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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."
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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-
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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
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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
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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,
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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
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al so a%ﬁ@fédﬁ&&ﬁstﬂa%@h&h&@@ﬁt |RGLALE FRRERM hid Cofé§pect1vely
(panel hi gher extracellular and intracell ul ar

(panel s E and F) and hi gher bi carbonate and PCO2

. ___cqncent ion anels E and. F Hi .gher volu
Flgur8 2rrp o Sillilfshtﬁgs CéB Vévoerﬁf%voerjbgj)f 3 é)losog]% gs §arré%lgg94 hours after re-
denonsigfaéien 6l H eE6jetEOPRBEE Stoadtlin TG doisd Weelgqn=6), EAS-81
hematocrit, illustrated in panels B and C,

r especfoniewgeksng) eompareq (q 4Bit0zE é@nweﬂmw@lilw study for AS-3

recover el | a
roi nf erpfed Y sEugR S5 D5 MRS IR Trigde-tabe
for 6 weslksl. (n=6), EAS—81 for 8 weeks (n= 6), conpar ed
to a historic control, the licensure study for AS-3
publ i shed by S| non et al. in 1985. Both studies used
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DETAIS | EMBODRENTY |
relates to conpositions and nmet hods associated with

t f | |
| e B @nBE eertifaetisaar fivbe Sifrieny Hle&%%ﬁﬁ%éﬁtotcc Alippe
storag%@f?é@lﬂoﬁ@&élEQRB@r I8 hatiedar, of reBRS%0 hbwdl ahdiviee BSl@Hon

separated from whol e bl ood collected in citrate

compqsiidenstaad eeldisd mrethadsfopmyrage PLRBEA that have/bpen geparated from whole
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aerest's nova roma’
doubl®Hextrose (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



donor) in acid citrate dextrose (ACD) or simlar
sol utions. For purposes of this invention, the term
wOnewmmsersy” i s used herein to indicate the fraeCrms26/005004
stored RBCs that remains in circulation for 24 hours,
after re-infusion into the original human donor. As
includggempeunds Wheremﬁh@whlqede atefneis sovalerstlyi tomided th Farexd@ple, a carbon

“chl oride" includes anionic chloride
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uffering agents which yield catigns and anions either
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human. Suitabl e cations include protons,
sodiurg and patgssiv anepreferted: arskrodiv@uistaiegrofetred. Amamnmmum cation,
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ie.a &&%’%{?ﬁ% OE 0 ea@sﬁnﬁlrﬁl}&clgl ‘@{n ?fﬁ%dlgﬁ?éfdﬁ?ﬁﬁlﬁ 850, 2t &F @p, may be used
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preferred. An anmmpnium cation, i.e., a corrpound of th

from H5gFagsh 4 RANPIORHOLIRY, .wtqﬁvm@@wum e EBnd Ogrrrmupaﬂons
thereof®Xs Q?ea‘é%‘?gns'%ukfgﬂﬂ%? enlpl 1 gTe?s h%sé%hf@xatt a%féu% s,gnd regulates the pH

accepta 1n a pr rre

of a capmposttiomd from hydrogen (i.e., proton), sodium
pot assi um cal ci um nagnesiun1 and conbi nati ons
thereof. As used herein, "buffering agent refers to

a’[‘h@ﬁl@@ﬁﬂ\k%&n@%l@ﬁ& §1sé‘16§€dr}ﬁ:9éiﬁ @f gﬂs Rf 1y y gre formulated

conposi tion he i nventive conposi t ons cl os
in watere rfe preferresl wefaeolthe intvieation i treatedyn arder fhoi inid essedially pyrogen-
preferred water of the invention is treated
free (1%655 Srt%felf) that it is essenti ally pyrogenfree (i.e., is
sterlle) As used herein "nEq/L" refers to the
concentratlon of partlcular conmponent (sol ute)
whtherging mﬁfﬁk reéws totherseneapivatien of a mlemlamcesmment (solute)

T N T P
numbepof mlﬂllecqmuvmmbﬁsohﬂé péii litexf ofawterC %&Ilﬂﬂ}a@hﬁﬂ%ﬂy p%r liter are

o r of solute t he
Cal"“l@r'i‘%dn%&“ﬁf T%H&ﬂgfef& Le &%f ?fgﬁog%éy thearmbisy ek ehasgagkspecies
(group8PbernfoledMM &fsoliie tvtf‘lﬁeh fg‘%héﬂ Rli tﬁﬂllemﬁ 2 th@6L &1 o, 1- 000.

e enbodi ment of the present Favent i on provi’des an
aqueous conposition for

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

than one of these requirements.



storage of red blood cells at about 1 to about 6 C
The conposition consists essentially of: adenine;
wdendossss at | east one non- net abol i zabl e PCT/US2005/005004

menbr ane- protectant sugar; and a pH buffering system

The pH buffering system conprises a conbi nati on of
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decrealslac'I”AtTgtﬂllJLzQ IBRkEM storage period duration that wll

provi de

he requi site post-re-infusion recovery
percentage Hence, the ATP-generating capacity of the

il howt beine PANRLEY %oyynﬁ??gﬁl%%e%ﬁagggzgerb%ered% Qidilve Ldiytion in

accorcﬁﬁc@@@thtthé/ RivEhiitnd t1RSinbreadetl @¥lvARSo MHtridre BbIatibM alldvg@T increased
than natural concentrations and the RBCs initially

mass Qlfmulbstgﬁcﬁe toshweddlivarpd at apdeptablesconeantietianewhilg provifieg wigedor

TP. utii.zati
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have ‘&reﬁ gl@ﬁl%nﬁi‘ﬁéd fong a%fm&eﬁl@ 1rﬁ¥l@$ndrﬁlirﬁﬁs@|o|f Yhek® hél(&vﬁﬁbsbﬁ{ Ya and

reducti on of red Il volune durin

KosodeieH, &. (986 EBiochers. b 3854 Wieko 22t Geliabi (@RS DATARHD I 11:1281). T
is mt%}@ﬁgaﬁeﬁﬁlée Pi}@bgﬁ;pﬂmé?ﬁ%o:;«%ﬁﬁgbm L%Ifgllltl APk IﬁBSC H{e%?ai% would

ade Cactivi present
resulttillﬂﬁleﬁ%aéesof‘gihﬁﬁiﬂﬁ)ﬁ%eﬂ)kﬁfasé faﬁ‘iole&éé asd gl@oﬁ‘alﬁlﬂhﬁa—&phosphate

activat ed h of these enzyne
dehydrogenase in the cytoplasm from their bound state to band 3 (Harrison, M. L. et al.
(1991) 1. 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



have been denonstrated to be abundant in the nenbranes
of these cells (Zipser, Y. and Kosower, N S. (1996)
waizowlvesassJ. 314:881; Mallozzi C. et al. (1997pCFASEBSD05004
11:1281). It is anticipated that the net
phosphoryl ati on of the band_ 3 prote| nin the RBC
additipesalutigiecampnasHions &S floimaintajihe AdiPey@ithesis at as high a rate as possible

al dol ase and
foraswﬁaﬂ%%ﬁgélgéphosphate dehydr ogenase in the

cytoplasmfromtheir bound state to band 3 (Harrison,
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Low P. (1995) Protoplasm
actuallBrbadigsg it. Thariag atolrms thetfyT R)ﬁonchetsaélommh@@c@nlzmﬁéls’ rgmains level

or evelnﬁgcxﬁ%%éggcgy tée&ogfo%gl\r’\n’aﬁg (%Ygtilllﬁgtop}ggeﬁ@%?t & clrnéegl RFLSEARE RBC ATP

conceRfroH fallgbélbe 1 @riel/s Hof RBmeS()’\fﬁ}hB&yIslcﬂ[}dbeM\P 75%. RBC's lose
concentration in the RBCs. So,. the goal of

2,3-DPgragtly a8 et dithe viarting q@ﬂlp@ﬁra@@ﬁ%@af%%ﬁﬁ@twaélyw&out 15 pmol/g Hb
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in 7 td Iﬂ/ézmso r‘léhedats @ﬁmﬁbﬂ;ls{ dfax 3-DPKeis at fonetion ofiph, mgeurhieg AT ékcess

vors TSN e oSS BG5BT e 2207

synthé%@§ ﬁif bl Pealin %@Rﬁ‘ﬁ o AGfstal h M Ha®&6&nN tnitdd by[%l&fa nfde Bdrehél8 Foss of

