NI TRI C OXI DE- BLOCKED CROSS- LI NKED TETRAMERI C
HEMOGLOBI N | NTRODUCTI ON [ 0001] This invention rel ates
wo ooosiosro8€ oXi de- bl ocked cross |inked tetranmerPCI/US2007/080337
henogl obi ns, nore specificall
c AN BRI PP R OGN RPSS LINKERCEE TRAMERLS HEMOGLOBIN
henogl obi n, which has low reactivity with nitric oxide
(NO) and which is croBsTRODKEWION stabilize the
[0001] Th1s ntwegtn%rrelgtgsr to Vc])chi% b‘rilcQ % 6(}% 5119{%§ tel}@&aﬁacqﬁ:mgélobms more spec1ﬁcally toa
aration and use as une expansi on agen
carboxanndamt ﬂge%%ménkeééeqamwh%qeéb@pyw@%ﬁﬁ @Ware@ﬁallt}swh mtﬂe oxide (NO), and

which is crcgé G @22 BAKCREAMEY (61 THtagdph Bﬂy mtﬂoaggf%irepg}lﬁorpzfnd use as blood
the limtations or}iFlthe se o % (ﬂ %ndemrgency
volume expanson;agapts;agd gs PG F et 't a??ﬁs aht ¢FO8S:- match the

blood to mnimze the risk of transfusi on reactions
Type and cr oss- BACKGRQUNRYWE EGEINEENTIONast 10

[0002] od@oﬁﬁﬁle ﬁﬁut?{ﬁ% &h thOHK lo%lgoci M RE erﬁé?gene}r &ﬁﬁ @&&1&@&1’( tt@tlﬂ?e and cross-match
u o an hour Furthernore, the risk F

the blood tetrielawﬁ thshish pf apsTupleR Fragions. M%@%C&’Sﬁeatihl%msfoeqee@t least 10 minutes
and a compléfel tir;fe agd crbisﬁﬁliﬂcha:ﬁﬂtakehﬁ) tb laﬁ Kou@fFuh&pﬂbﬂeI th&ridk of HIV transmission has been
estimated t&l.l{e %OS ®OOn h B %)8 d € rlls n?ﬁe&gtgfs% taa%rrmsm nth?és Qeeg reé‘l{t“ateﬁ tobe 1 in
3,000 units.clite safetmpf blecsiu;e@ly qmd@ée@é Ilqurleeglrec@uml fspues 1n dgtdenang demntries, where the risk

of infectiou§ Hl%s&ﬁnhﬁgsg&ltals Qe asdth§§ﬁ3)@ o&tﬁﬁaﬁsﬁbﬁ isQﬁatﬂ%ly‘h@éhkr 85 td 43€; of the blood
ri sk of outdated su

V4
s discarded e SpRGPBF GO TS By RIS AL PO A UD BT Qg o prosing fctors
to find bloob @@hatits@s afartiffeal ub@&enmesxtﬁﬁls thaf agcitl idBerse dansmsm #idipowyjde rapid response
Nere, ﬂﬁg‘g{e55|ng factors to find bl ood substitutes
to improve E or art cial bl ood conpositions that avoid disease
[0003] Tywe gpreaty of. gﬁ@ﬁla%@dﬁpwlc%cql aeﬁ;n@s g gﬁl@]ﬁg @xpfu(}flqnﬁﬁﬁi gpgen therapeutics.
Volume expal@h e@sits Qfc iSddf, ¥béB/ mc{r&@igéa]blo-ghl@olaxﬁa Qad tuddlloaltid Hehr€ toqump fluid

efficiently. giﬁ(é{ge&@%e lllttrglﬁ %1:1%16% Incbzoc\<} SO u)%gn gnes%o\ll:tgaer {‘cr}g Ogcxge?inheraé)eutlcs can be divided
in two categonies Hasedrop trahsporit meshemish: rrgrﬂubioenbbmbeisedn\ehldaﬁmetlph big sigble digsolution of
oxygen, an&lﬂe El%ﬁﬁlﬁ)rott&n PP th cH' {IQISE(II’IS oky Cﬁgﬁ] By YociiPaied €4pture and release In hemoglobin-

erapeutics mm c human S OX entransg
based produgfs; g lgelfeﬁlyblérﬁff@we?%ﬁ% blapt!t50° (A Lty 79RO Yol for  mumber of

reasons, inchAi@FREabBiSy, BA6@dn 6 redhal ﬁb&ﬁ:pﬁ; lahd W GIRBRI0KYBen transport and delivery
characterlstps wtxe us%ragﬁcaa‘JibonreQ%ﬁ) 9& 1Is whi ch function by sinple

dr $361 G810 n,“and henogl obi n protei n based,
[0004] Hamgkphmtbmrh swelt @ereneyg@ﬁiambeera@pw fosreertivasiapt degrscsigasoactive effects

both in anithd® h&AREah BruMESREhR QRASEH DR LERES200p W01 NEOGLRBI A al., Transfusion

Hb) sep arated fromred I RB
2001; 1: 25584 PTG A HBEP o %Dthslg s T B P e 199 7o 100021
Kasper et al.,nhacA Amﬂg B06;r88NeA -1 Exdpei dt yl,, 4aesth AnadiP IS e280:8) gleewy et al »J Thorac
Cardiovasc f‘Sr %’% 4 %@ q&q e*rﬁﬁ/@a[sé’acﬁ@%f rﬁa@t € Eﬂlé&) 't}%%ff\é\ag& t&%@ﬁ%éﬂcg% binding

% Henogl obi n based oxg
lntface“maﬂﬁ@l(léﬁéﬂﬂ eﬂsAma%dnl@é 9%%&%117001@5%@?%1 i dudied %r’ By g0s-273;
Schechter ¢0f1. mgax:Mbdmoefzheqms bpeﬁmothalaaﬁleaal(ealmetmmn Strd die@3996; 24: 137-

47), or sens&zatlon o?peripger% o- dd.rlener ic eljzg (())rn él&ﬁlle\{ alzg%o g@p é%g }939 4ﬁ24 125-33).

Alternatively, the Newe@wgqomtrl@ce e@f@@leouli Be %Mlllcreispfaln thegtte gf oxygen release
secondary to 'ﬁla%m%ﬁat@ngf th9Drodb&s, lxpplgg}%g-eonb/@ﬁﬂ% 1@ RBCs, re AR ifvasoconstriction

(Winslow ewgé 9"’% g ?“gé &§‘§’19523’L%Q7}3y1 A Sg?ﬂhy ctyal TEBP@A@% ?%@n?c si]‘§’u17 Intaglietta et al.,
Cardiovasc X0 PQo6 14 6354342'al)de§-1ﬁff& aaBoalbtion R903; 4Fay0bes)due to t he
[0005] Th? R&ﬁ% of stP t:fk%%% squQ & lﬁdx]\cQ bf%&‘%&é@&e aaare%_@e ﬁisggéﬁgmg? It has been
demonstrategd that semeeeeqe Tinkpd | FEp saz’egens cgsd %easz 7gan S@ﬁé‘@ﬁfts%afe gstryjich as 25-30% ina
dose-dependent haélﬁlelzgﬁﬁm 1368 ot 483inbiratior BEihdi @eicttbct c@ll€RS @S [0k hs&‘ﬂ H.

et al , Cit Care Med 1996, 24 137- 47), or

sensi tization of peripheral -adrenergic receptors

(Gulati et al , J Lab din Med 1994, 124 125-33)

Al ternatively, the increased vasoconstrictive effects

could be due to increases in the rate of oxygen

release secondary to the adn1n|strat|on of these

. . NN N



dose- dependent manner within 15 nmm of adm nistration
and that the effect could last as long as 5 h[0006]
wW/amendess ri cti on may be due to NO scavengl ng BYT/UBE07/080337
[0006]  Vappspasiicten waesieg twéﬁewatng by Pr&eraeslebid tgqfapeuw({‘iﬁtﬁuyama etal,
Artif Cells Bi8)d sabsBt Bosbb3BRSdchio! h9vahiil7; Bimtteahnl LabA94 42:2:1993;102:301-308, hereby
comorae 5 b5 sy S B SRR Epmasonor e
hemoglobin\¥a $bespindipids edd epdotoon Immmghaﬂeggn@mggel@sﬂjyhpiﬂﬁeand endotoxin contamination

during Hb pﬁﬁf‘éaﬂgﬂ 19%1 daQsQ hglfno‘iylﬂﬁmla %H‘&%‘ (Qﬁbcﬂ)ngm em OEIQHQA@II' Wg}d@elﬁ Dyl if Organs 1990;
ndot oxi n. Alt the remai nin hos hol i s and

15: 26325 B0 (O PHTCBH T MBET OO G PG 628 oty ssosctive effctof
some ofthe&ﬁiﬂ&ﬁcth&ﬂﬂﬁlydﬂalﬂm@‘e sdifiexst s6: (HM%Gdﬁﬂﬂﬂ d et al. _BI omat er
[0007] N 5 t§ Ssm ocfﬁ m[usclci ﬁ;}:fa%(antt %tgi%%cg’lﬁ S avrlﬁ drc]:g‘{a_%on g%uér%zyﬁaég d&fgﬁla%ralng’ the production of
cGMP or byf ditsttartiasign q‘cmlplngl deprudent petpssivngbeyaels i The insfepssdn the fres prgan result in an
increase in l‘f‘l@ th)%ﬁl PTRARGdaSe 15@43'1‘@")' bin@hg &hn resullt- if tﬁ‘an&&‘lt and3f 5epea5 @osmg, sustained
1445 [ 0007 % IS a snnoh cle rel ax
hemodymanf ER LI SPPILE ROIYSE s Breereidt ek i‘vwiﬁtla%fégﬁﬂaryfh fances. In some
circumstando$ el lackt bfottriobxidd@VE lead thylocl presiire &ictehseasridofiprolbnged, hypertension. It has

been demong alégc#tﬁz{e]’wl_‘gwr?ﬂ% ﬂ&(}%a%t?&l sH Rﬂm} %llbsand &Q}ebé tﬁ%gp%ﬁg‘dato aﬂd from the

. . can resu I'ncrease I n
tissues in a fypnrdi aglozom ¢ thieameresiofioryeemby Moesravat (i e&ﬁn Nf”ééedl996 i8fF221-226).

[0008] Nlﬁl’ﬁ 3Rt Akl \ﬂth)réoﬁplﬂﬁﬁ %ﬁﬁncf&@&b%enﬁb@ﬁe@lhﬁ&d oNBEREYiBRMEfusion of any
tissue. NltnF 8%{%:91%?)1{}12%% ﬁll V%a?eg Bﬁ %g?%ﬁ)‘ihleﬁlg 3 l'{ge?] %rgagglev&iséllowhere 1?can be bound by
hemoglobinOi red et a¢lis 68 hdnhagisbug dkrecriving ltlgh leveboif dheyzpm pitlieadietipnot released and the

arterial walﬁ‘l-ugglg c&{ﬁ§§§}ﬁ5ﬁnét e &P &%m@t%rﬂaflerpth%l @,&gﬁglg perfusmn rate and cause a change
ertensi on has been denonstrated that

incardiac ogipyfg ey epreng BaerEFngeAsthia P L bm s2sh H‘“ife&’/“dﬁ ¥hich canises
vasodilatatibil. & Héﬂﬁfctoﬁﬂe téntrand aftéranpdrfidont otk Svdr fhealistcetat NO diffuses after release

from the en?(gﬁaehgx%%% c 0x1d|t§l2ealstorng‘?%gg>rntleé18te c§§¥ % %@f%t@%ﬁp&kﬁy RS cxample nitric

oxide produgsd eyshedndethelintinhibitsaissqiit PteaseptippHpmeduentyntnnitie mldealﬁ bound by cell-free

hemoglobmrkﬁgtléﬂeﬁatgg{egatigf) nlav Be RAELAEL. Als @fatepa@srafggk@éa@cn tHe re@e@% ﬂoteﬁﬂé&)constnctor
tric oxide is synthesized and ased

compounds é\]ﬁg‘d‘f H)écrniﬂﬁmqe I‘I% eﬁ)}o(ng)r ;l‘}éclse Wélmoun ¥ éct S¥l¥ légésﬁc%lg with the reduced nitric
oxide levelsbﬂhﬁéd bia]yenh;@mbglsaisvengmgnesueﬂg bl sapifice vhssconvifietonalntajdgaergo inhibiting
platelet agglreg%hog ea ggg %&nogu}uhl%\ﬁglléo o arf%)c(l%%%F‘co cgﬁ &/fﬁs wﬂgﬂ ﬂ@urh ﬁlay lead to cell wall

e art muscl e contracts

damage. Begkt witgictode bisdste heranaigbit istides hrerl Blood ¢of s qaerted Gt fyric oxide may bind
to free Hb (R€InfalUiek 0fdsdlidled téixﬁﬂlex&aﬂillﬁ)as aelmhange i n cardi ac out put.

[0009] In %ﬁygfgglg@%ﬁ)fli fgeeroa)l(l g‘%hm%&ﬁg a Lljdslels Ie]l\gllésgagge%% g t%la tlul{%:]ﬁ to vasoconstriction
of the bloodeeseh esultipg dxéttemelp high bloobprespree Thahemsglopingiaity of these products can

diffuse 1nto%eeﬁl@;t€e$ialq\ﬁﬁ1rg ok he stkﬁL%@l%n& hats NQwdh f)i‘nﬁlﬁg §ndarf31§1&rmg NO which is needed
rel ease fromthe endothelium Nitric oxide.is

for mainai o) A& ERT i TH R RO BRI B gt muscle cell
of the vasc@fa\fmj Ehe fiietHbi solubat e lgak ﬂﬁlﬁ@dmbyhdﬁd'gels@nd oilkre thegrtent of vasoconstriction
which occurs s!}bcfequer%t t(go It nlngtgattloégﬁQ{' t?e?%té iengﬁculacf‘g{}g' E %mblngbaée%thmpE&t Jc%ears an
fnverse relagiofishie et BRAISPRY <56 of IYOIEASESD AS TP e BTEST SYEPb IS osuls n less

vasoconstrittd8¥nd l%]p@l@eiﬁo@@aﬁ”' tet MAHRO O PRSIl R(E)t)OI79CH9'QBOIl$9’] OBhe Stalier aSed Hb molecule

may be the g&?ﬂg)?%’? %ﬁvaaﬁ% #hig rﬁeté nég)agaéapons 1cﬁ1iorcq.grg L Blag’rterqsﬁ n (? aivre-Fiorina et al.,
AmJ Physzd&%&@l@th@%b]@H@@aw nigirattyit medel, tiapsdusion of free Hb through the ear vein

has caused éér%@zil fvés@xﬁ%e\fs@ﬁé?ﬁgmtcfe}itﬁ t’[*h@t@foré 1S b&dnpte nli@mize the impact of

bitin atel et ag atlon,nl ri c_oxide also
administratiop Rf fps §eﬁ%’é®?& p FATia LSV e AP O oo Yispiegre SHFEHCh f verapamil

atenocard, dildénafilgatyatd, €@ JmhPbLaldinisgtd todarpatt pride oafieedIbnnfusipc This is intended to
ensure that |81[e agerlaps thrgl tlSt lgm?rﬁ %Lan? H’] dcl:ll nsfngxgloﬁ Ilﬁtr{) %glgp %Igiqgrag%!ni are preferred
(strona free crossli nked tet?anerlc Ho) as wel |.
[0009] In many fornul ations free Hb and stabilized
henogl obi n i nfusi ons appear to be linked to
vasoconstrlctlon of the bIood vessels resultlng in

o o e



has caused cerebral vascul ature ischem a and deat h.
Therefore, it is inportant to mnimze the inpact of
w@eusnsssy ati on of nost free Hb on the arteri abCHYS108T080337

vasoactive agpts.rigova el SR Plorkersyeisosler vy anbihient sy dig ghprggne monophosphate
(cGMP)-sp¥&ficfd§phbdicstr R0 6585 @DEI) |sakana kil denagil Elﬁ&'&ﬁnay&ﬂﬁ be hﬂﬁﬁcﬂ i he prevention

of the seven?ﬁ/asocdnéttngtchldﬂgvgedlte{] g 1gwer in fﬂgi?rﬁra{ o tn((;’t ber gsembﬁb it re ect 90 a trauma patient
ende 0 ensure e ar erl a SyS

when demapd! foir welhiny isehangddridati ng i nfusion. Nitric oxide and

[0010] Oﬁé%&ﬂzﬁﬂ@rr oﬂoglfﬂﬁ§{h@ N@s@%@ﬁ@%xbﬁéﬁl@g%‘&ﬁglo&h QWe&:{E@lQﬁE%ltlcs is blocking
ckers (or a sel ectlve i nhi bi tor of

of NO bmdwéﬁﬁﬁn %S%ﬂﬁcﬁf’f’é‘slﬁﬂf&{teé:te(i éIE&\k?)‘ I&é%?qﬂe 1801ety of the heymolglobln may bind with
NO. Proteddf Spﬂiﬁﬁbr&ﬁl&lﬁyﬂﬁﬁi grolipspethb h«{rﬁﬁ@ﬁﬁ)n, m&letnlR ey psdvbd @rdlinding of NO to the

hemoglobirg: allttﬂ{eqfxi site a1¥d haen 29 ret\)z nt QS asoaalvte I;]e%p l thlﬂetﬂlcg)o VQJSCI£ pa%smg a
severe vasocons I CtIOon OV\BI‘

hypertensivie ggagtiqpa y hppie vy o ¥} 'eip@nw@hm%@gewedttber@ewoamalso prevent
1nterferenc@@£tlﬁ StnalWedlet Q%}Pgaﬁloxi‘ A nMRopKBmightisC Whd RPElagk bE thbGutics is

q 10] One mechani sm of nodi fying the NO scavenging
amlnISte’f‘iﬁiropertles of henogl obi n based therapeutics is

