requirements, -ell known in the red blood

cell preservation arts {58 the I menrationesrniePlia tRecrat Bl alcelPatispansimrsyetefatie best

COETelate qfrthethizajthofithe systemmbbe: redWWeedel-genartes ATiRdnough giyecalysis via the
glycol COIliVersiQs of :1-gl extrose) ultimately.to lactate .Hence, the concentratign curve of
lactate is a good(lgnaicgtlgg g@? e%)s/r?tirzséi?gea{)se r\/\}g . e\ﬁ%{?&lﬁ@b?%lé'aelp%tgé’re\faﬁ%rrla(r:%lﬁ?i\i&ﬁ)?ts the
system, red BloBd!éalidnzathe afiffitertifel spanfaiath théx dlie cted hedobl o ass | Ispiscis dereunor il

distribution afsedreadgel agesmandaraximities to haturbdeaty, As no new REICs are entering the
preservation system, there is a limit to the maximum storage period duration that will provide the

requisite post-re- ecovery percentage. Hence, the ATP-generating capacity of the system as a
whole will decreas@ovenbimedhiofghs frisdytpicahtoseeandnitiehqneseasangooin adtitieorafast additive
fluid as jt prquides putpents indigher than.na 3?4‘&99&%"%@5- i € s iniwally. undergo “swe
which is associated with decreased ATP utiliz}g{ioh as We1 l. Rg\lﬁvﬁ%ﬁgéf b%%%%bg?]x lags)%’(ﬁte?)%/s,git is
believed thaP HetP BiB&P 4Gk iR SEthtiEF TR ML S gaih eed ik e ferentisismthd hacrd dsé@rirgume of
nutrient solutiereallovgeRrdnaeaspdinass Divsehsiate e deliverediat agsaptalle.gangentations
while providi lute for dilution of metabolic waste products thereby reducing feedback inhibition of
glucose metgggﬁ%rﬁ?ft ?é%{r#nér %8%%?%?%8%&%’%%%8 Poenrsfeagttﬁ?éto %gglétdlﬁjlfﬁe% %‘ﬂ%&r?i‘%slp ¢
invention is BRhe)prbracoste. eetihhasfritveifVredinitiatiyifolloWed ibyeat gracuad reduictiontof red cell

volume during, storage:uah AHresesshas herdkallet-cegialgryrlume decrease.” it is
hypothesized that during this process either the tyrosine phospriatasc activity present in the RBC is

suppressed or the tyrosine kinase is activated. Both of these enzymes have been demonstrated to be
abundant in the mé&mbrahéswofithese oells!(Zinsdrp¥¢seandidosower, th Sn(tReG)oBiothEMn3na14:881;

Mallozzi (0. 449 EASER k26 L)1 5. ONERRISS A NS ROSSRIIBTYRNON At e band 3

n
protein in the RISC membrane wodld result in the release of phosphofructokinase, aidolase and
glyc.eraideh§db B 5HbSpRdte HERYEGgEmassin thiheyebisrlkrs rremvatis Euialsate (LA
(Harrison, Multimeted, t(1 9913 BithdEhem c366:4k0i6n Gassinsg Actke anch Gilgomdic2tot199 A1 Exper.
Blot, 200343; P, t 1..Hint, Chem, 258:14627; Low, P. S. et al, (1995) Protoplasma
184:1961, Thyti_n gégé?léf)i it@b?ﬁéé@e%ﬁ% r(e)feldé%gileﬁ"f&r%p%h%%ﬁ?t of{f#cf’)%é’f t\?vnéyr\?vdgt’ﬂéoé)ecgelfp%a&eea to
increase thelstaboRe atyihieseBasipdredRBod wrdleing plormatingainésebetofATR sinmthesis and

ATP concenipatiandinihieRBE o Suthesanal of formplating eddiive seltign cRmPesIlionsdsio
maintain the ]é;léﬁsswlihetstis &lt%aﬁ hig}h a r?te as pqs§j$le for aEIon duration as possible. The
presentors discovered that a Key 1o A ARG HE ATY LML SEF #18V&star 791 KebP e RBC
intracellular pR<rartevelraoiosete. 7 Zeasepissiile-writhotinactyatiyyrefitkingitmDuringhstoraige, the

Al? concentratiQRschuasiersiicall. rerma) 4&@%95@%%1@&5&@;@&8@{3%&5%%%ﬁﬁﬁ@%@

storage and then declines, When the RBC ATP concentration fails below 2 tar}ol_lg Hh, RBC recovery
is typically bEIdWPTEGZSRBEIESE 81BNl ih “BraiEtvhe SRR ESnadntiatipiidereo

characteristitatbjlibg, Hihdnhlishssociated with decreased ATP utilization as well.

Without being bound by theory, it is believed that when stored in additive solution in
accordance with the invention, the increased volume of nutrient solution allows an increased mass
of substrate to be delivered at acceptable concentrations while providing solute for dilution of
metabolic waste products thereby reducing feedback inhibition of glucose metabolism. It is further
postulated that another feature of the additive solutions of the invention is that they produce
swelling of the RBCs initially followed by a gradual reduction of red cell volume during storage.
Such a process has been called "regulated volume decrease.” It is hypothesized that during this
process either the tyrosine phosphatase activity present in the RBC is suppressed or the tyrosine
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Fib, The concentration typically fails to one-tenth the starting amount in 7 to 10 days. The rate of
synthesis of 2,34DPG is a function of pH, occurring in excess above pH 7.2 hut with breakdown
favored below that pH. Attempts to increase 2,313P6 syntheses by increasing storage-system pH
have been limited by the mole for mole loss of ATP synthesis with each 23-DPG molecule formed.
Thus, raising [(BC 2,3,-DPO concen r tions, somethln% rewo sl n5| eﬁ to becgeelratq)e actually
tends to redtBERBALHHE T Of R RRETE IR nveif'gnmen s metabolism, The
pH of 7,2 istthetpainat whiereinedniéokanismykKowrvas thé RESGaporelshut %ééé&%ewlévatcmkanne

CPl) and the QW@%‘PRS%‘BV gd plged 1‘5%‘@%&?&&3@@% Tﬁ@%ftuﬁl{a lfb?y%%nléé)h@ trggered
whereby 2,3-DWG Iis synthesized from 1, 3 DPG, consum p%los eeded {gr the s%nthess

of ATP an&régﬂhlﬁntgﬁmmﬁ’ﬁmn‘ﬂ"& 8|§fé8|§/ffb t§‘f‘eb"’ “t?/v Of the® gl‘)’/co?y%cally
generated ,gr&E&alTJklejdtteB@ﬁe@hmdhleksydmmaseardepleiympleﬁm'ﬂ%mtﬂw intradettetartpbhodd be
maintained biol & et 65 rieaiveliciassddns sILATA Sliptishaximized, palural

state, the s Gnt of opérates to e extent an 5)[‘0 duction and maintenance of some 2,3- DEC is

important t& ke il 3R Bie ke HoWetet!: (HaHds e lirviitord Hitive et tHattdt alpél]'%%sges of
preservatiopebhesadi Bloos cethduiiagasionmee weiside-obthedasivaeryiranytiepttiminimiazgtion of the

shunt operation is de irable, There e e dlme ts of reseril inven Positign provide
that the pH %u‘i‘f@ﬁ%& SRS hSattie lél?]mar:}nb c}gnﬁgﬁrﬁ;{o osﬂ%’g{rr?%gég operable to

maintain a MIbi)aMMdMBIbQK¢N)tm9pem§19|R&CWh§% theg@@m%@rwm@amaﬁ Yighe
sufficient to.gstablish,and Maintain duringea sierage.paringha: reaction equdibiusndagherieshblood cell
that flavors glyce,,yS|s over synthesis of 2,3-diphesphoglycerato (DPG) from 3-DPG, thereby
generating B°f@f'§ain in adenosine tri phosphate (ATP) synthesis with respect to the reaction

during the storage period, A specific embodiment of the presently inventive compositions provides that

the composition is ppetabls (R MAAINANG FEA GG BRI A2 HSREANOMIOAYDIGH N SomRRSiton has

been added at between 6 In more specific embodiments, the compasition is opeaible to

maintain theypenbfstelesa &68@%‘(@8@%’@6@&&5’(%@?1‘% e @&%B&?ﬁﬁ&n"ﬂ%‘ﬁé‘éﬂ Hded at
between 7.Q.anghless thanufizs kovery spegifie esbediaieatstfieccampalitionransferabte tvemaintain

the pH of the red blo d ceII %7301) sus en |on |c Yét{lcg lél‘llq% c[%npgésé i?& ha% f%@dﬂﬁé at ppvalue

greater thad"7-1 and ?ess fhan e pr pr;lii: tPinventors have formulated additive solution
compositionsrsabsténtidiistiséoof Ehoride MhaftFpremely FietaisHly helpative’ef8&on the System and