ATP concCentrati'on characteristicall’y remains |evel
ATP symﬂwem withheach seBPGonolgcye forawdo fThup, rrelswarR@C i2-DPG
st orage and .t hen dec n
conce3{5HHEty ST GHE PN e SRS O P D PR it g e
RBC §tyRige ey bel ow 75% RBCs |ose 2,3-DPG early in
storage. The starting concentration is
character| stically about 15 mmol/g Hbo or about 1.1

"o PR oty pdRR-E0RE SLERLLORBIMRLERIS PAId 51 bET 2 is the point

art I Nng anou
wherdi@h ﬁm@ﬁalﬁsm,t lapsinsasahe RaPpapB(® shentdsdeltiest etal. YAlkplkhe CPD and the

e e R T T
herenfy}pfel?&gl?%) l?sytﬁlgg&{aﬁ JeRBy ﬁb@gﬁs systhemdAHrdiA v S-Peen consuming

e for ' nole [ oss” of ATP synt hesi s
the phmsp}hateacﬁde@ fe-{BPEthEssaf| TR mdrsdldltlcrmlb/; rquging iarynRB@Llycolytic

e R SR R0 PO, S g e v

isa déé@&lo‘ht Reugite Iﬂtmmﬁcmna@ fpmaﬁlﬂ (13 rﬁﬂmatmmemw (0] leﬁlsﬁﬁﬁsis
BC net aboli sm The 7.2 is the point wherein a

effectivsbhelnsesidowarandn’ B8 S:mﬁheSm]@ peaFgRized iR ngtgigbstpies die shunt

ey b SHpRSn IR A0 L8 GRS O i -5 00

other célbQaxvenss e Boheked, thelpredeat mwaﬁtm)dls@véred @gﬁfc&d)umeehﬁ/
2,3-DPG i s s%/nt hesi zed from 1 DP cqQnsum n
preservation of the red blood cell during storage out51de of the 1n 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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t he phosphate needed for the synthesis of ATP and,
additionally, routing around a glycolytic step which

wonowsesst wo of the glycolytically generated ACPIS2008805004
net effect to the systemis a depletion of ATP If the
intracel | ul ar fH can be mai ntai ned hel ow 7. 2,

red blagdsil thay fayqreg 1@?‘? o¥PIGyBthess R 2 éerPWFPh%%JWieﬁ%t% %QP@, from
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o'me ext ént a e pro ddction an tenance of somne
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m ni m zat'i on of the shunt operation is desirable.

and 7.4 h&r wboy @ecé‘wmthodﬁmrgs dlfe eamepqsitivadmopqrpkle fq mgktain the pH of
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and le&eth@@%cﬁi@ e .tla veni ﬂk&lﬁﬁ etbptinddntathe edmbbsmdn rsejplew(oRBG)
suspensi on to_which the conposition is

a at
maintya ol of hecré oo 6olbERRE) FERCRHRN Rt HEAMS & cemﬂowaog has been
added%{?(@itgﬁgfeed ér?l‘?anaabroﬁ@’ﬁ'aﬁﬁlle‘ggﬂiah'7b2" umin thered bl ood
cel'l favors glycolysis over synthesis of
2, 3-di phosphogl ycerate (DPG from 1, 3-DPG thereby

t t t h t P)..
25 hese Senlprs bepuBem et RASHAS e bhe B RRRS shplatiaty
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he presently i nvent i ve conpositions provides that the

add1t1<omqimsuea$edmm@\ilhtﬂcmfrth%b@ffﬁtrmgrﬁastﬁMP Previde giditmal pl bufering.
t
one SFRRERN SEek 4L 55 I, RS AP0t

blood @8O IaBBHY Sto dbbet CWROHEILI Dhisicomppsitiabbempisesridehimiendextrose;

the pH of the red blood cell (RBC) suspe "?o to which
at least hiee BempeIsbalizablemambyarspitretant a*egabe%f%@éﬂqc erigsysiedy The
' R&uff
o SRR gk, AR S PR ROk bRy o
includigogtdeasebhe 4dBOYrosidimpehisarbonatoanibis; bt kehs one apod ipravading
has been a defleaat a val ue r eat ecﬁ t ha

d
phospfiis anirarod 26 cagiue BB SRR T g U Bre e Hisr Puligtpe system

is pres%ﬂfj Ciﬁ'n ARt RRRSIdnkfRRi0n 4O B¢ apdrhBlk ky/ mlafr@n @fpH of a red
or | at surprisingly yields no negative effect

blood eall (RBC3 mpemmnw weichilescontpesisigniis adsied 6t a value sEffeignt to
eStabIBE'Dug}l’]?aél%; u%a%gsgq%%%en R fatrg?r,@t{oﬁ eauffl\éh‘aﬁx 1%21%7 Igad%ﬁ]@dd cell that

e nven

favorsd%lﬂl&ﬁﬂfﬁgoif& s§kheds 8O S- ﬁl{mgﬁdg‘l}l'o@fhté (DPG) ﬁmmge?,-m‘PG ghkreby
cell's at about 1 to_a as Thi s

gener@mgﬁomttgamnn@dmu@é@ phagrbate{&TF émhrrsg@ct f&tﬂlﬁF E3stiorhne

°” % 11 R 1
it TIPSR PP o0 BHPLERA L BBty B
der1vdaQﬂlihirnR=t1bﬁm Af updysicnt, O‘gmbsednhyllﬁﬁree pf etvigendnslyf darivag chloride

agent s i .
ions” isgdeﬁned 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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including at | east one agent providing bicarbonate
ani ons, at |east one agent providi ng phosphate anions,
wandeagsdseast one agent provi di ng sodi um cati oRE€T/USh®S/005004
pH buffering systemis present in an anount sufficient
for the conposition to be operable to maintain a pH of
aFurthgr pinbedimsats| of timBOy entivgrempogition pravidecthat the at least one agent
. €O Siti ' \ Jd Ci . :
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gl ven that no source of chloride ions has been added
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.directed,to sy Lon.: of C Y

ol GRSl S B cpampLsire,
potassig =@iroliie, fdgRensh efd tembidhtiaklteeréaft di rect i nfusion

into a patient in need of such an infusion. Further

enbodi nents of the inventive conposition provide that
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sfe}ﬁ %@ﬁggﬁﬁ%ﬁgﬁgﬁgﬁgigﬁg%ﬁs@& ?},19 ofws%)di um 'e Or.le non
metabblizibtcnaabmpe-pratectantriugitds praatiégl. Sothecugiyi abenholsnin particular the

thereof. I.n nor cjfic di ment . th t | east
mono et o S BTl BT B 8 BB v
hydroﬁhﬁf*ﬁf&%are% thAdppdat @N@fuSETRAGI Y BRGhNome 188d biidiersidhd may play
at [ east one agent providi ng phosphate ions is |
an impmetagttodelinfqetiniat bebidity uMlavwitedi s aritpulsr, i§ ednawy antioxidant that acts

osphat.e,, di sodi um nho t i ]
as o hEREH R P PERE RRE AP Aticie b Bl SCAHTRROR SRR o
maintdABcPéf deBasémbrage @&ty pidisi cdhsiderpd @ spenairend-proseciat sugar.
di sodi um phosphate hi other enbodi nents of the . .
Other pmeB polyels ayplse funcian AhHBCRSFARE PRPGAtsHears. 1ts significant to note
that glglg%sl%lta?lg %ge{n?lﬁhll H’av@‘f]gee&r?etﬂl&]e l%éfi%lﬁ,r ﬂthgis,aﬂ@ghﬁole. _Sugar alcohols are

y conprises at l'east one agent providing a
not m@hyslizell bgitlalel blaclaet abl e cation sel ected fromthe
group consi sting of H+, potassium anmonium nagnesi um
and conbi nations thereof. In a further enbodi nent of
t ' ' istal iriédl§ dtivk®adte. 008molarity is
S BT, B (RS EOIRRP I neRfpIid Bivbealt ’
a meagmaof thel osmStinpressuya exettasddhyod solution gsaess iadgriget semé-permeable
nonosaccha

i de-derived sugar al cohol s |

e RO ey RO e SRy TRt Tk b St @it b SRbf yentof
solutePTEJ)rﬁﬁéile&ﬁ) e twatd PO Sholaditydis idbpridetitamctht yutnbeosfartisdesein

Ipid barriers and may Play i . . o
solution gut independent of the nature of the particles. The osmolarity of a simple solution is
equal to the molarity times the number of particles per molecule. Real solutions may be
much more complex. Proteins with many equivalents/L may only contribute a small amount
to the osmolarity, since they consist of a few very large "particles”. Not all ions are free in a
solution. Cations may be bound to other anions or to proteins. Not all the solution volume is

aqueous. To be truly accurate, all these factors should be included in the calculation.
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an inportant role in cellular stability. Mannitol, in

particular, is a known antioxidant that acts as a
woydrenggdssr adi cal scavenger in vivo. |t appear 8CTasploayosoo4

a substantial role in the maintenance of cell nenbrane

integrity and is considered a nenbrane-protectant
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rane, sma. Gsnolarity
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but fafidd to chifol 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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wast e products are |actate and protons. The protons

accunul ate, driving down the pH and inhibiting further
wort@sgdssm Bi carbonat e has been suggest ed asPpraThistdosnosoo4

system wherein it combines with the protons and, in
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oo HTFERSHE ), P B Al S e
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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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but is capable of providing even greater buffering
capacities to the RBC suspension thereby | engthening
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manufacmreet@ sapatatelths dextigise Andihe pheosnbateqar dirarkaspigidusing heat
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%‘P treating the suspension of collected whol e bl ood
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ext r 0s east one non- netaboli zab
donor tvbddranen ey mmhcas 400.+5 a5ty --50 pHi cbmﬁkse b tgeds Jb@ ahole blood

suspe%sﬁh?e&{é g\'lqb;g% 5@@%&.}%@ i? gem%o r@{heslﬁsz fr(():nolr{ﬁé Ql%&i %pasgla thereby

forming packed RBCs. The performance of the overall process is improved by leukocyte

sterill%

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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buffering agents including at | east one agent

provi di ng bi carbonate anions, at |east one agent
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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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infusion into a patient in need of such an infusion.
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mM, agd disgdig pasphie rreamamwmt obpusitoubh thamua2p MM I 2 orare

o R AR R AR ol
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4 to about 8.6. very s
protectgnt sugar i% an amount of about 40 to glbou? 60 mM sodlum 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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enbodi nent the pH of the conposition is about 8.5. An
addi tional enbodi nent of the inventive nethod of
wonemassisng RBCs provides that the buffering speraseivasosoos
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event ahdIThé ﬁé@lﬂilbdeﬁ&ﬁlﬁnﬁiﬁﬂ%@ DA AP Eblop@Rsind ﬁo%oﬁa@ﬂéﬂ Ehanges
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the blcomee/a tshape, thatdirhity magivhuth Ismtfadef&%@q:fée Soluene] Bﬁllﬁﬁgﬂge&iffusmn of
t sufficient to provi
gases qnﬁéliugbeé&,e Pciél(r)l{]ojyle gglggeﬁrggé}?%{ﬁ%enstlc ofa dymg, fragile cell. The red

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

capillaries. This overall shape change is accompanied by the pinching off from the
membrane of microvesicles, forming spicules on the outer surface of the red blood cell, so
that a cell at the end stage this process, upon observation, resembles a spiny urchin (hence the
process is referred to as an echinocytic change and the final form prior to lyses is called an
echinocyte). The ensuing fragility eventually leads to lyses and death of the cell.
Determining hemolysis rate permits an indication of the scope and severity of this activity. In

addition to engendering unacceptable levels of hemolysis during storage, these morphological
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of recoverable RBCs in the cell suspension.
Preferably, the additive solution is added at a vol une
woangiosgestr om about 60 ml to about 400 m, preberaiskoos/005004
about 100 to about 150 ml, nost preferably about 110
m . The solution is typlcally used in a 1: 4.5 vol une
changegtriggenéleganestinerhatismatvathen h)lr@qﬂemtqiah&ﬁtsebbd@l@ﬁlﬁe trfision of

0od. c Iectl ,. 111l for a 500
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of viahlgred 3189 orlls s Accrensq i probingisiar@earatos of ghesyseinéised red blood
RS BC volune fraction in the cel
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ens on, Over the_course of

¢
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under goes phyS|o i cal and norphol ogi cal changes
for thec"@ﬁ%?é?&rageal"’él SEPaRsiRIY COBIPKISiME 3. Over the

course of the storage period, it is known that the red
bl ood cell nenbrane surface area decreases so that its
shagiberérabgbmehtraithe resdit oorathmepohiipea nfliodxeidecteasing red

blood gt R i‘%’&iégrggﬁrﬁ%eﬁﬁpﬁm@;s?@%{% ¥0dghafrioda The
metho& Q&Bﬁn%%&ﬁfﬁfgﬁh& KRB Rfing tlfi‘)@t&gge gy{r g%uﬁfeh%lons-r 38w 18 the

cell nmenbrane is itnitially
mventwefcclmasirlens layeiblepn addedg Apﬁs@argenb@mms diredted to methods of
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infusiof 1ﬁf001/1%ieﬁi @Sheell of Eﬂdhngﬂfuﬁl@h ezﬁld%cfeﬁﬁn diSe of Bbitfiﬁﬁlsmn
of the red blood cell, so that a cell the end stage

ClearaI%Cﬁﬁé ther RBEs &y thgerieab sEhovaetheds, cmas%ﬂ%@g &hesRBRAY during the
storagéé%&ﬁrhﬂdrhl %Hﬁféﬁﬁﬁﬁ% WOk ﬁ%ﬁn&%ﬁ%g F:&?xégs%én% 13ve BL ?o %5198%

nocytic change and Fmprior -t
is called an echinocyte). The ensuing fragility
ses and death of the cell

capinv @ld & |S§‘§1P|9 PaIPROSIHAn R QnLers FevieFrh e BT ags gyer prior art
additiveREIBEARN CTIRNd BRI delly siRfediirSindfily ¥é L¥red'IBnger, 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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l[imt of 1% at the end of Iicensed storage. Red bl ood
cells stored in the inventive additive solutions
woxhicgg4ssess nmenbrane | oss during storage as PCT/US2005/005004
denonstrated by | ower concentrations of nenbrane
m crovesicles and | ess osnotic fragility. Preservation
of menbrane duringstorage is expected to help RBC
ExambiPf €d i n solution to have better flow properties than
s that have | ost nore nmenbrane. Retention of
nor mal nenbrane physiol ogy al so suppresses t he

PR B R 1T B A o EhABaES SR arodiment

of the Q@%ﬁb’@&ddﬂ"‘v@iolﬁtﬁﬂl d@hﬁ%@m‘éﬁ' dedig nlaiea GSEADS {s@e w51E%§dEAs-s1
red bl ood cells | ast In t e recipient-patien

and cospppreliisareasld /esﬁxjve@\lu(treqqm Bmm«rd;caé} arg hethrrovidedi seehbnventional

volurfeEhyBIERARLR s BuPR FAR L olEE RSPl P RURRE iumotn e

larger IV@E,ﬁsl&@ HAS-8kend EAS-Tpdath ¢onditik bsdadithate0 VBRE IMglire 1, wherein
associ ated risks to the patient. The inventive
the bicgshonaientrniainiag cpmpRTitions n spreetied bp citslseamiiiahpenyithout

blcarbgﬂétb be me%sérﬁé@b}pQﬁﬁl%ﬁdeé{égﬁé? BHime &%ﬁ}%ﬁrdo% GPRGeEhted by

better 'RBC ATP retion erefore
solid ﬁlgmcsowh@b the conemtiohd vgénd gonafdsaiont hee repﬂebmta:t ey open figures.

U M O
mL urdySitventie blddl 604 ﬁ%?omgﬂe%ohhﬁ&ﬂc kot 05, CP2D for

the production of 'fresh frozen plasnma and random donor
platelets or for t he coIIection of fresh whol e bl ood
are

enci.es.
+ SpE T SR R p L SR R BT B A B Sttt o
storag€ esletion Bigretiierts 6i RBUOMENBOI&SORR] idfegtibeow: B&Efurse of 10 weeks of
i nvention as defined herein by the clainms. EXAVPLES

storagqipP ¥Cibags. eglngireqdusss thrlangpy sywree of vaxipdility ye conventional blood
s’comgeS Pfc‘s RHEX AP n?afe dﬂ% %@R& &n ﬂ{lé RBEE %%o%’?dl?ferent donors.
per ) one

of mance pr e an vant ages o
Poolingmibaxes sané obhe tchids fromenath &@madtde*tfdry grcmpldfttl{ld):ﬂudy while
. conpositian, designated as EAS-81 (see Tahle 1
maintGENGE GO WO o KB RS Tt Rt pfieeit Abiipbulin test
(IAT) %e%ﬁbeﬁqwo R oA BoRte deshitsn E%Ql'? g&'ﬂ ih@ﬂ gbol\égl Hi%d and

e conparati ve exanples EAS-61 and are
aliquotedde imddsd four identiealdidoladanits a Oge unit (ftomrwh meABbis8kedimceach of the
th conprise bicarbonate. See Figure 1,

EAS-./6V 0
jburm%ﬁ@#&ﬁ%gyﬁ% bi car bonat e- cont ai ni ng conpositions are

represented by circles, while those mﬁthout
bi carbonate are re resented by di anonds. gher vol une

c BegrosanasBiess o ASreprkbhedey &y disglased in thleé Whe E4Ss are
made i&;‘;{ﬁ% %gﬁl\éfdl}g {??)g‘nglsoad%e,%ﬁgﬁg %.h& Ea(fﬁsavgﬁa%lé {’}85195313% aemlcals,

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.,

21



Al'l volunes of additive solution conpositions
di scl osed herein are understood to be per 500 nL unit
wohoawhssassbl ood for an approxi mate vol unetric Parius26/005004
1:4.5. The first exanple is conducted as a pooling
study in order to evaluate the effect of storage
Deerfiald) lif)i @il ¢onge@hine atesmade RBE arwtulocoisattiagdeving gﬁﬁm By2,

oyer .t he, co e 0 weeks of storage in PVC bags.
Tbﬂnnp§%ﬂhﬁﬁ%¥§&jﬁg@n{ t argest source of variability in
conventional blood storage studies, that is, the
innate differences between the RBCs from different
RBC Wohkweparathows|l i ng pl aces some of the cells from each
donor in every group of the study while maintaining
conventional unit size. RBC units, unreactive in the
| S de¢ tnidns i Woab@00 & 35@slt) 4ré Adl)ecasden g0 anip efiCPADGoBRIOS in a

triple- g ologin SFPTUGEEHOMS ATaTass vl Comertioagrad BRIE ). Units are
. . . f . .
leukorgcgﬂuc%ﬁ witifie ;Hf&!t:%al léﬁ%?-ﬁﬁ?ﬂlﬁ’ Afkr. IBcKSERBICY aﬁ‘ea%gl_oégf:% Eg e

arns o e st e conposi tions of .
centriftifetionABs 5 atieutds Silovsd by iremdedd lof atl bufliremEAgsheiplesmmddter which

e st S 35 S O R B R Bl 19 10
sk S0 5l Bt ot Lid oshpuros gasifnde

in Hess et al. "The effects of phosphate, pH, and AS
nme_on RBCs stored in

..valu
InVlt@%/IF??g{%’&eéﬁ ne- gl ucose- manni tol sol utions,"
Transfusi on, vol. 40: 1000-1006, Aug. 2000, fully

i ncorporated herein by reference. The storage bags are..
hepukozrdugtion( ofigyinatigs Qf/é?@’k@_.bquﬁ’eceélé}@m R BfebIoAdroduct i
c I . :
contei Y, ApLA T4 8 B DMt P st it
clinicdd deternl@ly malyzéudaiatgogmChll Connter $ustehaperi¢Septli-Chek,
Bect on- Di cki nspn M cr.ohj.ol o Syst S s, MND
Allentgyg, A M5rut5 bFAVEP GV Y GGy eh g P hes o e
i idPE t HBG@ARasured
nnmo@%%%&%%gg@??gﬁgéﬁﬁgfémxﬁﬁK%%E%E%?ions_argﬂﬁ%de using a,
spectraietorhetricallynesing thg miwlifieeD{abkin B35y, asthsoypsd e Maose et al., "A

et 1Y 4 P FEElB S5 b e B rogovim n
range SP2E SCUOLLERAN BidcRerh Meddl 25 16391 130(1D8D) Inoorpey:sedfullyHeesin by

code #127-23, Pall Corporation, East Hills .. Units
refererzgee Recaskbhesaoly e indataimings hyrmerprens fheuride 8%@%2?00"{%‘*3?% and the

hematf(i:rl.ter. Packed RBCs are prepared by centrifugation for
8 H?nutes foll owed by renoval of all but 65 nL of the
pl asma, after which the listed volune of AS or EAS is

i%%%dA'SFtPecrolnclze%ltr%ﬁon%na{rctﬁ ﬁlegsrueref fnosrtlggrngt%{l%s%I%tdeﬁartote}ﬁigedCPI-f{ﬁbs. 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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weeks except for approxi mately weekly m xi ng and
renmoval of a 15 nL sanple. In Vitro Measurenents
woewomsedsct i on (elimnation of white bl ood celCE/USR@E005004
t he whol e bl ood product) is confirmed by flow
cytonetr The total henoglobin (Hb) concentration is
(Hltaqbe&@& Amalyizen B@ehﬂlmgﬂ b@mlhﬁnﬁﬁmipogMoﬁmaﬁmepohs IN). The average

sl PR ARVl (SRR Y SRRETLSS, S0 et

accordlngm tHeeneRB&i 6DU§Hy M&)@ret B&d ManbRh8EREO& int "\BE; L&%gy of stored,
t orage suspensi on, ernatant Ho is nmeasured

Su
rejuvelgied RIBRGTORECHE AT 0y W%gllqwai%ﬁ&m édlyDnadriobrated herein by

e PSS o e 7 sl nu bl ot semay. plgsmess
untrageetaiugddy thepleasieepeiietwaiheb itited timehin satingndfithdn the tABQRotein is

avantfing BhGFRedy e bod Bisted. Mehtens Ghiol ysi & | o

determ ned by neasuring the ratio of free to total Hb
and the hematocrit. RBC ATP concentrations are
né ae tasels phths @p@pﬁﬂa&(mrttﬁingfof tept RBE storagd sdPRBECS . ardBluktrated in

d., wi 0% hl
s 452 560 AP Q2L B o v

of stofa@é (EiGui 17Ut €8 theADASS he Apl‘lné(ﬁicenthﬁ)ﬁ O%Hf?ﬁie‘agg L in the second
frozen at -80 C until tested. ATP is assaye

week g ipmgined righer dymng the A%rfer teatur ayloa\paﬂth@mu@ t Astiglti weeks of
storagéFfé&’ g%q}ﬁdeEAéqﬁ 1t§dgﬁ{1PP g%)n gn%?rchg)lng %%}%laptéta %lberlhcreaged-

gases bi car onat e,

volume A AS+b &t vehiloBAS- 18] hmdngb@thah@in)tf’e%ed(@(ﬁrﬂé Afd Biedrbonate buffer
pH is nmeasured at 37 C

Ithjca, . Thuys,
SySteHEfE‘l“%th‘li Q?Nf%‘%\whfgi‘éﬁhﬁﬁ?mﬁé’@%@m&m chl ori de, phosphat e,
| actate, and gl ucose are neasured on a progranmabl e
chem cal anal yzer(H tachi 902 Anal yzer, Boehri nger
Ve emhbisis (Gerpeslsipwornf rddidbahegiis),iiscredsh withhimralarodg@rage in all

RBC, sh chan fromdsoctes
S
modestlb Qedﬁéb@ QOEAR-31s4nd. redVRed GurtiRRth M@Q)%e? EALRS ahiREHad rﬂ) ad,dmonal

phol ogy of stored, rejuvenated human erythrocy
reductwa@ézﬁ@wb@lswﬁh h@grbemws) thethigh yolime solptioas. efis mpeeued a lower

AS Vogﬁébcre I‘r%%lg egﬁfi %ahtléﬁ ﬁgt%}/ 2 I Cllfn% otcng @d%ure gFL%?ﬁjﬂkﬁ?gs Post volume in all of

the solutibrisaheimigrstdrageed, the vesicle pellet washed three
times in saline, and then the total protein is
gquantified using Bradford' s nethod (Bi oRad, Ri chrmnd

Tty ot . RSO AR Bt
contairing EASal(F 1g9teohag & otad llactat@pls)ducﬁﬁfﬁ AEPS mk@@it Jiedag®Was 9 mM in
As-3, 1P EN AR A8, 195t ih HA LB end 15 mM in BAS-78. Bxtra 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 1 g and

1h.

Generally, cdmparison 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,

23



of storage (Figure IA). In the EASs the ATP
concentration continued to rise in the second week and
woenwiosedshi gher than in the AS-3 for the duraPComsed05/005004
the study. At eight weeks of storage and beyond,
EAS- 81 exhi bited ATP concentrations equivalent to the
especiallyr BAS Favel nenforEASes bettanti tetabASsydts, baviheig ghatdt vbRéne results

. i.ncr.eased I bi carbonate puffer system i
in v ARG ok B iR RRCoHERh BT el home T Resmottyasoty-
transfubdiEpdticapledipivntf red bl ood cells), increases wth
duration of storage in all storage solutions (Figure
Ib). At all times, however, henolysis was higher in
Exanipre 3: |t was nodestly reduced in EAS-81 and reduced
her in the other EASs. There was no additi onal
reduction of henolysis with bicarbonate in tlhe hi gh
volume sol utions. expected, a | ower AS vol une
r eSHiF £X3OPIR l%uﬁ‘i‘iabqﬁgﬁat ap &V&@%V%%ﬁrﬁtf@réwlaﬁqrm@mt@dltw storage of
RBC #¢bntBitforlaRedludfR! ddaRive RoRitibn & & \Qgek%,ohﬂﬁ %Qt?esr 1'9@%\)&59 lqvyer
storage. Lactate concentrations were higher across’a
hemomsmng nhanced menttearyi presepatiah evanhaknowy 6EAG s{drh@iioution.
Id). Total |actate production over 8 weeks of storage
was 9 mMin AS-3, 12 mMMin EAS-61, 13 nMin EAS-81,
and vbRinfedr i) EASmEStindht Nt St FRASY lﬁéﬁg fAFa'Ehﬁ’i@ﬁaﬁon (FDA)
al so higher at npst tine points, but the differences
and American Agsasiationof BiepdiBenks donerchitenicewsteatiesteilc Ihe subjects

i A Ki nd..Lf). The time rse of
conas) 500 5 ORE By YRR L i B G s o
code # H&7-D3ifHadlr Corgodation, eass HEBENG) 'ihdSetitét fe@BeddSwh 8MBut dbout 65
ml oﬁth%ﬁ es Ig and I h Cenerally, conparison of the

g &epasds FA% 3 nkl Oasl 3was asided ard fheapkedddBE solutions
were U8 UBFigIRMEN B (vich ihaﬁgﬁ@{énﬁﬂl%q%%mggﬁ%rrgﬁg%hg (veé%rsgaglg half

concentrations, |ess henoly _ nol'ogy,
(0=6) farct weeksi diik ateel priontodths badybf dtyrapé, gheunipHvérs stehigely sampled and

. Th I EAS ially EAS-76v6, perform
il P T S B oD T S B e
with 51 e reenddts thd\ddHop abifg 1l N/IHltdfPIS}OR{COI 28 sBER 18661 BRGsurement

whi ch could result in henodilution o _
OfRBﬁﬁP‘quﬁﬂyt ransfused patient recipients. Exanple 2 This

exanple illustrates that an inventive EAS fornulation

permtted the storage of RBC in conventional -vol une

aGttiphs vEnwahskndaariderd drofe ks, crivtédlatBSth@r des ERANR SHhtistics of
| oner henol ysi s and enhanced nenbrane preservation
the stozagg Ero¥Rs Witb wlcelaiiaring spreagdshesiamagiapnsoftvary tixeat, icrosoft,

Redm&i&@W&}.sLﬁﬁé Pﬂgi'g%ﬁél {2 G RE @'Eo‘f‘e?ge':s?/gtgmg Q\gas l8‘.';11l(1,91a’cec1 from the

Adm nistratio
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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and Anerican Association of Blood Banks donor criteria

were sel ected. The subjects donated 500 nL (one unite)
wohRoawhssassbl ood, which was collected in CP2D pPCIAISY005/005004

bag (Item code # 127-23, Pall Corporation, East Hills,

NY), and | euko-reduced with all but about 65 nL of the

than 7 ffeandhemelpsisddss thasl B For the ). 5, or swsonetyl@eaterdharhé>” and

B N A I

0.2 at 12 eckai) 0.4 20, @aﬁ/\@%&(s _REC waelovesidie brdtéintcbﬁce@l&dtuﬁﬁs were 8 &
storage, the units were steril elélasarrpl ed and

4at6 Wg¢ltsmnéd2 4 ¢ meiE. RBIG aiSeveskni pid tys aerogriseaer omly abryitp% of the
RBC ael |O%r OSSthe stored RBC was | abeled with 51-Cr and

k}‘g% ned t0 the donor using the Mroff protocol for

single | abel nmeasurenent of RBC recovery. G aphs of

neans and standard error s re cre nd ot her
dERe FUPSEIPR/HOraEe PPEqrmEaRce pl the avep(iys, agggg@daﬁgf%qféoth duration

of stor%?éc : osﬁ#ﬁévé%?é%lgg@c\%&ﬂﬁﬁﬁgﬁmg Bngeeiﬂ?ﬁ&i‘ proan&, éﬂf%é&@ o fdeuve

Lact at e pr oduction i n each
from seheraktasesadiirss)th¢ ronesl pﬂsnc@laimgaayet@mf Pesmits Restaaerl bﬁffeﬁglg of the

ot o P S G50 L BRSNS S8 g p i

pH in ﬁ{éqnﬁﬁfeﬂmap EsHcg kiffie Rt BN driveBRK 1rﬁérﬁ&15‘cenfeqﬁiﬁﬁrlﬁmwafdyglycolysm
val ues were produced using SyStat Ver. 6 (SPSS | nc.

and avai ﬂag@he AE)’—con@um@g peeivelien RES3 IR el pddittyn Bheighsy 1

extrac?]glgm%ﬁba? (g%ldcelgg/at%\(lg Elﬁg]f ni%\%@fgﬁ?lg gc():i};té?utg ch/arﬂ nléﬁﬁhﬂg

extrac@@ﬁ'@a—kai coBidentratidoy, MhieH i 1@ tﬁl)n suﬂipness&p paveedd lapwtotmplgoceﬂses such as
her recovery at longer tine is proba esul t

hosphplepiS T ShECAgmeEiags delgaTion g |G att BrddB ppiajed post
1nfus1$rpréﬁ:g'\¢eézg{?& Qq‘l]].% i Yn b (?lgallf}pfn%girffﬁs%ﬂqm(ls further diminishing

ese recove however, are superior
the triggermgyofeapid éntivy cléamens seclnimage igfied pasientsraaidrsulting a higher

nmeet the c er i.censure t he US and p )
percertieat T CERIR BFEFHOEE T BLBVER PG 5ne) PRt ugiiaR The Eas
81 forlRMR %S tvRich @B NACH thFhvdr b€ iddreasing@hic Amb@E@Fahy particular
greatefr than 75% and henolysis | ess than 0.8% fqr

buffermg@p@ounaa@ﬁemiry@nmgfsna@w esmelarityngetaisgnare gHgctivgs longer
Kk
lastmng}%In&Q;BJiart 61}(3 |%nasdg§2‘% es%%u%lo gus?sasef‘}%%gl? eaw@%@ gﬁggghate

availaBRel sniaisizd adve‘ﬁser@lldllar RRGtedss@iated kith 1m1dasﬁri'g,@a++ concentrations
accounted for only about 5% &eﬁ%qe RB f‘Dq‘:’;LxéXQ's’l .
and decarasingPhEP senseniragions tpisgrerpeasiiaiiorgpiap n
SR RIpIPinEhas
convegﬁ%famr\‘r’%i}ﬁ%?gﬁﬁl %éllt i %Cguf Sggt%tﬁg?ﬂn&% I ng of ffJt e inf uSs
transfided@adénts.appears to derive from several bases. First,

t he novel pH nodul ati ng system permts sustai ned
buffering of the
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pH of the suspended sol ution across the tested storage
period which is sufficient to nmaintain a pHin the
wonvocaseissul ar space sufficient to drive the i RCEUS2005/005004
cell equilibriumtoward glycolysis and away fromthe
ATP-consumi ng production of 2,3-DPG In addition, the
Whatlis glabme@jst r acel | ul ar phosphate concentrations in this
formulation contribute toward limting extracellar
Ca++ concentrations, which in turn suppresses several
1. apepigotows donposisior Sorstisigast i bRpldekllphtddoscT eboune’ C, the
and nmenbrane deformation and loss. This leads to
i FYRBRRIcherasisHrgeIserialy@yvery and a hi gher nenbrane
qual i t yqdgind-he infused RBCs, further dimnishing the
triggering of rapid in vivo clearance nmechanisms in
i nf usedexaiseent s and resulting a higher percentage of
recoverapl e i nfused RBCs for an extended period beyond
epdbgtact i B Rege 0 L RN PTIT AL DAL o
NaCl i g phpmarerl sy@emeasi ng the amount of the
particular buffering conpounds while maintaining |
s wiheesin thepdhytsaringsystemrasmpsispibr eorabinateqr Q/@,hyﬁl@g@eqally
| asti H lat i f.th -addi 1] Ny .
< AR Dh TR Bl Sl  BRER e By BRI b fopte anions,
agilesss ®n€ egdnt bayviding phesphsts agioas,e@d wt fehstione hgagipdeviding
Ca++ concentrations and. decreasi ng ATP concentration. _ .
VeRdiwpeations, svhesein ithe PR Suering $ystcan satesgntiiniag amount sufficient
CRMADELA 'ti(?ﬁoc!o HIRPeIBIEAS rﬁa&ntafﬁfai 1%}? oy 9?4&%1&&! tabirso)
for use In nmultiply and massively transfused
paspemtion W rahich sheadoaipwsitiion $s adtled Aha agjue sufficcohieasiablignand
for.storage of red bl.oqd cells at..about. to out
Capan e &t i reong parcig sdULRERG in Joopo Bl dbar
dexiorOsi9coldis bRASYntA8Es HON3 BIIRBENIgEAR e (DPG) from 1,3-DPG,
menbr ane- prot ect ant sugar; and a pH buffering system
wHerahyrgentratipgia peff gagt inaglengsinetn phosphdte GSTR) synthesis with respect

OB D0 BT PR aBGRR 20 a1 o

bi car bonat e ani ons, at |east one agent providing

phosphat e ani ons, and at | east one aaent providing
2. sO®AHPBIIOBISSIIRR &retaragnet 1siiblogdicels pqbeyist oabout 6° C, the

p munt sufficient for the conposition to
bé&g (gst'rlté%lf]% riaS?%L!nt ain a pH of a red blood cell (RBC)

suspenadening;o whi ch the conposition is added at a
val ue ag&&%ggent to establish and
at least one non-metabolizable membrane-protectant sugar; and
a pH buffering system,
wherein the pH buffering system comprises a combination of physiologically
acceptable buffering agents including at least one agent providing bicarbonate anions,
at least one agent providing phosphate anions, and at least one agent providing
sodium cations, wherein the pH buffering system is present in an amount sufficient
for the composition to be operable to maintain a pH of a red blood cell (RBC)
suspension to which the composition is added at a value sufficient to establish and
maintain during a storage period a reaction equilibrium in the red blood cell that

favors glycolysis over synthesis of 2,3-diphosphoglycerate (DPG) from 1,3-DPG,

thereby generating a net gain in adenosine tri phosphate (ATP) with respect to the
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10.

11.

mai ntain during a storage period a reaction
equilibriumin the red blood cell that favors

wolymoisgss s over synt hesis of 2, 3-di phosphogl yeerarseoos/005004

(DPG from 1, 3-DPG thereby generating a net gain in
adenosi ne tr| phosphate (ATP) synthesis with respect
t deqdiioncgaiiorigm dyme tho storage geriod gnd hehstiortageomeositimh is

c P I RSk SR et o

conprising: adenine; dextrose; at |east one

no netaboll rane- protectant sugar; and a pH
pr PP 9@‘&659?1? Rﬁ‘gﬁ% FompliEng theisompepiting as jesitedrin claim 1.
conprlses a conbi nati on of physiologically acceptable
buffering agents including at |east one agent

pr’lgmsgsmgs@n @ardsitad ireclaimi Ba,rwherah theaispersivn iageitdble for direct

n ate ns, at | east one agent
prOV| Fﬁ%nsgﬁJJﬂP8§F?£ﬁ§3 Qﬁ HO%he pH buffering
systen1|s present in an amount sufficient for the

Trrp03|t|on to be gﬁgerable to miintain a pH of a red
(B’G&OE’@PWU?PBU%!; etigimoh whereithibe lat tehg cnempergiprévading sodium

Inglalﬁ(tqglq% s%%crt?dnﬁaﬁnl‘fg? g E CSI’ISéSrHIlg d)%goi 88‘10 1f:agEonate disodium

eqhodphbtei andwmmhamnedhdﬁédfod cell mat favors

gl ycol ysis over synthesis of 2,3-di phosphogl ycerate
(DPG from1,3-DPG thereby generating a net gain in
a‘iﬁ@@&'n Ssitibn aPRORANA! T

t her eac?l Sér% e?qw I bri uc(?rﬁn(%fAl @wr : tﬂe% o?sg%ée E‘g ntBH)Vldmg
ah@arhm@tﬁ@nwnshfesoclwmbmathonatej s subst anti al I y free of
exogenously derived chloride ions. 3. A suspension of
red blood cells conprising the conposition as recited
| The bamposhtiorfas rEbifedSHIRENASH WherdS th€ &l 84 ohdaSdni #Hv?ﬂ
wherejn the suspension i s sui trab le for dlor e?:%énh usi o

i Rhesphate agnsdp seleqiethien the group nomstmgquso@mn Bhosiiliege, disodium

[ iLn the at | east
oglg% ggég%ttﬁg?(gé?iﬁ %g‘g lglged%?ng%a lp%ﬁoélw erg fected from
t he gr oup consisting of sodi um bi carbonate, disodi um
pg hat e, . and conblnaflons thereof. 6. The
Ppbanpesiirnss regicdinglaim loyharein thewideast ang agenbprovisting
OptfosBRAE 1ok O Uil ﬂogﬂfaﬁ‘?nat € anions is sodium

bi car bonat e.

The composition as recited in claim 1 wherein the combination of physiologically
acceptable buffering agents additionally comprises at least one agent providing a
physiologically acceptable cation selected from the group consisting of hydrogen,

potassium, ammonium, magnesium and combinations thereof,

The composition as recited in claim 1, wherein the at least one non-metabolizable

membrane-protectant sugar is mannitol.

The composition as recited in claim 1 having an osmolarity of from about 200 to
about 310 mOsm.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

7. The conposition as recited in claim1l wherein the
at | east one agent providi ng phosphate ions is

weebmasedsfrom t he group consisting of sodi um PCT/US2005/005004

phosphat e, di sodi um phosphate, trisodi um phosphat e,
and conbi nati ons thereof. 8. The conposition as
r €ké taupasitianl asirecitedvin elaginrl 1 tierein theemstolaity imfemtabout 221 to
provi2#¢ﬁgﬁhosphate ions is disodi um phosphate. 9. The
c "hs recited in claim1 wherein the
combi nati on of physiol ogically acceptable buffering
agents additionally conprises at |east one agent

plhe tathpayittonssyesitsddpiclaan| 1y, whereint the p%m@latltYolﬁ aBeyted P gpOsm.
fron1the group consi sting of hydrogen, potassium
amoni um magnesi um and conbi nations thereof. 10. The
COhPOFhpdsitiones recitidtiedlaim 1Haaing alpH wh &ori aboth® taasbout 9.
| east one non-netabol i zabl e menbr ane- prot ect ant sugar
is mannitol. 11. The conposition as recited in claim
n‘@é{b%p(%%] SLAIdY Rim14OWh&RAMhe 005 ‘ﬁ%n@@&iﬁt 8310 about 8.8.

e conposition as recited in claim

wherein the osnmolarity |s from about 221 to about 280

m 13. .The co Slt ecited j aim12
B EormbaH RO T oS (3p e B Ao iision is fom
CHRPSiAtbABo@.6ecited in claim1l having a pH of from
about 8 to about 9. 15. The conposition as recited in

clain114 mherein the pHis fromabout 8.2 to about

WhBS &Aoo R ReHb RS, MAREl s ot & A Prdosyiop i gbou
aRgut 8.6. 17. The conposition as recited in claim 16,

wherein the pH of the conposition is about 8.5. 18.
The conposition as recited in claim1, wherein the

BF%% g&%@%iﬁ%ﬁ@g@h%sin%le@ﬁ{flf Whlefé\%}]fhg ﬁ)‘ﬁ?ﬂﬁﬁﬂ g kystd Bad £Buffering

suspension to e tonposi tion
i sapadide th thbirehblood cdhe{&Cbgusmnsioaae twhadiothe chpEﬂtxon is added
en a H of

\?\gf ingrga q—hg aE]gﬁ%@gpltni %W%g%ef\%egﬁtasgfpﬁgslagg 21210ver a st%rage

V\:P&ﬁ@d(gfg@@e@pnpo& tion is operable to maintain the pH
of the red blood cell (RBC) suspension to which the

conposition has been added at between about 6.4 and

al%gg E:on71pcé)"s'ition 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.

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 7.0 and less than about 7.2.

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 a value greater than about 7.1 and less than 7.2.

The composition as recited in claim 5, comprising adenine in an amount of about 1-3

mM, dextrose in an amount of from about 20 to about 115 mM, unmetabolizable
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23.

24.

25.

20. The conposition as recited in claim1, wherein the
conposition is operable to maintain the pH of the red

woloemdhsgss] (RBC) suspension to which the conp®erTitsems/ 005004

has been added at between 7.0 and | ess than about 7. 2.
2 1. The conposition as recited in claiml, wherein
t Hecrabigperpratecant isugas pie pra bineuttm frhowtt 18i ta abbwet GoHDE, sédiem

C ReBhARR B RRRRC L) R fh D §lccand et phosphace i
alauimotnd oBift6im|a86st 4 Raibodt ) mR&. The conposition as

recited in claimb5, conprising adenine in an anount of
about 1-3 niM dextrose in an anmount of from about 20

et oot T BT A 12 38 PRSI SRRy Sa G ghbone

bineldl; Boriatse in m anoartod fionf st 60 aLEboR0 1 0PmMAMmeldd]izable
rri}/l{‘ a%d di sog%i um‘?hosllohate in an anmount of from about

4 REOABBGPIORFIAHFISHS 10 hame g abeut dR tagbews 60 mal, Fordium
Clbaiafbodte iR ARSI b 2

mM dextrose in Oggpgn%‘%ﬁ? b@fﬁz ?8%9%'%?8#&%[0Q{l%algg%itl{nzphosphate
100 apRmouRred tfepboahons Blte abertiip amel- pr ot ect ant sugar in

an anount of about 40 to about 60 nM sodium

bi carbonate in an anmount of from about 22 to about 40

nWhe @othpdiitodadmreibiDBIEEE23, BoRPridHP HMniY infhMAROYE about 2
7 to about 15 mM 24. The conposition as recited in
c PeYlrsiexdrose Bran-amoung obafzawt 8@ niM, wrmetabnlizabloimenthyane-protectant

' . ut_80
sy b of AEh e Ao ARl 8o RSk apamgpnt et 26
oEanmzdé diﬁﬁliutrMphes;ﬂhbmgn lan faﬁfr(])hﬁﬂ kﬁh taoi] 22 VA R Y Hir fwherein the
about a i.sodi ym phosphate in an anmount o
aﬁ%@posltgorﬂ}vlgsaéﬁgoggbquﬁéﬁ.\,\her ein the conposition has a
pH of about 8.5. 25. A nethod of preserving red bl ood
cells (RBCs) for a storage period conprising: (a)
m xi ng a sanple of collected whol e bl ood cont ai ni ng

the 0 be stor and pl i th an anti cpagul ant

s pgn of redduy S EPiePR g BN boBeS B it ine:
whol e bd)oodimixiby atsa@ple dTEollBReSWANR BN St oRtaifiRk k&%ﬁ@s to be
whol e blood to deplete the plasm and concentrate the

RBCs, t her eBpradanginiasnsatitean mEGoagla)t spiutiongtheieby forming a
a1 ci ont Farpbia PRk Sns R PR “havi g about
35 % t (b)abotreatifig the suspension of collected whole blood to deplete the plasma
and concentrate the RBCs, thereby forming packed RBCs;
(©) mixing the packed RBCs with an amount of an aqueous composition
sufficient to form a suspension of RBCs having about 35 % to about 70
. % RBCs by volume;
()] cooling the suspension of RBCs to about 1 to about 6° C; and

(e) storing the cooled suspension of RBCs according to standard bank

procedures,
wherein the aqueous composition consists essentially of:
adenine;
dextrose;
at least one non-metabolizable membrane-protectant sugar; and

a pH buffering system,
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26.

27.

28.

29.

30.

31.

32.

% RBCs by volune; (d) cooling the suspension of RBCs
to about 1 to about 6 C, and (e) storing the cool ed

weuspassison of RBCs according to standard bankPCT/US2005/005004

procedures, wherein the aqueous conposition consists
essentially of: adenine; dextrose, at |east one ) )
non- netdsEIR theite buiirBiZaystepr conavisant cambaptionpiphysiptpgically

compr S BYR T ELls WA Pl PRl B Blhng pigarbona

buf f er anignggedast oneakewtipigviding iphasthatenmi@gentd at least one agent
provi di ng onat e ani ons,, st.. Qne agent

cbi car t | .
provi d!'PF@ﬂ(SH% § glpézag?ﬁse n\gl}ergﬁgl?%}@ﬁ |%g EHnG HSTeRy lpresent in an
provi diBusQRlfiiThabi @8 SomBSHieH B bdhorIOW hhiada pH of a red

systemis present in an anbunt sufficient for th
conpos ibtdodreetl o RBC )oquspeaision to evhid the admpesifpés $fadded aich value

bl ood cell . C ension.t.o which the co sition

s adastisien A SEERT et PR phBiee SRAGRg reecion

mai Nt aleGuittbfiiAdn Thesle@ bRERA R thRdavdrd B86dly68 over synthesis of 2,3-
equilibriumin the red blood cell that favors

?I yg ol ]ylﬁmsmhﬂ@lycgsﬂm RRG sfremn 13-BPGyihsrdduaragialiag paekgain in
{Germs HE e 1 PR BT SHRRSEEM A Bedtih ufbdelboh

t 0 t he efgifibtiinprduveinyithe odagepelivd. ng t he storage peri od.
26. The nethod of preserving RBCs as recited in claim
25, wherein the suspension of RBCs is suitable for

4 , . > . h ' .

e Btk 3O RET SRR El i DaRF RS oSl Apension of
i RBTsais suigdble fol dire¢trinfusionantolagmsitnton ecerbeinmich bo linfiasibh.e
menbr ane- protectant sugar is mannitol. 28. The nethod

of preserving RBCs as recited in claim25 wherein the

atThk @@sithoPsYhré@eRhg RBOS A irétGted ddltldith 08} WheisinitBe at least one non-
selected fromthe group consisting of sodium

binessatisbisiahle megibsangr prategtiobpigat s maw#okonbi nat i ons
thereof. 29. The nethod of preserving RBCs as recited
in claim?25 wherein the at | east one agent providing

biTha mRghet 6f prededvifig RBC3edireutteliic alalm datwherein the at least one agent
providing sodium cations is selected from the group consisting of sodium bicarbonate,

disodium phosphate, and combinations thereof.

The method of preserving RBCs as recited in claim 25 wherein the at least one agent

providing bicarbonate anions is sodium bicarbonate.

The method of preserving RBCs as recited in claim 25 wherein the at least one agent
providing phosphate anions is selected from the group consisting of sodium

phosphate, disodium phosphate, trisodium phosphate, and combinations thereof.

The method of preserving RBCs as recited in claim 25 wherein the at least one agent

providing phosphate ions is disodium phosphate.

The method of preserving RBCs as recited in claim 25 wherein the combination of

physiologically acceptable buffering agents additionally comprises at least one agent
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33.

34.

35.

36.

37.

38.

39.

40.

41.

30. The nethod of preserving RBCs as recited in claim
25 wherein the at | east one agent providi ng phosphate

wani@nssdss sel ected fromthe group consisting 8tTABA08/005004

phosphat e, di sodi um phosphate, trisodi um phosphat e,
and conbi nations thereof. 31. The net hod of preserving
RBGsiding a phyistodesicalydcesniabls catisarselested Heom the) gaun capsisting of

ent  pr.ovidin te 10 [ [.5:adi osphat e.
@g,p?ﬁgmngkﬁ%ﬁﬁgﬁﬂﬁ?ﬁ%%%@y%ggﬁgeéﬂggﬁﬁgéﬁ?k%ﬁin clai m
25 wherein the conbination of physiologically
accept abl e buffering agents, additi.o Iy conprises at.
| Eesmeibae Oﬁe@ﬁ%rmn@mw r&CW&\iC&ﬂl@g%aSIe &%F’gﬁllg@@é?ﬁws?l&on has
& és%{’olérgtlk,%%%ﬂl RG0S HoRHPI0GADSISt | ng of Hr,
pot assi u amoni um magnesi um and conbi nati ons
thereof. 33. The nethod of preserving RBCs as recited
in claim25, wherei he co Siti.o as _an osnolari.ty. .
P mabPdsR B PG SO i S e B B is from
p&ﬁﬁﬁﬁyﬂﬁ&m&ﬁ%@ggﬁﬁogggited in claim33 wherein the
osnolarity is fromabout 221 to about 280 nmOsm 35.
The nethod of preserving RBCs as recited in claim 34,

reipn the osnol ary S 0 A T _
nibhaer PSRRI Hpelr S R TR Herelp el botarty i
WiRNeD 10 fltentonposi ti on has a pH of fromabout 8 to
about 9. 37. The nethod of preserving RBCs as recited

in claim36, wherein the pHis fromabout 8.2 to about

ET% i %@dg@ rqu{v%%j%g&% Eg %?R%C%f-nr@ai% vitRrdif el c?%ﬂo@ition has a

er €i e conposition is from
apA W fi¥ndatont dboatbouB96. 39. The net hod of preserving
RBCs as recited in claim36, wherein the pH of the
conposition is about 8.5. 40. The nethod of preserving

RBLS nidthoti ©F pkRervidly RBEkL B deeitedMHI1AH3 6, Réheldih HRY pHIG from about

system has a buffering capacity in the red bl ood cell
( RB@ abugPahsi on to which the conposition is added

whi ch increases by 2 nEq between a pH of 6.5 and 7.2
over a storage period of 6 weeks. 4 1. The nethod of

PTRS RieMiod® fBRServss RBCk hefbcited il daim 26, whehen dienpH béthe
conposition is operable to nmaintain the pH of the red

bteropositian is frBrybat $ddaebe && whi ch t he

The method of preserving RBCs as recited in claim 36, wherein the pH of the

composition is about 8.5.

The method of preserving RBCs as recited in claim 25, wherein the buffering system
has a buffering capacity in the red blood cell (RBC) suspension to which the
composition is added which increases by 2 mEq between a pH of 6.5 and 7.2 over a

storage period of 6 weeks.

The method of preserving RBCs as recited in claim 25, 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.
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conposition has been added at between about 6.4 and
about 7.4.42. The nethod of preserving RBCs as recited
wonomlss4ss 25, wherein the conposition i s operaBCe/US2005/005004
mai ntain the pH of the red blood cell (RBC) suspension
to which the conposition has been added at between 7.0
42.  arichelraethod piznresaboing RBCs as4scitedtie cluirh R6 dwhérejar the esmpagtion is

Rl I ' | gim 25, erein._the conposition
 orapBR ARG P R Rl i Ge R R D Sustsraaa  ehich the
( RB@positispamshaen atldedviibetivdcnd. IR thhPR R Jbeen

added at a value greater than about 7.1 and |ess than

7.2. 44. The method of preserving RBCs as recited in

(o BT ' 0 Siti.on _conprises. enine i.n .
43. ¢ TleMdhhd LRIk RACATRORE 10 BB PR WRS S Pordposition is

f openabledomapfiainchapHuwif thelied tMdodwsERBIOY siikRRi6n to which the

nmenbr ane- pr ot.ect a éﬁ ugar . in an anmount of about 15 to

A SEmPOBHOM RS Resn At ARl e THALAbOMAT Ancfigss fhan 72.

about 20 to about 130 mM and di sodi um phosphate in an
anount of from about 4 to about 20 mM 45. The met hod
44.  ofThp mestlead ofmyesrBing BB Gses ir¢cdtdd imcleina D8y widereintire edmpdsitton

C itiqn.conprises _adeni ne.,i unt, of about
P e e P B8 o ot DB RO 8 et of from
1@Bourlo tol ab&it a6 niMabhRet IRIHEBIE ndMthRCh@ctahl §@ar iflan amount
an_anmount of about 40 to about 60 nmM sodi um

bPEabayhhateabayt §f mivfosndiung picarbonnttio ar appuntdiem ebeut 40 to about

[ J 1t t.e ] a nt of from about
7o A Sl RTh PRGSRIE I oh BBl TP By g Thd e
recited in claim45, wherein the conposition conprises
nineg i.n _an anpun f about 2 nM dextrose in an

45, g eimethod of preservarg S @n FSited ) ¢l3igpfid wherein the composition
AP 3RS aBEBAEH AU mAHIBE abdit & %ﬁ”@éﬁ{gfost be%p%ung ﬁ(fj B about

sodi um bi carbonate 1 n an amount of abou
dbe tddhemt pebePhammetabodinatdermentbrafe-mbeutantidigaMn arnount of

furth LRt i tion h pH of. about 8.5.
0D R0 bV SRRt S BBl e e abons
450 miMI el disddien Eﬁbgprmten@bh BmBhnt JTe: @ ARAS 7tth QBoltQ sgﬂm

col |l ected whole blood is about 1:4.5. 48. The netho
of preserving RBCs as recited in claim45, wherein the

% h [ oyt. 1 and the ..

6. | TR of PR CRRRERREL ek i 12 e hstfposgon
Acareprives addninenipram\aniigint efabouo® ehM eddx 0 5Bm) anim@ BLabout 80
rr‘?]b/?t enance gig)q SUppr essi ntg RBC apopt osis during a
s ’é’élg’%%"i‘ le MRELORNCHB BICEIaRp TS MG syt alahoneS5 mM,

5 @) .
o R ok ah ALRUE bAoA o SREARHFPhdPhate inan
amount of about 12 mM, and further wherein the composition has a pH of about 8.5.

47.  The method of preserving RBCs as recited in claim 45, wherein the volume ratio of

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

48. The method of preserving RBCs as recited in claim 45, wherein the volume of the
composition is about 110 mL and the volume of the collected whole blood is about
500mL.
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49.

50.

51.

52.

1 has been added. 50. A nethod of inproving RBC
menbr ane nai nt enance and suppressi ng RBC apoptosi s

woroierngssss st or age period as recited in clai m48CT/US2005/005004

wher ei n an i_ndi cator of nmenbrane nmai ntenance is a
measure of mcrovesicle concentration on the RBC at
tA enetitd dFfimprosting md dlguel deli {R B thentteaes maintmance and suppressing

m crovesicle concentratiqn is reduced by .about .50t
RBGeperintis durng asioEes paried (B A SR T e WEHBCs
(43%% ihd él&'a%é géfri@d‘ﬂl SURDERDS 15 K HRBGHE 85mpYsiisn SYebig] @ claim
stordge perfod, the method conprising: storing the
RBEs badem addpdt he st orage period in a suspension to

whi ch the conposition as recited in claim1 has been
added. 52. A nethod of increasing viability of red

b‘é A KEdf ithpk GBS R BEURSABHAE indifei@nst andigeppsingR BN dpoptosis
after infusion into a patient in need of suc

a t=. . 1 Pa I h a
I Tirmglacamramwpleru@oas&;a@tedgn glapa 48, WherpBAn iRiCEer ghmembrane
cl ear ance .of . : ' O
BRGNS o g BFme s e utsle BHceRBiqr IEPERIOR e end ofa
' ﬁo@géﬂi@rﬂfm shdWwht@indhi eficiolreside npushtratoon iasedused bgdbout 50 to
c7I5a| m thas been added.

percent.

A method of decreasing red blood cell (RBC) fragility and suppressing RBC
hemolysis during a storage period, the method comprising: storing the RBCs during

the storage period in a suspension to which the composition as recited in claim 1 has

been added.

A method of increasing viability of red blood cells (RBCs) subsequent to a storage
period and after infusion into a patient in need of such an infusion, and decreasing a
rate of post-infusion clearance of the RBCs by the patient, the method comprising:
storing the RBCs during the storage period in a suspension to which the composition

as recited in claim 1 has been added.
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