COMPOSITIONS AND METHODS FOR THE STORAGE OF RED
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compoitiee-prbRIIeasscs artt epalisafinpsrilieedd, 1957), adding phosphate as a
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approved for 21-day storage of whole blood. CPD with adenine (CPDA-1,

1975 ehalitisie siptecidaugsaris tebblood crlbRRE B dosharnieifetivrinto
paticM{P G RIPRH @99 RagHed RIS ot uPeiBMaaks: HUIRHY h3BIAGS to modern

compositions were designed to be acidic to prevent the caramelization of
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and replaces the adenine lost by deamination. In the 1970s it became
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led to a reduction in the percent recove the resulting "packed
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Acid{APIWEERtrose (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."




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 additive
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Almost all of the whole blood collected now is made into components, and
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removed so that RBCs make up 80% of the volume, and then 100 ml of
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attempts have been made to improve the additive Solutions and storage
apopteftsaesess. 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 2
Almost all of the whole blood collected now is made into components, and the RBC

fraction is stored as packed RBCs. For blood drawn into the additive solution systems, RBCs
are packed by centrifugation, plasma is removed so that RBCs make up 80% of the volume,
and then 100 ml of additive solution is added sterilely. The resulting suspensions have a RBC
volume fraction of approximately 55%. RBCs stored in the conventional FDA-approved
additive solutions can be stored for only 6 weeks with an acceptable 24-hour in vivo

recovery.

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 NH4CI, 30 Nat HPO4, 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
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However, the resulting RBC units contain (fa out 1 percent gllycero an
solutifns, are not safe for transfusion in humans in large amounts. In

"Extending the Storage of Red Cells at 4.degree. C.," Transfus. Sci.

15:105-115 (1994) by Meryman et al., acceptable viability of RBCs stored
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acceptable for direct infusion due to their high content of potassium and
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work for only about 6 weeks with an average recovery of about 80%. Two

additive solutions presently licensed in Europe work for about 7 weeks
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prior findings, the present inventors developed lower volume disodium
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these EASs improved RBC ATP concentrations, reduced hemolysis, and
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(see U.S. Patent Nos.6,150,085 and 6,447,987 to Hess and

presently licensed in the U.S. work for only about 6 weeks with an average recovery of about
80%. Two additive solutions presently licensed in Europe work for about 7 weeks with an
average recoveries of 77% (ErythroSol from Baxter Healthcare, 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




Greenwalt, the complete disclosures of which are fully incorporated herein
by reference). Various EASs were shown to support between 9 and 12
weeks of storage. Although these EASSs yielded superior performance

results, they contained sodium chloride and were formulated to require a
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ubiquitous concern. Thus, there is a need for RBC storage compositions
formulated to retain or enhance recovery and performance benefits in the
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need in the blood storage and transfusion art for improved RBC storage

whendgmanslisshighdng entsrovdgetdsiehiondpaneratiovenngdreanayepling regions
that Iiéagfr%vﬁﬁq%}!ﬂ)%%% M%%W@gaﬂfim%ﬁgmygﬁ@ @&Qdi%&%&q ﬂ?ﬁ{yg given

here remains a need for impfoved RBC storage compositions and
the cpsableved of ienpiterhutarte disrtoexPhistienohibe sefesiagimynedarior to
realiAGUHYE LOMPRIYR %@ﬂ@@ﬁ kl‘ﬂ%”%lﬁléq}@ %&ﬁﬁpgpﬁlﬂg ﬁgay\ﬁ'gili‘s be safely
composition is added to be directly infused into humans, and which germlt
stored i fecipaeibe Ubiesiivie SigteeBEoverability of viable RBCs possessing
enhanced physiological functioning capabilities and lower rates of
clearance from the infused patient's circulation. SUMMARY OF THE
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compositions, provides an increased capacity in the composition for an
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and then re-infused red blood cells, and with respect to the length of time
contigyenRBEY faagdditisrpeetpositions which allow the RBC suspension to which the

- composition is added to be directly infused into humans, and which permit an acceptable
post-infusion recoverability of viable RBCs possessing enhanced physiological functioning

capabilities and lower rates of clearance from the infused patient's circulation.

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 operation of storage compositions, provides an increased

capacity in the composition for an enhanced pH buffering system which, in turn, provides




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
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collected wh (b) treating the suspension of co
free dfleedium ¢bpsistiethe plasma and concentrate the RBCs, 5 thereby forming
packed RBCs; (c) mixing the packed RBCs with an amount of a
composition sufficient to form a suspension of RBCs having about 35 %
to Miooris RO dic RBB™ byensiatithe (dy eslimgothpositspenrsidireasteIBCpadicular
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Other specific embodiments are directed to inventive compositions that are operable to

maintain the pH of the red blood cell within particular value ranges.

A further embodiment of the invention 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: (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,




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
therghig deoring pecrbRd&ist(® priesentlia packed RBCsuffibiamaforthtof a composition
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specific embodiments are also provided. Additional embodiments are
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storage period and after infusion into a patient in need of such an
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with the invention provide a storage period for RBCs throughout which a
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directly infusible into patients without further processing in accordance
with known standards established and recognized for transfusion of
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description of the figures, detailed description'of the preferre
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and EAS-81, 110mL, (-0-).” Bicarbonate-containing compositions,
represented by circles, yield higher ATP concentrations, as illustrated in
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represented by the diamonds. These
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




compositions are also associated with higher lactate concentrations (panel
D), higher extracellular and intracellular pH (panels E and F), and higher
bicarbonate and PCO2 concentrations (panels E and F). Higher volume

compositions, represented by the solid figures, demonstrate reduced
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storage of red blood cells (RBC). In particular, it relates to novel additive
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(CPD) solution, its variant, citrate phosphate double dextrose {CP2D) .
solution, EPTBRCAPIISrEeRsesRtied Y Brosnbkiigese emoasyatieradgeed hemolysis.

donor) in AiqAIAE RS FORENAGE: ATIRIR IRSRIERAS HAlRE PR RsRely.

this invention, the term "recovery" is used herein to indicate the “fraction of
stored RBCs that remains in circulation for 24 hours, after re-infusion into
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chloride. Thus, the term "chloride" includes anionic chloride and the salt

forms thefdbsiguBHOa SHRigBEFIRRCE Fronerldn Brided s fEeske (n=6), EAS-81
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7 include compounds wherein the chloride atom is covalently bonded fo,
for exampblishesdrBy imesnetinlain dAFAniBeathrepdies wed thef hardnglerabel
phrase "physigiogically-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
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cationic forms of sodium, potassium, calcium, and magnesium, where

Soﬂ%%%}ﬁiB%Wa%ﬁ@ E6 4B 5 SRAUNMR MUE RBIGEEH WA the
ammonium cation,
storage of 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 (CPD) solution, its variant, citrate phosphate
double dextrose (CP2D) solution, or by aphaeresis (removal of whole blood from a patient or

donor) in acid citrate dextrose (ACD) or similar solutions.

For purposes of this invention, the term "recovery" is used herein to indicate the
fraction of stored RBCs that remains in circulation for 24 hours, after re-infusion into the

original human donor.

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




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
inclugsenghppuinds bilifegin tha gbhutidefeesnds e eddenitthandeofustSerrkample, a carbon
aton{ﬁgyﬁa&ggdﬁqglgmegﬁg 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

(-epsls RlpHlRd S0 0L IR S RGeS RIS GORERRANRR Rl 1o

particular component (solute) “present In propgrtlon to the amount of water

buffqsteseaentsreidpzishiteaonn Bulanifes sibehaommtibdewidiihedlivedentesma,
or seﬂirﬁ(yi"ﬁ%ﬁﬁfaﬂsq{rq’lﬁgy ﬂli%r ¥ %I@I%%H%!%@}Pi%&'ﬁ%%@{ﬁtg %I ﬁHlHL%d g?}{table cations

__ multiplying the moles per liter of solute by the number of charged species
includgrprpienss epvmorismeCHie arsl weidr i ensnSwitabisisetel catiaasgnelide, but are

not 1128 1(9 B %QEQ%%%H{SOJ#E&RI&SEB{&Y&H?951&{1?9{1 qgﬁ 3 é’ﬁl%f}évhere

_composition for storage of red blood cells at about I to about ' '
sodivga pisbBMistsidonaisteretsseadsialg sfdinmcaimeoreprefosed ab feamsmmméum cation,

1e., z{‘m}ﬁ@gﬁﬁ@ '1%1%%{9 me'\gﬁgfg(ﬁqg'}@ﬂﬂ%ré@&daﬁ Qgé'aﬁigfé%m may be used

system. The pH buffering system comprises a combination of

50 low%ﬁélisgxbﬁﬂg@l@gi@ebmmeb@h&m@aagr@&gqh@mhgéimm@@e@mm;sm@cwd
from@'@'@m Eif&?}ﬂ%@&l&igaﬁhﬂﬂ%%tﬁﬁiﬁﬂ? c&‘l%iﬁﬁﬁtr{?&%és%% Hﬁﬂt&qﬂﬁmﬁ'ﬁons

phosphate anions, and at least one agent that provides sodium cations.
thererh eAfvsedibarednidwirates apenta sisgid butfesimy Sak adiayts andfyeadates the pH
of a AAPRARAT these requirements. a It is well known in the red blood cell
preservation arts that the concentration of ATP in the red blood cell
suspension system is the best correlate of the health of the system. The

re @MQR%BEUQ%%E&E‘%%I Eﬁé&'&%)@ tﬁ&@iﬁ%{éhﬁl\f&ﬁg gy O lﬂ%? ﬁare formulated

conversion of d-glucose (dextrose) ultimately to lactate. Herce, the
in watesh c refeaisE wister ot e dnsantivy soderiaicrorder Ihartdysaserfiglhys pyrogen-
free (VEl;RRgALgIess of the preservation capacity of the system, red blood

cells have a finite life span and the collected red blood cells include a

normal distribution of red blood cell ages and proximities to natural death.

ASIQ QLM BB S R AN G UG 1S BIERRIMALAR R bTE BlriRGIE 'SofPBHELR (solute)

the maximum storage period duration that will provide the requisite
presephist PELRNSIO @r&&%@@ﬂp@é&%ﬁg@fﬁs@c&q@sy@rﬁ@b@ r{aﬁq@d@é@r@ity the
numbef SPMAKSLE AR EOIEIWL e RRSE WYRE HRei DRHOR S BRI R

see an initial increase
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.

One embodiment of the present invention provides an aqueous composition for
storage of red blood cells at about 1 to about 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
anions, at least one agent that provides phosphate anions, and at least one agent that provides
sodium cations. The invention contemplates that a single buffering salt may satisfy more

than one of these requirements.




upon addition of an additive fluid as it provides nutrients in higher than
natural concentrations and the RBC's initially undergo "swelling," which is
associated with decreased ATP utilization as well. Without being bound

by theory, it is believed that when stored in additive solution in .
acéoiaaikognntiethovsdtideodrelimesasaticn rtn thaf taternvesthitionof ATP

in th@l}gm@(fﬂiegﬂ%§§gns%ﬁ§§/s?&ﬁqp ﬁtl%aﬁ%sttocgﬁe?ﬁgvcﬂf & ALAGEEPIRD L%/stem. The

concentrations while providing solute for dilution of metabolic waste

red blped etk serawatss et dlingustegbsekymnibrite shisrlvseomeratsalisf-ghisose
(dex{wstp)eﬁlﬁﬁﬁﬂé@tﬁglmé&@nﬁgﬁgé,fﬁ?etldf)%cgéfn'ili]ﬁi@g QEN% 3P l%@ﬂ?i? E d indicator

invention is that they produce swelling of the RBCs initially followed by a

of AGPavinéhesiggerorl- dtagardiess v thepraaivefistoraprciSndiihe pretsseshblood
cells 568 £aliad liri%%'ﬂ@%ﬂd’ AL ORATRRSEI0J SNy RRRR260 08T ddHRtion of

this process either the tyrosine phosphatase activity present in the RBC is

red biogrheel segsorhpramitiesinaaiir detibatdd. RaroRBesaresajeriag the
presé(i‘@é’t?oﬁ%% gﬂmﬁ’é}étf@‘ﬁel%ﬁ REACHRIARLR %?a@@ﬁ@ﬁ%ﬁﬁf&ﬂ%ﬁ W?H%rovide

Zipser, Y. and Kosower, N. S. (1996) Biochem. J. 314:881; Mallozzi C. et
the requigisogsEresERIgon TecoRTy perpsaiageipateect dieelRegenerating capacity of .

the sPHGRRANIABANATTRERARE ARG { %ﬁﬁgt%ﬁ@pfégge\gﬂ wigtifeRease

in the release of phosphofructokinase, aldolase anc
upongiddisienddifparddibrot pidae itduRyilesgartsatsinfsehptobrsmtish their

concg}ﬁ%ﬂmn%%%tﬂléﬁ'ﬁb?’s@ﬁ'ﬁm?ﬂn&éréc AR hilnBlsGPERd with
266:4106; Cossins, A. R. and Gibson J. S. (1997) J. Exper. Biol. 200:343;

decrqageqd ST uklizationom3ydlBiol. Chem. 268:14627; Low, P. S. et al. (1995)
Protoplasma 184:1961. The availability of these three enzymes in the
thway would be expected to increase the metabolism of

glycolytic pat _ . n o
g|y&¥6gél%$mﬂawﬁthéﬁéwmmmmﬁé tha/siBesrstored dpradrisicesalption in
accordhREVNFERE AN AN BB S a528 OR: 90 r Al RERUEHRRD P eﬁﬂﬁb@\éﬁl increased

solution compositions is to maintain the ATP synthesis at as high a rate as

mass o supsgatR fodecidplgvatadabrcacpirbiatnacaniatives sl vepiihsg solute for
dilutiEl?S?M?ét%%ﬁ@h%é%@%ﬁ&dﬁl@‘iﬁ@?éﬂQ J&ﬁxéﬁg’lfémﬁaéﬁmmsn R 1O

eep the RBC intracellular pH at a'level as Close to 7.2 as possible without

metabplisamtrisfuringy Roshuiated Shet apetherdoatumeiiibe aedifiis solutions of the

invenfOARAUHTHER Y JAMERABYS! o PHHRVER (RGIRASES Dl ARE IR Y HiMEl reduction
ofrecf;ég in storage and then declines. When the RBC ATP concentration

relswedying S5zt coRisess hasibesry sdiely TaMaRBOMBSe
decre#s8-0P L0y SLATAAP U, ALY teHEQ Y ctivi
T
preseph g teedhBGdpavpREcstedmigherhisapine kinase is activated. Both of these enzymes

have been demonstrated to be abundant in the membranes of these cells (Zipser, Y. and
Kosower, N. S. (1996) Biochem. J. 314:881; Mallozzi C. et al. (1997) FASEB J. 11:1281). It
is anticipated that the net phosphorylation of the band 3 protein in the RBC membrane would
result in the release of phosphofructokinase, aldolase and glyceraldehyde-3-phosphate
dehydrogenase in the cytoplasm from their bound state to band 3 (Harrison, M. L. et al.
(1991) J. Biol. Chem. 266:4106; Cossins, A. R. and Gibson J. S. (1997) J. Exper. Biol.
200:343; Low, P. S. et al. (1993) J. Biol. Chem. 268:14627; Low, P. S. et al. (1995)
Protoplasma 184:1961. The availability of these three enzymes in the glycolytic pathway
would be expected to increase the metabolism of glucose by the RBC, thereby promoting the

levels of ATP synthesis and ATP concentration in the RBCs. So, the goal of formulating




in 7 to 10 days. The rate of synthesis of 2,3-DPG is a function of pH,
occurring in excess above pH 7.2 but with breakdown favored below that
pH. Attempts to increase 2,3-DPG syntheses by increasing

storage-system pH have been limited by the mole for mole loss of ATP
addigyptedeioneimamsHiom-B rGnaistetuteefdrifeyynittagts, ahisihigRBGte as possible
for agigf@%ﬁaﬁ%%??g?ﬂ%.s’ something previously considered to be

desirable, actually tends to reduce RBC storage time. A more acidic

environment diminishes RBC metabolism. The pH of 7.2 is the point

wherein a mechrnism W asdhe éj%gg%%ﬁn&mﬁﬁ@bﬁﬁﬁﬂsm of the

"Alkaline CPD and the preservation lood cell Z;3-DPG" (2002)
systeman ifiksemthe RB(7 igsacalwlainddgiorkered ahelesn toy7réfayenssible without

actuatffg 9@&[&9&%9@ re@ﬁr?m%' Qgrg’gé ﬁ;@“}bﬁﬁ i@cﬁﬁéﬁ%i%rﬁé@ﬁ&t&%%ﬂﬁy RO tevel

phosphate needed for the synthesis of ATP and, additionally, routing
or evgROlREEREYeD R Neriadepf fimieleqshy dusesageaed thenglgelinescafifhen the RBC ATP

concHERAIBLEEIA BRSW he.nel aast ket ?Féé{\%f-‘gﬂ% S5 ABR BRI . ﬁ§ﬁ@ﬁose

intracellular pH can be maintained below 7.2, the shunt is effective
2,3-¥sseariowsterg A Thhe gt seseenixatinras charagtenstiepbaebotid Shoml/g Hb

or abgﬁ? (B8RP S ROLGNL RGP ij}bqy&l %W@E@Rﬁ%@?ﬁ{ﬂf‘g amount

,3-DPG is important to other cellular events. However, the present

in 7 ipeifters dibegvtsedumibroisiipasBE Gfissrsetianoh pHlmeenibtgndxcess
sbovEPHHSBASIRARALISHR ALUIEIRIND SV BN Ash DAl HRG

unt operation is desirable. Therefore, embodiments of the present
synthipsgs /B esAsHEsHiviB SVt vt hﬁé(q)b?eb limstastbyemale feeseqleiloss of
ATP E@EEQH Wi HeIP LI RARARRAS AN LA DAARSAQIGIR RN dhpa PH

ed blood cell (RBC_) suspension to which the compositionis added at
concentiptinass sPfFEHE EPESHIIMN comdifestd e heldeitgld starhgl pandd te reduce

RBCr&gfg'g%qiﬁgyilibrium in the 10 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

reSPR-E0 NG C RACHBRARGM! Mﬂﬁéﬁéérﬁ‘ﬁéf}ﬁe?%mﬁlquﬁ%gp}f‘&pﬁ?ﬂ%e point

embodiment of the presently inventive compositions provides that the
whereigraperatian s oeeam exthemBrrpanarehpnt ceemd et Juspédion @D and the

presewa%htbﬁrgg BBegILan f,@ﬁjﬁ? n(?@’@ﬁ%_rﬁ?&ﬂ@&%@%@t— @53, ﬂ@ﬂanéﬁxlﬁbrated

_more specific embodiments, the composition is operable to maintain the
hereip bygrfgiencsy blsigsest (RBCPE ZspdNdis nibreiveddoamipbIAeh persuming
the plpRACHEN8S REESRRYE l038 thian ﬁaﬂ%n&?y,'{bﬁﬁﬁlg_l%%ﬁ&ﬁ% g(ljycolytic

embodiments the composition is operable to maintain the pH of the re

step whiglirseduses tycsebherslisohtiesisteeneratohpddiior hagdseslisct 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 purposes of
preservation of the red blood cell during storage outside of the in vivo environment,

minimization of the shunt operation is desirable.

Therefore, embodiments of the present inventive composition provide that 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
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added at a value greater than about 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
red Weodigel lidafitfovedsghybulifsidmy creymhems ofildedipbbspbdghyeatise (BPG) from

1,3-ﬂifg%gr&g%eﬁg&%ﬂg_sa?@%@é&5&%&8&&}%@9gh%f%ﬁgae&x%fgg@@sﬁb%

1 to about as well. ThisTcomposition comprise Ine, trose; at

respgshist memmwmwmmmmmzmmmpﬂimw of the
presgﬂﬁﬁﬁjl(}gn%tg%ﬂ&ﬁi% ﬁ%@ﬁﬁg Y HETH Sh g{gﬁ ?saoﬁgfm%tﬁgif?{ain the

physiologically acceptable butfering agents 1 ing at least one agent
pH qfr@ei&iﬁ@ bisarnsnatt arhatsthatdemppsitieabrhesrosidiedaipirsssharpout 6.4
and AAORPHARYBLEASLANSAMRALL RIS aaase 10 SR BHTRURS: of

system Is present in an amount sufficient for t mposition to

the reghblepreced (RBRbIRPISIOT torebichigisceosiP(REE) kushransiddadalhigiveen 7.0
and fatg@_ﬁﬁm@ﬂi9&.i819%%¢s%aﬂ9uﬁb%uiﬁ%ﬁ&t&& o egﬁ@oﬁqg ainiain,

uring a storage period-a reaction equilibrium in t blood cell that
mair@%thﬁg?%@f}b@@déﬂ%ﬂﬁ&ﬁ%@? Wﬁ;ﬁbﬂpt%‘gl}ieb r@mcgymgs)iﬁ@nhas been.
added-3 PP BRIADY ENBIRHNYI AT AR RIR #denosine tri phosphate (ATP)

with respect to the reaction equilibrium during the storage period. The
composition is substantially free of exogenously derived chloride ions. As

USQﬂJ}?{&@h{iﬁk}Qﬁ{@ﬁt@% ff&‘f’nﬁfa?é(@ gengye l%ﬁﬁﬂ)‘f?&’oﬁ&ﬂ%iﬂ@ng%%"séac‘nﬁally

defined as whatever the concentration of chloride ions is given that no
free ebelteside thalcHEwiBRE N aicklsae agderity ectirstcontbesititem Aodipermits the

addittii %?%@@%d@fﬁ&tﬁﬁgtﬁqﬁg ﬁl?fé?ﬁ%%}kq% EJ %90%9 %(ﬁﬁltli_%ﬁ\’ﬁ rpﬂrﬁimring.

any of the inventive compositions, and embodiments wherein the
One epdodBio 9 beilabratien iditadisfliion raecausaoormadsihere o onets of red

bloo@;]gé'lﬂoﬂ abduf YDEb SIBoeifapts Ofrine é@%@ﬁ%ﬁ%ﬂﬁﬁg&nﬂ%@f&e dextrose;

that the at least one agent providing sodium cations is selected from the
at leagtoug eomsriahgighelsanambreagtisptersant waar andpadphutéeringsystem. The

pH bEARIBRYGRM DataRlsd0 ABIREMARGHITE ARG 085038 MGing agents
_ . agent providing bicarbonate anions is sodium bicarbonate. Additional
including ablipasirmae paspideremidingd arbaseisrrniggartt peast dingashospleatding

phospaR isnsGieCiRd £aBadheng st ﬁ%\%ﬁﬂg%&ﬁ&&déuﬁw%ﬂ@?f@ A% By stem

phosphate, trisodium phosphate, and combinations thereof. In more

is prasgeicifieeAmaihvehision frdestarrosifienttp ot de pransaiorspll of a red
blooRALRBICINASRIRIEN 1 YhRhGMRAHMRNSLILHEJRY G VEIGORRASILAN,

the combination of physiologically acceptable buffering agents
establigly pishanintsnditrses astirase pedasyerraction 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

chloride ions has been added to the composition.
Additional embodiments are directed to a suspension of red blood cells comprising

any of the inventive compositions, and embodiments wherein the suspension is suitable for

direct infusion into a patient in need of such an infusion.
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providing a physiologically acceptable cation selected from the group
consisting of W, 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

mafinttsi Sobedimegiy ofidanivcnti yraetinwesitiva pronds dudhbeideletstionel agent
provﬁﬂgggédﬁﬁﬂ%&%gls §8@'&%& fpc]ﬁ’f'@lé gr é%nﬁy% B?'go&f&? mé’élrbonate

rophilic molecules that appear to e readily through some lipid
d180<bum shosphateandtapntanatings theneabidrire cetnsl spestdlsikmpbhimeino thinat least

one J@W%Wﬂﬁgﬂf@%&%t%@ﬁ% U3 A6 B r%&lfﬁgf&laémbodlments

scavenger invivo. It appears to play a substantial role in the maintenance

provigiedbfitiherfidessieomagany predibnppbisehatt dontdmisiapiedlsmactzngroup
consHE8of %ﬁfﬁsﬂ%gﬂ?ﬂ )éolﬁsmﬁﬁrﬁl? o@fﬁ&ﬁ{@%%dﬂﬁmﬁ{ zpcfeotﬁf(f%ghxbmatlons

sugars. It is significant to note that glucose and mannitol have the same

theregfolEnviuighip et smizatimsate s i deasicutsoigateravidinambeiphedeions is
dlsomrﬁﬂog#ﬂg% Shllodis sash BREEHs Hﬁﬂ@ RRIGH RV L5 3k combination of

empirically derived value. Osmolarity is a measure of the osmotic

physwég&ﬂ@@ﬁém@tg/@ﬁmmg@alpéﬂéc@@@mﬁh@aﬁﬂ @ne agent
provﬁlﬁ@"«p &%ﬁc‘ﬁi%@ﬁ?%é @ﬁm@&%@frmﬁr (g of H',

prevents’movemen solute) compared to pure water. smolarlty is
potasgbiyeraReBIEhaIGRISBING ARG AEnbitiaties (ligsut independent of the

nature of the particles. The osmolarity of a simple solution is equal to the

molarllj% times the number of particles per molecule. Real solutions may

belnradirheioreeefiprak. ob thedmes et nvratly SeQmRositiens, thaypdienst one non-
metaﬁ@l%gpl@tﬁlé}rﬁgﬁl‘lz %@é&ﬁn{%ﬁ@% SSRAATM. YBhk LRk CAPIRIOLR gﬁ}%cular the

very large "particles”. Not all ions are free in a solution. Cations may be
monqsaeHEHd G 8@1@%@1&1@9}}5}’@@& sqstitg] tmangsialicylislsrtiyitol), are small

hydr@ﬂHﬁ@HﬁlJ&l@?tHé@ ?%tglfﬁlgg}%§&lf Hesa R BsitneHACH UhihGay play
A iy

calculation. 12 Tonicity, a value highly related to osmolarlty and somewha

an impggant selieiifeel ieacyiBbitpidanniselcbrprtbeats i Hkagsuraniakidant that acts
as a HI3ITRUE RIGST WG AL S %Oﬁ@”%ﬁﬁ&@%@ﬁlé&%ﬁaﬁ)&é}ﬁlhﬂ}sm BEaRe:

compared to blood plasma. Osmolarity measures the effective gradient
mainteapea el a@émm@rﬂnaﬂawgﬁéym(mos@ldﬁéq@ TBIPIpRIEIg- ITIes RGN

omeﬂ%rﬁmeim@%gt ki aaumhes fldlipr e Ratisles s 0R MNLAMHUEAY 0 note

glucose and a 150 mM solution of NaCl each have the same

that gb&ﬁ%ﬂ@ﬂ%/mm%rwé ecaganolecesi phaclatiis.d s/ wplhe stugaiulephols are
not m‘é’@U@@&hﬁ?’%‘é%\’l ditisgendly. Tonicity is a functional term describing the

tendency of a solution to resist expansion of the intracellular volume.
Additional embodiments provide that the inventive compositions have an

OSRQ|8¢iYerein, 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 anions or to proteins. Not all the solution volume is

aqueous. To be truly accurate, all these factors should be included in the calculation.
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of from about 200 to about 310 mOsm. In more specific embodiments the
compositions have an osmolarity of from about 221 to about 280 mOsm.
In a very specific embodiment the osmolarity is about 270 mOsm. As
noted, RBCs metabolize glucose (d-glucose = "dextrose") to make ATP.
Théoniasie prathedisghhe leotatet@nshprbidtysidisepestbatsaneursefidtéyr
desc Qﬂn%ggyﬁmecgﬂh%d I?shellbrlrtlglaggyerto}}et%n Oeg‘%gggs%SSBull%aQ? %aé[l?bg%%ce can
eerT suggested as a buffer system wherein it combines wit Ahe protons
exertzavdosn alvelpregehcmefoRiB Sacak boblowindlgsires ) ssnodaritertech sorev shereffective

i0Xi I SO container that permits diffusion of the., . .
s A S B LBl i simy

a condﬁx@émht@maanheffdimmhpﬁrﬁmz A Miifevigadystenefeglsedsonnd a 150 mM
solutpdﬁq{%@ieegc%sh%%g %ﬁ%eﬁﬁéeogﬁ%ﬁf % %9%5’88@% é%%,*lpn(,%f\'o'g ggfl laced in each

concentrations in the additive solution’éreates t e solution
of theseseltiestiveudifhaliove ofeupddfertmtiRymikwlicit 0O 2 fisoetienaDEmldedoribing the

tenadif8 SRENNRRS: HONRYSL ISKIPUBALSIB M O VBHate RBC storage

itive solutions wit onate have with respect to increasing
ATP synthesis and prolonging the effective storage period. For instance,

A ) . h : . . .

S e A0 S A
of frafe pleaisi?. O tdigbovetiiynitisalin e noperificcassediningietie notpREns have
an osﬁgﬁ- - §§P M&%“ab%%%sig%%u?‘)é’oﬁ%éﬂle bict Q%%%pcqff%fe %@ﬁ?enttthe

could be lowered without negative eftects on ATP hesis, the presen
osmaleyirisrRbawtre7AsteOmnutilize 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

appeopriede BB Cronistabatidttige crtelidiglvonspasidentrbse stabieke AddBarihe

wastép%{@&ﬁ?Qres}é%&‘?é‘ﬁlﬁi‘g?o%ﬁ&.h%é'k%[gns@cﬁle u%?é?&ﬁb%gﬁ%&'!ﬂgg}l and

of the RBC to maximize ATP synthesis. T ering system
inhibyirgdvebenmstapelimmodBistidonatebes boen shegsstedge pbnitiar fyeteve wherein it

comblﬁllgge\gﬁﬂ 1 R)qg}{soe{n t,@ﬂ%@g?&i&?c@ 5%%% r&Qﬂa@X@%@ﬂﬁ&?@? ﬁrggﬁlyerted to

controlled. One embodiment of the present inventive compositions
waterad ichshibrtibsidonpesitivageavataipet Sfatrpennaitrodif Bisionadfithe @athon dioxide,

iy ) A |
the e A o R P AR Sadf AR Y. o
bufferibg sy gan dastihoa hicaybopetifiaeenbeidiredht tapagityofBiradomgse sitiphyigologic

conce%?r%'oﬁsﬁn%@%?ﬁ{tﬁ)é‘?&H{mﬁ;ﬁl&éﬁte%Eﬁg S0 I LNTRYE EIMpRAIANS

wherein the buffering system has a ing capacity Il
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,
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in the red blood cell (RBC) suspension to which the composition is added
which increases by at least about 2 mEq between a pH of 6.5 and 7.2
over a storage period of 6 weeks. The presently disclosed buffering
system should provide a buffering capacity of at least this value, but is

modulgpesfieconisrocitily 8l of GRS buffedinica paditiostisite RBEbuffering
systiH SRERIQBS SRV SnatRing Jie éf&%fqgs P5HR0 SYRI UTlRE Tiebuffering

present inventors determined ranges for the necessary composition

capaintyt et @mﬁha’f Perphithndarissitijeriss|delerratelarnemjedl]led. dAee embodiment
ofthg b MG PRI YEaIR s SRRSO AP ARSI R EU PR §PRom about 8

nine in an amount of about 1-3 mM, dextrose in an amount of from
to abgublt 21@)mmifwmhnﬁmeméthb@ﬁiéﬂof@m@méipr@tégt&ﬁ-si@aven :
moré@ﬁé&iﬁ@%%&%ﬁéﬁ?y{hgbf@ @HQE@&&}%&?% YBRIGHRCNAR btk 8.6, and in a

amount from about 20 to about 130 mM, and disodium phosphate in an

very saesifitt @ﬂh@#ﬁr@nbt}t&p{é elybatcompention & showbSpediniot@risstinsbment is
direcggg WW%Q%@H SGEARERHIEIR AR BG??&%%%%@%H&B% II'MJffelring capacity

extrose in an amount of from about 60 to about

in therd blapd 2R Ba mitsrensiopristaditaht th@gamnoaﬁiamgédti@sf whét ipgragses by
at 1ea§39%1§(& %Mg Bedie BIGATBPRASR 29 BIPY AL YRR AR a0YE

mM, and disodium phosphate in an amount of from about 7 to about
presepd] yihsclpsash aisiintorestgse st khmbodita eriufiermsns ppasii o Eanlgnst s value,
out lf‘n , uﬂn%mgggabolizagl_e %egﬁrfngt%rlé;ne-protectantg éﬁégr&?ﬁ an am(;éfr%ﬁ)gl att)l})%%ereby
lengtheningthsotinirg oeakasbee firdistamount of about 26 mM, and disodium

phosphate in an amount of about 12 mM, and the composition has a pH

of about 8.5. The present invention also provides method embodiments. In

on@@l@l‘?séﬁﬁb@%ﬁﬁﬁ@ﬁtd@t%m%féﬂﬁéﬁ@rﬁﬁ@?é@%b@@&l@mw@ents
that (R FHRF RUEI RGHIRR, B RIRVIESVERE 2 A eURBaRTARD TRY TG BRIl

of collected whole blood containing the RBCs to be stored and plasma '
compAfhiefh ﬁm&f@amﬁamm, perorre e iisplerhsienl of B8 diedrose in
an anfiRiEE A0t () dreplinging §Hﬁﬁ?ﬂﬁl%ﬁ5899§ﬁt§ﬂx¥m&‘&@8%i@%nt sugar

deplete the plasma and concentrate the RBCs, thereby forming packe

in an pREW (@S Uk §ie gbatkel RRE sodivindricaimnait Br ahasyss fom about 20 to

abouCPSBRARIQRSHIIRIRRE %&Pﬂa?e SHSRERSRRIRBHSDAN A AU L. Ina
to about 70 % RBCs by vo ume; (d) cooling the suspension of RBCs to

moregpecifie enbasbuest theanposifionsgiHsisescidenispersprosnRE@Rout 2 mM,
dextrBSER ANGB FIROORE DA BIPLSHIYSS KON, dhR @Fb A6 8GN Sne-

composition consists essentially of: adenine; dextrose; at least one

protepight FREgLBI RO i bew-pPoebant 80 galM.aeditmp bipaiengig in an amount

of from about 22 to about 40 mM, and disodium phosphate in an amount of from about 7 to

about 15 mM. In an even more specific embodiment the composition comprises adenine in
an amount of about 2 mM, dextrose in an amount of about 80 mM, unmetabolizable
membrane-protectant sugar in an amount of about 55 mM, sodium bicarbonate in an amount
of about 26 mM, and disodium phosphate in an amount of about 12 mM, and the composition

has a pH of about 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
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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, wherein the pH
blooBufteirgtiysthesisimesentiicelcarrbwhbiubicehiofdetecbaylesitioand
intaj Hofafe .cell (RBC),suspensj .
con RO, TR AR L8 Reed LR AR v
amowndrftainaduemy eosipesifeoperi fecmretciiom equiirgion o R Ce didbtogoabout 35
o/ +-C fav lysis qver.synthesis:. -diphospho te (QPQ)
o R O S A BR
aboufAt P) eyhilepsisringitheasmiodest suspensmactibRBGs ditsooting toisigrifierd bank
jodl. olgtion js.divi ' re t I
oo EOE A8 0O B 0, PR A e
dextrose;, at 1R Ozeusefolétabobizald sentritiventprnodeetahbsieg thatride pHbbeffering
pagat ir . i e | '
OB SO ALESSOAED 4 AAoRMRY SR
buffesingdaedtoislediigon bastplee @S0 Hproasdim bimathmialg RBOs, atrldast one agent
i ived wi i : . 3
o TR GRS PRI PO ED (T e
buffestigtiopien|irpesstotiofscenitioventaoedfoidbd cohpemonicrbaoperable to
- e -500.+ . | o i
e AR e s B R PR an g o=
valugiusieienh évabiabicvhring patkein RBOS, a¥ierpes fotrimareattipie epalibitium in the
L . i :
red bRIGEES IRATINBNPA G ISHKACUR FRAMALQD 2{%%38%@%%% (DPG) from

techniques. Suitable“anticoagulan ude conventio

1,3-Irfovihetisb wtgeagretote R BE gaby ifadanigsitiveta phiosplapitaiitd M clytbasig atéh
' ' i , q,.CPD, half- . .

e A RS it B TR Sy e in
manaeiienhticenerdie theg dexially sndrdg ihesahatsrand dlipairbpinetd shidimgbyat)
sterilQ9sh 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 about 1 to 6 C according to standard blood bank

or i 1 Clinical-Practi ) hoe

o D SRR B, SR
plasngormesispenderiarairmitivacgntieisviatie indhsbyoimedrporsteefisgmponent
manGIREE0 GRS Qséﬂﬁﬁlf{\@{l}f%%qwﬁ QL ehingdsyentye metodilife RBCS

suspension of RBCs Is suitable for direct
and plasma is mixed with an anticoagulation solution (about 63 ml) to form a suspension of

syste

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.
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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

neé“ﬂed{BﬁgsesﬁemﬁmehaMltgeﬂwﬂygtomﬁmaﬂm&fac@ pqiwiem dilRiie (PVC)
bloo t&g&rlg 3(1: hnl,(l)Sllon t dl ?g g herew rgnvg | be 3% P Xl?fopent sizes

0 ONes ﬁﬁlnam%y e artthat i ny container F’eé:h ogles may bé
depeadipgoye theovpracieost the groestal qoveritionR Blesasiditisiorsslstioad afabwmit 1 to 6°
o YEHA AR IR SRR iiEle hortleed RRG AL DR NP HR
Tranefmﬂmni ieots Ceth&ifvastibre Chetbindl-dfi pressovipgRBEs;, tReyat 1886t All

etabolizable membran tectant sugar. onosag( rid

oo S B B R R ST e S o
spectivremistdinotizobichmmvintavenpriistttet smsgaus&nmﬁﬁnﬁi(ﬁﬁ i$re@thditeofoaldirect

infusiol bo{j Imea%]s qf Bhe Q&e ¢ ddhtgg A %16})%[ ?E%‘P{S S%gl ags are the
cations s selected from the group consisting of sodium |ca
industiseafiprovet csphiatd, Mwsrmbm%ﬂnmtbm@niphtspe@f&gemtum&ﬁmvﬁsety of

st ent rov bi arbonat nions, sodium . .
bags R B R e AN R i Mot plstisizers
as nepdede dngg:diﬁﬁﬁsrwateddm ttieebag I«aaetﬂmmaguentmnmndufg{ﬂ\ibswr@e tierhgmology
are n(i~| g %tg % Lgrel q) tgi’trgvuﬂ é) pesalgtf Ofa%g q'%‘o 01[13 grhda 1 39 Is?k n}le art that

phosphate, trlso ium phosphate a inations hereo in more
manypetdio@rtasboioents ot bt Mﬂbgﬂétagmarttm@md lplgsphospdmattenons is
disodium phosphate. In other embodiments of the inventive method the
combination of physiologically acceptable buffering agents additionally
coﬁmwhﬁtmdeahtimﬁgmmMmMr@mmwbmwg&m yebydeptdpdphilized RBC
[ ct the sting of H', tass ammonium,
of ln?nﬁégﬁrfe‘z‘?u% ? rc%?n Oﬁ%%lons hereo %gur%r bogl Weﬁr]1zfs are directed
to the inventive method of preserving RBCs wherein the composition has

larity of fr. OOto b ut 3 sm In 16
xﬁ 681% Xr%% (ﬁ)me ol#t ven Ve me%lgﬁ?n %r;[v% %16 at east one

Saiments the 0smo arity is'from about $m. an
non—rae\téyyllsddcmmmbntaodmewmm sxsgaolaratmmaknmhﬂ?dbmm $ugamdchohol

ment |nve t| e m ods are rov; Wher the com ton
and R D SRR (B
mannfitohn hbmidlﬁcmabeamﬂmma&amf therm‘émpethﬁflat basbodmgmsphevmhhg{sodmm

cat101lxs %s%é“&%'?%” 'ﬁr_{%%%gaé)golﬁs?séntoo%bsoﬁt me% %c\)/ i es ec ﬁc phosphate, and

entt compostion Is ab flona
combemtwnis riencadt thespn@@ntmmrﬁmwmﬁmraﬁemm&m provndegtbuaarbonate

amontsh% ? c{-f grrrll o on €. aﬁu%l?grﬁe%g](%iments are directed to the inventive method of
preserving RBCs wherein the at least one agent providing phosphate ions is selected from the
group consisting of sodium phosphate, disodium phosphate, trisodium phosphate, and
combinations thereof, and in more specific embodiments that at least one agent providing
phosphate ions is disodium phosphate. In other embodiments of the inventive method 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.

Further embodiments are directed to the inventive method of preserving RBCs

wherein the composition has an osmolarity of from about 200 to about 310 mOsm. In
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capacity in the red blood cell (RBC) suspension to which the composition
is added which increases by 2 mEq between a pH of 6.5 and 7.2 over a
storage period of 6 weeks. The present invention also provides
embodiments of the inventive method of preserving RBCs wherein the

spectihepauidoncatoieresiolerivdinfeim thopt2OF thabed BRIbTQul, @B @) a very
specga@aﬁeéiﬁﬁlsmmc&mam RBBIAN AETPRED 3Hdat ALABONEESL AR ntive

4 and about 7.4. In specific method embodiments the composition Is

methods gp lereyideslnchficindhsieanpertienitvioonid&f fRBGsutBénsgimts. In
speciRIERERGFRMPARLIAT RarReabadsed AlRsivee G th %‘Per']%%dﬁ@“

about 7.2, and in even more specific method embodiments t

embedimprisithsrpl Wbeompesitigisifiomeperiol the ehowISdY delr (RBGpecific
embé&iﬁfi@ﬁ‘%fﬁtﬂ%t? IS CHMAPRUBBLNES PRANANASHALHYAMA Qe Bl

than about 7.1 and less than 7.2. Methods according to the present

inveniygraeiereteseses i RIRE s apeid o thrad throesung ingtenisnss dndfering
capaSRJIRAIRLIRA BIS-AISQIPRIESCHIRANETHE WRLEHED 9%‘35%%]%5 added which

composition comprises adenine’in an amount of about 1-3 mM, dextrose
incregsefPyrh o bettresn apbrDYembodiores amirags-pesrbofioarteks.

membrane-protectant sugar in an amount of about 15 to about 60 mM,

sodium bicarbonate in an amount from about 20 to about 130 mM, and

disHfiumsIsRbEpIeatiomalse aruides srhedimerisns the aponte mahad ef
presdRRig IERESH R &R BEALIRIGATIRRILT (O RRIRER FIEPING Th8%ed blood

amount of about 2 mM, dextrose in an amount of from about 60 to about

cell (RECHwsnensiendp orbish efempastiiondraideemeddryont ibeavesmehnit 654 and
abouBPUiHEHIRiBR RO eMH SAUMSRICAERRNBIEHBNA0 GRBRAUIY O LI APRRLH of

22 to about 40 mM, and disodium phosphate in an amount of from about 7

the reg blgad gl BRI avanenaivety whiditberapmaition iaehasmpddsden between 7.0
and |G RRASSER BOEDING IR By ML BEARQ YL SHDY e HESHARG IO AE IRPYSon is

of about 80 mM, unmetabolizable membrane- protectant sugar in an

operapls o maniagythehatthssad MopitesB SRBE isusneasion i whighdbe zemposition
has bEalYla@idh dispciinm pRAgPhRIR AR 2Nkt akes 32 mM, and further

wherein the composition has a pH of about 8.5. 17 In accordance with the
method of the invention, additive solution is added to the packed RBC

SUSRBISIA BoAM MO Wil g%m@m%mﬁ\dﬁ%&eﬁi&f@p&#ﬁeqﬂfgg%ﬁ%@%

amount of recoverable RBCs in the cell suspension. Preferab

“th
necesgpfyiingreadrite Al thsseapatitionsrgrasa argvite ok amme@@%@ea@i@aﬁm the
compdSiisnl cOEgiRLRbPYIBRIAKGA AR it 8RR h-TRERE RISIRIRRM 3R AP of

ml. The solution is typically used in a 1:4.5 volume ratio of solution to

from ghesie20)| o absshd die M oome bbb nhetaerneig oMt i1 20 amount
of abBt 9kRabout 60 mM, sodium bicarbonate in an amount from about 20 to about 130

mM, and disodium phosphate in an amount of from about 4 to about 20 mM. In a more
specific embodiment the composition comprises adenine in an amount of about 2 mM,
dextrose in an amount of from about 60 to about 100 mM, unmetabolizable membrane-
protectant sugar in an amount of about 40 to about 60 mM, sodium bicarbonate in an amount
of from about 22 to about 40 mM, and disodium phosphate in an amount of from about 7 to
about 15 mM, and in a very specific embodiment the composition comprises adenine in an
amount of about 2 mM, dextrose in an amount of about 80 mM, unmetabolizable membrane-
protectant sugar in an amount of about 55 mM, sodium bicarbonate in an amount of about 26
mM, and disodium phosphate in an amount of about 12 mM, and further wherein the

composition has a pH of about 8.5.
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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 about 1:4.5. In a more

specific embodiment the volume of the composition is about 110 mL and

the volume of the collected whole blood is about 500 mL. The RBC

volume fraction in.thg cell suspepsion. i.e. .after ition of .additiv

ot e e DG R B AV AR A s e
packRBRBbiuspensiactionimiheinelivsiisipentigmasidbe thSspentibalit Sfective amount
of relSSHRIERIRN e BECABME, TACHAmIn (e cll sHanefinion Is AbRH"a: o

43% of the total suspension. Over the course of the storage perloat e
volumeswgingentoabanbditorbth ahdut datd dpfetiath e kboamt 09 thebaal i @inl,

most! Fef&%*?g’é’o%&telﬁ &ﬁlf‘@t‘géj B fIES aéég@ Et&ﬁ"ag% eeerdll r%%&'a'%% of
resent invention resulted in superior Pt od ce quality for longer
solutghur &nivdwladbrodketlvcted(¢80mE fiuted Hholeyiiotebilvod stdlentioriiddibmiL for a

500 ﬁgg{a@kgﬁg 818?5’ C dﬂ%&ﬂ%ﬁ%ﬁ%@ﬁgﬁﬁﬁo dhf’ %Ee@ﬁ@?ﬁﬁ)%%lﬂ{‘e%?i%?ﬁ% present

ysiological and mor changes tommensurate wit
invergrogractrodsiodalf dentngRBE shhevolwm ofatie of e gerpesatdit iis theeallacted

wholm%%zfig%G&Jpr%?lmem&r %8%@%%%85%&?%%%?&%’ 0 teiE% ggﬁion is

changes from the biconcave shape that permits maximum surface ar
aboupbtO/oiliaed theilicdtimg difthsiorlloétagbsbslamitbndtialisttd08 mbre

spherical shape characteristic of a dying, fragile cell. The red blood cell

membrane is initially flexible and deformable, facilitating passage through

snidie BBSiolemeTivstiveialbshafecirngersiscebenaldddbyihdditive

[ SOV e [

N i A UK N B R R SR S
fractigroipetbe, agPonpsssivmiforhaesknidledmut Sy Mettinrgfenablytilee RBC volume

racoIPTR ISAAIEENRAR AR GPUMRSRENAIa AN fnal form pror o

lyses Is ca The ensuing fragility eventually leads to
lyses and death of the cell. Determining hemolysis rate permits an

in%%}iﬁ{é %Hf’?e JNE %@gge?}y%ﬁ% %Iet k%s%ﬁ?‘i’%ﬂ%r?%ﬂ%&% and collected
engendering unacceptable Tevels of hernolysis during storage, these

data i¢levphile hedicalthaifdhg eedthipydrosibarssceteddntiguizmé anithin iorage

accor SEIPIG W OBHSBS RO BRORS U HNGR B0 P HURALAFRIARY £5 Bngcr
decreasing the post-infusion recovery and decreasing the efficiency of'the

duratipapshugioileE nabloyenedtsofated ebempobicibldsteragiaglesitng prasepoptotic

event' 4§ %@fkﬁﬂ%&“@éﬁéﬁ?&rﬂr&ﬁ%?%ﬁ’é@é?ﬁﬁ%%éﬁ!ﬁ X%a' %’E‘o%lﬁ%%[ﬁ%hanges
leads to a decreased osmotic fragility, and"a decteased rate of hemolysis.

comn g e v hoprogtanmitoeek seath reontitre shused oh dmistaragspefind it is

knowd"H23RG ANPHRIA QR A A0 ARG SO B AR ADK §8 3Kl 1 LSEAYE Shanges from

the biconcave shape that permits maximum surface area per volume, facilitating diffusion of

gases and nutrients, to a more spherical shape characteristic of a dying, fragile cell. The red

blood cell membrane is initially flexible and deformable, facilitating passage through small

capillaries. This overall shape change is accompanied by the pinching off from the

membrane of microvesicles, forming spicules on the outer surface of the red blood cell, so

that a cell at the end stage this process, upon observation, resembles a spiny urchin (hence the

process is referred to as an echinocytic change and the final form prior to lyses is called an

echinocyte). The ensuing fragility eventually leads to lyses and death of the cell.

Determining hemolysis rate permits an indication of the scope and severity of this activity. In

addition to engendering unacceptable levels of hemolysis during storage, these morphological
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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
changpbistees daragas swoeheeigpetivihiThaasipibaidabenp fded smang eHafusion of
the s{%?éﬁ?e‘&!{ﬁ89dt981§}%&9&8ﬁ§§ge'§10§k‘-§%@_§48'EécER/&‘? G HISANGIIMR efficiency

compositions have been ad a specific embodiment, the _
of thenikarsfesion| Frudarasneiohsseathaseidad acroTde o thapisseritravioréon, and

meth99§ %?‘iﬁ‘ésl%}\fﬁ% péﬁ%‘fo%ﬁl I&ﬁ&%@cﬁ%ﬁ% %ﬁ‘éﬂﬁ RIRIERS, Q@:@.&qgéﬁ%ﬁgotic

'suspensions comprising AS-3. Another embodiment of the present .
fragilifyeiiba frervitied wineflvmohsicrdhingrespasidot de inReey Magirafion of

cell Iﬁ%ﬁ%{ﬁp 5%%9&9 a?eg%m%gw&p &ﬁe?tﬁ{@,glﬁe?@ﬁ%! 'a};hﬁc%mqecovery

comprises storing the RBCs during the storage period in suspensions to

of vighigaiedidoqd\ashis\ i 8 dpsseses prefdiesipnaelersangs Rirthefe-infused red blood
Ceusmqnggag){&giﬁgﬁ@gagq)whods 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

clegfanamheiihedR BRd i PAHRAt oS SYRIRCHS, CABPHBHRIA%RR blood

RBCs during the storage period in suspensions to which the inventive

cell (Bdtp drstihisneaveipieaansd dad sypispriaaiRGapmesisslutiss a storage period.

The &Q{HJS’(‘P%HIHB&QE‘fs%?iﬁ@Yﬁé@iﬁéé{%ﬁIﬂ%e&Q%‘%&gé%e?fédﬁﬂ gﬁh‘b‘%ﬁé?@ﬁgqg Swhich

_The red blood cells stored therein maybe stored longer, at least 8 weeks
the inyppthystcempRita e cn hsereefilsdie NRBIEA S herubad ivpsatrdbo veigjovssisular

concWaRFaSE YL lCERSKH S9N USRceh g Y eBLYE &P Qecfgmeha 8RR Yored

diminishes the scope and severity of the storage lesion. During the

for thersprgesiosrRsOPeFad & o usBRBSEHISRBATDI0SASeptable range of
hemolysis: 0.2% at 6 weeks and 0.4% at 8 weeks, all below the FDA limit
of 1% at the end of licensed storage. Red blood cells stored in the

inviiber saehadimest od dhe migpepitiseatinenbrades s sactinthef sergaing red
bloof'@én ?Rﬁ@}tﬁ%?}ﬁﬁ%‘f SERCERIIREE AL TR AR ICLRYESICIRFi80 The

. less osmotic fragility. Preservation of membrane during 19 storage is
methed seraidses FeprrEE BBtedimiselthforiamsrneiodie sresiopetagdich the

inver? RIS RN RS BRL G E RN RIARE: &%8&%&9{5@]%?4&@8 MBANR of

physiology also suppresses the mechanisms present in the

- increpgigipidabibatiehradddagdisalisBar s sipguaibiar anta desmcind andiafier
infusRRdAE S PAEANATHEY BIOQCalSH FISRGE HRG1EC TS Fad BI9RAGH S sion

last longer in the recipient-patient and enhanced longer-term récovery of
cleargpee @ thg REBE sty ltsarptient. The methods comprise storing the RBCs during the

storage period in suspensions to which the inventive compositions have been added.

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 in 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 period, the red blood cells exhibit an
acceptable range of hemolysis: 0.2% at 6 weeks and 0.4% at 8 weeks, all below the FDA
limit of 1% at the end of licensed storage. Red blood cells stored in the inventive additive
solutions exhibit less membrane loss during storage as demonstrated by lower concentrations

of membrane microvesicles and less osmotic fragility. Preservation of membrane during
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cells is possible. Moreover, enhanced 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
storagepe ekpddiedtohelpeRB CRB@d\lﬁRdﬁﬁmtimhmuhmem pryravies tllnawcells
nd Jlongevity after the cells a 8 Ira sfuse mati he pr
that ‘ftejtllgsr%s%l areey useeltj’fe\llvn*r‘%lleﬁ v?/or ng \?ﬂ conven |onaf§gll?'glc ?o 3}52')2)1/53 resses
the rﬂeahamﬂmstpmhem Tl dooiriiGie-pat@R2 Dbfatly that [Inl(ggelCSIﬂflaoﬂlbe‘ekhrance from
cire[ QST RESIAANGARdoM flonor platelets. oh o e caliectian of, g,
ole d&’m emergencies owing éxamp es are provi 8
longdtusﬂmmmwmewsenhménchmddamgbbeamomww af Mmﬂgﬁtsed red blood

resent inve ention s defined herein;b
el R o N A IR D R plood gl should
lessek AB-BeEASr7pes EASESIoNdOL TP 6 ST idaHBRAB MR Gatikmit RO thventive

sl e kOS5 WA 8 B A e
: wthEmmpwttdm@lkmhmtenmEMt@g scpestiomaad ceeprffitei sapdotiesl flow and
longgzq %9315 (%ﬁp SEW 9 | thsee&jl?g’[;*gg f%%lgeﬁés iiotlllf)tr'lcé%re useful while

OSItIOn eS|gnate

W&WH@XMIM&WGM$ Pat Bilavedibaly hteoﬂom@&/wéEPRD for
ventio I ar tive S-
L A
freshEvk8ly i@ b otrewsrgprisesbicarbonate. See Figure 1, wherein the
bicarbonate-containing compositions g posibons are represented by

circles, while those without
The following examples are provided for illustrative purposes only and should not be

construed as limiting the scope of the present invention as defined herein by the claims.

EXAMPLES
Table 1
Compositions of the Tested Additive Solutions
AS-3 EAS-61 EAS-76v6 EAS-81
NaCL 70 26 30
NaHCO; 30 26
NaH;PO, 23
Na,HPO, 12 9 12
Adenine 2 2 2 2
NajCitrate 18 _
Dextrose 55 110 50 80
Mannitol 55 30 55
Volume 110 170 170 110
pH 5.8 8.3 8.4 8.5
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bicarbonate are represented by diamonds. Higher volume compositions
are represented by solid figures while the conventional volume
compositions are represented by open figures. All volumes of additive
solution compositions disclosed herein are understood to be per 500 mL
unit of whole blood for an approximate volumetric ratio of 1:4.5. The first
le is conducted as a pooling study in order to evaluate the effect of
e solution ingredients on RBC metabolism and integrity over the
course of 10 weeks of storage in PVC bags. Pooling reduces the largest
SO ability. i ' Q tor studies, that js, the .
e e S doEb g Bmbodiment
of the|usiestisnaddif e detionrovmpasitiaipdesignaedas A 131 dsead diltht). EAS-81

ot A O SR SR ISR pon
volumeiswide hosepastivsrepaotdds Mt ol BAGU36d toepakedediirdantiodilute,

its A QI ' ] ' in each of the four arms of .
R LR B, S B Tahrein
. the bicarpan g smntamingadmirsiteotsooearpseseoted bS Risdeninblsubess witbout
. il i [ ' nd_ sterilely filter,
b P o BT M O O S R o
solid| figuses (it dhieinareentional . vothm e fieoisitiohe spshee cpt el ABen figures.
[ ine: j ~ ' lutions,"
A R T e e U 0 g per s00
mL veifayewbeletieostdpage irmexineateetdlamariOdtio wid Wéeks. The
solutions are then cultured and the cultures incubated for another two
weeks. Sterility is confirmed by the absence of bacterial and fungal growth

forThel rgfegrantBlep s Crmblct@batarp@ibrinsod Miceodio logyy Syate the effect of
stora ?cﬂﬁlol}{l %gr@mﬁgeoﬁ%ﬁ@ ﬁ%egaﬁ?ol?slxjﬂ HR&%%Q%&@%%Q?C&%QSE# E)(y \gf:eeks of

ags (Code 4R2023, Baxter Healthcare Corp.
storage iinBMfohagard nrding nedgea thekiegesmoanting devits! ((S@DcBAZentional blood

storagee&lumMﬁgéf@'&é)f&aﬁéka e MR 6&%&9{i}é’cr@@égaﬁigrﬂid‘%éﬁe@g,%fﬂo%ir.

of blood {500 55mL) are collected in"70 mL of CP2D solution in a
Pooliippdapesseniteetite sghsdioriterhobuorinnas, sPetpOdithorsition whidst

mainﬂmﬁaé\%hvlejﬂﬁﬁgf%nk? H%%%regﬁ??gn\f‘(ét*hH?Saﬁ?ix%?r{@kﬂ%‘%ﬁ@%’t&ﬁ%ﬁ%{»ﬂ%@n test

Packed RBCs are prepared by centrifugation minutes
(IAT}emavarptdintsusessant 4BRedsngeabusitier Backckettrethistgw olsidmexsd and

aliqu@tt?d% ﬁﬁ?e'?oﬂpgﬁ‘cﬂt%gl%%lﬁehj ﬂﬁﬁsa%ﬁé%%g ﬁ’gﬂg&%ﬁtp%bq 1% &géd]‘ 1% each of the

four arms of the study.

Exa

The compositions of AS-3 and the EASs are disclosed in Table 1. The EASs are
made in 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, IL), 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, fully incorporated herein by reference. The storage bags are held at
37° C for two weeks. The sol.utions 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 the solutions are
aliquoted by weight into 600 mL PVC bags (Code 4R2023, Baxter Healthcare Corp.,
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weeks except for approximately weekly mixing and removal of a 15 mL

sample. In Vitro Measurements Leukoreduction (elimination of white blood

cells from the whole blood product) is confirmed by flow cytometry. The

total hemoglobin (Hb) concentration is measure with a clinical hematology
DecrfighdyHe). (N8 eratntstgrs ete@udetusify stetoriBaries @1ing-HeBakdBCD 312,

| ; celiyolume (MCV is determined from the RBC

Tem&&ﬂ%’%’%&%’@%ﬁ%ﬁ? crit of the storage suspension. Supernatant

Hb is measured spectrophotometrically using the modified Drabkin assay
RBCASHIsHssedin.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), incorporated fully herein by

referfter GRiCSPbEpoYS SRS URNeH R ERRHIIINe 3R BeS in o

to total Hb and the hematocrit. RBC ATP concentrations are measured In
triplesbpeeeallastion ot slepr Glsimi zederRBES Pell GlitpmoasioneHaikEbillsit ¥pldUnits are
leukch S0P WREARGSHE A dBreaiRiate iR drialelep CPHERE At 67 00

x g for 10 minutes, and the protein free supernatant frozen at -80 C until
centdégé@pmfppﬁgraQEWefdlwmtmw@éﬁgaa earfimerciellthavéitanie 28st which
the 1S{EARAGRAWER S3G6EWY i S1MmA RIAFERSIGHiS b QiRaVIEH of Qpﬁ-qaé%r 10

bicarbonate, and pH are measured or calculated on a blood gas analyzer
weekeaenid@sHpronsaaly)weHds, mpiirgmebemensh o875 Bmlrsaatgar
sodium, potassium, chloride, phosphate, lactate, and glucose are
measured on a programmable chemical analyzer 22 (Hitachi 902
In Vigp¥easpr@eitsinger Mannheim Corporation, Indianapolis, IN). The
average degree of RBC shape change from discocytes to echinocytes to
spherocytes is measured according to the method of Usry, Moore, and

Mésssloreditimelimimoanelagytebieoreerllsdliove thaadlerhlaed product) is
confiidd WHWCMQﬁlé?}p IR AT ﬁ&%&%ﬁ%(ﬁﬁwgﬁwﬁ%ﬂ&qm@ﬁ@’ with a
reference. Microvesicles are measured in the supernatant at the end of

clinicaidrematoexangiyzar(ifsoeioingyder ticovatsichy peneb wiestld Grvddakinnes
AllenfowallB&) 2L INC IQHRE PRRESIN; iSs AR iR d U Qﬂeﬁiﬁﬁ%ﬁiﬁ%@ﬁéﬁﬂg

_ (BioFiad,'Richmond, CA). The results of the comparison testing of the 4
micrqReyaataeihgé the siooas sventusiratctierfigians $1b trdeasuredll storage

spect _H%%tﬁ&ﬁ%%@ﬁgﬁwﬁﬁi%%ﬁﬁ?ﬁgﬁ’Aé'&?s,éﬁ%éﬁ?%d&’&%t%{%ﬂ?"A
_ (Figure IA). In the EASs the ATP concentration continued to rise inthe
microseedifigatinsend shrilPeahkinderhaghelithansay fproregsaring estarheoagptiein the
range%P@)foéb@mtg)’erﬁo%em Med 26:167-173 (1981), incorporated fully herein by
reference. 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
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storage and beyond, EAS-81 exhibited ATP concentrations equivalent to
the increased- volume EAS-61, while EAS-78, having both the increased
volume and bicarbonate buffer system, exhibited somewhat higher

concentrations. Hemolysis (the breakdown of red blood cells), increases

(Hitagith99aranelysirsBreyingenM atnhege SotptiortoiFlgdiandpplist BN tirtbs,average

’ : her | ) . .
e e e e
accordithgduwcheonhthebhisiswyithbivarsod dtene hel¢sgibed umideghtibrey, ¢fstored,
: { | i i { . i .
i e e R S SN i
referpaeraidisorcsittetivasneeneatighdhasmemnatinimetdpomd of ttosage. Plasma is
untra@@ﬂmﬂgéﬁeﬂl%%@@é%l%%s@@@ We!edt)in%g%l J.Qﬁﬁ%f%lpcf qgéﬁ: H?er.]t(())t\é?f)ﬁ)tein is
weeks of storage was' 9 mMin AS-3, 12 mM in EAS’61, 13 mM in
quangA&l gging i atforid meethad (B Radr Rwhenpmda€dular pH was also
higher at most time points, but the differences in intracellular pH did not
achieve statistical significance (Figures 1 e and 1 f). The time course of

bicﬂpb@@@d@|@éﬁlgﬁdmnrts@tigg@fahqﬁéilb€ovmegheobumragq altgrated in

fi guréyﬁ;%ﬁ%ngfﬁh%gﬁé% §£‘19¥i’&1§" Reiresrp %ﬁ%emfa@&ﬁ%@}&&%ﬂp HERR week
of the inventive EAS-81 to the AS-3 stored cells reveals greater energy

of staraBgdliegnipitiesuithatHighdhaviPreomusntrationsorsissiebinsise i eetsgcond

wee ﬂﬁ%ﬁq%\édlﬁ@lgp VS lrgox f&%éﬁ%@%t@ kgﬂﬁé de? tl}ﬁ Ie? Sleeks of
The older EAS'S, 23 especially EAS-76v6, perform even better in cértain

StOfaEéﬂﬂéc%}’Mdﬁéiﬁ@rb%éﬁhﬁﬁdu méFesmesniragrasrauiinlagiothnhanstonsel-

VOIuMA‘gm@VQﬁ%{H@§wE '%MHMM”&@ fﬁfcfgégg@ %IHQ_QSJM %gc%%ﬁg{e buffer
recipients. Example 2 TFns example illustrates that an inventive EAS

systefar flidied punelithad hishetspagendtRBE in conventional-volume additive
solution for 8 weeks, with better recovery, lower hemolysis and enhanced
membrane preservation over the known 6-week storage solution. 12

vollgmedysieifechsantelotryafisedbioed StssRuesevibiduyation of storage in all
storafédém_{i‘f.ﬁ;ﬁ@t&?&@%. %paﬁ%rég%%§gﬁ'ﬁ&%@l%i??&’&?ﬂ%@ﬂ@gﬁ. II’c was

criteria were selected. The subjects donated 500"mL (one unite) of whole

modesthbeeduere inas 8 lland e ar Zmthaniathbeil¢rtBAS codibere199s 28 additional
reduchéd &%&9@9&5‘ W ASEU o) 1@{'1;1_% %ﬁ%&%ﬁﬁ‘%?&wﬁi&'ﬁs@' l&é"é)%%gt’gd? R lower

mL of the plasma removed. EAS-8 mL, was added and the packed
AS veimuedshylisddn a higher storage hematocrit (Figure 1¢) 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 1e 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,
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were stored upright at 1-6 C with half the samples (n=6) being stored for 6

weeks and half (n=6) for 8 weeks. The week prior to the end of storage,

the units were sterilely sampled and cultured. If the culture exhibited no

growth, a small aliquot of the stored RBC was labeled with 51-Cr and
espeggalipriedi 3o/ thé denormsirenthettviorotepednaes dois shvg b eatgskater volume results
in grdAHIGMEYr AL Bited SERUSDAEANT RLMERIRARGRIRBARIHAIANA.

were created and other descriptive statistics of the storage groups were
transgsed Ipatiant shsipispieadsheet 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
Examplesdn 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

CPZbieaeglcrdhstintaskbdian wyenisragd adestogletionerrotiedrihasgorage of
RBCRPERRARE AR Ve imeADdR: v LIBEON 26 SURCRNGRKD A Tdo v (gt

). The apparent anomaly of higher recovery at longer time is probably a
hemobsiftanttbichansgl mprebeing presgtpaaR AMer frednoatcbifgeknstaeage solution.
storability of blood fonn different individuals. These recoveries, however,
are superior to any currently licensed storage solution and would meet

thd ZrirdHatest sideaelsiasating tslimeESidpeidedtand Smptidgimistration (FDA)
and ASEQYERY QLSAENiSA Srdloba R A BEBPMHSESRLE A ¥ Oieskh Rt

a recovery greater than 75% and hemolysis less than 0.8% for Europe).

donaf@ 600 arhdRs AR dhvdiinbleaed, sthirhwas eplactobinEhparssmepg (Item
code %462 9-33%%1”@&%&5@& IS ENASIE Prafai RN CERIFRH TR ER dbofhit 65

weeks and 12 6 mg/dL RBC at 8 weeks, and thus accounted for only

L ofanp e R RS g b Mbsaraprddubabhsmrskes R solatiens
were ‘3&}&% lﬁﬁﬁgﬁ%ﬁ E—'@‘SCS\;MH fﬁﬁ?ﬁ@;&ﬁ%fbg H@HPQ&Hg%@F@@ ?o?'ﬁ%&?goa\(ﬁqlalf

physiological functioning of the infused product, appears to derive from

(=6} Eret areskse d reirseclrrion e tht-endoefUitninge s eitp sranastetilabisagpled and
cultuﬁé&fqg%%tﬁﬁe &L Aithe RVSRENE] s?ﬁgi'fiﬁfﬁ?& QrHD e eIGEANAT fabeled

period which is sufficient to maintain a pH in the intracellular space
with g,ffisiand teterigd thdbiedare esnsthileia rsosasal diyiconalrslasbirageayrement
of RBEMR TP-consuming production of 2,3-DPG. In addition, the higher
extracellular phosphate concentrations in this formulation contribute
toward limiting extracellar Ca++ concentrations, which in turn suppresses

SexeiphaPPRIOHS RIAGESRER SUHDR Sy ABRTRROIRILS AR MRIRG A tatistics of
membrane deformation and loss. This leads to improved post-
the 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
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infusion recovery and a higher membrane quality in the infused RBCs,
further diminishing the triggering of rapid in vivo clearance mechanisms in
infused patients and resulting a higher percentage of recoverable infused
RBCs for an extended period beyond infusion. The EAS- 81 formulation,

than W6 airlihcinatesiNadstiadamarfor inereasing sheameyptalitherpanssdland
ufferin hile ma abl osmolarity, permits more

hemgBS 08 IHLLR Tt TR hoR It SR 0 ARG CORLTaR wos 02 &

0.2 asmest@ranarmchmcore pih®sikie malkahlﬁ)t@mm mmelﬁduﬁ&sﬁtﬁﬂibﬁawere 8+

T T T AT

RBCdmmV@glbbnﬁlomJumes makes it particularly suitable for use in multiply and
massively transfused patients. 25 What is claimed is: 1. An aqueous
composition, typically in a volume ration of 1:4.5 of solution to whole

The iiipmbcettﬁa@qqeﬁdbﬁtmrﬁg@bﬁfem&ﬂﬁﬁdmﬂsse&laﬂnaaﬁﬂstafaubﬂuﬂﬁ@tim&)f

osition cpnsisti tially of: adenine;. dextro at least ane
stora g R RSB WA RARTa T A e i oS RPACRteh Ry o derive
fromSysteah bmsleereﬁmﬂ;elaphidwﬁﬁﬂngcﬁyﬂwmg@@wﬁ@ﬁhate@mmn@ﬂchnﬁ%nng of the
SIO|0 ic I tabIe buffer ents includi Ieast ent . .

pH o R ALHORE AR T SR REB O S RHDERHAE Mantain a
pH 1rathe) ngrartuilepstondfadgentttp rdxwéntl@ m&mhceﬂtmmhbvhﬁnemml ghcolysis

bufferin resent in an a t_for co Slt on to
and o T e B e 2 A e S R e
extracﬂmpm$ih0$p]ﬁtmd1dﬁdeatxatuﬁimﬁlshfil(ﬁdﬁﬁﬁﬂ@t&ﬁi&bhﬁl‘ﬂbﬂt&jtmmmmdmg]g

d ti ili th d bload cell th t f
Y T L

phos;themb@s genathling amd\aiegmma aefenﬁa'tmwhﬂha@ohﬂm; (éalR s ympiresisl post-
o B A A S P v
the triggEhﬁg:oﬁﬂmﬁliw nias ctuautacbmﬁahm&m\ﬁhﬁrﬁlﬁlib@ p}iﬁdﬁtirmﬂ saltirfy 2 higher
perce%&a Or;lb%8 ﬁ?ﬁ e ro% o ﬁﬂ&o?oarlsarrleegil ggdlé]d%glllod?iieyheé tg%rp Hl"?le EAS-
81 formulation, which eliminates NaCl in favor of increasing the 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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about 8.4 to about 8.6. 5. The composition as recited in claim 4, wherein

the pH of the composition is about 8.5. 6. A method of preserving red

blood cells (RBCs) for a storage period comprising: (a) mixing a sample of

collected whole blood containing the RBCs to be stored and plasma with
Whatrisseldbwedisant solution, thereby forming a suspension of collected

whole blood; (b) treating the suspension of collected whole blood to

ldepleteqtreoywiasmpositidne tyieaitpaie ahvo IRBCH e dly4Srofisg yaekedwhole

RBxdephisied; thestereked R8O awilcells ahabont bitaabagtie¥iighe composition

connsistiog ewsfiitielly P to form a suspension of RBCs having about 35%

to about 70% RBCs by volume; (d) cooling the suspension of RBCs to

about 1 to aboutageningid 26 (e) storing the cooled suspension of RBCs

according to standard bank procedures, wherein the aqueous

composition conéistsogesentially of: adenine; dextrose; at least one

non-metabolizable membrane-protectant sugar; and a pH buffering

system, whereingtHeaptoiflenimpispsiienblo nusistbrafieryotatamtiogans and

physiologically acceptable buffering agents including at least one agent

providing bicarbamétduiitsins, syitieast one agent providing phosphate

anions, and at least one agent providing sodium cations, wherein the pH

bufrbergnsiastehh by PedsgrsyivicancantotinpSaftioiebindoented physisbesien o

‘beaspeitable by Heaingdacatp M didingdbleast v laARBOyositipehiterbamate anions,

wHitieahossmgrsinonyiding dhesnhateaniens, dfidiehicastesebiieht areviding

mairaim gatipes avdiereigdhsarid dulfesingiorstenuinipressninniae rewpbibsufficient

cefotrihe cavanesgipodybisapeesbiytetasistaina Pdiphasphblgigderdteyipaion to

frofhiclBtixr@mpestietyiseddsdang wehe gdlicienateesehtisliphospate during a

(ATtPIRgpmPRekarr ol it edetion bipadmellthalufargrsrglycolysis over

stovadecpievdd. - dirhesplrabbg aiisrd 2Bty RB SsRRGediesebingstagrateg a net

wesigimpdenogpe e iphosphRB G5 B )suitahsei sov idireespivviuisidheirgaction

patiehliineeduong ibh doragkipisieds. The method of preserving RBCs as

recited in claim 6, wherein the at least one non-
2. The composition as recited in claim 1 having a pH of from about 8 to about 9.

3. The composition as recited in claim 2, wherein the pH is from about 8.2 to about 8.8.

4. The composition as recited in claim 3, wherein the pH of the composition is from
about 8.4 to about 8.6.

5. The composition as recited in claim 4, wherein the pH of the composition is about 8.5.
6. A method of preserving red blood cells (RBCs) for a storage period comprising:
(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 about 35% to about 70% RBCs by

volume;

(d) cooling the suspension of RBCs to about 1 to about 6°C; and
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metabolizable membrane-protectant sugar is mannitol. 9. The method of
preserving RBCs as recited in claim 6 wherein the at least one agent
providing sodium cations is selected from the group consisting of sodium
bicarbonate, disodium phosphate, and combinations thereof. 10. The
method of preserving RBCs as recited in claim 6 wherein the at least one
agent (Pretading)thécentled atsnanions ¢ BElisacbiedindivatandarditisak procedures,
method of preserving RBCs as recited in claim 6 wherein the at least one
agwherpiio thdingphrspimpeanioreisistdesseatiynothie group consisting of
sodium phosphate, disodium phosphate, trisodium phosphate, and
combinations thadeni®ey 12. The method of preserving RBCs as recited in
claim 6 wherein the at least one agent providing phosphate ions is

disodium phospHex&038. The method of preserving RBCs as recited in

claim 6 wherein the combination of physiologically acceptable buffering
agents additiondflycesneprises-mataboliaald agembisnsyiivigesant sugar; and
physiologically #cedpabiisatusiaalected from the group consisting of

H+, potassium, ammonium, magnesium and combinations thereof. 14.

The method of preserving RBCs as recited in claim 6, wherein the
coripasitidheridd biHfoiraoatiepaionsifisai sutoraonatisnoidnsiohassally 5.
The method of preserving RBCs as recited in claim 14 wherein the
ostheratRYleonbisiingosenipineding it koot oG aeent@ravidingditsebenate anions,
preserving RBCs as recited in claim 15, wherein the osmolarity is about

278 lnokaie FreTHE ovising bosieaie g R BO hleasicpriagertaraeding
wherein the composition has a pH of from about 8 to about 9. 18. The
méasipe et kg Bbe pid bubiesn erirstem BProRsal drpthagsMissibisient
about 8.2 to about 8.8. 19. The method of preserving RBCs as recited in
cldinthe cornpesiiaméogia enarablethipusigbhas i oinrapd tl@d el kiBdRe)

8.6. 20. The method of preserving RBCs as recited in claim 17, wherein
theusprafitictocshigb it sampasibandssidded The vakuhe lagiprbkeesiplfish and
RBCs as recited in claim 6, wherein the buffering system has a buffering
capatitpimdmenge Hrsesr asiol B opstispeasibhrisnyidhakkd 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 method of preserving RBCs as recited in claim 6, wherein the suspension of
RBC:s is suitable for direct infusion into a patient in need of such an infusion.

. The method of preserving RBCs as recited in claim 6, wherein the at least one non-
metabolizable membrane-protectant sugar is mannitol.

. The method of preserving RBCs as recited in claim 6 wherein the at least one agent
providing sodium cations is selected from the group consisting of sodium bicarbonate,
disodium phosphate, and combinations thereof.

10. The method of preserving RBCs as recited in claim 6 wherein the at least one agent
providing bicarbonate anions is sodium bicarbonate.

11. The method of preserving RBCs as recited in claim 6 wherein the at least one agent

providing phosphate anions is selected from the group consisting of sodium
phosphate, disodium phosphate, trisodium phosphate, and combinations thereof.
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composition is added which increases by 2 mEq between a pH of 6.5 and

7.2 over a storage period of 6 weeks. 22. The method of preserving

RBCs as recited in claim 6, wherein the composition is operable to

maintain the pH of the red blood cell (RBC) suspension to which the
composition has been added at between about 6.4 and about 7.4. 23. The
ItethoanethobeEprisgrRBCRBS yetitenited oladtnis, Guivbesdmtthe eblegsbsiipagent
is pieErdinie nhosphiztionhis gidodivheplesiiiaisd cell (RBC) suspension to

which the composition has been added at between 7.0 and less than
13bolhemmetiad gherenentiod BBpivseredigdiB deins faditdimlgtaiombination of
whightssrotgiedlyiposititable bufferatg e genta aiddtinrimldyplaropftises @iddaf oale agent
cePiRBIDesuBhEsislosicollviaeteptable sativnsitlonted & pwecheagidup eangisting of
valde pptessemh amelos iy, mageritws tisncombinatimtheestiod of

preserving RBCs as recited in claim 9, wherein the composition
ldoitsrimethaden msmaMﬁa@fmdm@amwmgéhn compordien has an

of frmelaibiyef oo aswt 299 SorahoutdkferBstizable

membrane-protectant sugar in an amount 28 of about 15 to about 60 mM,
ISodhmmisthadudfrmssrving KRG frevitedbio o blatberein Soeromodardty is from

dishiirPHesseate ) arCamount of from about 4 to 20 mM. 26. The

method of preserving RBCs as recited in claim 25, d wherein the
leotsositibadconmeisesingl B Re i8 wmeitot buplathdido utzieivthgesrederity is

anahmbdrf ar@eim about 60 to about 100 mM, unmetabolizable

membrane-protectant sugar in an amount of about 40 to about 60 mM,
1dodhamptbadodrarsrving RB68 s sedrsmhiatsbained, wherdntheGonmositin has a

digdtiRinrpehsmatetinabawPount of from about 7 to about 15 mM. 27.

The method of preserving RBCs as recited in claim 26, wherein the
18oiisasribad ebprsreaingdtpireaivesitedriowitiol Abouhareimibeipitieseoin about

andaieahewf &Bout 80 mM, unmetabolizable membrane-protectant sugar

in an amount of about 55 mM, sodium bicarbonate in an amount of about
196lvmethadpd aupsaviine BiHatad mesttcdmatirinof dbwherein iepHrif the

fulPrBPARieeaits fieneehayd Sifoa eh%M of about 8.5. 28. The method of

preserving RBCs as recited in claim 26, wherein the volume ratio of the
28oHhsasitibedtefihecsuiansdtBllsslerbidisd is elsbutlT-avdepan theepiathg of

preseRpiRBeabastr8dited in claim 26, wherein the volume of the

composition is about 110 mL and the volume of the collected whole blood
2is Bhpntethod of preserving RBCs as recited in claim 6, wherein the buffering system

has a buffering capacity in the red blood cell (RBC) suspension to which the
composition is added which increases by 2 mEq between a pH of 6.5 and 7.2 over a
storage period of 6 weeks.

22. The method of preserving RBCs as recited in claim 6, wherein the composition is
operable to maintain the pH of the red blood cell (RBC) suspension to which the
composition has been added at between about 6.4 and about 7.4.

23. The method of preserving RBCs as recited in claim 6, wherein 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 about 7.2.

24. The method of preserving RBCs as recited in claim 6, wherein 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 about 7.1 and less than 7.2.

25. The method of preserving RBCs as recited in claim 9, wherein the composition

comprises adenine in an amount of about 1-3 mM, dextrose in an amount of from
about 20 to about 115 mM, unmetabolizable membrane-protectant sugar in an amount

28




500mL. 30. A method of improving red blood cell (RBC) membrane
maintenance and suppressing RBS apoptosis during a storage period,
the method comprising: storing the RBCs during the storage period in a
suspension to which the composition as recited in claim 1 has been
addéabai. 1A nettod @ inlydr coihgnRB Carbematsramenrmaionehfingeahnut 20 to about
supphasdhgRBIGahvmtobRsphating anstmey pefioah abaeicitéd AN widim
30, wherein an indicator of membrane maintenance is a measure of
Xvidies/esidledcofreperstienidihes R ted tithdasmd6f wheteimthe pempdsition
angowipeissinadraingdrovie siolasbeicermraonhé, dedirose inyenlsnuBOab e about
peféetatabput A (e cusédrelizaihly reenthoog-osiiteRBC shgagiimanadount of
supbret4thty RBGt ol mbly sislthu hiserbeopseyn perdothuhieofzanpabout 22 to about
cofttbridih gndtdisaditne FRBpbate finegn aneostdreigiqne abeuin’ dosepirdionM.
to which the composition as recited in claim | has been added. 33. A
2rhelthomethied rdasregrviaBiRP ©F pe desitasie el BRBCsheghs Snramposition
stoligRripRsr s THAe Iafearamivisibafinbo e panhdiexreeglinfswshoant of about 80
infosibrimaneiabebireblsigemntee afrptpstanfeuion sl earemesnd PO RBES Y,
- theqshverhi airbenath steacimorsing - akeotAg 1 RBOS sheivig thestbtega an
peBgunt QisispirdionMoe anAiththee vhaiposiborompesitieadiis alpliof Aleut 8.5.

been added. 29
28. The method of preserving RBCs as recited in claim 26, wherein the volume ratio of

the composition to the collected whole blood is about 1:4.5.

29. The method of preserving RBCs as recited in claim 26, wherein the volume of the
composition is about 110 mL and the volume of the collected whole blood is about

500mL.

30. A method of improving red blood cell (RBC) membrane maintenance and suppressing |
RBS apoptosis during a storage period, the method comprising: storing the RBCs
during the storage period in a suspension to which the composition as recited in claim
1 has been added.

31. A method of improving RBC membrane maintenance and suppressing RBC apoptosis
during a storage period as recited in claim 30, wherein an indicator of membrane
maintenance is a measure of microvesicle concentration on the RBC at the end of a
storage period, and wherein the microvesicle concentration is reduced by about 50 to
75 percent.

32. A method of decreasing red blood cell (RBC) fragility and suppressing RBC
hemolysis during a storage period, the method comprising: storing the RBCs during
the storage period in a suspension to which the composition as recited in claim 1 has
been added.

33. A method 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 method comprising:
storing the RBCs during the storage period in a suspension to which the composition
as recited in claim 1 has been added.
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