[0011] THelted@kisorge offthdNEsiblrathavgrtgisti@of amoghbmeasd | axggan@slivery therapeutics are:
tox1c1ty-frehj ri:pcﬁ(%?‘ ﬁgﬁc%gn BMaElﬂ @ﬂu&uﬁﬁgeﬁ% ‘?‘Js%&n@ee sﬂgfagtt)%l oQir%eh iaﬁl'ylng and delivery

In m rotection of or
capacity, sugblp mk&}qw W%ﬁ?ﬁe forpermpibefiietivs griasPation s tiseust éorwﬁpelf life, capacity for
storage at chFrﬁiéﬁﬁit:raltuh:eaﬂaérfdQ biNGraDdr ofde} fathohdie td @ emRel diehsa traﬁsnﬁéﬁﬁn elimination of the
Ite an enc vent cu aso

L
military mad@a etci Base chivectgistesendvidsa rapfid, Nde tyﬁmmmg blood leesrmpg) o liypmediate support of

tissue metapﬁ§%ge(fs nﬁl{s (rlhg the gﬁaYmé@'f&quQ[v@lv ent interfer ence W' t h
pl at el et aggre gati on and neut r ophi

(00121 Tgramient i mion 465051 AP BER LB TS TS B Gt methos t pepare
deoxygena{e@ Qiddoxihedeeitona fres otita bidckddherodamkédabttameric hemoglobin which has low

reactivity v¥1 h%l%%toe dez&bggnc{) IL? %E{%%Jc%@#cgugqs?‘ %9)11%)&31 ?F sg%lnj(l}{g 'Y g?rtlcular a

ucti on
carboxann@axerhtv@red crepinb erbipiamerie §t¥@?ﬁéﬂ§’m is BroVidechas p steble B estred tetrameric Hb of the

invention, &Fel1%5 RBthedRTordR Ipkd4BEiddn CARRRES Yad Héthdda b }ﬁqﬁfa’h&kﬂ)ﬁfa@fewo-blocked
crameic {1 oS5 g efigiredir Pl Saimghigh by & PR DR caprpighpen and o
oxygen deltverypkeraply ugents. absence of viral or other pathogens to

prevent disease transm ssion, elimnation of the

requi renent for bl ood typing, and capacity for

depl oynent by fir@W“P@%%gﬁHgT§E§§¥ﬁN§§3Nparanedlcs
[0013] THd" p@tﬁtmt lidveioRrdldtésas ¥ piodiaESusitd. colthi@ing cahihRtia@ing & trioB:Bular weight

dlStI'lbuthI‘P i ?he dangf g‘f a[bg' t 6(3 O?OQ' ga;ltg?srtg glpoup 5°b% Obg deﬁ logsoaqld Ihgvsms %%gst E)Il]e cysteine moiety

e sup nmet a
wherein th¢ Fypteiny mqgtytlh@udt;h athie Brﬁeevngsalnumswiﬂ that [1@ @mnaws prgpgikhas a reduced

ability to blnA YRR dx@dﬂ: agihg @s%@%té@ﬁ r ﬁl Qm@ ERVIEESC A PR%iMabR0Siron containing

characteristics and eoxygenat e
compound G HET UG PRY PTG VBB Mo T ‘%r“&‘gge R & ments, e
proteinaceddis @8 edniaintigbotnpbund isindapabitesfbgidob nftricvidehat ﬁnasysteuw site(s).
[0014] A£0%9 BA gdt%YthmnngmNtx) I’e Jte% tcg(%o%oglm c’omglqgngt Jﬁo&ﬁ!ic%&{!%h gontammg

ures Is sta |ze cross-linkin
compound b%ﬂutgi cTRlesmisg e BHSBTOREE 7N r68=§%‘9 ﬂlailtﬁ‘llé‘éd about 500,000 daltons and

having at 1&&%@8&%&& ﬂbﬁﬂ@@ﬁe@cﬂh the bﬁsteﬂfe@x\ﬁﬁiﬁﬂclﬂ&es a tlﬁ&l@hit@tlﬁ@roup such that the

cked et rane 0 nvent i
pmtemace%f%“%’gné B aig ceﬂ raglgﬁ ! |{’18gr11 m%}f Di6é es%cygtﬁl g W?Sll% ods of
[0015] Ygreghar atvedof tE inytmioh eeldiG b owiknositieretomprisng Tprpfoingdeoystigen containing
compound 'hgk)ﬁ%rht rh(gl&uﬁF Glelght%gsltrﬁﬁﬁ& 1@%16‘9@&% oﬁa%omb BesiSteds & DduCSH0,000 daltons and

vol une expansi on a nts _an en deliver
having at liaﬁéanawteaﬁ Sy e AR W%P%[P%Tﬁjlg S Such that the
proteinacedi €&Rfviind Iy @ iddued abitityad Biad tnmcampie at tb¢ cyaemo sig(d) pBhwherein said compound
nt.aining, senpegynd having a nol ecul ar wei ght

lsamo“ldgcﬁ?fﬁwpld%(gP Hhe range of about 60,000 daltons to

about 500, 000 dal tons and having at |east one cysteine

noi ety wherein the cysteine noiety includes a thio

protecting group such that the protei naceous conpound

has a reduced ablllty to bind nitric OXIde at the

T o s a s Y T L




pr ot ei naceous conpound has a reduced ability to bind
ni tric oxide at the cysteine site(s). [0015] Yet
pwslosrsaspect of the invention relates to a PCT/US2007/080337

[0016] Ane@?fﬁ&ep't 9f 15 IRERFANTEIMAC & PRACEE T A REBHALON of B fURFHicdieppgghin wherein
the hemogwbﬁmaouﬂldﬂ B@\‘blcﬁ!@ gouptiebed @h cydighrougios the hbrddlabih dofptifisy: (a)
removing engig)'%%gl aad otﬁl ?1P0;iogysdc€ha61ﬁ%sq{éoygnlzre;tha(r)anﬁ% Icon%amln r‘eQ ngoci:l (iehs (Ebrﬁysmg the red
blood cells; @s@eian@ lmnoelpym by imetimg stgonpahfraph thp iy@tdered bln@d @tlﬁ (b eptietplly removing
oxygen frorh ﬁh@herﬁ%@)bﬂf 2l §(‘1(ﬂ%‘:‘t§ Q Hén(%muﬁQOrh@r%ag%mr @g&ﬁﬁ&l&b b klid1 Protecting group

nitric oxide at the CYS’SteI n SIt*?l@ﬂ#
foracysten‘mgh@ ﬂn% al Maﬁm&ttlp%a gen(xﬂg ggl vrlil rgﬁétmg(,group attached to a

cysteine. henogl obi n. 16] Anot er aspect ot e nvent on re ates

[0017] Im %]o%e%nﬁ&gl%grﬁ? fgl?eea%ﬁrg&ﬁﬁ @1:;1 %tas % 09 Ih% %algt[ogmﬁﬁéarg?ess further comprises: (a)

optionally rmmr@@ﬁmg figmahaphemeelakin adtich gaSaa teipknrefeiiies giogeipagheditgeysteine; and

crosslmklnghm ?leﬂ wWhHRURMAS asﬂﬁiagpraié& rgﬁﬂp‘&(ﬂtdd@cde@ﬁjeis&ﬁe Rf @B Hemoglobin, yielding a
ap@| ysacchar.i de i paratlon

stable NO-b 08 ?daIthﬁ“Eﬁp?fhaiS%? ’(S‘S?imgél 1S( ‘65’551 %ng the red bl ood

[0018] In a@khesgspdeC)f teipemads, A gndd@dtﬁ@lp@biunng)tﬁtmmwmglmrr igpwvided wherein a

thiol protec&r%%&u&: hseat%%(ﬁ%g g)nar csfgtelgé fﬁqge lﬁ:ﬁ'lloélgbm (bg)a pgﬁt:és Q&ggrls}ﬁg (a) removmg endotoxin

romt obi n;
from a prepffetmﬁlgpwmg AIRAE RN le(ag%ﬁt e % S aeera gobin by
removing stﬂi’nﬁtfﬁﬁ{ dafi0y<@d fHdﬂblofo@ EelB; (Y &tichale débfxyéelﬂﬁm@ emo gélﬂ);{gldbm ehadding to a

hemoglobm(solzl on I%%Itltl wrilgch EIOV%({gg %Jﬁnog lioteV\Qng routpg'or a cystT1 Eﬁff_;,jud Pemoglobm and (f)

separating asmmegletrm wdnchhqstashlglfprqtmnagrememmeﬂ trreatsteigpelche kpmoglghin.

[0019] In llrf(‘)\‘h%patsb&pof tﬁaﬁv&fl&fz Q%thg&l fobr Pl%ﬁu&%rm&dﬁ BiSked feB)meric hemoglobin is
optionally re nD

he h
provided, by L RrogE S, P GDETPHS R TR BT A BTG Caofgﬁ%?égl?%& producting
tetrameric hamdgmmmsﬁd ¢rodslinkipgtshie pfvdn@gl obi n whi ch has a t hi ol
o) al ' t
[0020] YeEgn%[hgﬁC as%&gonI;eI 1%{% ?&nn gr@lgl!ggga r{?etlﬂ)l\%&%? Eg%%gt%lﬁ%irtf%amﬁgc hemoglobin
wherein a thigl Ptqﬁ@tlilﬂ’ﬁf@mlﬁ grichegfig eysicipe gy thskemoplaRiachy {rogregcopprising: (2) adding to

the hemogltﬁ)ﬁ}pstohﬁﬁn @ﬁ:@@ﬁi wién ﬂr&‘\ﬁdds Eﬁﬁﬁtpkd@é&tmg'ﬂgrﬂiﬁifbﬂﬂcyﬁt@iﬁle of the hemoglobin, and (b)
ranerj c cre

sparaing K ORORT APEE DT A VPG AT HERED <L & b BEoft. 1o some
embodimentshige H&angiglblm i furthebyros-lipka@icess conpri sing: (a) renoving

[0021] An%ﬁlgz]%tsﬁ’e)é{ (ﬁt}{e 1%@0n%1§t@%%%e%d %P&bﬁkrﬂéxﬁgg 1881084 At¢he of 2 mammal
ysing said bl o el | (c) separatin

comprising h@m@qew tﬂ ﬂwwfréﬁ*fbwmmélfl?lbwalpf%%ﬁ RAFHAgeg s Fgpming compound
having a mdlécﬁﬁdwﬁgﬂt lo83bo(tthD, 00 tilo bt lalyout S0M0PQ esl@hd 4ig hsdnght least one cysteine moiety

wherein the CéSqDIgC 1’{1013\% inc&lgx),s a%qlo rgtectln% %I.'Olglregr%g l:hgtqh grgtgin'yce&%rlo?%ound has reduced

I ovi eS a r ot ect
ability to bm}yrstrle joride @fftheswtelinh%%g laerbfurther aﬂdpr(SPS)a @@MFW‘FW@ aggeptable carrier. In
some embomﬁlgﬁ}g {h@ pfoﬁlﬂ%ﬁoﬁﬁr&ﬁ%n@mfnﬁ |c&h%dﬁ5@1s @ktd-Rde@r oup attached

[0022] In atgo&g{:zts St eé He:m?efﬁl{}étgg lrrgﬁ\ng g} tFF@ 001 ?%l}f%)e Hom a ?llsorder is provided,
comprising @droisStetingk@thpb@tanamapiitnrenughabiu g cqmragwgiedlpow having a molecular

weight of a&qxp&ﬁﬁ)@ dgl%qp{o aﬁ&ﬂ 900 (Qﬁtdhﬂﬁghrldyha(llﬁgﬁ\{éa%ng (X,))ég:% rﬁoﬁé?)mvhere the cysteine
product of the nethod for prod ucUQF%Itetrarrerl

moiety mchrf’éﬁbalroé m%cﬁwaoue Peddhat fr Pf?@ensaaffoas PPAvdihas yeditrodybily fo bind nitric
oxide at the&?@édfdasﬁte(aﬁ pe §drne&ﬁnbb<ﬂ1ﬁxeﬂ1tﬂme ﬁioteﬂﬁcero&si 1aineﬁnthlﬁmg corppdundlis cross-linked.
[0023] In Wé?rggp%ct o(f f}ﬁ%wennon {%kdels prov1de o1 pser iutlgi%ﬁog%gg&ﬂ%nsmg administering an
effective anpysttod hg etablp Npﬁ@oquhﬁggaprgfmc ,hem@g}obgps pf the gggnt)@@,nfﬁnq@pm @xrther be performed
in-vivo or ek-Bibo.@ddi ng to the henogl obin solution a reagent which
provi des a thiol protectin for st ei ne of

10024] I e HRBEFEBICTE ProtERoE 5 MR PRI G R R MRt 1Y i i capacicy
relative to na@®, @lltfleé bémqgtodine Clnistige grnigidpnaatst thepredinb@od iopSbBiinieg ofmpound
i A n g,gﬂ;? AROgL DEALSCh RE ,namlng b Is Snateriall
Hmmmwsoéﬁg“%g??%?%gg HSL e 021] Amothef as%ect of % s aterially

i nvention relates to a methdld of suppl enenti ng the

bl ood vol ume of a manmal conprising adm nistering to

the manmal a conposition conprising a protei naceous

iron contalnlng conpound having a nDIecuIar MEIght of

I NN NN N I a I /NN NN N I D T




wei ght of about 60, 000 daltons to about 500, 000
dal tons and having at | east one cysteine noiety where
soyws8ei ne noi ety includes a thiol protecti /USIHOP080337
reduced 1 SENOL A PR PRGBSO O GFRS PG RGBT B rodibom » meapibe
of binding it bxitey Th Sont paeferfidteribadimuity eheatosilinkedaytsieria Bensigtobinggansports oxygen

with a p50 ofra]ibou(t)g& & ?lb (%(():l LTR ZFSrm-rg %}ﬁ{éf rI?) %%&%ﬁ%ﬁ&ﬁ&té {}Ilg Pro?egﬂge%hﬁlr(?&ontammg

rpoun Cross ano aspect
compound ftfahamrtﬁvwm with 2 e5Orpé elivptR Grun He tnAbged>merof Per f usi ng an

[0025] In %n%b@@ﬁpﬁtk St tAinAG b | Ith%tpﬁftélﬁhgecﬁﬁl 1r&f éoﬁﬁtnhdé@;oﬁﬁ&hiﬂ is aQﬁml—protected
0 lobi he stabl e NOtb ockedtetramerlg bldns of g‘t]%“r

emoslobin SR\ GO e PRSI P 0 SO O R Pyt 1o teramerc
hemoglobine Xa sume@:mbpcﬁﬁ%ﬁg tHepraonee@yirodaneitg, cotnhbaing hatbeemacseliiksd with bis
3,5 dlbronto sﬁﬁgﬁﬁ%&e nﬁl Q&n&%gl{ﬁ@ms tﬂ&ﬁe%?ﬁﬁm (ﬂésylggpmgcﬁf édci:t@'Qéa@gon with

rel'ative to native free ermgoms I'n
pyridoxal- SSBh?éplt@t?b&uﬁormﬁtnéodltlﬁés Bre dereesiehinis remprtin- deimgicPpgjments, the

hemoglobinG FRAHAMEmb AIEHHE RS &% QXY G Mede ItHe\hethgltﬂhh is bbw¥ine (L& bSﬁﬂ@(genus bos) or
bison (genuﬁ,gb %r& ogE)P{gfﬁg h%'llgoglo Oﬁé Lolg%l%?e efrre%telrn &F rrp?:ngs g‘le %Drgog?o%m is non-pyrogemc
endotoxin fem caygembnt sndstremg freps snzpme frteettrrdavnéxigw ndneigph obmqgatws 1mmun0gemc
reactions. | ncapabl e of binding nitric oxice. In some preferred

nbodi nents, the crosslinked tetranerlc henogl obi n
100261 I tquaE R giEFEmR B RFYERD 1 TS Fom BEREI BB g Bl et have  thiol
protecting Mﬁ&ﬁwd‘l@ a cysfeifeQifthe RBROLOHIRE Mh Sorhehﬁn’t{bﬂm{eeﬂs A@eewds isirérddved by

t ai ni.ng conpound transports oxygen with a p50 of
contactor me]B’Q ate tﬁ%mgl Hy to about 45nm of Hg. [0025] In sone
[0027]  In exrithselsireat pEthoivenkien, ithepeqiginasepus irprecogiaping caapend 81 the ention is a thiol

blocked sﬁ&%@'h&h@o&m%@e lsac-i”elﬁl stbiel @ E{}Er@%&?fs\ﬁtrﬁds m&bnﬂbcﬁed stroma free
root el naceous I.ron

In nmbodi ont
hemoglobi, B G e R BE SN CL S EPRAE. 6 RANOGE GBI o fhad o vied
another heng@vbinenippakitive of the intvérgiop Mo teeerrabedinents tho sralde wteanmum;ls further optionally
deoxygenatgcp QBQSUIPQ?J] d J‘Z@iﬁgd t% Qﬁ&le Ie{yégqe g!erﬁpang |b§pr§du’cé og{hp Fe‘gmn for example,

unarate. In some enb nments, hean obi n
dibromo salgahe e rin sibagimisyfs e SeblP B9 Bk tﬁmeaﬁ Reposipbih s packaged.
[0028] In ctiRPESENARELs of the &QB&Bloﬁ MWSS ncfnl'i)@rolg&{ﬁ) gllldbhjxﬁl fte$, and stroma free.

lian. .In so ﬁ,
In some emgm%t%% ?r%egl?voeg’tlmﬁl 18 ]i)rﬂ ema ngus Cnglg?jlnnésn%f Il']OW ‘{1 OSI E‘n sorne embodlments the
proteinaceouscoppeimief (he iyentipovy qxege(nq@n us bos) or bison (genus

[0029] In Q&ﬁ@éﬁb‘)dﬁ{en@ Qﬁect% {llqgl althiol Fot8 QB gﬂ%ﬁ}?fs Q€16@A from the group
odi nent s, ohin is. no

consising o g dRbPRoY f@eﬂdeo%w%%ktlf%%ldsﬁwg{f?%tg?ft3& (sgryymghyDacetamide,
trlphenylméct]liﬁehloraiéﬁcmlcfhlolndd;lad:dﬂd enghythade, lﬂlﬂoal‘i\ﬁ&zglaﬂd weloacataeriggeh cidoride, benzoyl
chloride, dt te utﬁl(%%qczlrbf)léa?rﬁé%drk%ﬁ IB{OFL r 5 § g%gévl @iﬁ&“ﬁ ) p- metho;iybenzyl
chloride, 2Hadrletr<a>hﬁlhf|1 Borige. é@t@btdf@tgragr%sapmépty&m@aﬂt@e atw?f%et 'é‘? fraboethoxyethene,
2,2,2-trichl&tbethdx§caRPGhRRAE) terﬁ%t&%oﬁﬂbﬁl@hdf@ Ak idobRnOX MGLHIkdxFalkyl isocyanate.

In some preéeﬁxg:g ﬁlg? (P % C ont g?lgz{?:rtarm e 15 10 oace‘t nPIll soxgtg mlLo(c)hmenls tIhQ thiol protecting

€l nventl on, fFeihaceo
group is seleqt@nfraqothe gionp ms@mgpﬁﬁmmdﬂmqtm apqn)demtloroﬁh}ﬂ@ll@xwﬂﬁytal triphenylmethyl,
derivatives Qt &%gﬁnéﬁfl Q%oia‘r@&nﬁﬁﬁp Qée%h’ b@nzgrh @‘;nzé.@ﬁerggutg@fcﬁb%yl p-

tored for extended periods. This thi'ol blocked, str g%gﬁopyranyl

hydroxyphefna% ERISYYRSBAYh Prigghoneb e b B PRIER g T e R e

acetamidon@fHy rlﬁn@ﬂﬁ‘dﬁﬁ@thtygbls shbggtiorng:tian d2, 2, eHricheroethaxydthiborgyl, tt@z-butoxycarbonyl, N-
ield nat b : '

aotcarfyE LA N ST GRTRIS 0y B

Carboxanll@pﬁhmlrﬁflﬂtpy deoxygenat ed, cross-linked, and purified to

[0030] Soﬁr@%\é@dlﬁ&ﬁﬁﬁﬁhé 15@9%&0%@0%&&%@M&i@r1§lﬁg ihB ﬁrofeﬁﬁé‘dohﬂfbn containing

compound @ﬁ]ﬁd’g n‘geflgca{lﬁ gccglft%[’g? (émﬁb SS’E&%@’ glél%epp Il%owdg a container containing a
compositioh exmagisiop the picteipaskagetpoufddh A8 inventicnt ¢peipnadlyrbarlirivimg  ghagaceutically
mmqmmm$£%%Jnvent'°n t he compound i s non-pyrogenic,
endotoxin free, and stroma free. In sonme enbodi nents

of the invention is protelna%eous conpound is of | ow

viscosity. In some enbodi nents the protei naceous

conpound of the invention is oxygen free. [0029] In

sone enbodlnents the reagent that prOV|des a th|o

.
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2,2,2-trichl oroet hoxycarbonyl chloride,
tert-butoxycarbonyl chloride, alkyl isocyanate, and
wa@bdenymBkyl i socyanate. In some preferred enbpdi/mswns080337
[0031] Inpqmee pdjmeats. Ahe repanmpad sqf@&ofgéré%cgﬁ]a a%ma |aHer§16 Hséated conditions, hypoxia or
ischemia. IrEd'(BJﬁﬂ @inﬁﬁﬂ'hémts thB ghatrltiaDiheedy x@hﬁ(éttiaﬁlﬂus@fn@iﬂ [ Hldd Sesexfe €6 transport of

oxygen. In somé €5 gdren m%lo . eﬁri(;ao nsahafsﬁ% tg { a%{g9 hap ¥ rdrerf%éll an afutcy \{ohunlle loss.

[0032] In glawmel epdppdlivnents off thamethals yﬁ@t hlytntlogadlm@wgmqyomgch)bly implant, injection or
trar,lsfusmacet yl, benzyl, benzoyl, ter/-butoxycarbonyl,
phenacyl, /?-acetoxybenzyl, /7?-net hoxybenz

[0033] In gthz yegbi ot by Petod sl BB e Y aminah ARy BB P aAysorder including

anemia, ane&ﬁzeﬂeaﬂiﬂ d&m&tohy hypokan#dIstHdoiwe tTihy knemia and anemia related condltlons may be caused

Di s 0 t :
by renal falfab oxy C o Plghﬂl%gtﬁ%rlaw %ﬂ%ﬁ%ﬁh{{g@hﬂm‘ggtﬂg (EI? ‘}/ %g;i(cgg fieﬁrmency or
menorrhagig gp mw@odlmﬂntsefrfhe @mzmm s mediod frsdestdpinisrriog @dthrqﬂgletm therapy

[0034] In %ngél-kglbb&rr@ntg @f.]'; tRORaRd SRt hti Gl @ &sor[ﬂ&@)&@i tr&¥JAs ischemia, which is
nbodi ments .of the invention proyide conposit.ion
caused by WG SFTIE] Y P R DR O CORT RN B peton s
angina, uns@abie a:aglrphanamngmgmair hr;faracmea}dteabhl&)dumntsloémﬁ mlethod dhrpalisorder is carbon
monoxide polRG Ments provide a container containing a
conposi tion conpris t he protei naceous conmpound of
[0035] Inpiher epﬁg@ﬁ)@lpt@?f theormtp%ir?g Itt}eynV@Etrpﬁr the fhﬁ(gd% that the mammal is treated for is

recovery af{éhﬂt@%ﬁﬁ Qﬂﬁdnﬁé&]tﬂey erdl@epnakF fe gathbd 6f thf BOBdidn, kR dsoiter i€ fabetic wound

e romac ut aneni
healing. In ¥eé otger eeal%)gcgrﬁlanti o onesmethodl'ltﬁ (51%01‘ OCF 1S. sw lFanelima an% ’the alannms%ratlon may

further be n@tbprifir teeswtesTy. thhethmnhadlmnémfshewmtwf the amsﬁitmi tbmdlwffdea is acute

coronary symlrgﬁg IR H@&tehﬁayfi1§1e1§t95f the BARRAYT the Qfve XY O8O ik ddeS W Brdiogenic shock.
nbodi nents, the nmral is in trauma and has suffered

100361 In PP UTG o FEEE T USRI N GBI B AT P oHgoumd i
administerelBd Av@giSmalfin fidae of 2t tiadeTysic@U shin értaidingMisiof thfrventloy, the mammal is
suffering ﬁ(l)rgg'!aua angIﬁ %orrlljle © X ﬁ glel?rgge f&ﬁ%ﬂép&is L g G}s%r\g/%ﬁ%a}t tOhlﬁ %a%?i’é suffering from is lack
of oxygen dq’amwaqasacav & cayrpd by ¢niigoripenit srewios pivgied! siresel udi ng

[0037] In @ﬁ%@odﬁl@ﬁm}ﬁhJ Readesd tH%QMhtﬁdn%@ roféﬁﬁ&%hsﬁrcﬁﬁc@ntammg compound is
em a m a_and ?n e m T

admlmsteres & c@gﬁglétéonbvthrrécﬁg}on 1§ra|pxr %yet 8 bé)élmegtis %%gula }nvgxtlon rtElHCymCthOd further
comprises adhgrispdring reespigl, manenghl art mwgeltdagmﬂw phanepatticeliagent.G | bl ood
[0038] In s%sgesegn o&%ntg gif th&t@tﬂ&&/ of tl%rmmr gdﬁﬂﬁbt@mlgr}hesﬁ%naceous iron containing

I ments of e invention, the nethod includes
compound tgg#Hl magxtné}-geﬁ@tsezpvglmawf g)(traﬁas?ql‘aé IS%?}S?I”[WSWH‘IICI rﬁamgzawgg oxygenation of
the tissue weFR@divimndstiedd. the net hod of the invention, the

di sorder being t rﬁﬁ, i s caused by
burns, stroke, em&a%%mﬁie ransi e &{] i schem ¢
[0039] Alhmlfoa@klsns an@'m?‘alt alipdibations remiipryd amidis apdsiicfipnjatsrieresdpgogoorated by reference
to the same @GN Bs if 'émtnﬁﬁm&aﬁnﬂﬁ@no@wght%pl&%n%s s&leﬁbzﬁfyaﬁ&fndﬂvﬂually indicated
ot her enbodi nents of the nethod, the disorder is
to be incorporafqd by FHBAYKI de poi soni ng | 0035] I n ot her enbodi nents
of the nethod of the invention, the disorder that the
mammal i s treBREF PESCREPFIONOVE A EaPRAWINGSgery | n
[0040] Th% %@el {%Lt'[lx%E oietﬂg)ggénﬂgx{qng s Forth RGh fﬁ?&lmgﬂ?l‘n tﬁ%péxﬂ&ﬁﬁ&dn@ NA better

di sorder di abeti c wound heal i ngD t he
undersandigh REMES S rHEETE! M6 Ok HrbeicDa r LI 1cara ot folloving
detailed de@ARTGN3hat @fdortthiBuddiertnbbdifbitg in Whiyh thel piitvles loethertdention are utilized, and
the accom ? mordrgqu §%¥9§r1¥ I n ot her enbodi nents of the nmethod of
PEHES Vet he disorder is acute coronary syndrome
[0041] Figyre étlheﬂove@b@ shoengtthe s phibe metheds@s difclespharsi%ent i on,
[0042] F;ﬁlﬂ% ZQEﬁag fle ﬁmé SoueRlodh BEE Q)E;k‘rl&&@ Showhik038dtank 1o fSOBE lysis.

di nents o i nventio

[0043] F‘E)‘FGPé‘FH%%IE'é‘B e ﬁ‘?‘gﬂd%‘t?ﬁ{] ‘&CWF?}‘(? &f&%ﬁ&&aﬁ%}mﬂ%ﬁg&ﬁ‘) St ed
to a mamal in need of a blood transfusion In sone
enbodi nents of the invention, the mammal is suffering
fromtrauma In sone enbodlné%ts of the nethod, the
di sorder that the mammal is suffering fromis |ack of
oxygen delivery capacity is caused by environnental
stress or phyS|caI stress [0037] In other enbodlnents

o a1 o a1 -y e .



the tissue within the viewng field | NCORPORATI ON BY

REFERENCE [ 0039] All publications and patent

wappBiosmsd ons nentioned in this specification BCBEUS2007/080337
[0044] Figpae ééﬁenlﬁweﬁwaf YEFTBRhOFEF SRS PhnAtiHehERslobBX PEAYISEES and size

standardmthfer@@@homﬂdbmdual publication or patent appl i cation

ecifi | o n VI dual | i cated t b .
ooss) wigiE 4B RGa 6 br B el sk e B B ERp by cvsPa, and sie
standardsfolbmwll\mtrpﬂeﬂo@]amThe novel features of the i nvention

[0046] Flf\fr@S%&hct; AL th@’SIE(hCXEﬁEIBﬁ &Hér@t[dntoy pﬂo@ucttsrb? tH Q%ﬁﬂﬁ’cﬂ) reaction.
A better understandi ng features an

[0047) Fleae aﬁltoa@ 8¥e5t AR s &ﬁ?o‘ilwé}?h '%‘?Pdv\ﬁ"l"f“a (e Bbcgshidged hemoglobin,
and fresh hlbyanbedo@r ence to the fol |l owi ng detail ed description
[0048] Fl%ulﬂlléast 7A-Btds 1ct%¥et CQWIIJJOH%t r %%tgr\rrqnec a\‘rrgsgglge re?lﬁzinézg, an(!lrrrll mﬁgP al %nt%?sure
reSPecﬂvel)aem&ﬁWng drawi ngs of which [0041] Fi gure lis a

flow chart showi ng the steps of the nethods as

di scl oseg helrmﬁimLtﬁQﬁéﬁcﬁmtxmr?% m@iﬁsﬂ{mti me
course o a SIS ex n SNOW N eS|sanceo
fooas) Tog S 3Bl e i BBl BT e ar R AP g 0 el that has been

treated to rddiceek@ste apind rekngvesepramadllyon sorgdetedy it trgg@sin as measured by a very
sensitive asy%ytt&hﬁ%&(%ﬂéﬁ] as E%Woﬁleé’fo‘ag%pﬂl)r%tcﬁrogl\l)?Inlxcaa¥§y oﬁ"hese methods are capable of

ectr p oretic separations ve | obi n
detecting legpXmpiH ELapry md i s, srdeieetBirfepeibAmesied i G govedsssd B oD hiqivalent ofthe
amount of dn@Q4:E1 predediih & kB el @I@édﬁbﬁ:(\?@M@ ri ays Of t he
[0050] Th l}&:eCt" L3 %q%etlg'Foi ztse fqrnm tlcap %Valer%% ri;]s us? efeng means a’hemoglobm that may be

administered k@@ma@pﬂen@)glrt amsing [I08 46€]rprliqhgtwre c@nplayprintacyvatiqe pltqirCactivation,
mﬂammatogy Igg,ogggg} YRLOR s&RAr ati on of products of the cross

King reaction. [0047] Figure 6 shows oxygen
[0051] Thaan?&Y§ere§e%wn%%\/1 e o sl Gt fohe epedt means
hemoglobirHbat hEeraStStréatcﬂ Inﬁtémh@mgaltanhalry,or aoobldtele slhodygeratwulnd ©oigh. heme pocket.
Oxygen-fre[a Qentlo%lobm SZAUB ‘?Qb etglp fa t%@ﬂlgee@gneg Pelﬂge"' or "T" configuration.
mc vascu SI st a and an arteria
[0052] Thy Itc:glgs" gifoma ﬁieg"scpetggqavlmaycal eqqzvale'nj.p # used I@fayn mepng|a hemoglobm that has been

treated or p%gs&dhggngm%tf Thlg\!)r%mﬂiﬂay EHMEN:E\'I @&e{uﬁ Q48 thdihie ﬂr@ﬁfi‘uon no longer

‘endotoxin fre r amat i cal
cxtibis the SR © ROSHCE LT BB TS O R Ha8, TG EP Bk ofroma are the
cell membrime str@tiud @ravipead regoling strgnatatso melﬂrmvevcsmstna atspadt¢dywigr the cell
membrane. m%gh%&ldbmqm%rg %ﬁtﬁtaﬂtﬁll%%‘xﬁpﬁ%@elﬂck@ the&ENc and/or pyrogenic

sitive assay technique such as a tubidonetric assay
propertics a510Cated HH BASEEHINES SUSHSL o FESUP et HOEN CobubeRgsisme 0 g Lpid membrane
surroundinghé Bghdgginl peg&n, tahd@thua fbmElebule Btabilizatidd) tiSs stabilized stroma free hemoglobin
can be adnnengsgecr)etdqx b ]{lgl(’]?l?atl Uv?tﬁm L%%aﬁlg tng tr?n%ﬂmhl?tlegctlog ‘?o%ucgtg grnmﬁ) %@y reaction.

[0053]  The gerrm|' NPedeqkehteiéWI} Hb| G650 einioxinefan smaﬁfmmﬁémled tetrameric

hemoglobnﬁ fof tht Fre%ﬁﬂ%ﬁbr@ Athe ee%ll‘ M@Jl@ﬂ@%l@ﬁedﬁ&ﬁ%eﬁ@}ls’f ﬂafelrsrfB @8 Srodks-linked,
Istered.to a mama

ohin t
endotoxin- %etsr? Bt fr&"aﬁfgﬁn%o @3{‘%“‘%@ ggﬁé’fef%ﬁ%m"?%‘%| ement
[0054] Tfﬁwmvamoaﬂtgckqmlltataeieet Hb.’txkfexsab the dgoxiygenhtedrrrdbokiy- ﬁreespméee thiol
blocked, crg())s hﬁk d%prﬁb%l(ﬁ)é\{ %@&lti Ip&gent 1{1196915311 J&%n!bgal%ntg}(%g%ﬁssf Jf%@mpounds is

eox ena Its granmati cal equival ents as_used
“dXCMSFifg pic 1s arppegiflc f’éarﬁ@mfgﬂ OPRBITA TS o e o ppamidomethy lated
cross 1mkedlﬁmagleblﬁubﬁs iaxraielnﬁhte)ﬁn@f con‘pl etely all oxygen bound to

[0055] Thtel:t]e hs{ﬁSlﬂflréﬁ ers to tQ(X rqé%e e1teed d(g?ahlg-lcrﬁ tﬁer (N thl%l blocked uncross-linked

B3t a y or conp ener g
hemogloblﬂQfeh\:seésf:rmnv%ﬁﬂbnconf| guration. [0052] The term™ stroma

[0056] TH‘e &S “dOMskl §ef8§ %mb%gna%@hd@xﬁpﬁ& A2 386 88 @Momethylated

ans a henpgl obin that has been tre rocessed
RN 0 WU TN N AN R
[0057] Thegdr@rimammak wders toltath Humen prdepadhemaomimeds. | onger exhi bits
the i mmunoreactivity to red ceII surface type antigens
characteristic of RBC menbrahes. Stroma are the cell
menbrane structural proteins and renoving stroma al so
will renove antigens associated with the cell
rrenbr ane. Stroma free hermgl ob| n ther efore

1 a4 .= o o, o s " oy N Y



properties associated with preparations of henol yzed

red blood cells still containing portions of the lipid

woreesBsaee9 sur roundi ng t he henogl obi n protei n, BOMUSIV0F080337
[0058]  Thgfcpmposiiisheendnsthodt ofShe nresent imypation plage radhipharoterteds eotsriked tetrameric

hemoglobi {s@6le m&ik@«b}lﬂ) IRF: 2 Qas’ildﬁg dYhtShemediytiRtha ﬁerhdg‘liib\:ﬁ 1dé1&dule includes a thiol
W t hqut causin tra sfusi.on rea tLo tQ ICIt¥ or

protecting grﬂlm g kj a (r‘a o&c?rfu ﬁmetF ég}g}), et Ttrél}e | 16 tC %fteme moiety is not

available fdr dindmpwiith oitidxidedNO). Pretfgaten doc oK ive-chstaes m@ttre@ methd hegwglobin are

protected V&tﬂ%%mﬁh%@}lﬁh&%ﬁ F&uﬁﬁl@&latqpé i1 Q’Bu}; 1[1-1 %epﬁ'&&%%lety is not

I nventi on he term"s | ocked tetraneric
available fox gfngfag With nitfeoide dNE) | THIGENO-DlorerdPesepaioteisclosad gisig prevent vasoactive
reactions of lﬁl&ﬁl, vebsbis @therbd dathkaéed &ﬁDQJtHDéJNOSJIdaf(edtth&nﬁﬁe&ﬁﬂHglobms of the invention are

further cross 11 e ttcl) ?rgwfl aqpogcé en-l(-:l;;]rg%}lagte ca ac1t¥]gfl(?fx Q% (kfe goutt E(snrmq Eﬁ%rtcl) gbotlb45mm Hg and an

extended csm#mhaﬂf léfe Preferakdy, ﬂkﬂ hspirglobin @rnewmiogqmi@eﬁldhfem deoliypsn free, and stroma

The&?orcg tﬁﬁol%&&%&%rds@ﬂﬁ(@& h&‘ﬁbglo 8 o bR iciBMNenfMdn (h BaSe MOASSKed tetrameric
npounds i s "dXCMSFH", which i1s adﬁgecn‘l c exanpl e

Hb) have h@ﬂi % Wa@ﬁ sAPag YR Sk tenpihpperior gy eremgglobin
car boxam donet hy [LaHEMOGTEHHN COMM obi n of the
1. Hemogl%ae urcesJ J)M%otlécgﬂr SJchQlﬁé] The term "dTBSFH' refers to

enat ed endot oxi n-free, stroma-free,
[0059] H?fmg(l.ﬂbntﬂo Radchr BRES waish tinek Belisplatd GPmbised Bthemigsen inyeriop may be

obtained frbrid ¥ @ BHidryPéF ma T8 solfies, tueh 13, o GMalphd, fnﬁﬁeﬁ[ Bovin@ (deh@ bos), bison (genus
t ed . eRdot oxin-free

wison). oV BN Y BFGITAL B HET ol IR RERBEHEBH Y BpppiEhemosiobin
Alternativeiiyn the ntrérmfreerhdmpglotan syee g1 the reextamphteonghayde dybB8F¢dlly produced by a

bacterial, o[‘ ngéuefél;g}ﬁy tb? b %as%%!ihan c@li of Iﬁsetcpceh Qiﬂ?esggmm@ E]}Qtem d(Hoffman, S.J. et
human ani nal s. \&09 e conposi ti.ons and

al, U.S. PaéfNOt ﬁ@zgpﬁ’gé@é"n]fl"fi&m?eﬁta 8il3g%e: ?081 herqiningareqspiet ‘m@&me)
AlternativeDyl, 8&8ogl bkl bd @ltdipdEpe thlﬁiﬁﬁgl: axdinkls; (sﬁctlﬂiﬁin&lsN@l bd @nglaedted to express non-
endogenouglpgmo\gro% %LO% alof,rter 1&%)3103. iog ?Ior% ¥9é OBJ] q’ownes T. M. et al,, PCT

Iecufe i nc es a thiol protecting group,
Application §p. FETANHIWH24, dohdetsmiegeinderdtob ¢ fergirco iptheisendiretp HRyeferably, the stroma-free

hemog]obutl me@ kn tgcr ls's@nt' ﬂbeh&lﬁ IEHSLEA A6 BROE bdvikeSor Rthand¥@tdsabl e

bi nitric oxid Pr ef er abl
(0060) Thegtgap bf’?/\)b‘d&%’tsé‘i’%’?@‘sr’i’ﬁ? gede fo 5% HEREFP G5 e oxen and aurochs
and bos aePlipbt@sisattheimdsbibogintlndiog b((sgﬁronmbﬂ (fgklypgaydl pr Jpdiot isdn) agl bos javanicus
(banteng); glrbge f?oq'%s f %{hné Poes sznb IE[YP] Q( %;Fr%}%?r ghgl {]gndc y\ﬁ)tg%alpgoeﬁ%gﬁst 1¥c1ud1ng bos

aval r-c oxi

grunniens fmegbo - tes Kibel DorcprgsH @blmifé S‘&P'é’t‘b’?fé &amHeied a4d ﬁﬁ’é%ﬁtas bos indicus,
the zebu; aﬂcﬁﬁa@@&tﬂn\ﬁﬁgeh@ﬁ@ﬁd anbShstheﬂJo@@Ld‘us\flﬁaﬁ@ls Sub¥R€iBs, bos gaurus laosiensis, bos

gaurus gauﬁzésn(ﬁlg g{)lllelrﬁlg Plhlfall? a‘iso calﬁad "\Pfhan gls db : ?%uré%%ar)ez bosI %aurkus gubbackz(such as

IrnventTon ar e f ur
in Thailand, dlappysa)i dhd bangaory gemabar Ayheytc gapacs gapr-vdtichybri¢ Beedof
[0061] Bfr'slg}pl'slg ta%gxm nIlSOCO ’a‘QﬁMg s&@?@aemnﬁiﬁ%eq,ﬂbmm%e The blSOIl may be called

circul at or Pre he henogl obi n
eutflo in 50 Y10 ST BB (e ABYYYRIaIY dBS Scifeb Sppgfges speciessuch
as, bison lcfttﬁeﬁ (Tﬂﬁg-lhéﬁlé);i‘ tason}, his@! enprots gadoe dcdedm s, bxbeeetiscus, bison bison, bison bison
bison, bzsoN%_ r? l?)as % %gsorg po%a;&r eb%%g;'g r}ag%%ﬁ};c}sz%nbzgcgz b%LEvm L%ucaszcus and bison bonasus
biocked tetrameri c i oxygen exchange
hungaroruwa@a@m gmbedinenss of the pretenbinyniion, &y E?@P‘P&B‘Pbut is famitep g bos or bison It shall be
understood 1BATREY Bhhiallan sgdEMIARYDRLNIGOYESIR e b D globin#@280:G4ili the scope of the
Sources and Ml ecul ar Structure [0059] Hemogl obin (or
present VBB or RBCs which it may be isolated from used in
[0062] Bovue Ky iss®sivt toi obtagrnil onrermbyndad tigl thainmreldb. fliypinally humpn B gxtracted from

outdated R%Es %mxl }Wbé%t‘&ﬁ‘?‘al bl%U(pli%seQéh ﬁﬂev&xﬁ%{eg ’RBEt%I Qﬁrﬁot available in
ovli ne (genus bos), bison _(genus hison), ovine

sufficient qyigpiglys to ﬁ&dﬁ‘ieﬁ?ége( erns ok e %afrncdégve%%lffé?euwwf B PG s
[0063] Hahogldban sgandr dadiey frpﬂhad bhgieal, mtne@i @ pdcamBinird megtbe wehpyosed of the

"naturally ex1s%1e1% hemnqo‘glrrl Srg)tepnegp ocgrlltam lg(?rg or be ﬁtﬂgé Q(Ln??%?&itof a mutant hemoglobin

tion may I cal duce
bacterial, or nore preferabl §’ by a yeast, mammal i an
cell, or i nsect cell expressi on vector system

(Hoffman, S J et al , US Pat No 5,028,588 and
Hoffman et aI ,V\D 90/13645, both herein incorporated

Y



and bos aegypti acus, subgenus bi bos incl uding
bosfrontalis ( gaur gayal or Indian bison) and
- W o) /amm cus ant eng), subgenus novi bos i ncledi/ugobDes0337
protein. Pregg @Htax(t Ib@rﬂfﬂl gpte@lﬁ gxyluég@}lose g\ﬁxase r@ﬁ%)@&fﬁgﬂtﬁl@@ﬁﬁé}@ﬂ@ble oxygen
binding/relebddChatEliteMytidd Oxagiplenoff seasm(tyla kemadldbin }b&SlnfﬂliE 1u&e) thdsb @robisd by Hoffman,

S.L.etal ({SJaﬁuEQ%SNos' %S&ﬂs“s‘g? &S 1l 8?@ ané( Re(?ersfoﬁ r a1 C@J A Q5! 844,000 and

05 1 ndi cus,
5,599,907), pl hdrgje fricorporatefhby wiraochis tmh@nibfos’ gur us | ncI udes

[0064] Heﬁfdgglﬂﬁ Gf' l@a%mo%]gﬁn ay Esbﬁ)r&taﬁa%lkcﬁlg fibre 1I(Q1Q§m1gﬁglrglé %ﬁﬁﬂ Ha?Vmg a molecular
al so cal I ndi an

1)
weight of amg@goéza fiioms WhigfFinspgE ogen b e HaRAGeSE] dH HRpdmaminls and other
animals. Hedoglobil franspdvBloayeh pm tienidngs @Sthg&blfdﬂ thebbdntudh hsSto tld muscles, wherein it
releases pargqlane ox?f%engo%;d ra'l;(hg %10 s gclzcgt)%gllg]l&lgcage ollg] na asyepnbll ofk%Ll? g%b&lgr é)@(;]t]:m subunits. Each
subunit is cegiptopgdrpf @ heotegudhpiatighty %mmé with & ngyi- @reﬁnwayle B@un &athgigdividual protein

chain arranégyrn Akt 'arhef\;?‘étﬁlcﬁnsallj mets %L&Eed%geﬁl@tl i) "ﬁ%ldﬁnr tbﬁlaarrangement S0
(such as African buffal o) Theaﬁlgnus bi son i ncl ud

called becausp, fisi agranas eH 1H8° sapiedeing almlff“rs thelhETe IR0 REXF st Elamoldmg pattern
contains a pb¢kFORhiENE kdtdbls fo é&bﬁgl)ﬁblﬁd:fhb tendt @blﬁ), Abkse Bropd ¢oRE£IS of an iron atom held in a

nereocyei RS 3 v SR k380 BB R S0 P ntng e o tomis bondes

equally to a}h fesppittbesnamuie eatecd deaine, whishdicti ersiplave e pdditionry hands pamendicular to

the plane orJ &cﬁ%a@@@%ﬁ&&h&fon&@ RrRiRIRMLnd HMBE B&shtﬁ)ﬁs ohdW®nnected strongly to
lobin is from enus sor bi son

t.s
the procein. g PG et et PP aﬁ%aﬁae Faé’se‘th“é)? Bar Rl g bu
femhaemomw(@xetlxeﬁloglsrmngb|cmmathind ygdnt hi n the scope of the
[0065] In Qc{ugshgﬁﬁnsl tﬂ%ﬁr@éﬁnﬁﬁhtél‘% %blﬁ%% a'?'gzalnér Wh%gntglgs LpQﬁ)@Ih{brotems) called

nor e ant t umen Ho Typically human

hemoglobingls PR PV D PEAIE ACURIM RS P Y ébomé»rea%md‘agéb‘“ and 146 amino acid
residues, re@l‘:étivélbt CIFha is Mn@@d’ ad c@ﬂzealﬁd?shblﬁlﬁy\ﬁv @Ifu,ctuﬁilli& dﬁhﬁdanRBEEJt fhe €ame size. Each
subunit has |a g{o gl\lllgl’l v!/e Lﬁ?‘f of a ]c,;ut é@ L tcgnr;;forg% ta p E It lleceu ar Ee%{ og'%lect%etramer of about 64,000
daltons. T h@ﬁoulhiotxp@nsla Peinis mtbesld[t@%spthﬁéqmg}t b.:bigrs,, hmnmehbcrnds and hydrophobic
interactions dﬁfe&e a?éjtwforkﬁm moﬁgétH@tWCeﬁ Mﬁ%ﬁ& {hQ ﬁQflalﬁse&.ﬁ[midr&?ﬁﬂt HoW&¥r, adult

be conposed of the "naturally existi nq .
hemoglobingpayiaisp fompsise Aralpbia srhugith Theshald SuEnbiplFeep o 6@%@%@ with & globin as
% &, to forﬁfhem@gld;ﬁﬂﬁmt henogl obi nprotein. Preferre nut anlt enogl o

roteins e t ose jons resu t m.

o0sel - oy BosGn il ettt f NG PEe e oL AP T Efngand o B
chains, w1t}EXrﬁllrﬁphﬁRcﬂir waipghhdistibaieb. henogl obi n protei ns include

2 rovecing SR L el B IBY Bt con, b G e

[0067] A thjol grom:uafg cygtgipe mejgfy in ashegwg_]oblg ray H]dld 5) 15‘99 0916(7311(1 n:c;ﬁy|result in transient or

sustained cﬂiﬁée@ hd’hehﬂ@ﬁlﬁmrpaipeﬁlebc}f bl 6f R Eivie Bustadek aRithdyrieddyo hypertensive

reactions. T [uI;; 8% A ﬁnla__c% g%)lu § a}/]mg]ed%y Ipro? gx?og%kx tkﬁm? %r()u (_)>f theocal%am?]léleiletﬁ é'n téle hemoglobin

such that thmbtémgl hgmoglehiy ktincapabltnd bmdleg)womUOd al tons which

[0068] Bot'ﬁlgﬂéﬁ’c%[cfoﬁl c@ﬁ%ﬂ?&l& Rvottﬂi@l grr&flis @i)@ od 019 &lch 8¢ t?é bettMail'ﬁ%)QQﬁ’ch are involved
ransports

in binding Ny BHE PEGRPBHE RSO ROy (EREr GRS PO f bagoe 1o

Human hen{ogloblheoﬂmﬁscduetmol whek ed Tyd 104) @CRaBemABaTyls 101), dndat Ieasy@enf which (Cys

93 on each fﬁlgeb eta Iﬂmnsl) & é[%r‘])R}SguBl bi A 1ng% e%re era th% : S%égﬁ%r% gIeogclz!%%i and up to six

thiol groupsanap'rb@mmmted vath  thiolgritécyinag i awe@ Ixﬂn th a non-protem

[0069] ThE SRR ogﬁlgyﬁsenﬁﬁ&\e@l&x{@h ¥é h@dd RiQLBHR r&Badto @Jsﬁlaﬁlgﬁﬁedtlﬂn of the thiol
a set of a-helix structural se mants c%gnec

group in S EEBFICD 1 G PPN P T TG P g o e regens
known in thb @€ &u ge prditcSoasiladmgesmhgroussuting, wane lirgkd ionlyydnaxtyl, fhiol, or carboxyl, are
. 4in WSS d Nt e heme/ gl obm proteins. This fol ding pattern
nclude " Co ﬁ gﬁinngl a 1Bocket which is suitable to strongly bnd

the hene group. A hene group consists of an iron atom

held in a heterocyclic ri ngj9'knovvn as a porphyrin.

These iron atons are the sites of oxygen binding The

iron atomis bonded equally to all four nitrogens in

the center of the ri ng, yvhl ch he m one pI ane. Tvvo

N a o o o



dal tons. The four polypeptide chains are bound to each
ot her by salt bridges, hydrogen bonds and hydrophobic
WO paoen0sie89 ons. There are two ki nds of cont act SPOBUSIETI080337
[0070]  Sopigef the geampdss B BpEeperats inglude. pytprenqt listed fgtrxridylmegyy | ghioride,
alkoxyalkyREIGRG axkaiemoi!méﬂﬁhew (ﬁﬁﬁ&{yhﬁ@lyﬂacgthﬁblb NripteRylRkth$l.chibAe, Getyl chloride, 2-

chioroacetlgfcbcg :a%nggﬁ%%’l(}& l??c{g%e?%:ngae rﬁuﬁ 10110a6 tamlgg %ﬁo%r%@c\gg}ﬁ(gochloroacetannde or
fluoroacetatdile] Iglog¢etagecsucir @l ibdpacsitatd, blam%cetatwmmodebateilﬁh dudyoaretpte, Hehzyl chloride,
benzoyl Chl@l’l&odlclglm BQtFrﬂﬁcahy(\ﬂaté‘ p%o%hg?gyl%%& ﬁ Q@ét&g enWl 'i:ﬁonde D-

I

simlar ecul ar wei rlbutlon otectln
methoxybe{up{bchgmdf h%fﬂ-fiyxftrOQPeélﬁlpthoaqle feﬁéhyév)gyré]il ﬁtéetaéxfldqhﬁ%roxymethane acetone, bis-
carboethoxyietERg |2;2b! lﬁclﬂl&@ﬁﬂdxyéhrﬁdﬂyl@hlogﬂ@t@t @ﬁox&caﬁ:}bﬁﬁl&hlﬁﬁdﬂ'@lkﬁh@bcyanate and
oxi.de

ri.G a 1¥ .
alkoxyalkyi 1socmntat% Lo tpregeﬁ'rsed gn ocg rPeng, lfIS treaalgﬁ%t C|1’1 cetamlde P fB¥er preferred embodiment,

the reagent hﬁ@ﬁ@d&ﬁﬁ?&mﬁe{: Itpy ynderptpodetbat oy fshasaidameyn vﬁhm@h@t\?@ be used for

carboxamiddHRHY RS (R Mol B p PR csRird YRS SR IéB10E18@ 8 is! vk the scope of the
Thi s” occurrence can be avoi ded by protecting the thiol

present inveRfigh s of the cysteine noiety in the henogl obin such

[0071] thlitﬂlt lithitieg the Sevpé bfithe predemghwveltian, dlksthé pro@ab lgeupd knbivn dh thejart for the

protection o tﬁh}lc{\&al %9@)6 ?J&{@o%lgﬁ% %ﬁggcgtL Ongde)x lofﬂ o‘rfel::og(?aé'tgdllk/%agg Y}Q\I\}ﬁded in the present
invention. %an@ off ﬁvema@éps ohthe PIREEHE SReOP 1%146@%4*@% Fagedto, "o@trﬂylmethyl
acetylanun&rhdt@l aBloR4ANS/1, aflﬁheﬂ*jlﬁltaﬁﬁlt &%O\A&rfuhorﬁetﬁyhla@étylpﬁdﬁﬁﬁ Hehddgl,

tert-butoxygﬁﬂb%glsp F% ro nﬁ"eil@cll %'ycgga?gybg%y ﬁlaﬁ or;c Cégzni% nc%m% n;gwré}{f 1solbut0xymethyl
tetrahydroply@agt acttamidofethili bénz{Gjemalyl.dns-@dotthofycthile 2Qe?tiacld¢ra¢th%)'carb0nyl tert-

butoxycarbéﬁﬁ N ﬂ}éﬁ lcyrﬁgndtp am b qlkggyam «:P fb%fn% qg Ia¥re¥éi‘1%§ @mﬂdﬁgnetnh Itllegotectlng group
are protected and up to six th g%rous may

Is carboxanﬁii(ﬁleeé‘t}yll 2gh thet the protesfiogof }S‘F gidd gfoiu?lﬁl IeHF ﬁmﬁf?frﬂi fre apmoglobin results in
a non—pyro&e@Qﬁ&}iotEﬂlﬁ fr&F klrdaha ﬁda,&:afbbﬁa&lﬁmﬁndtHyW’dMENMH dpe staiasiDatbcked Hb).

More gener% 810¥ec{10n olfl%w thel?]%g(putgs %y(s)tmrng(s 5) ofthgrP ygI f;e]ucltts ilg]noannoglpgtb ﬁgnc endotoxin

free, stromWthbglthCk?ﬁ Ilﬂv ﬁ@sfﬂe’r sePélogkedtte present i nventi on,

3. Oxygen Q}f‘/)mt}/ mdﬁﬁﬁﬁ%ﬁ%t&ﬂ&tyifbn Ip) dﬁ?hﬁ&ﬁg Wifllin ?‘fl‘ﬁmﬁ:"t@mﬁt)gﬁﬁn
Imt

functl on gr @ such 8_( é{g " .
[0072] wamﬂ urpay 1 &n SPNBY')WY 1ché)ﬁégepﬁ ntm 15 dnoidHlaTle n the tetrameric form
of normal aiilelerh hemnygdetin, cthe bdog OF oﬁge‘rﬁs @ fodplretivepanpds €Bhe dfndinp effinity of
hemoglobu{ ggggrqu is ln@%L#&lg hp k& bn l)f tﬁi&?ﬂﬂ{lé) Ags consequence the oxygen

e e ey o
steric confdrihtRRARYAFRL JTWe Heb Q&Hlxdﬁoteﬁhc‘ceﬁlylkx oiea bh&’cﬁlburﬂtprotem in hemoglobin
becomes ogg%%{eggg Sﬁsulggsoagcgolg{j acgah orD rtrglcrz]nt'%grel 19 i 1n Il]xe whole compqc]:x causing the other
subunits to ghih e DacstA A0, fomxyﬁftnuor oacet am de, haI oacet ate such

[0073] Wﬂ§1 He&ggé&ﬁ‘ Bﬁhseoxyggnomtﬁﬁ e hl%ﬂ E&E@a‘@‘e%ea‘bﬁ"T"Qfate (deoxygenated or
| uor pacet at e ride, benzo%Lﬁréchl o)

oxygen freﬂ it e joprerreEy "'ralaé%f’r" Bb ﬁ‘atsete (peeptio
and sequenﬁbd&ﬁﬁblﬁlﬁgtbe:ﬂz ProcCtoAtadeSci. PU S AyeT g5 & (12§0); Mhﬂo@qoeiel J. Biol. Chem.
252:5040- 4% éfbﬁi nl& 01;1 9%'3? eﬁy Eel]; %1:%42 q ?93?8}6 gig&%&ra%oﬁ%o%%mted by reference in their
entirety). Th¢ SEamayis QW‘SI tlﬁ@ﬁ‘éT stgte 26(2‘3'{’65@5‘051’16‘& %g?a?@iasftaédmfrom six ionic bonds

and while it e aN@Rs, hdrgloblus %ﬁ@@[mwhte@ﬁerﬂ ﬂisﬁﬁocmﬂhéﬁ)ﬁlo dimers. In this conformation,

the beta cleét%g% anat etweeﬁghe t\éfggc)é%%la (all]sgig ebge ploa(ep osl;e)l{a?]eg)?)cket, and 2,3-
dlphOSPhogincerfaerbn@dlg eitd) dddeoryiemogldtan is @dg‘@mally Qlffemdtih@etl axsibdmoglebin. The
changed coh&n{mqﬁ BisthQeQa &Qﬁl‘h ﬂ@nlysta{‘tgﬁgaﬁt.'ecktg Qmﬂ) the hé@ea%d%x%@ﬁﬁfﬁmty stabilized

can be used for carboxam donet hyl atiion of the thiol
by 2,3-diphgrrboglyqerpte e Eyate ef hraopighiatstable at“h@“ﬁ@fﬁ&gfﬂeaﬁvfﬂ“?“s
[0074] IWldehEMblﬁ&ﬂ&eﬁsC thp ®inding bE3-pipRSpivigly sivte At itsbindng @l?él.\}/lthln human hemoglobin
decreases thﬁ I}emto l'ﬁobm I n)%yté aq}'lmg'/q(r) %%géi %&Igpatlgfg th[ﬂl‘ g%ggg Eraﬂsp&?:ﬂlh Idglpv’ery in a physiologic
protecti on of a functl onal dPoup such as, but not
limted to, hydroxyl, thiol, or carboxyl, are included
in the present i nvention Sone of the exanpl es of the
protectlng group I ncl ude but are not Iim'ted to,

e T

élave been cloned



a non-pyrogenic, endotoxin free, stroma free,
carboxan1donethy|ated Ho (CMSFH or a stable NO bl ocked

woi)os bre ener al tion o t hi ol 1007/080337
ranze of PHg A G SPBRE hPO GRS BTG BT BHogure H
concentraticdf (181, concenthtia@e aprséacioing 1 ¥ oe motehinekdelbtoonddéfs tHelbxfg“éBsfﬁhitgoof hemoglobin.

: Lat
For examplea th a%'%;l@ %cglfelhg%clgpgt@o h@? esA[hre c&Hc r}&al@ig)# r22> I’éé i Cﬁggycerate (2,3-DPG)
in the bloodpyﬁggqsgb “hich FWZTCSB@@WWEE‘IW I pﬁge hl}mﬁawnmffof{men forfissues under
conditions df [ve¥\@ygéd tertdinC h oxygen affinity is nodulated In the

te no r t humm enogl.o b t
100751 Ty whTGS 15 PRy FUR e ST Bt DS s R R L P b g™
diphosphoglytdrateimbynabe feeringg hroctiwsn pfogimigy)y the hemegldbincane ase dlsbyoctatﬁefrom the
hemoglomeKy zg&%seﬂfi‘éxlUé %Ll'e&r}urﬁier ﬂl@(ﬁﬁé@h nﬁéﬁ @I—ﬂ%ayaexﬁfgﬂ§%%§r%§fﬁnty for oxygen than

he ox bi ndi ng curve of henoglobin i's signoida

does hemogigings §Hpd pefde i & S\aefga ‘i"ie\}’é“%‘b’éfﬁéﬁggf’ﬁn\}’es"&“ﬁﬂf’ ﬁazgfb’emly 12 to 17mm
Hg as compa;emoemeda RBcatighated mnogloslamfs@ﬁmpﬂoﬂﬁaielydmﬁge@ THe inchBsed affinity of
ne su b

the SFH for ox g’I Og h %EO?O(%H;%FCOII&J ppnshmz%y é)devent [ ca%am ey refeaso 9&19 Lound oxygen to the

tissues. conf ormati onal or structural change in the V\:hO| e

[0076] InQQ{%HQLtQ%%Vﬁl?%' seb i Ohingk HMUMt%nH& EH@thaﬁth;‘ ﬁ?&@@&%ﬁected by the
Inity for ox

ionic strengglfaﬁ 5@ IJ1oca]I elnv%(ﬂllnp%{tg %gy%ﬁ*lqzrﬁe]glog\h %es&&e@yre%%]ﬂ%&é o z}mtani} a p50 for oxygen

in the range®F Adrem (H@e@zxwe Hat ad amramegeytg effinfty ﬁlﬁ()ulattmn bhdtekiognic strength versus that

induced by B9 bmdrm 19&§tds ff%{en &ceﬁ& %‘i)r? ofkiBaY Gl i? an mseﬂt iﬁggsma while
B oo SRR

enes ave een one
2,3-DPG is ()ILI];’ é‘!mé pvithin Rd}Cs Thmg,dhe quzggn aﬁelat@ oglciellu(lzlg bswﬁ) thqan be modulated more

easﬂythan%@)]ﬁﬂgra&n&ﬂ;%O) Marotta et al , J Biol Chem 252
0-43 21-647

977
[0077] Thgl ﬁvaB}ag n&uﬁlu g{;og tg' Slt%\%)f g tnergll 1Brhc 1%% actloenncca:né berrl]n{(ﬂ%g Q)mto human Hb by
reacting it véthipyridtxyl)S-plibhiate éItIrPa kR mmsﬁqrsdmtnew ﬁb bYf inhodraing 7 naaateecharge near a
penultimategiec(ﬁéx ﬂﬁ&g&! rggihfé aj &8€1§£§§£1t§£ ﬂg}ée af the gl{ngmeMalleQ&]blrthe same

e T State, obinis
chain, An afipre@hymapdibyof ﬁveﬁ}eﬁfaedwwemr@ueoaee@éw tp BgyiReri{tyo ghasgsdgpecies in the

local envuoln'ﬁeﬂt Bhdnot YM1PadpBLd dhrbmdlr@%f betpre kcﬁd‘ffect%@i/’geﬂ Gﬁﬁnﬂf ea

the two bet S, L.
001 il R e AR B R Az B R SRRy B3 Ay and dos o
disassociatefyindeatiphgicdigica) conditicte Sy lresnuigoo of eneicd’ @mbstllamnptatrlcw dimer, however, is
fairly weak gﬁc{ Ju?sgcﬁ Rk thte Iﬁ%@ !hQ MB@QH‘Q%' ngésgbcigtbeevmg%q%/smloglcal conditions. Upon

conformation of he beta c T sta
disassociatigya thie dippeg istfftered lgp'%gh theyglomsatyse Theaapid) %lﬁad]élﬁ o%sﬂopﬁ rfrteglhemoglobm (SFH) by
the kidney iSh &ﬁlséqhé’rﬁd oitl)é qdatermbly phosphoghyeseat e The T state of
[0079] To aégg %]CR Iremova of }Sll‘i[%a%{:)afel &l gncrh%i%ggﬁobal‘ﬂgeh ggngﬁe o%foblgrg:an be conjugated or

ere ce
cross- hnkechﬂadm mesthorvigioye év the st Cpe pTbe el I’\GQPYSCPI‘JEga\ng Hp #p another molecule

such as polﬁ Pe QW@E@@'%l&M @3@&0{1 files sh@mgelﬁ@ th8 'H rfbidtgR And simultaneously
increases 1tsashza W&llértﬁ-l “Q/‘é‘wmfrlﬁa%f\é/feﬁ ﬁggui Hh3 %ﬁfg\#&lg cag EX gee cgosts rh%igeder?tgatmolecularly to
prevent dlssloflglcm of the tdtrpmelsqno ozg dymz:eraad/er Qyosemog:d@ntcrmolegulqm»am anmi pn’a'ylers which also

increases thE g%ler( &nﬂ:lr’g E‘lz&z%QﬁQ tlr[c?etaéeg Rsc'cn(clllat%ry hamﬂg %{né ﬁtc‘ s‘BE\:?ﬁc cross -linking
proachi n Mor nore) in order to nodify the oxy

reagents, mmqlwkaycoaf erﬁ By BB PhioRgy Wik Y e’nVﬂ%e&ﬂ Séabﬁé?}’fa&ey thus
preventing @Qﬁdsd)dmt)ﬂ thtd &8 dbgh Gl thd dithld(hSnd thb @se@D ﬂ@ﬁ@)&cﬁﬁd ¢roxa-ligkers such as
glutaraldehy{ ﬁ (I:nra llaegug Psrggg?ecﬁ%ec{)\% et Otni’i] %%Pt@ea:agxln} ﬁd?«ls%ggs r%sl‘?dnég w1thm and between
Hb tetramers ail?hgséqradarmhmﬁonmhomghgmnglplun rolgmereolyHlbef vernny irpieelﬁer V@Pghts and
oxygen affnlng%’f Ché¥4 @&g&ﬁé’kﬁt&?ﬁltlhfa l fﬁﬂ?ﬁahti@@f@dﬂ bt R dhedodl1@RiEg agents. These
s are ruptured to pro u strQ re ean

inchude molgepguchoh g G G HE SBHBO A CErd B e o A g e
formation of dfbvé:llem&ﬂ)sspﬁm imay by inttiatet] he thh esbglybpoup dtid aldglyyde reacting with an amino
group presegtI ﬁ g’%zﬁﬁtt%t Gr. Egﬁﬁdﬁ%lﬁ%%&@%ghg lPa'r ﬁﬁ%calgesgl%ﬁ?%%d?egﬁ@mﬁavascular half-life

hlgher affinity for oxygen Fﬁan does henogl obin in

RBCs. The p50 of stroma free human henogl obin in

sol ution can be approxinmately 12 to 17mm Hg as

conpared to natlve RBC aSSOCIated heanIobln p50 of

. R o o Y Y L - Y a1




2,3-DPGis only contained within RBCs. Thus, the
oxygen affinity of acellular bovine Hb can be
wore@slsteed nore easily than acel | ul ar human HbPC’[‘/ﬁ@ZY)W‘{/080337
of the polyHthvish rgebyeirie arjee Strambigdiband sisvef HaARjopiatign iplp of diesrsa | PolyHb may be

eventually ﬂilQFHdQ)ui dT tt&rs%etdn@ &r&ﬁﬁoxbﬁro‘ﬂg'ﬁduf thORiGKeyh, MeQyHpHIBOs yslombaad the

ctin th pyridoxal -5 -phosphate (PLP). PLP
reticuloendg, % ]fsiy%tgmﬁ}%ﬁ‘éﬂn Ho by introducing a negative charge

[0080] Semedrothar ¢hemishltagerat @n be adad torrrdsb-sibk hinwelopip st Hilieera mgl dygvent their filtration
by the glomre ﬂRYAt&‘ Bee ﬁm&oﬁdt))etyrﬁalﬁtglﬂ ng%x%en%pm&%eﬁ\%¥ﬂr%hle§ Gﬂmtlve

sane chai'n, An t ered human of this class
hemoglobing B 5 PFSBNGN REPE DR Lt Pyt B RO CHargbty been vsed a
a cross-link88 6lo&Slinkhehb@odi0AGt, (E8.\Hat, DIONESIY, 7a|theid B mS(ﬁ’ﬂ)C&Jttyd waperdce in its

e 3 BR84S R ALESEL, SR, AL LA v e
known to by e4pirint eithgroiremeglobincind gheb ctsangicrpss ligkingbysthy fymgragarngtividistionalities

with the alpil? fndHeRRBARC Tﬁg ﬁ‘mlﬁﬁgﬁ the W&h@ls%ﬁr@}%r o &Rflioh Fo Bdss-1iR g with lysine
associ ati on of one al/ di me

residues. ChRSHlYERS the g oRRHRIR e chaoplt epadappl t?%‘ég%e orifg hemoglobincan

prevent dlsztsmladbtﬂi’ﬂﬂ& teeRyhetlarila/sesdaGiabll @erbagiobins pA@E inykntioh ofith giogyakn carrying

capacity wi %bt F% 35t 20%%&%{1?(8% 5%%% gﬂl? d&)k?teeal ?%er%f mfvlztjﬂo 19 rilﬁ‘ibsence of

CO;. CrOSSflrné@g Irﬁewsg)m? lerbefvapMnliy chafns lwrmﬁsetgg qimgerie petssa s%wﬂeémlﬂng

hemo globlrpcfan b&(ﬁesgb@ﬁ &1% 'Ih@l[ey of@?@&l&'ﬁﬁﬁty Y 18IRGR MR Yonfoln@@ 8@ bf HlOmodified hemoglobin
Suc

n .and bovi ne henogl obin
into the T S‘éfer T&Q thegy 1"‘“? P é%p‘ g%ﬁ?“ﬁ’ﬁ% %%ﬁ Ybe conj ugated or
[0081] HewogBbinlsioRygentbinying eaphotysnayibt Herdwsddniothe piesented carbon m@pmide because both

gases compgtfe f(;erC 5 s%é Elgﬁﬁg difes Qy he%gioylgﬁ%h;&g ﬂgg?ﬁ&%?fg I'[B?erferenﬁlally relative to oxygen.

Hemoglobip bigs AffippHiobpR 4%8 (it BT Ab6 O B BI9G OF B BERITE (i grall ammounts of
CO may re(ﬁicghﬂrﬁo@fbeﬂldabﬂdtyl tél &ﬁrﬁﬁﬁﬁﬁ(ygdnSWﬁbIZl&rﬂA@]b‘ﬁlh cobmibihdd Frith CO, it forms a very

bright red C(Q..lipg ?aﬁ]%ii( égoxx re:mg)u{o eg\&’ en i ssplr{e(; air %xa%jfﬂsegilo%? gIRII%Onment of tobacco

smoking, cay$, anm@rrtaeqs}@mms Catloreklas hi>|wme p@%n@ﬁ@ﬂchwégsm?q mkeageut; if the CO

COIlCCanatlJ)I{]lE GIFRI8 EM. ?%,lu}ﬂcéngnéiﬁﬁ% B %H@\{I Sn WAW ﬁncﬁ(’m% Chp' t@ Q(b"%@ 3H8S oxygen-active
eox en _carrier S Slze an

sites can bealcheﬂ lg ﬁleﬁlgglpblp ftlﬁ%has Egrpwémxée' t{“&“ﬁfg‘%} ?_,I sulfur monox1de (S0), nitrogen
dioxide (N@),GstEe bxlmsi«n\mg ah@ Ageshes sulfidet(Ha8)yOTeGioh atmGotha hend gringriel s the Fe™

oxidation S{TP ¥o suH%orp rxtyrre é:ril tra\q%}oxq fbmmggrpée a{ate'é@n\)egg ﬁ)en%gll%giﬂmtgglethemoglobm which

event i ng I ssoclation I nt
cannot bm@xmlen@pntdmlcg erbRitrelg mjlde {n]q éaggglé ogcfonypétﬁl_g%@eglplp% to methemoglobin.

[0082] Ca@l’idﬁ&ﬁ)‘xtde AUASTN §&iﬁ|t‘reﬁ$nrﬂinlgtsﬁd & tﬂ@lﬁk}’rﬂ)@loﬂi&yﬂénﬁﬁﬁbﬁl&an bind protons and
cova

n S ecifi nt bon
carbon le)i,l mga Ip%gf?la}awa'la%ht’u}ﬁe the, 8 %acﬂlﬁgin% H-xf re?ease of oxygen Protons bind
at various s]lfh;l aﬂbnk @rgsotd¢inartdrverbbodinziti¢ wndsaf thh emugiocglwup @@ﬁ:@]fn@lﬂ&% carbamate.
Converselyaggen){hlébe)arbgﬁ déﬁl{ie Qb‘é 1Me%gf\(%ld %Ecré/%{?é %Qt a?tmﬂl'a%e(-iﬁ(ﬁég)e Ehrbon dioxide is released,

tres em Ca reagen [t1-
increasing the pryfToAfERIPTAL & Peosin. Bis RE! aféle@f)@g‘gw HARPET %@jéf‘ﬁtbéf the binding and
release of ch‘BS§@oklﬂB31E walRne e Bshesfesstuch as gl Ut ar aI dehyde,

[0083] Asa<# acglll?ecg%)n\?ed fhlr%af fd 5&8 1 naﬁc%an a%(t%ctad{]) ! e chan ng 6}§tg1&91ndm%/to hemoglobin

HFRAOH cova
facilitates dgggen nfﬁoadmgld tigspes Wiwrecthe MWIdI@rde GWCGIftratIWGS Bicrgesinge with resultant pH

decrease. fh?sac%a'teg 9 16¥hwhld SRRt R e RBopdfatlil daFe %&'ﬁ%m&ﬁotﬁrh@amty for oxygen, yielding
tetramer. Polynerization _of Ho intq |ar

greater efigigpy fle} us of PXHEFMPR 420 ASETPRPO abfhardredit sHhe apIB?‘ie?‘ii’rS‘ hemoglobin

may result i ah fdff&ﬁspﬁaﬁpemac inghientiontf@tpatenerwit pobr @righc fimeti@n thusfyroviding more

effective oy%yigi:liap on w, Eh lests WO][ rg%el%d g§/ e L&t A%!il¥1 11 e ePlg @B{EEH 111'1941% M to yield

system c circul at’i rou
superior oxy gpn Omoéii\‘égl?ﬁn be heefyl ng @tlw@mt tcawafom@ce related oxygenatlon deficits.
reticul oendot helial system (RES). [0080] Several other
chem cal agents can be used to cross-link henogl obin
a/b dinmers and prevent their filtration by the
gl onmerulus into the urine, ddd yet mmintain the oxygen
transport and delivery properties of native
henogl obin. Bis 3',5" di bronmo salicyl fumarate (DBSF)
|s an actlvated dlester of funarlc aC|d that has been



CX2.. Cross linking is also possible between unlike

chains in opposing dineric pairs. Thus cross |inking
W(hamssmbsrn can address both the issues of OXyPEr

II METH -‘qa OC OS] Lh_ ;.,AL _gds‘ s-‘_ hﬂ '4 .L!l-.ll "A\Ll.— = MOGLOBIN

[0084] Thh ﬁEfE gd)rQbﬂnE] of thd @nﬂohﬁ:heﬁts sttt ﬁr,eseﬁﬂdvetnh@l 2@6 dﬂ@ic&@nﬁnﬁn&ﬂl GW ithout limiting
the scope off tﬁeypd%Sﬁnt anﬁ%tlb(%lg&‘lg %e E ((::351:l perfchr)rgg rg epende eag% dtb eaal c?]lg]er or one after the other.
One or morpsteps emde deleted arthomethwiy @fdhd erebetlameom dthh ngéasésf reodvpiag the hemoglobin

of the preseflt%vehtlﬂﬁ (:§1‘}-"-ﬁ{@lu(}}‘lﬁ:I sﬂe@' lagccﬁﬁﬁrﬁﬁg %obﬁggggr@ﬁr&emgﬁfdagﬁbtoxm froma
nmonoxi de binding preferentially relative to axy

preparation FTRIRNSCISH OB A PGP SHRExTIePy OF GPoresemnt Lysidg e fodkpldod ccls:sep 103
comprising Hp@afigrheinbglobin bsreaiblingitioynaf iaEludixg/ gathrat¥e e lﬂgod:yhaa,t from the lysed red
blood cells; stggll(h c%%rlilsugaslrer%ovmwgﬁ eoreirngté% E mo%[‘rgglh«%p nfebg %or% rl sl Iété dl}-l% toa
hemoglobinfsglpipien gea‘geqity’vlmhmwdeﬁ ethiod gwﬁgm(grmmpr@d:ysteme of the hemoglobm step 106
comprising %5&&?@%@@?% 18Bth vhicH S th]?ﬁ;ﬂ?t@&ﬁ globp ﬁdzacl%l((i to § 8fsteine group of the
eln € en onnen
hemoglobiniep 107 pERSSLOR et aegsrp gl nG ST L, Qi g s v the
hemoglobm_hﬁaaldagihralhampaﬁhleladfermyﬁ POLpating;a riof-pyogen@erciotogie Hitee, alkygon free, stroma
free, cysteinlh érc}t&&eﬁ ec@t%g Hnﬁe@ hegno]g%blnu R ﬁ%&ﬁtcl Iﬂmﬁé&oﬁq}f t}feq:lrés&Wvalﬂlon the order of
ers, up e oxygen-active sit
the steps mayp chasees! dsesedire By the@qunrmg|fwwug9%@hwa>§i°éwﬁ@f4% g &is invention.
L Matertai@hMEﬁﬂmﬂefnfPﬂzb&r)ftufrpr sul fur nonoxi de ( SO) ni trogen

di itric oxi and dro ul fi
[0085] Wlt% Ccil ;fs%rél\gi?ps rslouél e%ﬁ;ﬂr be ({ ameﬁell\'r(r?)ep hé/(re 81[,1 frele %%?eﬁ% (Es %pon
collection, thxploaltis typicglyatiged withst fpp e wKiggeHant Foansvpmﬁt&nlf@@t diatting pf the blood.

Suitable ant‘cgaélzlﬁlﬁfg fF o8 ae gpc\!l@srsfcaqllyhﬁgpxg nQKEI dtt a'n@ ‘n@lume E&%Ml@ Bddiim citrate,
whi ch cannot bi nd oxygen. Nltro%en di oxi de and nitrous

ethylenedlajawieﬁgaaa?tlé aelg ﬁlaiol}egarglf Brhvg(fatil ?)VH]@ ﬂ%dﬁ'ﬂﬁ |aBtB:Pﬁgu{a8t may be in a solid form, such
as a powde1@til &RPERDbdlutioh A0S ﬁildeﬁm‘ob @at ik bobdl@DoL sipioe Sarebe from a freshly collected
sample or ﬁg)}nfafn% desgxtn Il?lo?lge rgeg}g)ﬁ%j Bt?lée? vetn'ag I ﬂgﬂgegilop%g ESS? o'f_l%glggh %’Mb blood from a
blood bank. @Gﬂh@rth%‘ﬂ?@ﬁallutl@’rF&ng‘@ffi"wutlh bavp Pesmatantaiped 1f B P fliggjd state. It is

preferred thﬁthﬁe HI&Jd%@ﬁ@onqg ndV %A Priob AteQR hidthdibgat various sites

ot ei.n and carbon di oxi
00861 P eSS AP PP SRR, B B soluion,suehas
penicillin, mey®B adshyed.crartibiotic Bydxingebel detemhised tn piokige b Hepnat ofl esurems éhat the blood
sample 1s nc‘t buddened Yi) ¥ ﬁ-fetcn% (lrélﬂg?h)by VQ%RQ rt]hagfhg é(lmqgoi* tRe ﬁl%d%%ﬁﬁg was not being

I ncreasi ng en affinity of the protein
treated withag ﬁl“rbm“cd’ﬁ“eﬁéﬁﬁélf SBrmenag R Pf%gfaf‘btf’ MR @rel 1grg the lack of disease in or
antibiotic plbbeﬂ&l ﬂl@n ahthdnebaRsALtRfnag 8¢ KR, The BXbd&hitdn KAPY&st@aBied préor to or during
the antlcoa%xgl n s e oi'r 8%?3#99“ as‘%zarém%?? Sr%g)veggr% 'Q‘%gﬁeéa snanla eértli:lﬁs Srl (5)? rnri]cron filter is a
manemewnﬁrﬁgcmgah@mvglob|n faC|I|tates oxygen of floading in

Anyofa va¥1ét§ §f@§ay¥\4i]1§}t §e Jnﬁ)‘i‘oy@@fokﬂ@ﬁoﬂhgé b %o&@ﬁ5§ﬁfcft%ﬂ tﬁlﬂ:oh@osmons of the present
I NCr easli ng result crea

reas | S.
iventin, rGRETr AUk 1 Ve R ERTpERAY ?eﬁw%’ i S 055 B &
Immunoassh)emﬂ)gllob(w%) aklf Paoiel §. ef dlr, Dex \Pge rbramd] @t13il11g3 (P brman monocytoid cell
line assays grlog ISe QIY, j n%ﬁtlo} Xﬁ[hyZ(ﬁfl.’ag))ng 6979 eaqld glram q; S. et al., J. Pharm. Pharmacol.
o ed

. Enhancing this in a nodif
43:578-5821¢ 4tbqalilrwﬂw<>ﬁ'é>§me Beitn ) é@fo @‘ BiEYare H He a’ﬁ’é’éﬁ"("éZ"”h’ 110:332-40
(1990), and] Mibu@1 ¥ &0 b1, ROy FOT; raﬁbﬁlsﬂﬂﬂbi&hwﬁtlﬂ 2pQoT-2518(1 QBSQGmcﬂ tha €dbbid Pyrogen test

teer ! SAF B0 L TR] RoBhLSH LY SHABRALLED Y A Lo osa 157,
and; Allisors 6. $rotilf Cod SttloMyli ded %&6%#5W9Bi)ygbanemﬁl¢ds @aempnrgteé hereipén their

entirety. ThH ?‘a@glyﬁyﬂ)@n s &Rs 'tI[éQ)r&é'}'l;e'd %Woéen%ﬂt?]a@%t uxﬁlperm%&:%gﬂggﬁ&ﬁn has replaced this

former tech ARG ANH O P PR OB SDPRERS HERESECEING (D R4 e within the
scope of thelfi@e irpdtichOhcladmpefilefs, ikhebamhdthitprentesalgftct he present
invention are depicted in Figure 1 Wthout limting
the scope of the present invention, the steps can be
performed i ndependently of @3ch other or one after the
other One or nore steps can be deleted in the nethods
of the present invention. The nethod of producing the
hennglobln of the present |nvent|on can |nclude step

A N A o .
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free, cysteine protected, cross |inked henogl obin.
Wt hout limting the scope of the present invention,
bwsosdey of the steps may be changed dependi PKQT/USIZOD'HGBO337
{0087] Semmaﬁf‘énsem as lipgse Ap AOBRI &1aefyats cAENGE EBYH to the Berargpbingmolecule.
Therefore, ¢dAb®xihs B abifve tdxins wHBL @kdnap Sy &3 the F2@Pe kP MRAbolizing the hemoglobin.
Friedman, %relep a’{ at nge% ro%SeSJtdlx\llgftgl ¥ ?J:e g goglq%nt%ﬁv;{té:he d %g%gseees,rﬁ? man, H. I. et
al., Lab Invkjp 8 1ol (€18). end; Colpen labddS | Rat. tNy)pﬁ ¢Hl 66)?/) havxeportgi & proggss for reducing or

removing eh&ﬁﬁ(ﬁns @3 aac@ﬁdlagr@%% ls@ﬁ‘tﬁont Waﬂ&zﬁgﬁ R a1 S(Ugﬁ P;ﬂ Q& r31:627 ,266) have described an
clotting of the blood. Suitable antlcoagu ants for

endotoxin bbtrdbttgd)r%ﬁn% mglrgobélpﬁg 539 1(]l g}lpm{b%ﬂ tl'}eﬁlset (ﬂ‘é %Plple%ejm tl'f,?dea(a/éll of endotoxins
from solutiérOr exanpl e, sodiumcitrate,

{0088] In soms,y %neong ents lop tgg gre%eﬁg %\%%tloné gxgléﬁ %gtgonh)? po%banﬁll'laﬁix}ggg% Tr}dgtoxins can be
ensured by p@ymlng@g hltrg@ucgow\m@toxu@ fto they clgﬁncahme@gsgs efdhe presgipt ipvention. Typically,

endotoxins b aum%{aatr&l@ﬁ*lytﬂ?%gmé BRIk ARGt S Ahattd @ﬁersﬂiﬁ[sﬁﬁl&@dﬁmﬁﬁes or the simple

roma fres IIectdsa l e or
proces of W G G PRIASEE THIEC PTG ORGP PGS Sy ardard LAL
binding asseys[io hetdvdakiinaie éseme of hanmglbinlsmodinbahdollediiom ¢rddetoxintbings strongly to
hemoglobhp IH%?/QVE? %Hlidf) er& 91!{1 (%I&qu)%gﬁlpé’é§iy¥ hm%gen%ﬁﬁteﬁﬁ{apglﬁmldvery low limits of

rozen an 1S pre erred
detection. Wigr mdé'afcbleoéwalﬂqcew 8 bee mPH Gk c"ﬁﬂlﬁ‘Ptef’t for ﬁgeduic??ntqﬁ Fnsiotoxms since
increased nG@bd? @ﬂstepk Qﬂﬁ@ﬂ)reﬁﬁdtﬁﬁ of IQnioQIB]hﬁ GHAS} irfd@aiehll& 18leD&dox5@tyLItrkFations using
dialysis anc&folfre?iiyngr% a su%tﬁgt z)’se i nﬁecr:rllolgfl)m(%o gl?sgr?d \ml&ngeg op Wzgerﬁ)uffer that may be
contaminat@iwithxindetp:gn. [ Nspetirane m‘}enbenadét elremarpéthhd‘T a@ﬂi}vﬂ\d@chto reduce or eliminate

endotoxins. d @@s@ﬁa@ﬁal@ﬁ%ﬁ%%agl{éégné dA&ndd RRhS ML EddvRed1 Ot
burdened wth an inf ectln%‘mrgamsm by verlf%/ t hat

Itis preferrfchtéatﬂg ﬁ}ffnbfﬁ’flest fﬁ’é CBIFIHB?Pt usg ;go%%thﬁ Bi.mo&&bwg) félainvention be
cleansed 1nWInﬁa|ﬂna’11 BufBi€itiit i @bideGhe rAnb @l sratimit@lion ofandverxth thamagéepntent on such
materials alpc{ eq IB n%tt Iprefnlg gs%%hga né tgrlé%g{n fh @%J&)rg &ras% gglﬁ‘ a%es and Qc{ulpment that
may come ib@ oaete@ Wlﬁlflfi@ hbm@gi@bus@ﬂ ﬂsﬁ nreﬁﬁmmmﬁ@ uging aﬁ%@somﬂpwf heeoglobm

previously QJahﬂw ds 'ﬂgn L8R bt £RAGIEIRSE §dhitioR te@s 1 kd &M&Hﬁh @nchiénce to remove
at es arti

rsiualcndagtyy A o PreisBFon SRR T RO PAT G FRPUPRIES % U, Pt o

6,894,150. (fhe dihité @ntioAnheobglabiv aseil édryvastfingis diagasierraffer lve-happ Pofeedly, any ion

removal or‘ianfeqI %@HI Jt{om:ﬁa ﬁe%@rf&%d QSYI{gQ:gg[RérCHORydIMSIS SB €s to prevent accumulation of
t1ons of the pr esent | nventi on, for exarrpl e,

endotoxin 1Bdfte S‘d?sel“ﬁ’éftpfqdfl?ﬁ ted to, interleukin-6 and ot her

[0089] 2. CSf&pOMir.N Vab RIS RBIR 14 mee PllsmalProfins ahd ¢nddtokiMTHIRBIS @y/the blood

solution calé?e'a.\%%fle]ﬂé)é_agi %%ggfézglg‘%}% 99g§5 a)s lby Hlﬁir?gﬁt?(}rrrxo orr] '(b)% Y foDeDénatloxr (]())fl dlls.crete dilution and
concentratigys Sy évit(l Bdeastene s@utioat sugh as an Jsotomnsplation\stspparapQRB Gs3figan epracellular
plasma pro{egﬂg Lty as 3dHkn atbising ko an¥b0d§s (ee% 1@1Lnunogiob8ﬂ1@r(mﬁﬁsrﬂﬁéilstood that the RBCs

578-582 (1991) armeb te |
canbe v Ap § e Cirvﬁavﬂ)ea}ead g gp egpis 2 R AR SR Ky inthe artand
include sol@das, 4@-h @d, 9@ Cxamad) ditrafehasline |801Ft10n®t PBS whickRbare bipH Bnd perfolpsity which does
not rupture lﬂ@‘&éﬁ‘ glgr%mxtlegl ﬁﬁcgib %ceg &g%ﬁkﬁm MOII dg @herwé}}aglbﬁood Sources of purified

yrogen test Res

water whlcﬁ &9:bp gspd Imthe (nfggql_;?f mxspﬁam]ﬁnchges @ftllfg{i Watexﬁge}myeg [Watgf gﬂa water-for-
injection (WBFL) £t o3 4ok H85En wat@deLPV\AI WFE 6Aich ks pfefer®ld, ialeionifelj distied water. The

specific me't\(ﬁg 8F }bug?}g?%\aat?{ po Ié g 1m$%or%ﬁlg el}srtheerﬁ ullrrcrrgegt%lr %?]%eee‘és tB be %ow in endotoxin
content. pyrogen test was the preferred pyrogenicity assay

[0090] Tllrén;;altelr atﬁﬂﬁ'@x@%gts W Eh tﬁ§£x’eﬂzgt 19@%‘[1&199(]: Abashthin §eeff9)ﬁ{@1[iotoxm
t echni i S under st ood hat ot her nethods of

contamiatyog RATIPTEo 3y BT E AT -S4 (KA PO T e PR e Fom
endotoxin dohemﬁﬁﬁcpeomf wiyhe rqdneskniskionsdntokia Rontimiedtiod icanghefto tetlare ghe amount of
water and r?a%%n bu&er? %xggfezl Itonth% ?{errn;gfogir& p@éazct‘ratﬁogx: ?]ile%%%? rl%gei'?g&i‘fmmbodlments of the

endot ox; ns bound to the herrddl‘obl n nol ecul e.

Therefore, endotoxins remain active toxins when taken

up by the hepatocyte netabolizing the henogl obin.

Fr| edman H I . et al. reported tr| ad hepatOX| city in

o | e - ~



process of bacteria exposure during collection.
Measur enent of endotoxins can be difficult, and
wae e@agsresy LAL bi ndi ng assays do not work in thECT/US2007/080337
present invegtions the %‘n‘tﬂlobﬁbﬁfﬁﬁf%‘ﬁ?sﬁ“w asipgoupigy-flowy pr capsteregyrent dialysis for
equilibratio® GfCHEfeRs bﬂiﬂ/&lrﬁﬁtﬁra&ifﬁﬁ&gin)prddﬁcth mgérd’lﬂ)IermIM\nmﬂ&jﬁs are suitable for use in
idonetric no
the present 1nvefnp1-ana %r d)n{uﬁerfla 31 ﬁv%l\%ﬂ{eo rg %flbeqn%\?\ﬁﬂatxgh\?
Electrophorgdit Er11afd 1 19D ot Laé)etatootns &wn Lhging Hélsr@hf qt¢. kig$ gptimated that the

hollow ﬁbeaéaﬁiqd@ﬁ%syla@ b hermgmm&&gageo@éftwgelgxlav@&mﬁltm Bas a 100 fold reduction in
| NCr ease nber of ste S reparati on

the amount erq%ﬁP)ﬁb FeroWHVec} Wéfag%%syflﬁ%mq t&c“}l&quﬁf tsd]%fleé?t‘f%? that other methods of
removing theleSfdaixail hRk8owasinmig athiadd yis msthianik skodetolf @ik perenmidtdnoos can

[0091] In gﬁ(ep nge%l?ogtu:g t(!)1 g &lt}% {/}hr%cgne% &;@l‘}lh'édasn %l\ééjiaﬁ%'ﬁaaﬁgd several times with an

ee e % éSchwarz T. et al,

cont am nat endot oxI n

isotonic solwmn%ﬁeplsy@tcewhe seeratprbyeRiTifugationdt WAHPRACH! oHiangioepwl. Preferably,

the 1sotomcts§lutﬁ(ﬁ1gid&§ls Ptaligd éomtlﬂﬁltPF‘ef&Eldgtﬂ]?)GeﬂbSare WhB&Ent MRl @r[drée&_ir&s,rfﬁlyed between
hen be us .an ane romtne v us VI Ce .

cachcenT RO S ERBRPRE 't RGP AT hEHB AL Ry GG GRggetiel

concentratidn®f BBOH g bt heolglisbgl tolfiltmtiof oten e tapgams@nilowi rlwrémnb on be

[0092] ThE ll&%?& ?(guc'a{&r ﬂa%&gm flfaé ﬁ:hﬁ"gs lﬂeﬁlb&ﬁyﬁ)(ﬁergmft&le[g@ﬁ@d to as "dust").

I mnation end O#OXI n that nmay be present on
Agitation megheds swmb@rfwmsgmamr@a@}.nﬁﬁ@w mapincfud? 3 BRgretis it Rar (025 in diameter) and a

mechanical €dcR@ 1S | klﬁgerl(&ne ACH@Mr b&iﬁe&xd:r b@acﬂfy&nay\bﬁﬁh:!dﬁ OThsstbikérafl &g padol describes
equipment tﬂ olyﬁxét%[qet%e hmﬂ?%ofl np%rces zﬂ:gn 1r11ptog th%ocgﬁecgea cils Nt dle

prese nven Iingl”tiaveatl L}nl(}%sgable fracturing of the

ion dsrn
cdlmmﬂn%@*%tmsman hennglobln previously qualified as

[0093] Itif %e%%@t@%h&h&@ @Jﬂeﬂgy koGln de 89 kdﬂtsépgﬁtlﬁgeﬁly@ssfrctnq)othér mﬂ)od components
endot oxi n and hence to_renove resjdual ndotoxin th

can be crop - i AT OB N OHEMGH e BF PEHH I Y: rGip b cell membrancs
ofa mgmﬁcﬁﬂi‘anﬁmﬁpﬂheRBEy Bychlds Bss tRaitabmit 3085.of the BBLs, IOt to RBE separation from the
o BN} O RTBRNGR Ty a5

[0094]  Waite eddieshs qapaiupg fsprdle reationnin hb@arp@?lpmtwbe%?% insErRptiEse packed RBCs.
It is desirablel tOWe Ailk M8 AR tiGORIRS whith & Q¥R e FEETGWLkhakddBre@ice the number of WBCs. A
T A RN T
Prechilling endied ioywing .eryifin@yRBfﬁs abogt 1Zheeintie dakeredugtidnorf filmfiorpie about 15 minutes. The
ﬁdfap% 18R %‘keﬁ%loﬁ i \WBES as &tﬂﬁllihe%%y métrg‘h&fts shdtf BhicQfiter Counter®

or a co lon of discrete dilutio
Cell and Pagisiodmaips i‘%"r?"%itké(ﬁ%e Ripspsr o theprebst! senensicn rdmwga f leugqgf reduction filter.
This is an aB&naAiRe 1036 196thdd vaeleid RRTE, ard RlespRBIIgEe inRBBrssefide @AWBCs without lysing the
WBCs, whieh grg: sa %el ! 31"[12‘ r;en%l c?bn,aﬁlg?t‘%%% ﬁg{l}f oe%)e%fj engs%fgl 1§§_}5<‘;&@e?l’ng%%1%elow
understood t hat ﬂhéhRBGQ“@aﬁeBeth@h@Gﬂin a batch or

results are s

continu
are wel
aampleOr
have a

us feed node.
known i n the

aXRRAPWVB.C/ @it

H and osmol ar

Acceptabl e 'S
ar Yolaydustedc|
atmhaavBORAD!

otonic solutid
de sol utions,
ut i enRemoBBS V]

ns
such

hi Lbg,, Removal
he

12 h ColdGRNvine

portion

mepbr agesqef RBA

ity which does
s and dgspl ace

of the whole

bl ood. Sour ces

not _r upt ure t

s the pbagma

3

of purified v

lat er

whi ch can be used i n the nethod of

100951 2. e BT BT e W

i zed wate

rious ll){ d? met

i nvention i ncl

ogen

udes

c{s car) be used such a% mechanical lysis, chemical

lysis, hypotphi®\is ofeher kndwindpsis Igetkmdefvé]ch gf(ﬂsasq }gmgglplgn Akt s1gn1ﬁcant1y damaging the
ability of thg E—I%tté Jrzln@lg)n\’é@& ?eﬁease&?geﬁ%(;glogm%h)g ckibedtond tilé/ érghgrocyte by hypotonic

IS not as_ |

npor

tant as the req

ui r enent

ysis n dei QTG GYA PO PBEH G SSFABPLR B BN [ewEe © ﬁﬁl@“’ﬁ%‘t“@?er fn one
method, p1aaml fridt@oddeaient Quilibadd with NScandrtiesdilited Mweitohors af d@ionized water (DI).

anpt i al r [
This can reﬁBH ttél? g tunng%ﬁtfhe ‘?\Iaittféarfpeg}l])%gg géell(s) :‘ége/ glégl téc@]ﬂgsl %5[ THE Cef}lls are fractured by the
pr esent |nvent|on are conpletely free fron1endotOX|n

cont am nati on.

One wa

y to ré

duce the risk of endotoxin

contani nation can be to reduce the anpunt of water and
reagent buffers exposed to the henogl obin preparation.

Therefore,

under some enbodi ments of thepresent



[0091] In one nethod used to collect the erythrocytes,
the bl ood sanpl es can be washed several tines with an
WO s@BOFI6s sol uti on and the plasnma can be segarmnﬁshm/ososﬂ

rapid uptake, @tm'abqruggi( blegt cglis ogn b@]@sefibthﬁtqoht 30 sgeondp, while WBCpyy more resistant. RBCs are
collected 1nBrfE)fWQTr@:bis)éﬂerttﬁEe RBE9110 Bl Gred G lﬁd Hi)tﬂ_]uthbeﬂrel the WBSZ@ bé&gn to lyse, an additional

volume of at% sa‘illnf? s%luEt)lgr? Isealﬁc%g (ﬁ‘}/ %nél%'ev\qg e?}o%ael c% cet%:tréltﬁ?n 0%"2%% a me cont%nt é)verall This timed
increase in $a@slusrpmdfe élV Bﬁsefroﬁn Ingihe. Fbe temaghd WikCe qnga«tmcv/e‘ﬂ fme tt@flysed RBCs by

filtration. Théﬁgxrggioﬁm%&}l t'Héﬂ B@Qemﬁle& @f B@t’mﬁ@ fiter 26 QIRGE thl@lthl: Qenfite would concentrate
eaccon”pls [tration ov

the swoma, (g BT F DO P OGS TuEE B souss AEale experiment
showing resfm{lcéjﬁ' WBG 0yald Iftaglﬁdo Asinutes. NBrdythsocpe hidts atitd)eﬁpipﬁé‘cﬁﬁn(l@ffhé 81 minute

period beforea Sremgoq let(l-‘)coaﬁel gyg’ccm)s Agitation nethods suitable for
Sery eh é/ I nvention may include a nmagnetic

[0096] Oth‘tfln?eﬂ@éﬁ‘ of(etyﬂwyterh/seﬁ, g e sl wanerteniqhre i 206 | Eegre theykk Bpy gpo be employcd-
See, e.2., Cﬁaﬁ'l&bkﬁf J( ey Gort w7l s7l 875K Qﬁ&r@brﬁ@a bERRAGES M ltaa;mrttsa In some

Thi s exe | ar descpbes
embodimer g Nt AR R Ty 5 SSRE e S B i satne v 12
volumes of deibhigdt @dotoehfise vaterpné nbjrctingtbesils @lgewlefagizatibur ltngumdfrstood that other
methods of E}Hglé %l ﬂB F&&Q\Q}?ﬁx R art a}ﬁh %rem:ﬂhﬂltthe[ SQQ[%‘?df tﬂetprelsélt 1nvent10n

r st oo that met hodsH%enera known 1n the art fo .
[0097] 4. Seqpel 0 SepryrRBeE Strersedren ke oglotidl e ﬁ%ﬁ%?fttho? cEdhjoge e about 98 5% in
pure hemog@dﬁﬂ GME CbneQimaB X @bt 6f, otlsee PioleRR rdtud g carbbiey zellh?drish ©The membranes of red
blood cells 8:f_e g'rlgetd é(g st stts orgtéc?rngaﬁaﬁx ggr]t;tal? ﬁpt%&loo%%e anté%enﬁ 196? efS al first
demonstrateat bt 5o BOR st o tihEoRBES of emiobrzed red RBE! @éfmtratqlmﬂ ip fhgmembrane (stroma)
of red blood Qz@s HaRdir (PR %&&W@H& R_E a‘i 3 LE@}; 1S5 12601 e1bé0) Qﬁ’coﬁ%H‘teﬁ by reference in
Cs) .and pl atel ets h0094 White bl ood cells
s entrety)C RS GRATREIBFY {98 OF GAEOFONE MBI BRI FERTG R G Pood may requie
climate conﬁbﬁﬁ&éfhgdrihoh]‘ T1a additimetanyad ke duliBGaral disdag:s dasinital leodzd blood
transfusion%r%%ey a erﬁ H& dng s%r% E)Ié I%H P{‘I l)(li %eﬁl%rb"[\ﬁgé grpm&gf%s ﬁ’l@tﬁ?gl&lﬂ?("m can be beneficial in
light of the pn@t@ngrmaws,tsh@tas udlagmpinn, ﬁghlgtuéwmﬁ?étwgu% ipnyype mediated
complcmen@ﬁ%%%éi: fl@t’eieﬁachx‘fan% 8, dfOhe ¥R hld@bRndsRErell B146OEME IGY p&Bibility of viral
Prechi [1ing washed bovne er ythrocytes for about 12h
contaminati§y nj t 5 | eukor eduction of filtration in about 15
[0098] Amgffeutestrdihefreedsubglsbiableodvbstitute or o?a@lndellveryAh@aﬁy@gn offer several
advantages o@%lg e&ﬁnmb%gﬁas @tﬁer&@snglgfuh%ﬂp th<3| RS bef BB GSe Mgloﬁﬁ blood

ter Counter ticle Counter is
substitutes epaiffdugee Byent 1Y sHEET g undstired frmpred e PeIPs: SRtk ob fansmission of viral
diseases, 1nElhcﬂlﬁgJ@ibatals|aﬁdJHDC Mcﬁeoﬁ&dﬁi@:hmﬁﬁt tb thk tidiitedldadrsgei capadify of erythrocytes, a
ter atjve. t he net wherei n RBCs sel Lyel Wi
stroma- free%e (r)]b tﬂﬁod surgsetltguéen%r eox n%@&ry ﬁ?etrzﬁ)eut{c Cfu)x/ <as)clliun it a? ﬁgg%%%’e%hfe, and
require lesswkgpmhs qweors@beélqmnt’llleﬂ stoeagpfpeditiesy filtration This

[0099] Th%e;,{rﬁﬁzl h¥Eoel i8R b} @umlﬁﬁ%ﬁ $ele H@ﬁc@ysﬁ‘del bl 2 lo@k @Mérdiafike® which retains the

: t Reduct Filt
SR L G IR T RN T —

filtration thto@gltla 0. 82U radilteeg 800,06 Ddltps inslecuddrevvigbafilter .\ §irafiltration membranes suitable

for use 1nt eQ..,EIQ mv ntJoX§ e%%rgﬁlerg tah)ﬁ£vahﬂ)%%nll, X‘&'e§arﬁ£@é Mﬁil or\é@o%ratmn Other methods
ease In wthout significant darm ing the

forseparatigplh frogp sty EREBF 6 RRLCOET A alﬁladlﬁ%feég%tass’e‘y aféﬁplta“on (Tye, US,

Patent No. Jrls:m;gbp béd&lﬂi@t)ﬁmbﬁ’ rﬁx&loﬁmﬁ:dl Tt isQiiidriieodahay biheaaatiads biyremovmg stroma are

oni zed water Preferably, lysis is
known in ﬂé‘ié’@‘&ﬂ‘gtre ik ’é%ter? ‘P64 ftlh? B e m‘feng(\’/nol umes of dei onzed
[00100] Cavhowic Ahhydyase. Gerbbrogianhypydrass vall bqre@o‘tﬂddﬁ@klgbélalﬁﬁma@@ﬂce the red cell

membrane ﬁﬂ%bén‘ lpsre@tvﬁﬁjch\ﬁ Jnlfbl at@@«@ratl P&hts i thiy hﬁﬁ{od Wbpexémiﬂ@l diIB#ation and buffer
dei Orrzed wat er his_can resu

exchanges o EIF, G TGP Fls (PRLIREDF T B TBYGA LG oL By e mey be quanified by

ELISA. hypotonl c lysis The cells are fractured by therapid
u t n about
ooton MYBREER St P P S T PR RIS 2o
collected in a fl ow process” 14fter the RBCs are all owed
to lyse but just before the WBCs begin to |lyse, an
addi tional volume of a 9% salnme solution is added to
arrlve at a t ot aI concentratl on of O 9% sal | ne cont ent

- . " o . N AN N




enbodi nents of the present invention, the cells are
| ysed by flow m xing red blood cells in isotonic sal ne
wowdR/0iwsy ol unes of dei oni zed, endot oxi n-free MeEL/E5208TI080337

[00102] PQ‘&B]‘@@!“ la@'eltlfupéluetg]q SAnpt(l}erd@h telpr@ené@q the,§tabdgINOqblocked tetrameric hemoglobing
of the mveﬂﬂaﬂ ertﬁet 1600 ttvEIRA@pbh@pivEpideptRed Phexbhdly sl Bgivk HemRRGRirfade@ipid layer of the

red cells, thle ﬁ?}lécﬁz orfnt l?mrrl%qj}ﬂ n&xe %trg?s 0 pxt'fgc%nsmgglﬁ%faa vee r(e)rfno ! Q%[ p 1r1newsanp 3 lipids, thus
ehminatingfthmlﬂemmgdoglbiefh witlT Hheir pseinen tlﬁlowholtphieaseﬁtyy tahnbe wtiselreé tbgg HPLC and/or

ELISA as 1@@8%0% téo(?elsﬂllaﬁﬁ ﬁleQﬁnpﬂlsplQh@ylchMlﬁehs ﬁ)gﬂ@tosbg@!ﬂl)w HIGHH of detection.
ot her proteins includ carboni ¢ anhydrase T

of
(00103]  GraptReaes HemasiPvE DA A ionah Ber ek S B, B oGz emolysae i
concentrate@ by Sﬁﬂeﬁlﬁﬁnaﬂhﬁi doaotallwatbid th@fﬁasia@@ofbﬂeﬂ@@oﬁny Wﬁefaﬁﬁly glﬁan;&oma -free
hemolysate?sgc):t()olngen{ﬁar}to pueS} a effslterr l%salt\’ﬁge Wr %g {g‘ 1 9re§§a§g/:,§ stro efree hemolysate is
concentrated ¢ et%@S%dg/t)h@uv@nbﬂpm}eeffrsbly,élmﬁom frpebfrr@%@ells@emeeﬁated to about 5%
to about 20@6n glogt férabilf Rt s@Omd- kB ldﬁlo(yRﬁ@is REdceRtatedko abodt @(ﬂ ah/&ﬁh()% The

127 (1967 ora refe
concentratesﬁ?lwfm‘) o OO BT B B e g G BT B8 fgused o pH
of 7.40. Hosevelr, hgiH chetvagyeabb @i ané pennt 5 Eaarbe Inbed Grdltherpnesenteigyurntien.
IRt [
[00104] O;%:tk)hﬂﬁ fHe go%génqrgt]leél glg gcgehgtgoé S(,:grt?t:hgll:'] l%e?nﬁ}?%t‘!éd&né %9% {)JIJ rﬂ(ﬂ%;ﬁ EYCh‘P(fmatographlc
columns to fyr RGPS B S h?m(}gloé’dