COMPOSITIONS AND METHODS FOR THE STORAGE OF RED
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invention generally relates to copgpaRtienrsand methods associated with
the storage of red blood cells{RE G sikepasticular, it relates to an
improved RBC storage composition and processes and applications
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metabolic source and for membrane retention, were subsequently
approved for 21-day storage of whole blood. CPD with adenine (CPDA-1,
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Acid-%?\t%tg\—lgcr:)e(trose (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 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-




2 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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With respect to approved and commercially available products, the additive solutions
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




RBC ATP concentrations, reduced hemolysis, and appeared to decrease
RBC membrane 3 morphological changes and loss (see U.S. Patent
No0s.6,150,085 and 6,447,987 to Hess and Greenwalt, the complete
disclosures of which are fully incorporated herein by reference). Various
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lower volumes of conventional additive solutions. There is a continuing
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impro%%%vlilogél)s/torage compositions and processes of manufacture thereof. There is also a
continuing need for additive compositions 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




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 4 benefits both in terms of the
integrity and physiological functioning quality of the stored and then
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red blood cells at about 1 to about 6 C. The composition consists
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membrane-protectant sugar; and a pH buffering system. The pH buffering
system comprises sodium bicarbonate and disodium phosphate and is

preusRmbefiEAb Qhths preseRt IR ROt PRI RAVE R HRF Storiage of red
bloo®BQIL 480R0PH Hocth e COMPRSKIRAISARS! 2biRiles AN A JTHheéRded

blood cell (RBC) suspension to which the composition is added at a value
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invention provides that the composition is substantially free of sodium
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. embodiment of the invention is directed to a suspension of red blood cells
periodo mpeidiFiorRbofipesthag Bsripesition PRiAsHMh S RAmePRSIEPa sybstantially
free oFSARRE cRB8RUCh 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

plassraspdififilembodiments of the inventive composition are directed to particular
components and amounts thereof, and ranges for the osmolarity and pH of the compositions.
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,




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, 5 thereby forming packed RBCs; (c)
mixing the packed RBCs with an amount of a composition sufficient to
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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
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preferred embodiments and examples provided below. BRIEF
b §8§AEEC|)QSN3§)(1F REéEsqu&%rLljsli?o%gproduced 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




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 6 additive solution compositions: 1) AS-3, 110 mL volume (-0-);
EAS-61, 170 mL volume (-4-); EAS-78, 170 mL, (--); and EAS-81, 110mL,
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methods associated with the storage of red blood cells (RBC). In
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circ:ulatio’i’i“fg’rO 4 hours, after re-infusion into the original human donor. As
used herein, "chloride" refers to anionic chloride. Thus, the term "chloride"
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The term "chloride" is not intended to

The invention generally relates to compositions and methods associated with the
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




7 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,
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into a human. Suitable cations include protons, ammonium cations and

atom,in. a1y reapitameleuleie 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 js more preferred. An
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not Iignffl &t S0 SR O S IR SRR BT PR L P B) L RO PSP

sodiuirBdar popisienetepasaaidhadyehtiondsiseaiecidiretdan thahibifum cation,

. essentiall rogen- free (i.e., is sterjle). As used herein, "mEqg/L" refers to

., OB T b iAo oh Gt LGB FBREp B e vsed

so loi@ tRatagsniysiodd yiadky pcessiabldnie ppefeiicdbnbodifitntefbecicidhas selected
ber of.milli-equivalents of solute per Iiiier of water. Milli-e Lii)ivale s per

from frefreen i PLESEPY RACHTG THE T S BB PRSP SR A mations

theretfi2baisell thase theilReias agiat psicpeiorn el intt sdjutes sividebgsliharhe pH
multiplied by a factor of 1,000. One embodiment of the present invention

ofa Cﬁf{}gf%étéogn 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
oA USROS S S SLEHn 5 AHCRS Aol Mg dprmolated
in wagltystojaefeaty weee ptabieibuiieidnd sagentd andrded gidnilidesainieds) pne gen-
ent th?ﬁ rovides bicarbonate anions, at least one agent that provides

b
free (Lo & H5HH Anions, and at least one agent that provides sodium cations.
The invention contemplates that a single buffering salt may satisfy more

th%r; 101£]eed %L}Qi?fﬁrﬁ%%%eg err]ést'o%he concentration of a particular component (solute)
present in proportion to the amount of water present. More specifically, mEq/L refers to the
number of milli-equivalents of solute per liter of water. 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.

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 compriées 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.




rs 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 red blood cell generates ATP
through glycolysis via the glycolytic conversion of d-glucose (dextrose)

P't'ﬂf_if'i@t%dltﬁﬂ%ﬁﬂﬁ -tl'fé%ﬁ_%l&'&@ 661[‘&%%@%%&%&&? lactadadenaraRafor ATP
indicator of ATP synthesis as well. Regardless of the preservation

in the sehblapdcatsugpiarionerisnds theheshsoudatmnbthrhsplth ofifiqsustem. The
red bESHEE Ila!@m"ppldﬁrmfgﬁmerwmw&fcsﬁd&mmlgmme

ages and proximities to natural death. As no new RBCs are entering the

(dextrosckpliimatsyedariatheence MiEeoFRITAIRRTENG SoRER s ogpod indicator

of AHPIAHARERALINIEIPIRUERIIER FPAUSHRRERIHATIEEPSIAR H2ERY S ¥tem, red blood
" %ercentage. Hence, the ATPéﬂenerating?capacit of the system as a .
CClIS A
5 [

& fnrtadidrenee srbihgreliertsdgrd pieod srils isluds amqrmal divtribation of
red bincanldiianmad proaesliived wishaal HesaVidesRUEBR B s higheféhan the

natural concentrations and the RBC's initially undergo "swelling,” which is

presepualipn-REtictth de &t edin iorthe naz B SOwen Pt IHBEMG M OHY provide
the rdui$IROpYsilrisRaligye detdRbhRACSINNSE. INRAJEIVBSRITIIQRIBrating capacity of

accordance with the invention, the increased volume of nutrient solution

the syjigMEsA WdeaLhbdsrsasepebtia 8. tittivansal 4 seeapiniel increase

upon GG IStiADaAdHHR PRaViIging sreitR fouteidtion Bidnetabelicawaste
products thereby reducing feedback inhibition of glucose metabolism. It is
conwaﬁ&%ww%@&%%ﬁaﬂ ruadstae srirlingidinbicldnarsaegedrith

decradfRe@niiop {githakitheyspreduce 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
thiwpiReR SeialRuHILY IRSHRE RN9BRhateaenchtibn Nrsent HidneyRERuison in

ppressed or. the tyrosine kinase is activated. Bath of these enzymes

accorﬁg%ea@&th%mxm@%arﬁé%&nﬂaﬂmqﬁ’é%mt?%ﬂ%%noﬁllﬂ&@wgeased

mass @B§BSirde 38e dOISRMET alNacoelDRO L BiehRmont Whte3SbvMallozate foF
al. (1997) FASEB J. 11:1281). It is anticipated that the net

dilutigp o sreipbelip stemEasHat Sprheirrivemns stk ambiationelsreei

metahBlib@ relesseménhanbeiuripkinane; AlslalRsT Arthdditive solutions of the
) lyceraldehyde-3-phosphate dehydrogenase in the cytoplasm from their, .
invenairy Bal ey HRAuCs FrEivRe Al fhe B%?%}mtlf&gfyw?& by Aeggdual reduction

of red2E914b061H & @SS HISstOraBe. MUK IFOPeds Bas(BENdallcl XpetulBiod vaRIN343;
Low, P, S. et al. (1993) J. Bigl. Chem. 268:14627; Low, P. S. et al. (1995) .

decrepsigst Jb isdprotisalaghhat A ReAbRIGPeTRLLE thicraniAFRBeshefase aCtivity

preseBIYRIHER BEtiWaYpressed or the tyrosine 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




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 9 additive solution compositions is
to maintain the ATP synthesis at as high a rate as possible for as long
additii SURMAS RARRBIBod 'R By BoBRaIAVRRRIPUSc@vsiest g@@ﬁg&?ﬁfn@ as possible
maximizing the ATP synthesis of the system is to keep the RBC
for aglgng dmptieprs RossiBlR| as close to 7.2 as possible without actually
reaching it. During storage, the ATP concentration characteristically
remains level or even increases for a period of time early in storage and

thehheiBEgRsaL InKanbor s pemeroa that sdrfoeinragbiviginetbioh P syathsimof the

systeﬁi'-?fgrté%%@%%)é REYPiaa1Y PRI TP RBG 85!eRRe 2037 DRGp8IN ¥ Without
storage. The starting concentration is characteristically about 15 mol/g Hb

actually Apghingitm dPHEIorrEe BsnddRiransrngpicashainstes Sicalty semates level
or evelAHITa868 9 JBri6 A EQ Ha¥aT e sidta g inthesir Q- BREniha RBC ATP

function of pH, occurring in excess above pH 7.2 but with breakdown

concggiration FlpRetant prmakie A& Blineresew 5 sypipdly Rilpnede©pRBC's lose

2,339@%@@%%&@@@@-%@%@ Rane-ResoMiesh{GRMRaIR oMols |as1/g Hb
of ATP synthesis with each 2,3-DPG molecule formed. Thus, raising RBC

or abou Inpaolemab Bl aineonsshigaiang prisabu &l c ihensdrathhp gtarting amount
in 7 19a91@Re, RRIANY devdateeares -BEE st RES ST AHICUATRHS excess

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

above,pid & ihbutiwathrsldovmdRYP s Pl vaibsbpErAlEmPIs i infiese £ 8- DPG
synthedds MR GER BN dhgeniRsaty pHM 0 rREPIRRR-aaiZiBeRRE TH2A%A: loss of

Transfusion, 42:747-752, fully incorporated herein by reference) is
ATP gygthesiswitteraty 2330500l egmosmed: s etk RO ARG the
concdtRERNAIISNRIRRY IREHIRSYIbRSIRRIA] BeandiapiditiRaallyy tomting reduce

around a glycolytic step which produces two of the glycolytically

RBC storass @ 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 Statgﬁf the shunt

opferafiE i5idisRvdsaRmeahdHaIheuBEfomsihtisihieieRid 8f Lorithe point

wherginBalAichinifDMiaMnias B RapEHPG QMBS RURRLIIMAINASRNEPD and the
inventors discovered that for ﬁur oses of preservation of the red blood
h

presergfion hgreBiarskesldidd Bt &Neh brantfivainmert thinis Aatlginspnerated
hereiSBYRERPEIAIIAN tis SRpBRIEr I reioNd ¢ MROFINERIR Ftdhe1TESPGL consuming

inventive composition provide that the pH i )
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 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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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 10 red blood

red bisIttbalt fRMOfS/B1Y GIINBIS QY 8 SYheSiHs 12 3-dipnesphngiveairte(PHEom

from 1,3-DPG, theréby generating a net gain in adenosine tri phosphate
L3-DRG S eirhon EeReraithe Ak saitdnRdsnsiio iR ik ey HResis with

respeStabABe RABAGHh SqERaslineiRAg IMeabAIdE felb@seUEydaviRMiIBodiment of the
compositions provides that the composition is operable to ma}ilgtain the .

presegily dpYTRtHE COMRSHS RV IR AAHE S EPmRASTiY aPerble foquintgin the

pH oP8I¥RBU 3h§iénbidn a6 Hich the R9hp SREGHEae HaadineRa e BBEveen about 6.4
composition is 9 erable&,o maintﬁin the pH of the red blood cell (RBC)
and %%H%Smﬁ?cmh% BB SForP RO B EER S RSH e fe SRR Brepfd of

the rd@ $$oBbeHFRIB() 2udpevisionspecHicrembestipesitiotheas Geupasiden dsbetween 7.0
op?é%ble to maintain the pH qf the red blood cell (RBC) suspensio

ed to
and Ig5R fARAR W figo R SATK AR erahafga*s?ﬁ tha GegPasTAASAPSERE 1
main@ndtlessHiEMhé Zedblo daresk (R BUE biepeiave townidathd adafbsaisalttiobeen

ompositions substantially free (g chloride that surprisingly yields no
adde‘iﬁ%b%ﬁ@é’%ﬁ@éf%@ﬁfé@é’&%éﬁ [58344%8 thé: addition of increased
amounts of the buffering system to provide additional pH buffering. One
embodiment of the invention is direcif%g(ﬁo,an agueous compagsition for

storsg SERL P YIBGS At Avamyated a9 HSE PR ¢ aR Spatpopigns substantially
free ofQiIpAdEicACAMPISEdyatadng depdinsaffatieashosgsranandipbolinalie

.. memprane-protectant suygar;. and a pH buffering system, The fferin

S T RO T L AIFOF BAYRETo SRy HECE et e
One cxgisstiin dngloing iat iasishan diagest foravisineciicashpasitoanionsoaideasted

one agent providi h@sphate anions, and at Jeast one agent pravidi
blood gl ehls oraE Y GAE AR sy St FORRSHARER PR s dextrose
at leasidficinainastibel cablp asttitbidecie paab s farmaid tepHopteahg sgstem. The

blood cell (RBC) suspension {q which the composition is add t a value
Pt bR OE YRS SOUTHEREA A T S GPAGL B oIS S B ngents
includifgifitidasn dndAgarehRio@thga dhdbdatars alycalysistamrr ppnthrsiddihg

,3-diphosphoglycerate (DPG) from 1,3-DPG, thereb erati net

ehostf i RO G SR AL TS APPSOl PE AT eHng system
is preséy i pmduringutiicishd e thp etngoditiec eTheasitaibis suhsiatatialypHes a red

of exogenously { derived chjoride ions. As used herein, "sybstantially free
blood e 3 RS EASHES GRS BB APt AR ot
establednaehinationi etiahlesidetiongcipgivan teattiehsQuitirdim 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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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. 11

FUFiietice aboinesis aftheimrﬁwew@@sms&ml 'O;f Prddminm theeadtleashgent

one agent providing sqodium cations is selected from the group consisting
ProvigEN G £l BB LSS HEATAM T RPHB RS o R IHBH R EIH S
disodiumgikospeeiéiainheahinend b ehatdeSin Aty spéRfie\daibadnicarbmaalic east

anigns is.sodiym bjcarbonate. Additional embodiments , provide that the at
one JER G AP POV DR SRS TR S BRTElEe AN B LBl ments
providenkisting 0flsadioie HivasphatRliskssibbphddd asiisieldoeddism the group

phosphate, and combinations, . thereof. |n mare specific empodiments the .
consE{ie ot LA BB TR T S IR BB R onatons
thereofhéh emvhoshseeidembiinieve diveClRmpostioreihroeiahip aliospbhte ions is

. physiologically acceptable buffering agents additionally comprjses at least
disod il BRI ro e o BT B UEEIENE SRS BB e B TRon of
physigiogiealbnsistip@ilt bitffeppissun addioanlintompanssitireasiche agent

.combinations thereof. In a further. embodiment of the present inventive.
Prov TR ANRLD 2 1 AR RO ST DR DO EL
potassiigarasimarinitgnagnesiwigad alsebalativhpaidieoar the

monosaccharide-derived sugar alcohols (e. g., sorbitol, mannitol, xylitol,

erythritol), are small hydrophilic molecules that appear to diffuse readily

thiaugfusheneripidiinashicss tho greseytplenenaindogapaitisalke thecalledst one non-
articular, is a known

tabiljity. M itol, i joxidant th t .
et A A SRR 1 A Be e 15 B A ) Gfular the
monditedhaiidie darical aliget dive ik dag. iniadiiiy ananisiodnsitiesg drgthritol), are small
b -protectant ..Qth Il polyol Iso,functi
e S R LS A BRI 0 mey e
an impratanteb kaviecthelaasubiligle MeightoltHatis:tit80e/ el &knSuganatoadas that acts
H}et bolized by the red blood cell. As use herei% %ﬁ’iggrted

| t
as a hygro ke Ve R et RS JLARPARTS SRR LS TSt the

maintesanot © Peelsuembraitant&riaysnldtiotoasidssdapatiedt aanproronanhlgar.
rrs1e e (one which_ allows fre sage of water and co

letel
Ot Sl YR VAL B SR P AP B W RIE B e fh by sant o not
that gtiejoeadadinmiitelianbte chperic/Rswaight, 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 anions or to proteins. Not all the solution volume is

aqueous. To be truly accurate, all these factors should be included in the calculation.

12




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,

Sif}F@hﬁbﬂ}é @GﬂﬁiiﬁIﬁfgﬁlgex\éga&@&étwgﬁgnﬁﬁ@ﬁ&éo‘}iﬁx&ihmﬂ&é[%éf@ﬁf@% a
solution. Cations may. be bound to other anions or to proteins. Not all the
descriBipg weﬂﬂ&}ﬁaqen@ﬁlaawg.ameaﬁlf&ﬂ; QFBRLCAT TAREE HR4B U RHARE can

exertiRriludell indheraalsWiatipareldoisloikityl Rvalueshigyifietatasites the effective

osmolarity and somewhat re useful for describing biocellular Lo
gradiggh, fi&ﬁi?riésmé% Follihs SERRIFSphEEds RO mRIE e Y SRS HREARL Lt 1s simply
a coudX o theiaastRCofl dResNT@past ks PArsddenbipathpias MegIwNOMAGLY 150 mM

measures the effective gradient for water assumjng that all the osmotic _ .
Solu%oamiﬁé@b‘fﬁﬁr&w T AR R AR B I ARt OMREChnBePGeed in each
of thehesolutergartialds eha3e0 erMiFadedian offohicnsasanthactioRaltMnseistidbing the

of NaCl each have the same asmolayity, for e ple, However, a cell
tend e B S UL 7 TS SBIUOHCC  BEF U0 ifrenty. Toniciy

is a functional term describing the tendency of a solution to resist
e. Additional embodiments provide

ex§ﬂﬁsion gft e i(gltracellular .vollgg lari

thAt AL FRL RS LB B RERHLH: EﬂéWB%FHBl‘éerﬁ;‘?“&"f%}ﬂ“é JE 3pGgetanty

of frazh@bb 1IN SBbUIBNIIRECERE Clichesrhgsicen tanthal BasapOgitebmpesitons have
an osmolarity of from ghout 221 to about 280 mOsm. In a. yer ecific

a0 oo R PGy RO R BHS OISR VA BEetl ¢ R ment the

osmolagitgholiBewgRoosedsrglucose = "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
suggasted, RBa briteibpyisie phusbiergirginegabinks itz the piekensTndThe

in the presence of RBC carbonic.anhydrase, is converted to water and
waste BB B RS A o T PP A SO G Ao and
inhibillagifleththenegrsrhenic Bikarbéhfeclvay iechangddttcbact Gaffecshedsin wherein it

toward the formation of CO2. A bufferi tem based on bicarbonate
combipgs Wi RE PIBIE A ) 5 QATBRH AR B, L CEBH Ut SRR e to

watert Bedadgidredsotidionie e sisas db e dtAded hthpsalut ehffasibdidfebabarbon dioxide,
diffusion of up to 1 to 2 mmol of CO2 from a.600 mL

PV h
the repg A aE Doy BT S RS BATOTAES Hadm LN e 02 A
buffesihdyinarbbnaie debR daitentyits toaprickblinaipasing BTRIsyRikaaiplantblogic

T T e
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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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

moduleks ataalaqtmceil'nzleﬁbﬁ R (O ey @asaehizp|AY PiRys@HeHRN n&r@mﬂfe@g
toin rease and fine-tune the pH buﬁerln stem. The, e )
sySte BT Y Y SISAT GRRISES FETOHR TR BR Doy spre s P fering
capatiits (ﬁddﬁh@lﬁ@ﬂlhepﬂm‘ﬂilﬁa‘iﬂg)@stﬁﬂﬁ is aﬁméfhléhjﬂadshtfbﬁtﬁl RBfe embodiment
suspension a pH that, in.turn, 13 m ates the intracellular pH of t
of R AT AU S 12 e 05 g SEih BTGV et about
to abptt mdﬁutaﬁe mﬁ%ﬁ‘ﬁi@ﬁb@dﬁh@rﬁﬁal’ﬂgﬂ{p@fﬂﬂn Henees.2he kbdie®®] In even
ity or stren th ufferin stem s deliberately c trol
more SR GRITRE LY e ChE FREROE o SBLRES oh b AR s and in a
very spenjfstticio tiaven et hd-pdf ﬁi]l?ﬁb&bﬁiﬁo&ti@nab@bb& Srﬁmmtﬁﬁﬁeiﬁbodlment is
mentsthe H is from abqut 8.2 1o ut 8.8. In ev

. ecific .
e IR BT BP I Lo MPSHIHC O O eS AVGR R capacic
in thared bl dveaily @iﬁ@l)‘lmepebmdrmem}thﬁ fid afﬁheﬂamm&ﬂ@edlwﬂbhuh&&ses by

Iment |S e to e Inventive Com OS| Whe
at e 8 S BT R Lo Vet A e D 10 96 g B
preseaﬂyphstﬂmﬂd(bwffuﬁhghgsmmﬂmﬁﬂdbprdﬁ'ﬂédédﬁ%mig kﬂ@ﬁﬁﬁ@&a@f hy lakteBistvalue,

ween apH nd 7.2 over.a stora
bur i e ARV ER ) B TR ST TR ipSaeton ey
lengtherffegifig capagitp@fat deastfthikeralue, but is capable of providing even
greater buffering capacities to the RBC suspension thereby lengthening
the storage period even further. The present inventors determined ranges

foTHeepraseassagntarhasitiandd giege fits tHeatqaetmﬁythmipemimty ingredients

iscl tages. In.one embodiment of the ven ive .composition,
that N o R i P SEbeR SR

compdsﬂtonsﬂﬁmcmnpaahﬁ)mmbmﬁlﬁﬁmsaiahuhﬂlﬁ@mbmhﬂxﬂﬂfmﬂ‘dut 1-3 mM, dextrose in

oI|z bra rotectant su amou t of about 15
an anf g S R D AR SR R e R oo e
in an aﬁﬁuanademsﬁ)mwhophééphMemﬁmmmthﬁmtén@mmﬁuﬁrﬁ fooababisut 20 to
r fIC bodiment the c OSI ion. com |ses
aboutzlg(.r)n rg/lk/l nd g] 180 glug{éi? nl aﬁlemqoe xrfrose 8% 61 utﬂté %QmM Ina

more amell?&inﬁeelr?lb?a‘?hm;ﬂ& ndmmmmmwoquMe aaimmbr anen mmemtaﬁhbugtaz mM,
dextrc(g;s]eaipl %En acr)rlf(g]l}n?fo?l%%% %gout %B(%o about ulrlnnr?llecta{;%ﬁng?e Mémbrane-
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. 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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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

blood B REANRMRISGIBELSHIBE D AERNAMOHOHBERYS acpleid tsOFia and

bicarbonate in an amount of about 26 mM, and disodium phosphate in an

concepifaisibefatouthershxfoamingracksd fdfrsichasxingithe Padst BECSwith an
amoufESeH &W@éﬁk%ﬁlggsﬂieﬂiéiﬁ%a@m%&m%%@&%nl BANBEHRVing about 35

embodiment a method of preserving red blood cells (RBCs) for a storage

% to gheidl (& prafiedy Tk metkdd consprkas thaswipantcn SARBesdp about 1 to
aboufQHESIaM (¥)Qle e CUIRINNGINRGBHRBEEstetath ARG RIRRFEHAMO

an anticoagulant solution, thereby forming a suspension of collected

procsgusi e WoBdhesrtr Him gaRe S SpRReBHsr Lot SaSTH R b ol fgine:
dextiH8D 8t e e RIARTBRAH, RN HRIBERA BRI iR raR oA Paskeshing

RBCs; (c) mixing the packed RBCs with an amount of an aqueous
systegbnipsSibbréiamermis Tt AR GRS et iR PRu Mg aasepipble
buffel$hahgehté AildBE ath¥vpbHD 8z éH) Helind shecapansipiont RBlesstOne agent

about 1 to about 6 C; and (e) storing the cooled suspension of RBCs

ProvigiPhRTE A e ARA AkIS30 CBE REIMEWA NG FRdip gationty Tdsein the pH
buffeFRRNPRIUION GRARIF SRS eRibaly /IFRASTING: (eSO AbIPRBORSerable to

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

mainigaie R vha 15 Hard arl GReNSememiRR Otirhifisampprgsition 1 added at a
valudRYBIIR ieAlliBEcRRIRPIRa TR DE RO BisiReIpeing atrle’abARG@ERALM in the

roviding bicarbonate anigns, at least one acgent, providing phosphate
red blaod rell Tt v res &l wralvaisenites ot v iehespoghyrsrats the Pitrom
1,3-Dudt{eragsy st iy asRRkinAh anausths uHisiRRpRtNA TR RASIHAS ¥ath
be o&lerable to maintain a pH_of a red blood cell (RBC) suspensjon tQ

respegliife et BBHIARTIER JHERSIhS SRIRES SGHRIent TR S tyided in
manuReHHAd SepinateBEIaRIERS HA Bd BAGHSHLRUAN DIk dhdhediad iead
__cell that favors glycolysis over synthesis of 2,3-diphosphoglycerate (DPG)
steriliggfiqny 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

ddXRbsEsY iSRS AL ERIRAILBRaTIMAL AR IRSSR sRaTRictibiam their
plasnia BhcSrbSapiiaddh g RieaaitdnyeRios Al asthehriray e eanoTRpABsAENt

from their plasma and resuspended in an anticoagulant solution in the,
manufzeiure, @gﬁfg\és&te%ﬁgﬁ@ﬁ{d whole blood sample (450.+/-.45 ml) containing RBCs

and plasma is mixed with an anticoagulation solution (about 63 ml) 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.
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manufacture. Briefly stated, a standard whole blood sample (450.+/-.45
ml) containing RBCs and plasma is mixed with an anticoagulation
solution (about 63 ml) to form a suspension of whole blood. Proportional
increases or decreases in solution volumes to reflect different donor

bl ﬁnldz gﬂ@g@@éﬂﬁbrﬁﬁ . %énéﬂi#?l s@&@&ﬁn-&@ﬁﬂd@%@ﬁ&ﬁ&:ﬁﬁﬂﬂéﬁh&’ C)

whole blood suspension is thereafter centrifuged to separate the RBCs
bloogfase BRbUBRSHI T &8 e‘f&ﬁﬂih@gﬁa&éé% ?W@%@%ﬁ%&%é%
depefdifLoaMBENLRINRATSHIS KINREQ VB L | FUKTIIE sUGSHHRIRNIISIBRA at about 1 to 6°
coayentlonalfgc niques. Suitable antlco%%ulant Include ionventlonggmd

C aceqifiiag TR Ih R B L Ao e I BB eSS R BRI HE BRAGESS S
Transfgdlidecgitoaie Ryt cosausabistraviagI RInviaistoh patditheR,ON §RD981. All

half-strength CPD and the like. The most preferred apticoagulant is CPD
docu‘lbe“ﬁ]‘é"ﬁ‘g %Hé&f’s?&ﬁ Félﬂﬁ%ﬁrﬁgﬁéer%‘ﬂ;}‘@ﬂ{?é’aafﬁﬁ;éﬂ& SHnssbFse- na
speci€dlenitie diMéat) o bibe thstatagenhabsd) sheg eifeasi thcoc RBCH andhaghds RY Eirect
. .. transfer packs af different sizes depending on th lume of the stored
infusif {40 rPRSPSIR BERERYIGR & SPAPS: JUBIR 16 BIReCpRes Ry o the
indussiangprevetbadndank propasune iasdeiseriketeinpllisicahipadticewalBaattty of
Transfusio itors: Petz & Swisher, Churchill-Livingston publishers, N.Y.,.
bags JEEPHhIP RSP QR 1 A S TS e e A R e
as nebeteftigneketherelgtelnt@tinpegiier eongidunesihpbibe: VR BIY storgibacthnology
the .suspension.of RBCs. js_suitalle for direct infusign into a patient in
are g ARG VOP AP ERBERS S PSR ] e art tht
manyikRehsineARepiavR:amdsck thephresert pivaidiahcorigmitatesisiorage in
a wide variety of bags adapted for RBC suspension storage, for example,

by including appropriate plasticizers as needed. Ingredients related to the
baphedittadehnunpontrtial Bohsiaiage techsd agyelaid@ratolyophilized RBC

. (his%gssed h?r%ein a it W”H)e rea(ﬂy afggarent totone oé&ginary skill in
or in {he theng OfSIoRy  9raR &1 AR L R SIS LOMROMSB s BV to practice the
present invention. The additive solutions of the invention can also be used
to_rehydrate | pFiIized R or in the thawin ?3{ stored fro blood
B P BB ST L A S R S e o B et east one
non-meeibelil-ab lpriesaivingPEds:t e aaledshanendsatechagiddddidabdesugar alchohol
. membrane-protectant.sugar.is a monosaccharide derived sugar alchohol .
and i TG R DB B AT HR P AR IS R B Drotectant Sugar is
mannitstMir additpyeibetabb ditgards Mirnitlodntadditionalbembaainpestsdaighedium
. method, the at least one agent rovifg‘in odium cations |s selected fro
cationis SHHHSFRTS S0 U ST BB A AT SRS S SBNAGEh Rhepphate, and
combinations thereof. In specific embodiments the at least one agent providing bicarbonate
anions is sodium bicarbonate. Further embodiments 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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combinations thereof In specific embodiments the at least one agent
providing bicarbonate anions is sodium bicarbonate. Further
embodiments are directed to the inventive method of preserving RBCs
wherein the at least one agent providing phosphate ions is selected from

specifi€ eBIYIESNS NG AbRRIUIN IR SBbatodigP st PROHDSE aHIPROAU By

phosphate, and combinations thereof, and in more specific embodiments,
specifi; PRPRAIEIGH S GERPKIOVIdHAG OB S KPS Ton i BrE SHRTBHELD HAtEntive

methHﬁQHi‘@l pﬁmla"@ai imenatsmahtheinpeditive RethpH Breraambinatas fout 9. In
physiologically acceptable buffering agents additionally comprises_at least
e by

specifigemba izhﬁa% Py AL 12 ABAEL S aaddh BRrEREHSm the

embdIRMAGARSISHNE Be tliposRIas SiUTHAIBRBUN, MBAGNESIUM ardry specific
combinations thereof. Further embodiments are directed to th% inven%\&g%
ity of

embagupaias Prebls R BRRSLIRRAR AR iR c IR AR S @i S

inverffﬁ)@rfll‘&ﬁblﬂ 3@;9&5@@0@@183@9’@%%6&&% thpesifferaiplostienenis dhiffering
osmolarity is from ahbout 221 to about 280 mOsm, and in a very specjfic, .
capa gl g i 0 DSFGIRIG S SBERR 1P e N SRR BHATo 3 ABRIsH hich

S

increH3¥e BIVEMPE UidaSare proyites akheneivifie: sasripesitian heseawaakef from

about 8 to about 9. In specific embodiments the pH is from about 8.2 to
about 8.8 and in more specific embodiments the pH of the composition is

fromepeséf thientiall] & provid sasmspaaibstsasn badinvent teerpthaf tie

compgsition is about 8.5. An additional %r@%odime,nt of the inventive
PreseRy iR StPor SHESEI N REBROSIER RIS SRR UTENHG &?@Qﬁﬁi& ged blood
cell (RB@®rgpaapacitywhitietredhigadicel (RBkeepuddedsidetaashighoth®.4 and

composition js ad egwh'ch .increases by 2 mEq between a pH of 6.5 and
abort e PR B RPE BUHE LS PRGBS, DB IES PH of
the redrBhdieN®R BEihadpsanitiveonmeiitadief cprgasiingiaBicenddeeintbetween 7.0

d 1co position is operable to maintain ttl‘ﬁﬁpH géq%uegaﬁddplood ell (RBC).. .

and legsdHaR 8RS wIRA The EBMISBE RS T IA SN LTRSS RS e aROGtton 18
operablé NdaripattHecpHospacitia hleshiedieRBLIRIRpLB IR compbiesitiendsmposition

operahle to maintain the pgtl of ther éi blqod cell % C) suspension to
has DR b OB ABOAR M (ERIERH 70 and less than

about 7.2, and in even more specific method embodiments the

composition is gperable to maintain the (I%roft e red k%%od ceILégREtﬁ)

sUSEHER AT OB, e&fﬁ?ﬁ%‘éﬁﬂ%ﬂltw SEIRLIRPELS R §fdater
necesthaniapaudicntt andhdasmibanitior aMatbhegeoatkadingie thelresaiiodiment the

invention directed to specific ranges o tEe negessary ingredients of the
compOSoR GRIBRFAFS AISBIHFABRAMALBHE AREHbr SBGAFEEHE an amotat of
from about 20 to about 115 mM, un-metabolizable 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 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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composition comprises adenine in an amount of about 1-3 mM, dextrose
in an amount of from about 20 to about 115 mM, un-metabolizable
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
disodium phosphate in an amount of from about 4 to about 20 mM. In a
mare specific embodiment the composition comprises adenine in an

antBatYaBeuY hilg metiarclethy Dy spist-rdsisiclEiRR Beddubioube
packd @R BUVkubpensitabplize bigome MiFRnet REIESAN SH@apeuABaMNeHBBfe amount

about 40 to about 60 mM, sodium bicarbonate in an amount of from a i

¢ ( b
of reenygrablsRB46 Mihe A1 ISP pPesLpiIRRls e AddiHyE SeIgHABA & gfta

voluiie RRgi#slHomMs ARG YE R SRemiamEMbering phHCDpeskRR 150 mi,
comprises adenine in an. amount of about 2 mM, dextrose in an amount
most FefEAR)

B89 | L% MEABB Ao HIA R G- Y5FE ikt sy RCARtO of

solutRn ey hoicbloul 201BdvbdsQdB1 HisasG0aie inhaleaedbibanmitids mL for a
mM, and disodium phosphate in an amount of bou&%ﬁj‘nrg%/lg ?gd further

300 R YRR E ST ABrOR S U B U aBb RS B e AT
inverthiGehriedsAfthedamant /B @l ditd o hatd iam ésofdetechiaphiet pa ek etk BRected
suspension in an amount sufficient to prqvide a therapeutically effective . . |
whol IS APratdyrabl HERES AL ETEOUSRAGK, WIBRRF 481§ rGisgmposition is
abouBtiritie sellien/isadeedtaé 3o NedtwievtangBlgodasnBhasodtin| to about
400 ml, preferably about 100 to about 150 ml, most preferably about 110

ml. The solution is typically used in a 1:4.5 volume ratio of solution to
widle RO slakecaat o AMie tellavkpisionheehtecddidbacitnididle

mL for a 50Q mL,_whole blood collection, or equivalent). In specifi
SOl AS AN AL B b G0 AR e B LG Lo e
fractiv@liinieerediDsakpeaseampasiins 3adhssn e d1véd pte fbiobly i haRBC volume

.1:4.5. In a more specific embodiment the volume of the composition is
fractign if, fhe USO8 (o ﬂ%’é%ﬁhﬁé&}ﬁéﬁ WhEE Blbod is about 500

mL. The RBC volume fraction in the cell suspension, i.e. after addition of
adéitive solution, js.about 27 to 70%, of the total suspension. %re
pr

LTI CHRESR RIS ARRE S PEERGHIR BRES C P R Rt Es Ao ligeted

data rehdhb%hdMestpidfgiakly bloe RBL. valmoediadigids thade|lstorage

uspension is abqut 43% of the total suspensiqn. Over the course of the
accorgi QNI FRLBR TR RSN ES AP LAl Ry Aoy longer

duratieie w8 Rhigldie, biealds ohsoted Hooe aallbRsdsiadde figues ik andphptotic
eventséltg(li@[gg red blood cell 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 surface area decreases so that its shape changes 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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according to the present invention resulted in superior red blood cell
guality for longer durations as smaller volumes. As noted above, the
blood storage "lesion" is an apoptotic event and the red blood cell
membrane undergoes physiological and morphological changes

chan SRS VIAIR NN RSB GeERIhdesiief? Waki the coss s Ahe-infusion of

storage geriod, it is_known that the red blood cell membrane surface area

the sgsedasd dlogd aellpidesrapagsipst womiomecsnvsneavt daesgssingaihe efficiency

of th@BHMIS TR EYBISMTERE S AIRACBRIpYSIHAG olReHIAING Bl p3ieBPindasesh, and
and nutrients, to a more spherical shape characteristic of a dy;l% fragile

methedf of sy Ind6e RlendhrsHibrdichiutitizrifirme ks he drsroasednemotic

fragifRgilialind RRcsRASHY SEBELRINAL. CaRiiauassJdidsavarahskRansis haeson of
is accompanied by the pinching off from the membrane of microvesicles,

cell msmbrgs et Brrd suesrhalpsical stalseauh BHRIGH G RIS ctraiedLEgFovery

of vidBl R EPR S1aGE S iR Ara6&Sas ¢ ROPL HOBERLAINE cALSRNBISB A SRIRSUIGRIN blood
1 %ence the process is referred to as an echinocytic change and the final
Celis

M MdPEPIatRaleabfRPdh 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 thjs activity. In

addRfoFMBogHYEHR the RIFSRESPYABIP DX B Metssod iR ¥iBedgd blood
cell (R19S§ MPrBRAIe gladtdfhrEAR SulF |08 HIORBNGEIMESRAUSARSA W HE @ period.

recipient patient's body upon re-infusion of the stored red blood cells,

The refhpd compriiesieting s dHREs dvanedhe YRR HG R SRRIBSHEYS &7 tKich

the inenglléiomps iy meRtRbhRleaMNasitipas A carsbaiont) ehpiaseblesicular
invention, and methods of preserving red blood, cells which utilize them,

concqpiralion 1S dpred aWImarE ORIt o yebsersddtied Brogd iy siored

for thE RimROHGBRENEE A iN RBCCAsD dsisiRiRnpakisehsmbrane 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

reAnBiaerdianJdaiantht eEiBS iR dheinesHRisnbRAHERS & PRtho Cdf-ecreasing red

embodiment of the present invention Erovides a method of improving red

bloodigl dREG) (FasEvidhBraRR THamiEH bt ahe s b gittgrRgs@eriod. The

methGPEGHSIS@Uitiehg SloraRe Natiath Tha Rl peHAIMPSIsPSHRNE Gothtich the
) RBCs during the storage period in suspensions o which the inventive
inven R SERRSAORE DB VSRR RAS: A 4 CHSE A RRHISBERA AT eFige to methods of

incred¥licSONESIRHIAT £AKI6HT bR (IBBed) saskahrRut 1PYeRIteGRIRRINMAlcRS
observed in red blood cells stored for the same storage period in RB

infusigndpioaepticrbin BRedRf Aushammbisione gdlerrrastsranalip P Rst-ntusion
cleardREBHIEHE RBUSIBS thénpatnadl of KlesiaasictRtprise 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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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

storag@Rilipet Rt biRoE RBUSHAGRER) SINSSHHSRAIE FeBlRASR PRIpeH BN than cells

after infusion into a patient in need of such an infusion, and decreasing a

that haye 9shBQLFREI e & &158H W 9 8RB H S5 HEISRINIO PRy ARQRpRRTesses
the n¢URENISASHRERE HAIRBESHIHINATER SR PEHREdNSHLAOBIRARRe from

which the inventive compasitions have been added. The inventive additive

circulgiignsndoripBeitrelsrtdioadsellss dlfnsridipedibsprisrdbload drildast
long&alvtignsecifientashidaoshaelimh stosaddheseiermaycecsiosethiondafuddeadblood

8 weeks with better radioactive chrome-labeled RBC 24 hour. in vivo

cells 8 BOFERItHERERY Fr EXeAR I icaRERtP BRI AL B fedchifod cells should

lesseBARRNRBIHIGHS EpRaf iy MUNINISHER WRiBE ARG SRAELISEVEY iy b (e sterdee inventive
lesion. During the stora egeriod, the red blood cells exhibit an

solutionsalsamernh el 4 conseptiationreddng thed dephpsss ol skarags,
whiched@npbget Bfallinitettioras tha B deefditansedltatosage imprbRiaarh Gedisd

stored.in tgge in\gesgtive adgtitive solutions exhibit less membrane loss

longeyiitEtdrs g8 Rt ionkiate d mEBHs Lnbsmrsitonso s s yprful while

workRETRVe sislesntiod dpssi RenmLis StamlitiaPresesvation olsoe MTPTEH CFIED for
19 stqrageqiﬁrge pected to help RBC stored in solution to have better flow

the praduction.o fizenplpimg and Lenrera IRRek @}awiaﬁsfefﬁﬁéweﬂsm% of

fresh MBBILEBEIINYEIRIRYIEESO suppresses the mechanisms present in the
recipient-patient's body that trigger selective clearance from circulation

and destruction of red blood cells. Hence, the re-infused red blood cells
lagthéofotie i gha i pRieaieRRt eidea For eNhant b INNgeseonlyaae ol not be

the re-ipnfused red blood cells is possible. Moreover, enhanced i
COHS%%QF-PHWR%% RSO A IEE T BE R ST SR ethe eairgs-

repeat transfusions lowering associated risks to the patient. The inventive
EXAE/D Duﬁiﬁgs also permit higher RBC ATP concentrations during the late

pheses-of storage, which is expected to allow better RBC ATP secretion
and therefore improved flow and longevity after the cells are transfused.
Pragmatically, the present solutions are useful while working with
conventional collection systems thi2BiLct whole blood in CPD or CP2D

for the productiarogfpsesiviosemeipsiea aadimrdyngenor platelets, or

forthe collection-of fresh-whole blood-in-emergencies. The follgwing
examples are proﬁ@e‘é for iIIustrat%%lﬁllposes; on@%ﬂﬂ@?ﬁ)uld not%%AS'SI
NaCL 70 26 30
NaHCO; 30 26
NaH,POq 23
Na,HPO, 12 9 12
Adenine 2 2 2 2
NasCitrate 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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construed as limiting the scope of the present invention as defined herein
by the claims. i EXAMPLES Table 1 Compositions of the Tested Additive
Solutions AS-3 EAS-61 EAS-76v6 EAS-81 NaCL 70 26 30 NaHCO3 30
26 NaH2PO4 23 Na2HPO4 12 9 12 Adenine 2 2 2 2 Na3Citrate 18
Dextrose 55 110 50 80 Mannitol 55 30 55 Volume 110 170 170 110 pH
5.8 8.3 8.4 8.5 20 Example 1 This example illustrates a performance
E_z@zgv&ub and the advantages of one embodiment of the inventive additive

solution composition, designated as EAS-81 (see Table 1). EAS-81 and
comparative example AS-3 (Nutricel, Pal Biomedical) are both provided in

cohbiigHIIs BltsHates wmeelaanipss M08 s eahpie advariag s 4 gne embodiment
of th&MRBHOREBROYIREINIRFR FiHbte ddFLEREMOM PRS- EAG8 TN 1). EAS-81

EAS-76v6 both comprise bicarbonate. See Figure 1, wherein, the )
and QRS SRR G COHBLShiSL Biemedirallatiehotly Ripeided wnsrnventional
volurtR@semthshphicatkeRaisp e EANBIaNE S RY - dRransisrdtiabe invalbradilute,

compositions are represented b)é solid figures while the caonventional

largeyypipReRom ot gH &re FelnesBrr: CmPHSe RIFBAULICAPFBIFHES bt Wherein
the bRAAHNG SOLHiOMERBNRPLINASY IR 9sad feateinbaadnderaine thia b iflesut

500 mL unit of whole blgod for an_approximate volumetric ratio of 1:4.5.

bicarbonats atedieRrrpTA!Rd by HErRR s SUEHsE NS A9 P SHESR SRR TS ESRd bY

solid &ifaesoh1siotagRnluiigmin g gics o R 3Bonaiakgliserativpigaityigures.
over the course of 10 weeks of storage in PVC bags. Pooling reduces the

All VPA}‘QE&‘S&%&E %Hg%iwwpegﬁ\%}ﬁ 1935d jgremn are understood to be per 500

mL unit of whole blood for 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 solution ingredients on RBC metabolism and integrity over the course of 10 weeks of
storage in PVC bags. Pooling reduces the largest source of variability in conventional blood
storage studies, that is, the innate differences between the RBCs from different donors.
Pooling places some of the cells from each donor in every group of the study while
maintaining conventional unit size. RBC units, unreactive in the indirect antiglobulin test
(IAT) are grouped into sets of 4 ABO-identical units. Each set is then pooled, mixed and
aliquoted to make four identical pooled units. One unit from each pool is used in each of the

four arms of the study.

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 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 the solutions are
aliquoted by weight into 600 mL PVC bags (Code 4R2023, Baxter Healthcare Corp.,
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storage studies, that is, the innate differences between the RBCs from
different donors. Pooling places some of the cells from each donor in
every group of the study while maintaining conventional unit size. RBC
units, unreactive in the indirect antiglobulin test (IAT) are grouped into

Deer§eld, af # ABQddaat eIl mERR Bl dS 188 RunledinpaedRTEeCD 312,

aliquoted to make four identical pooled units. One unit from each pool is
Teru sieal hogp thidktta™Mbhs of the study. 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.
RBC| il 5er9ratio® sterilely filtered into one-liter storage bags (Code 4R2032,
Baxter Healthcare, Deerfield, IL), as detailed in Hess et at. "The effects of

phospgi%tg, pH, aﬂgaAS volume on RBCs stored in -
SaN RIS AE GOS8 AN tABLARIS QM SFiEh S K AL R @D solution in a
triplelB}cd 0681 UG s2a00 bl lyode S 1Rorate B BRI biatolig EEAGEITIRENYYragtits are

bags are held at. 37 C for two weeks. The splutions are then cultured and
teuk b PR PR KA i b2 SRS SRBRIFRREEN ) the

centr0geti6ie fof bagistiak asidoived bl geawihior 1HlsubeymISERHEpIaska, after which
.Becton-Dickin icrobiology Systems, Sparks, MD), and the solutions
the IS ATATERG0 By SiEh S BB PV AP HBUE BARtep Tor 10
weekbleadtipedse £pproxidhibleartelty thixiAd sehresticaloare] adesusiplg.a
sterile connecting device (SCD 312, Terumo Medical Corp. Elkton, MD).
RBC Unit Preparation: Standard units of blood (500 55mL) are collected
In Vitfo MemueitehtD solution in a triple-bag collection system (Item code
#127-23, Pall Corporation, East Hills, NY). Units are leukoreduced with
the integral leukoreduction filter, Packed RBCs are prepared by
cengikegediautifar (Blimiatesm fofl owvie By o oedsatahal owhole blbodf phaduct) is

lasma, after which, the listed yolume o%{,}AS EAS is added sterilely. .
confilgiaitb Ay ralp TSI TP obIB K L eRs TG oSSy ith o
clinicaldehamixiynasgrandumaelagl S0 L CampleSiRtiirsdessurom ailser,

Leuk 3u tion (elimination Qf white blood cells from th CEbole bloo
Allenfssi B s SRR DRGSO S PR ESTR SRR R ke the
micratRACROHRLIEITHS Shaage RshisRncliigRhamaligoghansiyzer

Hematolo ell Counter System Series 9110+, Baker, Allentown, PA).
specti R BT SR & G EAT 10 TS S St QR < o 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
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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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

(Hitd4adEO AR 1243 BLBhhdacoraaiaied dolydetsn maiaaa%fﬁﬁgwg?emr&verage

hemolysis is determined by measuring the ratio of free to total Hb and the

degreppf KBErithaps changs o dinratidrs e hircstre trisPassistdnfacgpured

accoREREAPINZASIRIAREBsH e M abRUaER ManBiestveip &PId $0%kphology of stored,
trichloroacetic acid t%{gare"céi/pitate blood ljroteins, centrifuged at 2700 x g

rejuvgiiaies! IR AP Bt D S eSSt S e ILY inepteQiAtRd herein by

refert@StS VIR isiaREaYE heANBIRHCRLK IR R ARAUNIMEEE @Y a¥ailabI @RS a is
kit (Procedures 366-UV, Sigma Diagnostics, St. Louis, MO). Blood gases,

untraggniriiged the yesigle nellel Sashed T5ec Hmgrinsehnea and drg daedn ein is

quanf{&egnism SBradibien Mdhod BRI, IR MI@ASHEEd 8).37 C. Extracellular
sodium, potassium, chloride, phosphate, lactate, and glucose are

measured on a programmable chemical analyzer 22 (Hitachi 902

AnplyzesuBoeheasmyantieiss as darrtiipRBOdRMaRNSuNhs Biillustrated in

average_ degree of RBC shape change from discocytes to echingcytes to

figures, |, 8 Al forass SolUS0Bs SR o the PRESRBALINNG ST ooRSHr. B dirst week

of stdvipRqiigdRSEARE thith MNP e YVTOf sIRcestratRil \ORBIRANIRRB in the second
erythrocytes' Vox Sang 28:176-183 (1975%, fully incorporated herein b
H

week ghgrEmRanffidighes bl a B heis e dhn tHE Lo et iaeA &Y tHY giigy eeks of
storaSéQliediBe yUAG B 5 urdxaas i N geGomimesicles Rgliplakas he thH TiReHRES

in saline, and then the total protein_is_ quantified usjng Bradford's method
| Vol%iﬁééaélmxm%?é&) bt bolh g e ERsthSaHEhh R P ae putter

systelRB&sinfad sosadulianaigheriboabategisndigures 1 and 2. In all storage
solutions, RBC ATP concentrations increased in the first week of storage

(Figure 1A). In the EASs the ATP concentration continued to rise in the

seHen YRakhnsaneshighsbdaariie) i hecAassiakthewditioi of abfhge in all
study. At eig:ht weeks of storage and beyond, EAS-81 exhjbjted ATP
it

storage, SRIUHARtBHERE IRAIEH D Beeh ORLeEs: RS XSS f1ghghiieAS-3. It was
modesfySrotficb@ A thediRefeaserlinbéd et stiicakenatkhbrefess no additional

, exhibited somewhat higher concentrations. Hemolysis (the

redu%y@résée SRPbste & BlbBig ks isier thedughvrt s S00HIORS P GERRCIgH @ lower

AS vSleragesoledians hidger stisbhathimas, (Fomeyet) hiiRIBsis vas dlighetin all of

iP AS-3. It was
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,
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modestly reduced in EAS-8I 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 1 ¢) and RBCs lost volume in all of the

espeSAIHHBAS HHBIRIFE A VeRT ARG ARCRAAUSHRS WEs Bt fﬂl’ﬂhegﬁﬁ"él?%ﬁ{hle results

_ time points in the bicarbonate- containing EASs (Figure Id). Total lactate

in gregtsy dtiEAVENS Hest RS mhigecrud teliimbonmdilutonf muttinte1,

transhd S MaitEAR Bona)d 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 | e and 1 f). The time course

ExafipRigarbonate loss and PCO2 rise and fall that provide the buffering in
the suspending solution is shown in figures 1 g and |h. Generally,
comparison of the inventive EAS-81 to the AS-3 stored cells reveals

grepiey SRRpl Utlikatientnithnesidani I rAhRI sane pathaiRAShiestSrage of

hemolysis_better morphology, less microvesiculation, and slightly higher
RBCpspiratignmarotime sHEmslution ffbwienks St Deler 15epmy, e

hemd¥$i€RHA éﬁﬁhﬁ&m@ﬁﬁi&r@ﬁr&@ﬂf/ﬁmﬂtﬂw%mﬁ Wl etk GE6RLRS solution.
dilution of the stored RBC which could result in hemodilution of multiply-

transfused patient recipients. Example 2 This example illustrates that an

inventyiardeRSsitjeudatiesng Hittest esshasage Jaf aftBOr#3 Administration (FDA)

conventional-volume additive solution for 8 weeks, with better recovery‘

and AgriFaResgatahf SHASH e dAnorFTE Bl BERs abie 6de r e Rt

donaRdsPRkSt@gausak)tiyA ¥ Blbsde ShssPies S dNeataglnP 2D et A RS (Item
Food and Dru Administratioré_g:DAgﬁ['and American Association of Blood
ChiB <)

code g d 2y dobdlt Et@RER RIS b Qb lenke-trdnsed B thbuighaut 65

mL oéfiteplaimdhaie dlead paltich Was elleciachiiédRal M palleb FBd86 utions
code # 127-23, Pall Corporation, East Hills, NY), and leuko-reduced with

were sippsich Uit 851 1L Pt hatidhesraplss Lo Asiaa stpies! for Qeeksiprdihalf
(n=6)2¢ $hecpRCKEHI RS9 ShNGIE sHOIRd geptighimtsIwere sl dplainpled and

samples (n=6) bein%)stored for 6 weeks and half (n=6) for 8 weeks. The

cultutgd o kf i pubiuiseeaityibedns i the st wiguatefihg storrdhRanas labeled

with SUEH ek Hethe Ut IeRXNBHEE 1RO QMG Fb fRsratalod far sihefd b st dieskurement
RBC was labeled with 51-Cr and returned to the donor using the Moroff

OfRB&CFﬁ?%F’%r single label measurement

Graphs of means and standard errors were created and other descriptive statistics of
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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of RBC recovery. Graphs of means and standard errors were created and
other descriptive statistics of 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

than DSHNRAINEANTRAIG SRACEAIORI 2O 4P SIYALS SHSIRMNAIUPRSand

were adjusted to account for the hemogfobi_n and serum protein content.

hemadysisdrseastbrRbB e &obuigpsa RBGFbse ol bactignidyrivgdhis sradygvas 0.2 +
0.2 al SRIRIRE an@ 0192002 L) 8L:PLHQ TeTLCEH B e s R BEbIRifr EdE A& fRbre 8 +

6 weeks had an average autologous 24-hour in vivo recovery of 85 + 5%
4 at Quiteels oib %é&&%ﬁéﬁ%@égwskmw Hipgragfsrentod. fopanipahpuhd% of the
RBCaimglyueh tgher recovery at longer time is probably a result of the smalll

size of the study and the great variability in the storability of blood form

different individuals. These recoveries, however, are superior to any

The §ipEROEMICRRIREASIAALR SPIHLRNaRcvwaWd snertdhaCotetm @iration of

licensure in the US and Europe (that is, exhibiting a recovery greater 24

storageAndy BopaNadIvRIRleRqak g pfrthsdnipeed grodvsbapespigriederive

from ERADH4s8 AFRQMAL/SE e PRI Bk oy RENi B BEsthiaBINYSering of the
fraction durin%this_study was 0.2t 0.2 at six weeks and 0.4 Q.2 at 8

PH of fhe Ruspepdediriuiirgsraeot Steiriehsionesrmiod afa i is spHigspbia@aintain a
pH ir2ihd dtraBmaltils AR @B ivR ek drARANB BstaaaPediRY IR AR BB colysis

of the RBC hemoglobin |oss. The superior storage performance of the

and aex fara Ba 4 sRnsRaS PESIHCHORA A BP B rdg @ ddiamm the higher
extraBh)8ie| paicphikn cHRRIRE Mba NS Bt RIAEEH RPREREE @ WEFIVEMHMR

several bases. First, the novel pH modulating system permits sustained
extragflifE GAg beANSCPER LR dliCh Uk HER SHIBERSACS SRR BRI RipsER§Es such as
phospEIwEi e IBI R TG M dRBRaID @b An MiibiNatiEl 3t atallad w8 Gehproved post-
. sufficient to drive the internal cell equilibrium toward glycolysis and away _ .
mﬁlswaﬁ?fﬂéewskan@&bﬁhﬁiﬁmg%‘ﬁaﬁa&m}g-@%wfaﬁ%%ﬁﬁé%@ﬁ%&mshmg

the tripgéAasIbA iR aspPRaeleAAREH HRIEARS I TS ToRrud e aHdetRIting a higher
toward limiting extracellar Ca++ concentratjons, whijch in turn suppresses

percegage of resaK el piptsed REGRHPaan shisedrdRsiriRsyondiingFsiqg: The EAS-

81 foriRIMBGANG Eiefpemationeanhitiss. Aty FadertasinpiRy esaaito e Riticular
recovery and a higher membrane guality in the_ infused RBCs, further
buffefjpg i?f?é‘?ﬁﬂt}ni‘ﬁé?"ﬁ?b“g‘@ﬂ}{ﬁa&?‘%}]‘ AR RS RIRlF i cReRRIEHRaR T gtive, longer

lastin IS acb HAHABESATRR BN A DIRItBRGAPERSR Rf BT ausebie sphueed

.. RBCs faor an extended period beyond infusion. The EAS- . )
available to minimize adverse cellular evénts 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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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
whi€lluplignanits 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
1. angMRAsSHRXoHPOSTHSE P alRNe. A3 WHRbLIE Rimeshbifit . WARAHIOUS the
composition for storage of red blood cells at about 1 to about 6 C, the
COMRASIHABSHBHSEBRS alssehitially of: adenine; dextrose; at least one
non-metafyelizahle membrane-protectant sugar; and a pH buffering
system, wherein the pH buffering system consists of a combination of
physiolodlEi§S§eceptable buffering agents including at least one agent

providingtiigatkpRatenanianse @tdershemsaaeptoayidingnphasahate
anions, and at least one agent providing sodium cations, wherein the

aqueous’dIMPYLHEDS YEEBstantially free of exogenously derived chloride

whert@R shy1e RiFFdAR s RY R QIR Syt arsoia RGBSR Ny AGNOL BAISY Hicignhble
for the compasition to be operable to maijntain a pH of a red blood cell

bufferiag Asis HsiaiRed AR 1R S F YU B RISHAarRLE 310aR 8 dERRLANGagent

provitﬁr@sﬁagﬁgﬁh%%ﬁn%mdwﬂa?@élugaﬂ%ﬂa@imﬂgﬁs@qaﬁgma@ﬁmuibﬂemﬂrthe
the re 0od cell that favors YCQlysIS over synt 1ESIS . . .

aqueayis comRasiNg AR sttt N dick O PP g RIBRlY ﬂ?&\é%’y%\mgﬂga‘ﬁ%?mm the

pH bR 80BaSKIS &cphpsphateo FidiBnieBpeass tarthRsifeeti®Be operable to
ilibrium during the st iod. 2. [
equilibrium urlgg es ora%eg;))rerlod 2. A suspension of red blood Cagigised ata

maintai 4 Afaned BIAYTSSH SRBC HSETRISIPRIG AT TECH T ROMPOSEIL IR,

valuel QeffRibH} tﬂ%ﬁh@dﬂd&&?ﬁﬂaﬁ%&ﬁt@?@ﬁ@@&dﬁa@@ ifabledferelicgioh Wfuisibium in the
intg a patient in need of such an infusion. 4, The compositjon as recited |
red bigaghet| WHEfBHOTHE bRkt BHE a&&ﬁ?ﬁ&ﬁaiw@gaﬁﬂﬁoc‘éaﬁme@PG> om

1,3-DeeteeteebbppibaaigumeornsisingdRhesklisim pielppanala THpadibiRspect to the

hosphate, and compinations thereof. 5. The composition as recited in

P [
reactiop, pAU RHERL TS A9eLEPEREHENt providing

2. A suspension of red blood cells comprising the composition as recited in claim 1.

3. The suspension as recited in claim 2, wherein the suspension is suitable for direct

infusion into a patient in need of such an infusion.

4. The composition as recited in claim 1 wherein the at least one agent providing sodium
cations is selected from the group consisting of sodium bicarbonate, disodium phosphate, and

combinations thereof.

5. The composition as recited in claim 1 wherein the at least one agent providing

bicarbonate anions is sodium bicarbonate.

6. The composition as recited in claim 1 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.
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bicarbonate anions is sodium bicarbonate. 6. The composition as recited
in claim | 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. 26 7. The
composition as recited in claim 1 wherein the at least one agent providing
phosphate ions is disodium phosphate. 8. The composition as recited in

7o ClalRF EAURAEHORAS ESHEAHRRHBr pAYSISIB SRl cat WS ABTB AIREHTRS

phospeeisaddiiRoalnrproppisas. at least one agent providing a
physiologically acceptable cation selected from the group consisting of

hydrogen, potassium, ammonium, magnesium and combinations thereof.
8. 9. ThewaippstbipnsasdiesitprcnisiainvHereiheneitotnbiaitieasifgngsiologically

non-metabolizable membrang-protectant sugar is mannitol. 10, The
acce@&&%BBﬁW&é%@%ﬁ@g%&% CHEDRRS S SaT SRR e 4G~ 200

physiloghaul 3tOeprsdrtatidn Téle ceiTpasitineasuiecigdstinglaihyidoybggitassium,
the osmolarity is from abqut 221 to. about 280 mOsm. 12. The
amm%’r’r‘l'ﬁlogl“ﬁgﬂeéél% §aPRIBHCRS RF&ein the osmolarity is about 270
mOsm. |y 13. The composition as recited in claim 1 having a pH of from
9 abfut 8 to about 9, before heat sterilization. 14. The composition a
reci

b PR ERHOPS TR bs YR R8BI SRR BRS hatieble

membeabSiaribzation g iShagomposition as recited in claim 14, wherein the
pH of the composition is from about 8.4 to about 8.6, before heat
sterilization. 16. The composition as recited in claim 15, wherein the pH of
10. tha@keoopgsititidnsaabaiteBib cheforemeaigsiardimasiarity bilfient abuo 00 Ko
recited in claim 1, wherein the buffering system has a buffering
about JHLAESM the red blood cell (RBC) suspension to which the composition
is added which 27 increases by at least about 2 mEq between a pH of 6.5

angd 7.2 over a.storage peyriod of 6 o
11. nﬂw composf%lon aé'it 9eci[€ecf in claim 10 wherein the osmolarity is from about 221 to

about 280 mOsm.
12.  The composition as recited in claim 11, wherein the osmolarity is about 270 mOsm.

13. The composition as recited in claim 1 having a pH of from about 8 to about 9, before

heat sterilization.

14. The composition as recited in claim 13, wherein the pH is from about 8.2 to about 8.8,

before heat sterilization.

15. The composition as recited in claim 14, wherein the pH of the composition is from

about 8.4 to about 8.6, before heat sterilization.

16. The composition as recited in claim 15, wherein the pH of the composition is about

8.5, before heat sterilization.

17.  The composition as recited in claim 1, wherein the buffering system has a buffering

capacity in the red blood cell (RBC) suspension to which the composition is added which
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weeks. 18. The composition as recited in claim 1, 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. 19. The composition as recited in claim 1, wherein the composition is

increaRrBplE teashaigtain ey Waretine g decslealr(RBlet sutRapsivRital of 6

which the composition has been added at between 7.0 and less than
WeetSbout 7.2. 20. The composition as recited in claim 1, wherein the
composition is operable to maintain the pH of the red blood cell (RBC)

suspension tq which the composition has been added at a value greater
18 thﬁ%ﬁ%‘ﬂ???fﬁﬂ&ﬁé@gtﬁﬁgﬂﬁ 9 §, WHEEBHISSATRe HE YR & RBCIR Ll

mainfhiSGRERPIS Y IRARAIBR §d 38l IIRBA)saéEbELdnltaSwhi b, tHexuageditian has been
mount of frgm a%out 20 to about 115 mM, unmetabolizable membrane-
addeg%&%ﬁ%&%ﬂ PR 6t-about 15 to about 60 mM, sodium
bicarbonate in an amount from about 20 to about 130 mM, and disodium
p hate in an amount of from.abput 4 to. about 20 mM. 22. The

19. compssme iR arserirLimAasn borbsrmiagenrsiogtsareahloe
mainBhe tHeZp b tisterdidsiedd el IRBONspkasTvARO Whidh ihabadpdSBonas been
nmetabolizable membrane- profectant sugar in an amount of about 40 to
adde‘iﬁ%%?@’@%ﬁ&?&%f B{?@Qrﬂ’c&gg 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. 23. The compaosition as recited in ¢laim 22, comprising adenine in
20. o B AHPORAD A B BE el TFE B A BPOBOLR BV RITROL t
maintainBEgiIolifabier ¢l diobbad FRBEYARpSHSian itd whictimbel 6bbakitiohas been

M, sadium bicarponate in amount of apqut 26 mM, and disodium
added e e O P S further wharsi e
composition has a pH of about 8.5, before heat sterilization. 24. The
, wherein sai

iti fclaim 1 tained withi blaod b d
21 pid68 DHERSHIGR BASHSE UL AR TR RIS dofh At aoout 1-3
mM, dekitiae in an\whione fofroabtisitG il atoabDLE 400, insisbalivablee@hbrane-
hole bloaod f bout 270 ml. t 2250.ml.. 25. Th binati
protegfikt SR ISR L AR N R R N S S PR e T ount
from abSL0H0 andboas K Ofisiantive ik ligncphdaiihab dh kil Qthountod falishitivbout 4 to
aboutsf %1'8{' and

22.  The composition as recited in claim 21, comprising 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.

23.  The composition as recited in claim 22, comprising 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, before heat sterilization.

24.  The composition of claim 1 contained within a blood storage bag, wherein said blood
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about 450 ml. of whole blood. 26. The combination defined in claim 24,
wherein the volume of the blood storage bag is about 610 ml. and has
sufficient volume to contain about 110 ml. of additive solution and about
500 ml. of whole blood. 27. The combination defined in any one of claims

stora%ﬁba%%ﬁ%‘iﬁ&éﬂ@vmﬁﬁﬁ RIUAAL P BOHSA AN H R 00 IR AL BRI € From about

e combination defined in any one of claims 24 - 26 wherein the blood
60 mtin aheus4§0imh mde mbsacsesubeloblpedbiog abeuparprhite about 2250 ml..
plasticizer. 29. The combination defined in any one of claims 24 - 26
wherein the blood storzae bag is an industry approved standard PVC

25. plddw srephipatieryddinesinelabndd-cohspainithsvelanani the Rlosd iR sagibag is
abouP5404m. ahaaltiamieiwholnbirod esligstes Jor 90'a0e ided Rasthaslisind

for an at least 8 week period at about 1 to about 6C, where the
about4QBkinb ok kssentially of: about 2 mM adenine; about 80 mM

dextrose; about 55 mM at least one non-metabolizable

membrane-protectant sugar such as mannitol; and a pH buffering system,

26. widieremRinatioArdieg Bysteim ednelecclt hesripmanbiheplood storage bag is
abouPENFIRIOGIRPHY: A6EREIERR o lBH{ERUNS AFRMNBINF A NG ISR AFEHM and

using sodium bicarbonate to provide bicarbonate anions at a

aboul 30BN 2kiRYE BGt 26 mM, at least one agent using disodium-to
provide phosphate anions at a concentration of about 12 mM and at least
one agent from the group of sodium bicarbonate or disodium %i]]g%s‘shate

27. 1o HheRIaisaiion dtsAdanerens sl bimb dfrerity dsednihe siofpee bag

is a PRICAHIANSHICIRnRt for the composition to maintain a pH of a 29 red
blood cell (RBC) suspension to which the composition is added at a value
which is sufficient to establish and maintain during a storage period a

28. eaatQu ARG Aeihined 8y BIROSrepdiina favossdlyatysis B¥ed storage bag
synthesis of 2,3-diphosphoglycerate (DPG) from 1,3- DPG, thereby

is a Py<nleqmhaioraas Rpshaving an GBRIERHHBKSHSIESIATP) synthesis with
respect to the reaction equilibrium during the storage period. 31. The
composition according to claim 1 in which the length of storage for the

29. rBbgsembinationdefredinany (Héerfb%c.laims 24 — 76 wherein the blood storage bag
is an industry approved standard PVC blood storage bag.

30.  Anaqueous composition, typically in a volume ratio of 1:4.5 of solution to whole
blood collected, for storage of red blood cells for an at least 8 week period at about 1 to about
6°C, where the composition consists essentially of:

about 2 mM adenine;

about 80 mM dextrose;

about 55 mM at least one non-metabolizable membrane-protectant sugar such as
mannitol; and

a pH buffering system,
wherein the pH buffering system consists of a combination of physiologically acceptable
buffering agents including at least one agent using sodium bicarbonate to provide bicarbonate
anions at a concentration of about 26 mM, at least one agent using disodium_to provide
phosphate anions at a concentration of about 12 mM and at least one agent from the group of
sodium bicarbonate or disodium phosphate to provide sodium cations wherein the pH

buffering system is present in an amount sufficient for the composition to maintain a pH of a
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32. The composition as recited in claim 1, wherein the at least one
non-metabolizable membrane-protectant sugar is a monosaccharide
derived sugar alcohol. 33. A suspension of red blood cells comprising the:
composition as recited in claim 1 at volumes of up to 150 mL and a

red HYOYABEIIRIREKEE FERSRIR RS wRIh rd Vst Jooimoholkilaad Hé'ﬁ%tﬁﬂi% is

volumes of up to about 500 mL. 34. A suspension of red blood cells

suffigisi SpisiiePlind epfdipaitan duingreatoinges afriosor deagtnmegsi bbripngn iy red
bloodleRAhAHAINMS RO RREkEEFeghirlead seils. deyivephiigRthas e kierd: 3-

collected as volumes of up to about 500 mL. 35. A S(L;i%ensmn of red

DPGpfhsestoe renssripasmstEatBhigeanssir 43 pherepis Adil sodiesisifisrespect

to th@?é&ti@ﬁéﬁ%ﬁ%&ﬂﬁé‘%s%@é& gddgd blood cells, derived from the
whole blood collected as volumes of up to about 500 mL. 36. A

suspension of red blood cells where the red blood cell volume fraction

31. aftepéhendsidition fdhaRddiivriapiulion aeH erities Ik se ahaHt RBCs is

to about 70% of the total suspension. 37. A suspension of red blood cells
for ag pldrash’ weakdrsBadell volume fraction after the 30 addition of the

additive solution as recited in claim 30 is about 27 to about 70% of the

total suspension. 38. An aqueous composition, typically in a volume ratio

32, of 1hg sograsiticgritdsrtieddnnlsln Londetel s dlpations rap-pieighotigable

memBfaARGHbiRRASHELs athR feIRAsHIRNd GRSt esssmsially of: adenine;
dextrose; at least one non-metabolizable membrane-protectant sugar;

and a pH buffering system, wherein the pH buffering system consists of a

33. combirpéianonl hvaiplesicall aeagmishie tuffering agents including at
least one agent providing bicarbonate anions, at least oneﬂ%gent

preOTARAS AR 8p Kefited AbAeimdarhy Mludes A€ wyihl 3 &g sodium

CaliQBRiMd6Y BHRIEBE r@PbIROH TN RASKIP T dmSKRSIa BRIy J586cRfd at volumes of
exogenously derived chloride ions, wherein the pH buffering system is

up to 3hatit 300 Bh-amount sufficient for the composition to be operable to

34. A suspension of red blood cells comprising the composition as recited in claim 30 at
volumes of up to 150 mL and a volume of packed red blood cells, derived from the whole

blood collected as volumes of up to about 500 mL.

35. A suspension of red blood cells compﬁsing the composition as recited in claim 39 at
volumes of up to 150 mL and a volume of packed red blood cells, derived from the whole

blood collected as volumes of up to about 500 mL.

36. A suspension of red blood cells where the red blood cell volume fraction after the
addition of the additive solution as recited in claim 1 is about 27 to about 70% of the total

suspension.

37. A suspension of red blood cells where the red blood cell volume fraction after the
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maintain a pH of a red blood cell 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

addittGD&F %E‘&lé_iﬁ% 9@!&5&16}1%@ e89RIA @ntelﬁ'ﬂ% phatd XTIt iboiR SR biomkBgotal
reaction equilibrium during the storage period. 39. An aqueous

SuspEs¥RBosition for storage of red blood cells for an at least 8 week period at
about 1 to about 6C, where the composition consists essentially of: {
about 2 mM adenine; about 80 mM dextrose; about 55 mM at least one

38 nofithigH9YR £a8NRaTERbL IXRic kL B & xAtwng stiQ e h lad SRLIREPkiRgole

bloo®EbRed{edinersysiage o Rersibdhedi ulieting wysien cansTOhosition
combination of physiologically acceptable buffering agents including at

consigling esentighiising sodium bicarbonate to provide bicarbonate anions
at gjegmeentration of about 26 mM, at least one agent using disodium to
provide phosphate anions at a concentration of about 12 mM and at least
on@éﬁ%?’ﬁ;from amongst the group of sodium bicarbonate or disodium

phagehaishtoneipidRIRAHEE: GRYABRNdGRRIOHAE s@EHIeM composition
is substantially free of exogenously derived chloride ions, wherein the 31

pH: BEFHEY BgstEHHER present in an amount sufficient for the composition
whertth iR piaiBuEBh O§ R kes dIRas Lol A BREhISMERESSIIY R WIS N  ceptable

composition is added at a value which is sufficient to establish and

buffepngesAt Y &GS 0aRAa R TRECHON S QLTS AR 1B150Rne agent
providaikthRépivarsaalvas) veis AVesss vt asiatqfrévdddipheanhir eiiaiate He B the

from 1,3- DPG, thereby generating a net gain in adenosine tri phosphate
aqueqRSIISTIRASIHAL; S WS KaLLlot T b erosoHs b AR AR one Wherein the

pH bSiRiage speiiadisiiefntad uaQusosapeniian iiealynipssiin e sdisefble to
1.4.5 of solution to whole blood collected, for storage of red bIoE‘%cells for

maintgina pELQ 8 TR BIROA&HE SUPERBOR fA0VSB REeoRosHG s edfisdsdinanlue
suffiGonsistsabEeh ialynefiMal Vi sdeniogediPy &R tolYledanibefitn MERH red

55 mM at least ane non-metabolizable membrane-protectant sugar s%_ch
blood cell that favors glycolysis over synthesis of 2,3-diphosp oglycerate (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.

39.  An aqueous composition for storage of red blood cells for an at least 8 week period at
about 1 to about 6°C, where the composition consists essentially of:

about 2 mM adenine;

about 80 mM dextrose;

about 55 mM at least one non-metabolizable membrane-protectant sugar such as
mannitol; and

a pH buffering system,
wherein the pH buffering system consists of a combination of physiologically acceptable
buffering agents including at least one agent using sodium bicarbonate to provide bicarbonate
anions at a concentration of about 26 mM, at least one agent using disodium to provide
phosphate anions at a concentration of about 12 mM and at least one agent from amongst the
group of sodium bicarbonate or disodium phosphate to provide sodium cations, wherein the

aqueous composition is substantially free of exogenously derived chloride ions, wherein the
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mannitol; and a pH buffering system, wherein the pH buffering system
consists of a combination of physiologically acceptable buffering agents
including at least one agent using sodium bicarbonate to provide
bicarbonate anions at a concentration of about 26 mM, at least one agent

pH busiehdispdismdoresexids ahasphatedninas saicoasapbation ofmbautin a pH
12 mM and at least one agent from amongst the | gr,oupf?fifodiu
§

of 2 5 ipshstd B atsbiHERISISNERCIL T SORIBS AT 2dtienat Ak hich i
sufﬁéiﬁﬁ@tb@%ﬁﬁpﬁﬁﬁ%ﬁi%ﬁﬂﬁ caulgﬁgamdaﬂag&p@d@timemu shyuisingsl in the red
ride igns, wherein the pH buffering system_is present in a unt
blood T O E EGBS U tSTAHLN B P Br TG G ey 13-
DPGstapens e dmmttichntiggampaitionds atplesiacla® y¢iehdsis with respect
sufficient to establish and maintain during a storage period a reaction

to the FaRHM ATHHINE PR AUBRB IS SPEASE PSS 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 fo the
0. BBy RE L A0 PORRERE A Ly BLaTH B g hole
bloodltidtellsteosnatigigs the slompodiidoras e ¢iad Swalaknptiad avabiues to
b Ecl)é;%ﬁ) to 150 mL and a.volume of packed r?d lood cells, derived from the
about e HIEE D HRRP LT SRS S1GR R ut 500 mL. > 42. A
sustpenJeadfategiblgod cells comprising the composition as recited in

cIa'En 4&? vo:%m?s of up to 150 mL and a volume of packed red blood
o S ¥ whole 32 blood collected as volumes of up to about

50fbont 54 stkpensienol-iadtiionghbalimehermtheroed falocdgrelbuch as
VOIFme fraction after the addition of the additive solution as recited in

manniiahia5 i about 27 to about 70% of the total suspension. 44. A

SuspHrisidfeohgegsmaqd cells where the red blood cell volume fraction

aftey the_addition of the additive sqlution as recited in claim 39 js about 27
whergh The BT S HB S SUSHER CrhC HBO Ry SR O EaeP i o el
buffevifiergdhe fechitgchctihuauawdactinn atiahuhai edbvicneat the addibicarbonate

. solution as recited in claim 40 is about 27 to about 70% qf the total ;
anlong&gséqg%wt@gon orf] eﬁ)out 2 mR/I?at féast one agent using (ﬂso rum to provide

phosphate anions at a concentration of about 12 mM and at least one agent from amongst the
group of sodium bicarbonate or disodium phosphate to provide sodium cations, wherein the
aqueous composition is substantially free of exogenously derived chloride ions, wherein the
pH buffering system is present in an amount sufficient for the composition to maintain a pH
of a red blood cell (RBC) suspension to which the composition is added at a value which is
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.

41. A suspension of red blood cells comprising the composition as recited in claim 38 at
volumes of up to 150 mL and a volume of packed red blood cells, derived from the whole

blood collected as volumes of up to about 500 mL.

42. A suspension of red blood cells comprising the composition as recited in claim 40 at

volumes of up to 150 mL and a volume of packed red blood cells, derived from the whole
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blood collected as volumes of up to about 500 mL.

43. A suspension of red blood cells where the red blood cell volume fraction after the
addition of the additive solution as recited in claim 38 is about 27 to about 70% of the total

suspension.

44, A suspension of red blood cells where the red blood cell volume fraction after the
addition of the additive solution as recited in claim 39 is about 27 to about 70% of the total

suspension.

45. A suspension of red blood cells where the red blood cell volume fraction after the
addition of the additive solution as recited in claim 40 is about 27 to about 70% of the total

suspension.
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