permits the galgitign,otingeeased @ﬁ@omﬁagfé&e&uﬁ%ﬂgssymaﬁsﬁm;desaammalw&11 huffering.
One embodiment of the invention is dlrected %(?rhf ueous c?g 03|t n for stora9e79 e)d blood cells

atlto C as W%'(F“?hﬂbcoﬂl?ﬁﬁgﬂﬁﬂtmg R  FEXED R
membranepriotectant sygkesiant223pbP bufferingcsystefpHl heqwhhauﬁemssg@t@mfédrﬁnbﬂwéth

combination of physiqlogically agreptable QiliferMe agents Mg alHeastone AesH! RLRMdIng
bicarbonate anions, at least one agen prowdln 1Di:030:ate anlons and at leas one a{c;gé{%p oviding

sodium catiBeTTRE JEVBTeR g EgdRInthe sraeist iHalR BRidint &b fﬁ%‘i‘gﬁf'l%?” 6t 110 be
operable tommﬁq@mhoﬁa;@aéatmgd{mjlmaﬁmmmﬁsmm wiiethithepcompdsitvinisaided at a
value suff|e|entt tgllbllsqua tenadlsntt(z);ure Uflﬁ%? §tora nri)enod a reaction equilibri ...... us the red
blood cell that anglrrsag & ysg over synthesis o f osphoglyeerate (DP) from DPG, thereby
generating a ne.: gain in adenosine tri phosithate (ATP) with respect to the reaction equilibrium during

the storage period, 'Gilg.COMROSHIAR M sHbstantially re-ohexogameusine datived chiorideons. As
used hereM, substantlally free of exogeatﬁ il y derived Ch:aoride jons tlsldeRﬂ(e as&%a%elg%éhe

concentratioHBFEhfo REETSH s GI0RA T B e
preservation of red blood cell 2,3-DPG" (2002) Transfusion, 42:747-752) is triggered whereby

2,3-DPG is synthesized from 1,3-DPG, consuming the phosphate needed for the synthesis of ATP
and, additionally, routing around a glycolytic step which produces two of the glycolytically
generated ATPs. The net effect to the system is a depletion of ATP. If the intracellular pH can be
maintained below 7.2, the shunt is effectively closed down and ATP synthesis is maximized. In a
natural state, the shunt operates to some extent and the production and maintenance of some 2,3-

DPG is important to other cellular events. However, the present inventors discovered that for
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taeen added to the composition. Additional embodiments are directed M a suspension of red bIo_od
cells comprising any of compositions, and embodiments wherein the suspension is. swtat_)le for direct
infusion into a patient in need of such an infusion. Further embodiments of the inventive
coinposiflon provide that the at least one agent providing sodium catiqns is selecte_d from the group
consisting of sodium bicarbonate, disodium phosphate, and combinations thereof. in a more specific

embodiment the at.l one agsnt prviding b onate anions is sodiu hbicarbonate. Additional
embodimentéS pﬁ?ovide t glt the at least oéergge%@époﬁﬁ%sg 1C ep uatlfgi ?0#3 i§ delec eﬁ“ﬂs)r]ﬁ"} net’group
consisting of BBURIFAAGE HreatRuS SRRt PRD4HARE  trisodium phosphate, and combinations thereof.

hi more specific. embodiments the at least one agent providing phosphate i_ons i_s disodium phosphate,
in other embodime%%rg[pot e mgonatgvengsorgfa%?ition the combination of ghysmloglpally acceptable

buffering agents additionally comprises at feast She agent ‘E)nrtcl)\//‘?dﬁ?a'ﬁ? ngo%‘ﬁﬂf_gll)fhﬁﬁéglﬁtgﬁg _
cation selectBdffidrd thEcgroupresnsistngropFT syibtassitmbharumonitinng magnesiehte anddonibinations

thereof, a furihier embadinentel (e EreseRhINASIONS:ithe,21Re LR MERBAIZANE e sufficient
inembrane-p{ote% nt sugar is mannitol. Some sugar alcohols, in particular the

e AN UG AP CONBR A &8 Gr2asortit, MssHRB IS ibeiumritrbraps Bleodreaalithat

monosaccharide _ :
hydrophilic. fefetdbsthaisappearioidifiuse readiliylibspugiysame lipithafriars BRd Mm@y Rlaan

important rO'&iﬁ&ﬁﬂg'éfn%EaQJWn'\élmmk 0 %%&8%%(’&’1&}’5(@%%%{}9 t\izaﬁdr%ggggattoqﬁgs action
equilibrium during the storage period. A specific embodiment of the presently inventive
compositions provides that the composition is operable to maintain the pH of the RBC suspension
to which the compaosition has been added at between 6.4 and 7.4. In more specific embodiments,
the composition is operable to maintain the pH of the red blood cell (RBC) suspension to which
the composition has been added at between 7.0 and less than 7.2. In very specific embodiments
the composition is operable to maintain the pH of the red blood cell (RBC) suspension to which

the composition has been added at a value greater than 7.1 and less than 7.2.

The present inventors have formulated additive solution compositions substantially free of
chloride that surprisingly yields no negative effect on the system and permits the addition of
increased amounts of the buffering system to provide additional pH buffering. One embodiment
of the invention is directed to an aqueous composition for storage of red blood cells at 1 to 6° C as
well. This composition comprises: adenine; dextrose; at least one nonmetabolizable membrane-
protectant sugar; and a pH buffering system. The pH buffering system comprises a combination
of physiologically acceptable buffering agents including at least one agent providing bicarbonate
anions, at least one agent providing phosphate anions, and at least one agent providing sodium
cations. The pH buffering system is present in an amount sufficient for the composition to be
operable to maintain a pH of a red blood cell (RBC) suspension to which the composition is added
at a value sufficient to establish and maintain during a storage period a reaction equilibrium in the
red blood cell that favors glycolysis over synthesis of 2,3-diphosphoglycerate (DPG) from 1,3-
DPG, thereby generating a net gain in adenosine tri phosphate (ATP) with respect to the reaction
equilibrium during the storage period. The composition is substantially free of exogenously
derived chloride ions. As used herein, “substantially free of exogenously derived chloride ions” is
defined as whatever the concentration of chloride ions is given that no source of chioride ions has

been added to the composition.



hydroxyl radical scavenger in vivo, Tt appears to play a substantial tole in the maintenance of cell

membrane integrity and is considered a membrane-protectunt sugar. Other small polyols may also as

membrane protect:1m sugars. it is significant to note that glucose and mannitol have the same mole

weight, that is, ESOgimole, Sugar alcohols ate not metabolized by the red blood As used herein, the

reported osmolarity, is.a measure of the ogmotic pressure exertt%d Q%F s(plu}ion across rived %/alue.
éAf'ﬂ red’blood ce

Osmolarity is a seMTCEMREEHIBHBIHE &Fe 4y

ISREWAILR HBWE HEe Passage of water and completely
prevents mbvementiof soluteyiconspared ¢opuiewiterh@sindlarisyisedependetitaraherndimber of

particles in;salution.buf iRdenendent &fthe Raikg ek the particles. The osmolarity of a simple solution
is equal to the molatily times the number of particles per molecule, Real solutions may be much more

complex, _Proteins with many equivalents/l, may only contribute a small amount to the osmolarity, since
they consist of a fewtiverynargenpasticfast. Notrail onsmusifiee proaidoltitiotheCations nrayab@bound to

other providing sodium cations is selected from the group consisting of sodium bicarbonate, disodium
phosphate, and combinations thereof. In a more specific embodiment the at least one agent
providing bicarbonate anions is sodium bicarbonate. Additional embodiments provide that the at
least one agent providing phosphate ions is selected from the group consisting of sodium
phosphate, disodium phosphate, trisodium phosphate, and combinations thereof. In more specific
embodiments the at least one agent providing phosphate ions is disodium phosphate. In other
embodiments of the inventive composition the combination of physiologically acceptable
buffering agents additionally comprises at least one agent providing a physiologically acceptable

cation selected from the group consisting of H', potassium, ammonium, magnesium and

combinations thereof.

In a further embodiment of the present inventive compositions, the at least one non-
metabolizable membrane-protectant sugar is mannitol. Some sugar alcohols, in particular the
monosaccharide-derived sugar alcohols (e.g., sorbitol, mannitol, xylitol, erythritol), are small
hydrophilic molecules that appear to diffuse readily through some lipid barriers and may play an
important role in cellular stability. Mannitol, in particular, is a known antioxidant that acts as a
hydroxyl radical scavenger in vivo. It appears to play a substantial role in the maintenance of cell
membrane integrity and is considered a membrane-protectant sugar. Other small polyols may also
function as membrane protectant sugars. It is significant to note that glucose and mannitol have
the same mole weight, that is, 180g/mole. Sugar alcohols are not metabolized by the red blood

cell.

As used herein, the reported osmolarity is an empirically derived value. Osmolarity is a
measure of the osmotic pressure exerted by a solution across a perfect semi-permeable membrane
(one which allows free passage of water and completely prevents movement of solute) compared
to pure water. Osmolarity is dependent on the number of particles in solution but independent of
the nature of the particles. The osmolarity of a simple solution is equal to the molarity times the
number of particles per molecule. Real solutions may be much more complex. Proteins with
many equivalents/L may only contribute a small amount to the osmolarity, since they consist of a

few very large "particles”. Not all ions are free in a solution. Cations may be bound to other
ge 'p
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anions orlot; volume is aqueous. To he truly accurate, all these should be included in the calculation
Tonicity, a value highly related to csmolarity and somewhat more eachdescribing bioceliular
conditions, is a measiire of the osmotic pressure that a substance can excross a cell membrane,
compared to blood plasma. Osmolarily measures the effective gradient for water assuming that all the
osmotic solute is completely impermeant. it is simply a count of the number of solved particles. A 300

itilvl solution gfighyeoseandia 150 MM salution of Naci.each have U%%rﬁm&qave‘omﬁ%é%&xr%mP'e-
However, a c?llllﬂ%ﬁ?e,dgﬁ c,%f(a;these solutions would behave very ditferently. Tonicity is a functional
e 8hey’

term describl‘?1§ teh RO resist expansion oldie intracellular vollume.
Additional embodiments provide rl .1: the inventive compositions have an osmolarity of from 200 to

310 mOstn, In mor ifi ompositions have an osmolarit from 221 to 280
inGsm, In a very sge%ﬁﬁwéégﬁ%rﬁ%r?ﬁS%ig a(}fty(%r Oa?nasgm?vrv]ha 'E%reng?)éﬁ[ Ié)érgefﬁg abolize
glueose (d-ghitsdlar Wagitisae s torrekes AT the PHEOHABIES prodirts aifs iactatenand rotons. cFhe

protons accumuatenedirivingaclawn et amnehinhibiting: fyrthessmesaholisme Bicarhanatehas,heen

suggested as_a buffer, system wherein it combines with.the protons and, in the presence of RBC_:
carbonic an h%;%r'glén , {gagglﬁl\t/@rtoésal £ WgtUte Ahe 'glgjﬁt(?h Hfb%?fﬁée.am- 2 STOTRYRY BRI AF thatyaPRsits

er an
diffusion of thé Gaxvn divsides. thed Pévetdedistiction ibiprevented Shaiifiededation isdriven taward the

formation of &% duiftaiing sislempeser on iPLRBAIRI AR FANTIRANG.ARAGIN: Bisarhonate i

physiologic concentrations in the additive solution creates the pe02 in the solution that drives the
diffusion of ufy'to ?%’sml“y@omwwaa@ceaw lEBKIs e DieviBiR atenmpteivnfbriisie REC.
storage additvesidutidhiseritiadeidaboniatechave failed with respect to increasing ATP synthgsns and
prolonging the effective storage period. For instance, Bender (BACi-EM) described the addition of

bicarbonate to R13C storage solutions, but failed to control for a high pH that led to rapid ATP
depletion Additional embodiments provide that the inventive compositions have an osmolarity of

from 200 to 310 mOsm. In more specific embodiments the compositions have an osmolarity of

from 221 to 280 mOsm. In a very specific embodiment the osmolarity is 270 mOsm.

As noted, RBCs metabolize glucose (d-glucose = “dextrose”) to make ATP. The waste
products are lactate and protons. The protons accumulate, driving down the pH and inhibiting
further metabolism. Bicarbonate has been suggested as a buffer system wherein it combines with
the protons and, in the presence of RBC carbonic anhydrase, is converted to water and carbon
dioxide. In a storage container that permits diffusion of the carbon dioxide, the reverse reaction is
prevented and the reaction is driven toward the formation of CO2. A buffering system based on
bicarbonate has considerable capacity. Bicarbonate in physiologic concentrations in the additive
solution creates the pCO; in the solution that drives the diffusion of up to 1 to 2 mmol of CO,
from a 600 mL PVC bag each week. However, previous attempts to formulate RBC storage
additive solutions with bicarbonate have failed with respect to increasing ATP synthesis and
prolonging the effective storage period. For instance, Beutler (BAG-PM) described the addition
of bicarbonate to RBC storage solutions, but failed to control for a high pH that led to rapid ATP

depletion.

In discovering that saline is not a necessary ingredient to RBC additive solution
compositions, and that the concentration of dextrose could be lowered without negative effects on
ATP synthesis, the present inventors were able to utilize the resultant increased “play” in solution
parameters to increase and fine-tune the pH buffering system. The presently disclosed buffering
system provides not only an initially appropriate pH to the additive solution composition, but is
able to impart to the RBC suspension a pH that, in turn, modulates the intracellular pH of the RBC

14



In discoveringsaline is riot a necessary ingredient to PBC additive solution compositions, and that he
concentration of dextrose could be lowered without negative effects on Al'? synthesis, the present
inventors were able to utilize the resultant increased "play" in solution parameters to increase and
fine-tone the pH buffering system. The presently disclosed buffering system provides not only an
initially appropriate pH to the additive solution.compositiop, but is able to impayt to the RBC
suspension & BEHRZE b i ARSI e TP ACRTAP e B e reB e S TS RS 2B B ihess,
The bufferingsystermiathicdesthese pHinocMatiorittargetsowsr the StoreidebpEroe ldestite, the

buffering capagity. QY susRgO dhe pib BufRANg-siemds: delieratelcenitolies.Ane wimbadiment of

the present inventive compositions provide that the compasition have a pH of from Ste 9. Irg more

specific emBEBATEHE BAEpHPIS B 2% .87 RS ERRId SRt Enfsorfiie AR Bt the
compositionnsfean e 4o 816, ansbifintenannspeciiciembogiment therpt Bfthetogmpbsitiorers 8.5.
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buffering capacity in the red Il (RBC) suspension to w the composition is added which
increases by ENESstomaTEil Be twserinet i Pofemandte serta Sipgganseiivd Srendanes e
presently digairsedspufiesing systemshouidspiayideahuiiednmheapasity of Rideasiithisovadues but is
capable of providing even greater buffering capacities to the REG s nsion thereby lengthening the
chorage pebh e ORI Ove T BB S e R e e P e e e
compositiontingreptienids thatffremmaittbesitysiéatipatisbio setiadvaitagrsldmomne ehiisotivn &bt the

inventive CQ:IHI?&%EQQRJB%QH}HQT&@% lseaRdsNRe iR ARAMAURLQf dedmivbrdextigse in an

amount of from 20to 115 m1VI, ummetabelizable membratimprotectant sugar in an amount of 15 to
60 :W., sodium bicarbonate in an amount from 20 to 130 In Ms and disodium phosphate in an amount
of from 4 to 20 mighénpeesaarénspeacificlambaditnent thdcahposition conrisémadeginéits dmamount

of 2 dextrose i ik e MAu P00 000N UnenaiRRezaR 6 R MRENTINGIBE S ar

amount of 40 to 60 m1%4, 'sodium bicarbonate in an amount of from 22 to 40 3iM. and also in
phosphate RERCSIRILTATGTTFOhSESTIReLT BN am e etich Yk dpdaticie ATaRARTE AT tRe"cdrthbSsition
comprises adaning ieabamoenhehipMhcdexirase: inuaaramauntabsa miNi.5 uonietabialjzalkiem

inembranmpyotectant sugar M an amauynt of 55 nth/1, sodium bicarbonate in an amount of 26 inhl, and
disoditim pk?é‘?ﬁ%% aételrﬁna/‘%l 3%%&&%%913 gﬁ%@ngé)ﬁﬁﬁ%& |8%%.@§§ b’l—?%f‘ Tﬂ%mp?%ggﬂjt %n%ention
also providé§ mbthdd embudinseifts cmbedimsuicie rpaditiient @it dEhpreseAing Padf blobd cells

(B.Bes) for g stoiage Refiod isravidedoing methoehM, unmetabolizable membrane-protectant sugar
in an amount of 40 to 60 mM, sodium bicarbonate in an amount of from 22 to 40 mM, and
disodium phosphate in an amount of from 7 to 15 mM. In an even more specific embodiment the
composition comprises adenine in an amount of 2 mM, dextrose in an amount of 80 mM,
unmetabolizable membrane-protectant sugar in an amount of 55 mM, sodium bicarbonate in an
amount of 26 mM, and disodium phosphate in an amount of 12 mM, and the composition has a

pH of 8.5.

The present invention also provides method embodiments. In one such embodiment a
method of preserving red blood cells (RBCs) for a storage period is provided. The method
comprises: (a) mixing a sample of collected whole blood containing the RBCs to be stored and
plasma with an anticoagulant solution, thereby forming a suspension of collected whole blood; (b)
treating the suspension of collected whole blood to deplete the plasma and concentrate the RBCs,
thereby forming packed RBCs; (c) mixing the packed RBCs with an amount of an aqueous
composition sufficient to form a suspension of RBCs having 35 % to 70 % RBCs by volume; (d)

cooling the suspension of RBCs to 1 to 6° C; and (e) storing the cooled suspension of
RBCs according to standard bank procedures known in the art. The aqueous composition consists

essentially of: adenine; dextrose; at least one non-metabolizable membrane-protectant sugar; and a
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comprises: (a) mixing a sample of collected whole hk3od containing the RBCs to be stored and
plasma with an anticoagulant solution, thereby terming a suspension of collected whole blood; ())
treating the suspension of collected whole blood to deplete the plasma and concentrate the RBCs,
thereby forming packed RHCs; (c) mixing the packed RBCs with an amount of an aqueous
composition sufficient to form a suspension of RBEs having 3.5 % to 70 % RBes by volume; (d)

cooling. the i es +Cand (e). storing the cooled suspensian of RBCs according
to standard ggﬁggg%(@egdg%%ﬁknoﬁv‘% ﬁﬁbe art. %%)satarﬂle%ousp 88%?1ﬁogﬁ%%ﬁng%ﬁgig%%%glé)r%%ﬁ@gﬁ
adenine, deX{ftFe&Lit RESt bR a2 HetahEIABIE AR FISTAREpFOtECtEAtbSngarapis cit least one

agent providing phosphate anions, and at least one agent providing sodium cations, wherein the
pH buftering system is present in an amount sufficient for the composition to be operable to
maintain a pH of a red blood cell (RBC) suspension to which the composition is added at a value
sufficient to establish and maintain during a storage period a reaction equilibrium in the red blood
cell that favors glycolysis over synthesis of 2,3-diphosphoglycerate (DPG) from 1,3-DPG, thereby
generating a net gain in adenosine tri phosphate (ATP) synthesis with respect to the reaction
equilibrium during the storage period.  The solution is divided in manufacture to separate the

dextrose and the phosphate and bicarbonate during heat sterilization.

RBCs useful in the present invention are those that have been separated from their plasma
and resuspended in an anticoagulant solution in the normal course of component manufacture.
Briefly stated, a standard whole blood sample (450 +/- 45 ml) containing RBCs and plasma is
mixed with an anticoagulation solution (63 m!) to form a suspension of whole blood. Proportional
increases or decreases in solution volumes to reflect different donor blood volumes such as 400
+/- 40 m1-500 +/- 50 ml can also be used. The whole blood suspension is thereafter centrifuged to
separate the RBCs from the blood plasma thereby forming packed RBCs. The performance of the

overall process is improved by leukocyte reduction using conventional techniques.

Suitable anticoagulants include conventional anticoagulants known for storage of RBCs.
Preferably; the anticoagulants include citrate anticoagulants having a pH of 5.5 to 8.0, e.g. CPD,
half-strength CPD and the like. The most preferred anticoagulant is CPD.

The RBC suspension is then generally stored in standard polyvinyl chloride (PVC) blood
storage bags using either the collection bag or PVC transfer packs of different sizes depending on
the volume of the stored aliquot. The RBC suspension is stored at 1 to 6° C according to standard
blood bank procedure as described in Clinical-Practice of Blood Transfusion editors: Petz &
Swisher, Churchill-Livingston publishers, N.Y., 1981. In a specific embodiment of the inventive
method, the suspension of RBCs is suitable for direct infusion into a patient in need of such an
infusion. While PVC blood storage bags are the industry-approved standard; the present
invention contemplates storage in a wide variety of bags adapted for RBC suspension storage, for
example, by including appropriate plastisizers as needed. Ingredients related to the bag or
container component of RBC storage technology are not discussed herein but it will be readily
apparent to one of ordinary skill in the art that many container technologies may be employed to

practice the present invention.
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pH buffering system. The pH buffering system comprises a combination of physiologically acceptable
buffering agents :naiad:tuts at least one agent ;HMI:ding Hcarbonate anions.5 at least one-agent
providing .ohosphate anions, and at ieri:ir one aprt: providing sodium canons, wherein the pH buffering
system is present in an amount sufficient for the composition to be operable to maintain a pH of a red
Hood cell (RBC) suspension io which the sitmmosition is added at a value sufficient to establish and
maintain during a storage period a reaction equilibrium in the: red blood cell that favors glycoiysis over
synthesis of 2,3-dipkaesghpglyseraie (DRGhftomrlc3sDRG ¢heréhyrgedenatingpbiieti G m madenosine
tri phosphate (ATP) synthesis with r ian. equilibrium during the storage period. the
solution is jlﬁ\ﬁ ed }}ﬁgn)égﬁagdzﬁjx}zeggoﬁs%éegagﬁah%%B(S}g%rllggté eg%!(}i %&ej phosphate and biCatbOnate
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present invention. The additive solutions of the invention can also be used to rehvdrate
lyophiUzed RI C dihiiembadimenst StotSerro e MBS BY bisiP shpeiraneediy Gh dseeiithe
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least one agent providing phosphate ions is disodium phosphate. In other embodiments of the
inventive m&Wﬂw@%M%%'b?WsﬂB@iH&ﬂ?ﬂée&l@béB@ BGRSEAG AeHte 2AMbASKS Gomprises
at least onesaggrifei@dding eegiysiologically acceptable cation selected from the group consisting of
H.% potassium, ammonium, magnesium and combinations thereof, Further embodiments are
direcl:ed to the inventive method of preserving RBC:s wherein composition has an ostriolarity of from
200 to 310 mOsmTiv spseifidremiodimenpsotigceismuiaity s FofrdpTer 2eu et dersh Bery

specific empedimentihe asmolitiibiisod 79 ByIsHR i otherembrdimestsinventiveometogsane

provided ngggtiagstigx? tcc:)o\gvr}]lri)cohsgaiggomposition has been added at between 6.4 and 7.4. In specific method
embodiments the composition is operable to maintain the pH of the red blood cell (RBC)
suspension to which the composition has been added at between 7.0 and less than 7.2, and in even

more specific method embodiments the composition is operable to maintain the pH of the red
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of from 8 to 9. In specific embodiments the pH is from 8.2 to 8,8 and in more specific embodiments the
pH of the composition is from 8,4 to 8,5, En a very specific embodiment the pH of the composition is
8.5. An additional embodiment of the inventive method of preserving RBCs provides that the buffering
system has a buffering capacity in the red blood cell (RBC) suspension to which the composition is
added which increases by 2 mEci between a pH of 53 and 7.2 over a storage period of 6 weeks. The

present irrvspij I ides embodiments of the inventiye eth% of preserving RERIis wherein the
composition %%%g?gg@%\{r%“ﬁ?ﬁ ain ﬁoe‘%p}llghotlb e Tedh Srégaéreﬁlfe(ln-? &3%%5%‘(’9%%?0&%%%3 th‘rfe
composition HédsseB¥atided at between 6.4 and 7.4. In specific method embodiments the composition
is operable to maintain the pH of the red blood cell (R.BC) suspension to which the composition has

been added at be ei‘n .0 and less than 7,2, and in even more specific method embodiments the

composition is Operael:t) 048 according o %Hr%]exﬂtl dnyeption directed to specific ranges of the necessary

ingredients of the composition are also provided. In one method embodiment the composition
comprises adenine in an amount of 1-3 mM, dextrose in an amount of from 20 to 115 mM, un-
metabolizable membrane-protectant sugar in an amount of 15 to 60 mM, sodium bicarbonate in an
amount from 20 to 130 mM, and disodium phosphate in an amount of from 4 to 20 mM. In a
more specific embodiment the composition comprises adenine in an amount of 2 mM, dextrose in
an amount of from 60 to 100 mM, unmetabolizable membrane-protectant sugar in an amount of
40 to 60 mM, sodium bicarbonate in an amount of from 22 to 40 mM, and disodium phosphate in
an amount of from 7 to 15 mM, and in a very specific embodiment the composition comprises
adenine in an amount of 2 mM, dextrose in an amount of 80 mM, unmetabolizable membrane-
protectant sugar in an amount of 55 mM, sodium bicarbonate in an amount of 26 mM, and
disodium phosphate in an amount of 12 mM, and further wherein the composition has a pH of
8.5.

In accordance with the method of the invention, additive solution is added to the packed
RBC suspension in an amount sufficient to provide a therapeutically effective amount of
recoverable RBCs in the cell suspension. Preferably, the additive solution is added at a volume
ranging from 60 ml to 400 ml, preferably 100 to 150 ml, most preferably 110 ml. The solution is
typically used in a 1:4.5 volume ratio of solution to whole blood collected (100mL for a 450mL
whole blood collection, 111 mL for a 500 mL whole blood collection, or equivalent). In specific
embodiments of the present inventive methods of preserving RBCs, the volume ratio of the
composition to the collected whole blood is 1:4.5. In a more specific embodiment the volume of

the composition is 110 mL and the volume of the collected whole blood is 500 mL.

The RBC volume fraction in the cell suspension, i.e. after addition of additive solution, is
27 to 70% of the total suspension. More preferably, the RBC volume fraction in the cell
suspension is 35 to 50%. Most preferably, the RBC volume fraction in the cell suspension is 43%

of the total suspension,

Over the course of the storage period the present inventors monitored and collected data
relevant to the health of the red blood cell. As noted in figures 1 and 2, storage according to the
present invention resulted in superior red blood cell quality for longer durations as smaller

volumes. As noted above, the blood storage “lesion” is an apoptotic event and the red blood cell
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blood cell RPC and less that Vonsion to which :position has been added at a value grea Methods
according to he present invention directed to specific ranges of the necessary ingredients of the
compositon are., also provided. in one method embodiment the composition comprises adenine in an
amount of 1-3 mM, dextrose in an amount of from 20 to 115 roM,
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solution is addeq) ata volume ran mat% om 60 ml to 4{;)err refera .preferably

0 1
110 mt. Thé%Ed Utll%sl‘lal ﬁl ]ily USE4 in & 145 Volume I‘é%o of Solution t39 h(g)lgl%ﬁz% ollf- cted
(100mh, forferm50iert twlme bloaitrd ohexstidrrey®)l Ailicforsaispiiat!iwiisratbidodeeéetvss apd

equivalent) ylo:sReGHICeMBodimeniaLhdhe IPiRSSRt Js@l\{ﬁﬁlyﬁ methods Aftresesying tesithervolume

ratio of the composmon to the collected whole Hoo In a ore ec iC. embodlmeﬁ}% the

volume of tHESASRABSIB S 171 2 ATEARIFINE YBTGRRIDHTHE ||% i6'Bib8d 60"
The RBC vmmﬁmfﬁgrchbnhunghe icelisuspensiomdoasftes adﬁimrechaddttpﬂél@rmlﬂmdy P27 1o 70% of

the otal sugneTsIPD: MPRAIPIEG Ml IC NamE/ARIen I0Jhe felh HoRRISIAR 53D SO%.

Most prefera e RBC volume fraction in the cell suspension is 43% of the total suspension. Ovcr

he course ﬁfﬁ@%ﬁbfﬁ@@ﬁ@ﬂ?fﬂsﬂﬁ@ rESEMIRUEM IS SOTBRIRSIEES ARCPEBNB Eadbr dagsent invention,

and methods of preserving red blood cells which utilize them, leads to a decreased osmotic
fragility, and a decreased rate of hemolysis. This corresponds to in increase in retention of cell
membrane surface area and morphological state, and, therefore, an increase in recovery of viable
red blood cells and a decrease in post-infusion clearance of the re-infused red blood cells from the

recipient patient’s body.

One embodiment of the present invention provides a method of improving red blood cell
(RBC) membrane maintenance and suppressing RBC apoptosis during a storage period. The
method comprises storing the RBCs during the storage period in suspensions to which the
inventive compositions have been added. In a specific embodiment, the microvesicular
concentration is reduced 75% from concentrations observed in red blood cells stored for the same

storage period in RBC suspensions comprising AS-3.

Another embodiment of the present invention provides a method of decreasing red blood
cell (RBC) fragility and suppressing RBC hemolysis during a storage period. The method
comprises storing the RBCs during the storage period in suspensions to which the inventive
compositions have been added. A further embodiment is directed to methods of increasing
viability of red blood cells (RBCs) subsequent to a storage period and after infusion into a patient
in need of such an infusion, and decreasing a rate of post-infusion clearance of the RBCs by the
patient. The methods comprise storing the RBCs during the storage period in suspensions to

which the inventive compositions have been added.
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relevant to the health of the red blood cell. As noted in figures 1 and 2, storage according lo the
present invention resulted in superior red Hood cell quality the longer durations as smaller volumes. As
noted above, the blood storage "lesion” is an apoptotic event and. the red blood cell 8 membrane
undergoes physiological and morphological changes commensurate with programmed cell death. Over
the course of the storage period, it is known that the red blood cell membrane stirfhce area decreases
so that its shape changes from the biconcave shape that permits maximum surface area per volume;
facilitating difthsion of gases and nutrients, to a more spherical shape characteristic of a dying, fragile
cell, The red blood QI YR B FarE & vinitRlNy Fesiie wHp smiHvabe cfatintaaHgsassagetarough small

capillaries. Thisivuesaliishapeehaagadsiacoompanied:by the pioshiag IMEdromithe memprane, of
microvesiel rming_spicutes on the. o urface of the.red blood cell, so that a cell at the end
stage this p?g%té%sr,aé}pgg% 0 s(,:ef%jﬁbfar?fer]géléﬁrr%ée&sfi gpiny Uré iﬁefﬁ‘éeﬁ%’e%ﬁg 5?Bcper§§ep§]¥j‘3ﬁ'bs‘d 0 as an
echinocytic CRBHge ahliahe firfalfermiveriompoljessisicallediannéthindeyte)pd hedestsaiitg fradility
eventually leadsdo fyses andsigath-ofithe cellRetermining hemelysisiaie Aeunits:andndicatign of the
scope and severity of Eﬂg acti%/ity. n addition to engendering unacceptable Ievelsoof hertiolysis during
storage, thed&MorBholegicdl CRERTR Y GEr UidaParte G RIinE MR 4 ¢EiBiahthsa8rits body
upon re-infusiemsef the stor&dddtbblostscetisdde die asingithaqistdnthsions egovenysand geereasing
the efficiency,of fhe tsansfusions Emp e itions.according to the present.invention,
and methodsoof prers%rvin[?!giégre%1 %Ioodgggﬁfm%w%tﬂégz%%ﬁ%%?%%rsn g?gra é%lpéggé'e lc()%r%% ﬁ:ﬁ}rsasgility,

and a decre888ata{E 8t ihenfofpeisatime CaESHRS I8t snsipersaisecinaeedrindie of RBIT ierabiane

surface areas@ndomesphological statepapeitharafiore) aminciRasesindscovembeivialedsehkged cells

and a decrease in post-intbsiort cl?aranlce of the re-infused red blood cells from the recipient patient's
norma

body.  One em Sigtane o M e AR RS RS B UG AE S TR RS b HIS R P0G cell
(RBC) membedhdhaiaiiteniancetandlsuppre ssimcRBGt apoptbsistduting & storagedpetied HEhesmethod
comprises stsing iigsRBEs dasinge $iorageperipdin éu%@%$a%tt%mhmman%% 0V R

compositions have been added. in a specific embodiment, the microvesicular concentration is reduced
75% from cdﬁ%%’ﬁf?’a‘f%ﬂ% EHRERGE AU Re IO B d s BlorddPren tiie sShpnecionegis Bt Y R ERC

suspens_ionértfmm)risim@od&éﬂs shoul@lr_ieﬁ#mrtbmiaaﬁﬁmgﬁpm tms(fﬁeimmgiwﬁng@ssmtédeﬁl@ fﬂ_ethod of
decreasing i7d plead ol (6} (gl b And S pRIRERIIARRENRMONNIE Ang 2 sitiage perlod. The

method comprises storing the RBCs during the storage period in suspensions CPPthe inventive

composition& RS hEiar St s RrREca B lImbFitas Rive A tsvstitons drarérenisimeoviability of
red blood cellsyRBOs) svbisequenttocd sieragaspedod aaghafteninfusiondnia sonatisstia negd of such
an infusion, creasing a rate of post-infusion clearance qf the by th tie methods
comprise stcﬁ?ﬂ?&%ﬁ%@&%ﬁ%‘g ﬁg% g?a{%éélﬁgﬁ%%emsstugh%)n%%r%ﬁ?ie%iﬁ%él %ﬁl’ﬁvo M or
composition$hairsyssien aittedh, frozen plasma and random donor platelets, or for the collection of fresh

whole blood in emergencies.

EXAMPLES
Table 1
Compositions of the Tested Additive Solutions
AS-3 EAS-61 EAS-76v6 EAS-81
NaCL 70 26 130 '
NaHCO; 130 26
NaH,PO, 23 - o
Na,HPO, 12 9 12
Adenine 12 12 o 2
NasCitrate 18 T I




The inventive additive solution composition confers several advantages over prior art additive
solutions, The red blood cells stored therein may be stored longer, at least 8 weeks with better
radioactive chrome-labeled RBC 24 hour 31 vivo recovery, than any presently licensed solution, Use
of the inventive compositions clearly diminishes the scope and severity of the storage lesion, During
the storage ﬁ)eriod, the red b'fgod cells-exhibit an acceptable r@gg&@f—hm@%i@@%%&%weeks and
OA% at 8 WeBKE*SIl below if& FDA limit of % At the end of [iténsed storagel Red blood cells stored
in the invepim eididitive solutions exhibit lessimembrane loss 8luring storage asdemonstrated by lower
concentratiqns, af ynembrang [gicrovesictes anghtess osmotici fragitity- Presewafimrof—membrahe
during stofage is expected|to help RBC stored in solution to_have better flow properti ells that
have lost 1 membrane,|Rétention of norp¥al membrane ph%iology also qu[§ esses the
mechanisms present 03 the recipient-patient's body that trigger selective clearance CrOM circulation
and destruction of red blood cells. Hence, the re-infused red blood cells last longer in the
recipient-patient and enhanced longer-term recovery of the re-infused red blood cells is possible.
Moreover, ditaanded longer-term survival of infused red blood cells should lessen the need for repeat
transfusions lowering associated risks to the patient. The inventive solutions also permit higher RBC
ATP concentrations during the late phases of storage, which is exgected to allow better RBC ATP
secretion and therdtor& ARBIOVHiHE ARSTSHEBARPAHEF A &818NPE ARt SIS BraY MKty the
present soltitiohs ey eiséfili vehitéuwvarking with coniventiandlas dllestRin(sysiatis thatleeidit subole
plood In CPL RSk eDLamie Rrodelion.ofieaih gkl plasem SR IR ARAL BIAlBIEIRs O for the

collection of fresh whole blood in emer%;nmes, Table Compositions of the Tested Additive Solutions
1-14,8awki Whilehgpaaisieansirated ai e rmiah cevprafilgraritethy antated ssora eRBodiment
of the inventixg-additiyersoiutinn compasiioR: designated aseEAG{sgewiable k)eliki&nBdnared
comparative example AS-3 (Nuttleel, Pal Biomedical) are both provjded in.Cetwentional yolumes,
ile comp SRR B SHES RS €7 A EAST08 o LoVl missee S BEEAE MBS o1

6v6 are prdvided more dilu | '
and EAS-76u$dsettrtompriseticdiithaate) Seechigemsitibnovire rsinairatbidar e iesshtaifintic

compositions A& EeRIESERIRd ngiiclasmwviilethrsewithgubpicanbarate anevapresesteddane
diamonds. High,er volume com osﬂioHs are represented é)g solid fig\kjées while the cclg\éTntéo al volume
i Sl

composition& AY8TSBTESSINEY B DpE h"grﬁ}’ég.reAlng‘érlﬁﬂ? BraBditve SBitihelShps SRS disclosed
herein are understaod:te héuper500ttebfumt of whole blood Mr an approximate volumetric ratio of
1:4,5. The first example is conducted as a pooling study in order to evaluate the effect of storage
soiution ingredients on RBC metabolism and integrity over the course of 10 weeks of storage in PVC
bags, Pooling redtiBeStHetanpssisutiftsed oamapnlijaiconiieriisnia bifue stor sfecshidiesethat is,
the innate diffierencegrbiinieen ttRMRIZGIS-fromadifferesitenershPanlingqflaCessemesafrthe ieells from
each donor | ery group of the st while maintainin nVetitkriai unit si i art:active
e incineey e T e B R e M o

pooled, mixéddt andhaligoeted s asketouetadhtdd pobed driescrO Aot ForiEarBPdATS 9Sed in

?af)? olf tTh: tmtgesﬂgm%@ E&%@ @u&rl]yn} egeIWg&%mﬁfigg@camﬁﬁam;ﬁhg a)démimﬂadi_ﬁﬁiqs%d in
apie I. S.are madade |nt e la O.atory ro a Ine, sugars a alts avalla rom
e oG {BHEG: TR Sar TR oA St et SuP RS

er storage bags (Co
Baxter Healthvodirel Déterfigidh k), atheetaitbd imbledsrat diqudhé teffedts biphissprateoqgid vane AS

volume on B&%ﬁ%ﬁ%ﬂaﬁe&mﬁ%@iﬂ%a@ﬁEgQﬁgr‘éH@a[}mﬁQJfWél&m.s1" Tran lon" vol. 40: 1000-1006,

Aug, 2000, The storage bags are held at 37" C: for P.m) weeks, The solutions are Men cultured and
the cultures incubated for another two weeks. Sterility is confirmed by the absence of bacterial and
fungal growth for Trhk4slayssiaepiCliack RecionAickinstsc Mieddhiokbgy1Syste BsS SparksiaviD), and

the laboratory from USP adenine, sugars and salts available from Sigma Chemicals, St. Louis,
MO, and sterilely filtered into one-liter storage bags (Code 4R2032, Baxter Healthcare, Deerfield,
L), as detailed in Hess et al. "The effects of phosphate, pH, and AS volume on RBCs stored in
saline-adenine-glucose-mannitol solutions,” Transfusion, vol. 40: 1000-1006, Aug. 2000. The
storage bags are held at 37° C for two weeks. The solutions are then cultured and the cultures
incubated for another two weeks. Sterility is confirmed by the absence of bacterial and fungal

growth for 7-14 days (SeptiCheck, Becton-Dickinson Microbiology Systems, Sparks, MD), and
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the solutions are aliquoted by weight into 600 reth PVC bags (Code 402023, Baxter Healthcare Corp,
Deerfield, IL). All connections ate made using a sterile connecting device (SCD 3 2, Teremo Medical
C(rp. Etkton, MD). RBC Unit Prepatmion, Standard units of Hood (500 55mL) are collected in 70
iflL of CP2D solution in a triple -hag collection system (Item code 4127-23, Pal CorriOration, East Hills,
NY). 'Units are leukoreduced with the integral leukorednetion filter, Packed PLBCs are prepared by

centrifugatio&éqrofﬁtmmqse%ﬁguga@@gm L‘?r’?qml Sl Py ik QEDR B ;ﬂ&?&\ﬁﬂ%ﬁ&é@% listed

volume of AS or LAS is added sterii€ly. ts are atoned upright. at 1-6' C for 10 weeks exeept for

approximately’WedRi§ Hfiing-and e ABUEHTOES P rarde aipte? MeViEGNmestneetAdhts(SCD 312,
Leukorethielfen (edivingiiio @ ab eftitenoiod . cells thni the whole blood product) is confirmed by Bow
cytometry, The total hemoglobin (Jib) concentration is measure with a clinical hematology analyzer
(Hematology Cell Counter System Series 9110+, Baker, Allentown, PA), Mean cell VOnhltile (MeV is
determined fféth et Ri@reséeint and the microhematocrit of the storage suspension. Supernatant lib is
measured snectronhotometricially using the modified Drabkin assay as discussed in Moore et aL, "A

micromedificmion Qf the Drabkin.hem in assay ithr measuring IDiaSala hemoglobjn in the range of
5 to 2000 mgill. |fi§gﬁ?e%9t%’t‘éta ‘5&%&‘?&&%& ?TﬂecPé%ﬁEeHé?n ﬁ%%s%%"&@r?ﬁlﬂ%%l‘ﬂ? HEBSaring the

ratio of free togotallpttiandythernéinateeriy #127RBCPAT R opneentrafions i messurddirs are

supernatants:of deRrQieinized RRIIG S Ll Aligupts are mixed Mﬁfés%?éd%%"ga& Qs RAIE ged (o
pit-MO:ate blood proteins, centrifuged at 2700 agf{(q)r 10 minutes, and the protein free supernatant

r
frozen at 0 COMMtA LR dOwd Bt kAt Gat usigerkommeieiatly ey diralbis dost ke
(Procedureso866s 1dk 1HA SignaaifiagnesticsUsits LevigoMO)pright Bloodgaaes, Ibicarhenatiepame pH are

measured oy calculated on a blood gas analyzer (Corping 555 Ithica, NY). Thus, pH is measured m
37" C Ex ttho@ﬂutar sg IL‘JNr%e otass: r%n c“ﬁk‘%’é%i’é,‘g gﬁ {gsrﬁﬁgflg}qgétate, and glucose are measurCd On a

programmable chemical analyzer (Hitachi 902 Analyzer, Doehringer Mannheim Corporation,
IndianapolisiN)ird he-avesagadegree of RiLe shape change from discobytes to echiTK,CyteS to
tipberocyltha is measured :according to the method of Lisry. Moore, and Manch), described in
"Morphology of ored, rejuvenated human erythrocytes' Vox Sang 28176483 (1975). Microvesicies are
measured in the slypernatbntian thdreindtohstdragée Piasmadgulitvaceintritigéd bihedvesidletalet

washed threg, ieedB P ARGy RALIE T RSAIALRISIRI T BRHTER 1R ek iRt aMeliRA4BioRad.
‘ehmond, herr)lhtology analyzer (Hematology Cell Counter System Series 9110+, Baker, Allentown, PA).

Mean cell volume (MCV is determined from the RBC count and the microhematocrit of the
storage suspension. Supernatant Hb is measured spectrophotometrically using the modified
Drabkin assay as discussed in Moore et al., "A micromodification of the Drabkin hemoglobin
assay for measuring plasma hemoglobin in the range of 5 to 2000 mg/dl. Biochem Med 26:167-
173 (1981). Percent hemolysis is determined by measuring the ratio of free to total Hb and the

hematocrit.

RBC ATP concentrations are measured in supernatants of deproteinized PRBCs. Cell
aliquots are mixed with cold 10% trichloroacetic acid to precipitate blood proteins, centrifuged at
2700 x g for 10 minutes, and the protein free supernatant frozen at -80° C until tested. ATP is
assayed enzymatically using a commercially available test kit (Procedures 366-UV, Sigma

Diagnostics, St. Louis, MO).

Blood gases, bicarbonate, and pH are measured or calculated on a blood gas analyzer
(Corning 855, Ithica, NY). Thus, pH is measured at 37° C. Extracellular sodium, potassium,
chloride, phosphate, lactate, and glucose are measured on a programmable chemical analyzer
(Hitachi 902 Analyzer, Boehringer Mannheim Corporation, Indianapolis, IN). The average

degree of RBC shape change from discocytes to echinocytes to spherocytes is measured according
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The results of the co-per:son testing of the 4 RBC storage solutions are illustrated in figuresin all
storage solutions, RBC ATP concentrations increased in the first week of storagelA). In the EASs the
ATP concentration continued to rise in the second week and remained her than in the A54 thy the
duration of the study. At eight weeks of storage and beyond, EAS-8i exhibited Al? concentrations
equivalent to the increased-volume FASO, |, while EAS-78, having both the increased volume, and

( , ‘ ted
blcarbonatéob%u erP%tE/“s) e?nglgéfﬁitlﬁ}[lz) rg’o?ﬁlgw at ‘?g gsrc(rzlgﬁ%érrlltrgﬁgﬁ%nogy Oe#loéféétgeﬁéeg?gakdown of

red Mood celisjnipctbesessitrairatian: biosidrad 8y alVsteraye so i G rEIGUr B #5) paaiftimes,
?howi\;]er, 2%(%3@;&5 éﬁi@é@éﬁ@ﬂ?gﬁ@ i@\&iﬁaﬁbﬂﬁﬁ:é@%ﬁﬁ&%ﬁi@@l&ﬂ% iwmg&mnm@duﬁeﬁﬁm rtlher in
e other S re was no additional.reduction of hemolysis, with bi nate in.the high volume
solutions. A5 bIFBAEI T BB ASSUTIAIE oGP NGFCP L0V B Bt Fgure Ic) and
Ii.BC_:s Iost_volume in a]l of the solutions during storage. Lactate concentrations were higher across
all time points in the.bicathonal.oniaining FAss (Figure 1 stolallactale praduction.quetSiweeks of
storage was 9 tuM in AS-3, 12 mM in EAS-6r rnM’in EAS-81, and 15 mM in EAS-78. Extra and
intracellulaf B ShAL4lsd HiyREr R oS HHIE Siltts Aot tRBCBRfEHOAE SE TN E SIS PEF ¢ not
achieve statistigal(Bigniticancen the EleSantkA1Pheriiane aoursendfilbid ashsnaie33oanhdRICH2 rise and
fall that provide.the puffering in the suspendi lon | in fi lly.3t:
Ot 03 the 1 C e i A B e e ot

higher ATPbszprébAtAetidhaxiéteh b IgisepHERIHMERIGTL lBedmraredasiamalidn: ahavBilgntly

higher p}-1jin thesformely The elderdAS'$ vespecially HAS iRl parferwyavan heattekinseeilatndespects,
but their gr?g tgr volume results in greater dilution of the stored EBC. which could result in hemodiiution

of multiplyt aﬁ THERY PuiEREecipients.

Hemolysis (the breakdown of red blood cells), increases with duration of storage in all
storage solutions (Figure 1b). At all times, however, hemolysis was higher in AS-3. It was
modestly reduced in EAS-81 and reduced further in the other EASs. There was no additional
reduction of hemolysis with bicarbonate in the high volume solutions. As expected, a lower AS
volume resulted in a higher storage hematocrit (Figure 1c) and RBCs lost volume in all of the

solutions during storage.

Lactate concentrations were higher across all time points in the bicarbonate-containing
EASs (Figure 1d). Total lactate production over 8 weeks of storage was 9 mM in AS-3, 12 mM in
EAS-61, 13 mM in EAS-81, and 15 mM in EAS-78. Extra and intracellular pH was also higher at
most time points, but the differences in intracellular pH did not achieve statistical significance
(Figures le and 1f). The time course of bicarbonate loss and PCO2 rise and fall that provide the

buffering in the suspending solution is shown in figures 1g and 1h.

Generally, comparison of the inventive EAS-81 to the AS-3 stored cells reveals greater
energy utilization with resultant higher ATP concentrations, less hemolysis better morphology,
less microvesiculation, and slightly higher pH in the former. The older EAS's, especially EAS-
76v6, perform even better in certain respects, but their greater volume results in greater dilution of

the stored RBC which could result in hemodilution of multiply-transfused patient recipients.

Example 2
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Ic 2 This example illustrates that an inventive EAS &emulation permitted the storage of RBC in
conventionat-volume additive solution for 8 weeks, with better recovery, lower hernolysis and
etkterneed Meribaele preservation over the known 6..we,ok stunigo sommin, 2 volunteer
subjects meeting the United States Food and Drug Administration (FDA) and American Association of
Blood Banks donor criteria were selected. The subjects donated 500 mt.. (one unite) of whole blood,

which wits collectedis GR2RIPrimant dagatem icode: 27223 Rall ffemeuatians &issiills. hapand
kV:to-reduced with all bu&?ﬁi\?gﬂthe g_lasma removed, BAS-81, | it) ma:, was added and the packed

RBC solutions War&"Se8red TRIGRE St with Halir B Smiste (el sty Stor S FoP B REEREhd half
(n:::6) for 8 weleksedhewberk pricrtotthesndiof lstorages cthetanits wanéosterilely sampled and
cunitted. If the culture exhibited no growth, a small aliquot of the stored RBC was labeled with 51-Cr
and returned to the donor using the Moroff pm:in:teal for single label nteasurement of BBC recovery.

Graphs of means Rm¥CStaReIPIsHS rasRETe hrdier andlcstherraddrpiadstiniserandFipd )setage
groups were/gateisiatédsusing spfeasishesiiprogranyisatiware dixec. MissasoficResimnendoy\A).

cactate proquglion ib sRARAL I ETRRAGE XSIGMe ap cainstaled (1o e pegling 2ad safing
concentrations and the storage system volumes were adjusted 10 accotint 1r the hemogiobir and

serum protefrPstitent; Best pldts Of RB@ddenverydvatdesivistit. prodiicetl aéitlg SStat Me\6{SPSS

Inc., Chicagealb k1, 110 LeukeasedcedditBE slaredin € BRBIEATRLIOLE Wesks hadsamaverage
autolog:ous g;}f&hour in vivo rﬁ overy of 55 5%, with in 'SAVO recovery after a weeks at 87 2 (Figure

2). The apparent SASRRATS ST RGRRESESILRIC SISEEhBAIE Brovaniy Aresut BF Heesiiar Gt the
study and thexgedatovagiabiititynin thesterdbilitaabblbadi farmrdiffdfeht individedithithaseracayeries,

however, alemAPANiRbI%AM: suTenistoansag slorans o uten.andaeHia et e culstln for

n
{
iicensure M the ITS and Europe (that is, exhibiting a recovery greater :5% and hemoalysis less
than t9% for tHE"OfProtreq! fBESVEIS gheatsrinam s o4 RRE FemiG)sis less than 0"8% for Europe). RISC
Heinotysis fraction during this study was 0.2 -J.: 0,2 at six weeks and 0,4 0,2 at 8 weeks. RBC

mionwesicie pr n ration [ weeks and 12 6 rugldt,: RI ks, and thus
ONWESICIE P Otek%é}%sco rtn%?% &%ﬁv SaﬁdS r%)ee:lrtrGrs v(\?e(:'\reScr%atcc.ied1 an oLtjlgerd tdescri%‘ucvéjl tst%t}’gt%as cs>f ale
accounted for only 5% of the emoglobin Ioss.
storage groups were calculated using spreadsheet program software (Excel, Microsoft, Redmond,
WA). Lactate production in each of the storage systems was calculated from the beginning and
ending concentrations and the storage system volumes were adjusted to account for the
hemoglobin and serum protein content. Box plots of RBC recovery values were produced using

SyStat Ver. 6 (SPSS Inc., Chicago, IL).

Leuko-reduced RBC stored in CP2D/EAS-81 for 6 weeks had an average autologous 24-
hour in vivo recovery of 85 + 5%, with in vivo recovery after 8 weeks at 87 + 2 % (Figure 2). The
apparent anomaly of higher recovery at longer time is probably a result of the small size of the
study and the great variability in the storability of blood form different individuals. These
recoveries, however, are superior to any currently licensed storage solution and would meet the
criteria for licensure in the US and Europe (that is, exhibiting a recovery greater than 75% and
hemolysis less than 1% for the U.S., or a recovery greater than 75% and hemolysis less than 0.8%
for Europe). RBC Hemolysis fraction during this study was 0.2 + 0.2 at six weeks and 0.4 + 0.2 at
8 weeks. RBC microvesicle protein concentrations were 8 + 4 at 6 weeks and 12 + 6 mg/dL RBC

at 8 weeks, and thus accounted for only 5% of the RBC hemoglobin loss.

The superior storage performance of the inventive EAS-81 in terms of both duration of storage
and improved physiological functioning of the infused product, appears to derive from several
bases. First, the novel pH modulating system permits sustained buffering of the pH of the

suspended solution across the tested storage period which is sufficient to maintain a pH in the
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The superior storage performance of the inventive EAS-81 in terms of both duration of storage and
improved physiological functioning of the infused product, appears to derive from several bases, First,
the novel pH modulating system permits sustained buffering of the pH of the suspended solution
across the tested storage period which is sufficient to maintain a pH in the 24 intracellular space
sufficient to drive the internal cell equilibrium toward glycolysis and awaY from the ATE-consuming
productioniof 2SLDR Gparcatidiiidwmt ke dighaheeitieiealicrtr HYEphatc LoHE cHYGHS IRt
formulatiomganiute towaseiimitingdaxtia: elles CaG cancaatriations, wdhiehe i deimusuppregses several
apoptotic processes such as rEOS holipids scramblin membrane deformati This
leads to im‘i?r‘b‘i?@ﬁaﬁ'Bgf-iWﬂ%g %@%ﬁ‘}é‘% AU Wiy ﬁ%vlgdrﬁdgra]%?tén ed{urgﬁ@% taeaﬁnggrée %é%%gg, further
diminishingsientriggeringupprapid irevivd cleataticarorsshanisais i infessbalipitiepteahtingesiting a
higher percentage oftasaueiabls inMsediRUGs fonamaxiarded neriad beyepdipusion. MR EAS-81

formulation, which eliminates NaCl in favor or in%reasin the moutgf'gI (%f.the l‘1r)1arti(t:urlaiiri(Ptfffevrf"pé;
compound§iiEh ARtAIKINY thaniseinBRHy, [BErmi THEIY B Chv B EERGEr tAstiRG pH Modulation
of the REC:raditicarsehfivmsus pensio paancsmorephiosphaighavadabicas afirsinizebidveisedcellular

events asspejated with increasing Gat+ concentrations and deqreasingoh I caRGRRLALIORsdoreover,
the ability tg%?rsr%%rlgf‘ee %&% N Conve r?t}i?or%aﬁlﬁ volumes makes it particularly suitaple for use in multiply
and massiveljetemsfuisetgsitieHie, amount of  the particular buffering compounds while maintaining

suitable osmolarity, permits more effective, longer lasting pH modulation of the RBC-additive
solution suspension, and more phosphate available to minimize adverse cellular events associated
with increasing Ca++ concentrations and decreasing ATP concentration. Moreover, the ability to
formulate EAS-81 in conventional volumes makes it particularly suitable for use in multiply and

massively transfused patients.
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What is claimed is: 1. A method ofpreserving red blood cells (RIICs) for a storage period comprising:
(a) mixing a sample of collected whole blood containing the RBCs to be stored and plasma with an
anticoagugph sl Wigih dpgseby forming a suspension of collected whole blood; (b) treating the
suspension of collected whole blood to deplete the plasma and concentrate the RBCs, thereby forming
packed {{Des; (e) mixing the packed KHCs with an amount of an aqueous composition sufficient to

tlartn a suspension of}ll?gcés havinlg 35% t 70%0 I?fz%ﬁl& Oﬁlél’Jéme; aC%c)ﬂe) cooli g the suspension of
RBCs to ito 60 ArBeU0g 4BHAG THAISHIELP S SEUnTRIA P A 80 Bty o BRI bank
procedures, wherein the agueous composition consists essentially of : adenine; dextrose;

(a) mixing a sample of collected whole blood containing the RBCs to be stored and

plasma with an anticoagulant solution, thereby forming a suspension of collected
whole blood;

(b) treating the suspension of collected whole blood to deplete the plasma and
concentrate the RBCs, thereby forming packed RBCs;

(c¢) mixing the packed RBCs with an amount of an aqueous composition sufficient to
form a suspension of RBCs having 35% to 70% RBCs by volume;

(d) cooling the suspension of RBCs to 1 to 6°C; and
(e) storing the cooled suspension of RBCs according to standard bank procedures,
wherein the aqueous composition consists essentially of :
adenine;
dextrose;

at least one non-metabolizable membrane-protectant sugar; and
a pH buffering system,

wherein the aqueous composition is substantially free of exogenously derived chloride
ions, wherein the pH buffering system consists of a combination of physiologically
acceptable buffering agents including at least one agent providing bicarbonate anions, at
least one agent providing phosphate anions, and at least one agent providing sodium
cations, wherein the pH buffering system is present in an amount sufficient for the
composition to be operable to maintain a pH of a red blood cell (RBC) suspension to
which the composition is added at a value sufficient to establish and maintain during a
storage period a reaction equilibrium in the red blood cell that favors glycolysis over
synthesis of 2,3-diphosphoglycerate (DPG) from 1,3-DPG, thereby generating a net gain
in adenosine tri phosphate (ATP) synthesis with respect to the reaction equilibrium during
the storage period, wherein the at least one agent providing sodium cations is selected
from the group consisting of sodium bicarbonate, disodium phosphate, and combinations
thereof,

wherein the composition comprises adenine in an amount of 1-3 mM, dextrose in an
amount of from 20 to 115 mM, unmetabolizable membrane-protectant sugar in an amount
of 15 to 60 mM, sodium bicarbonate in an amount from 20 to 130 mM, and disodium
phosphate in an amount of from 4 to 20 mM,
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at least one non-metabolizable tnarane-protectant sugar; and a pH buffering system, wherein the
agqueous composition is substantially free of exogenously derived chloride ions, Wherein the pH

buffering system cgnsrst of a comsli)t{ﬂ)%tlgor}n ofr phé/ é)eloﬁqca"y accecptapegufwr Srertﬁ1 Igglz%%'négq t
least one agentp | |n anions. af 16 gen prOV| asp eamons and at

least one agent r? Rﬂh s@ ekt oPRmGiRReLTR % ‘I‘fé"rrﬂﬁ’%‘l‘& %%rgk%lafﬁoé’r‘i“a Qe
sufficient for the €8mMPEsivdires b@@b@ﬁ&tﬁéa@mam af frowr 22rki48 ot cand BBl vimsplssibico
which the compasigorisoadtietifeara VatubSsufficient to establish and maintain during a storage period
a reaction equilibrium in the red blood cell that favors glycolysis over synthesis of

2,3-diphosphoglyngmiettol 6 preserkise e sthe elycaaneiating avet-eminHe RAERASINE Ebmprises

hosphate (ATP t t
P st o aﬁ%ﬁ’i‘ﬁ?ﬁ&?&%ﬁ%ﬁ%Eﬁﬁﬁﬁ%@fﬁﬂ“%ﬂﬂp%f“@s‘ﬁﬂ?fg%%%%?aﬁ%@'”

roup.consistin
bicarbonate, dis aﬂogr e <';1ns'(51 Eombinafion: ns Sreot, Whergin the &5/ 8‘%%%9 c%h%ﬁ%'é%t 2
adenine in an a f‘%q rﬁ? 8 B%PFQW A EnEBIHBM30ld TM-ndad YRS St the
membranc-prote%‘?&?ﬁ@&féfﬁr h@%ﬁﬂﬂrﬁﬁﬂrﬁof 15 to 60 mM, sodium bicarbonate in an amount from 20 to
130 mM, and disodium phosphate in an amount of from 4 to 20 rnM, wherein the composition
comprises adeniiRdmamhath ol pirede2viid RIBRY asadvifd amelthof fioheethtehd O MG ratio of the

unmetabolizahlegiapHians Breie cHRL RUORh Il IS 40 to 60 riiM, sodium bicarbonate in an
amount of from 22 to 40 rriM, and disodium phosphate in an amount of from 7 to 15 niM. The method

of preserving RBCs as recited in claim 1 %e% in the cam ositio prises adenine in an amount of
2 mM, dextro‘éeBllgi’an an&buaﬁtocﬁ? S%rmﬂﬁn ﬁ%gﬁxéeocl bﬁ%ﬁg rof@@f&?ﬂls ar fr?h ﬁ%ﬁgﬁ of
55 mM, sodium SRIEBRSSHIAR 1 Stk Be S61HME, %ﬁ@% fitRd Urlount of 12 M,
and further wherein the composition has a pH of 8,5. 3. The method of preservmg RBes as recited in
claim 1, wherein the e vo u le ratio of the composition to the collected whole blood is 1:4,5. 4, The

method of preserving RBCs as recited in claim 1, wherein the v&ume of the composition is 110 rriL
and the volume of the collected whole blood is 500mL
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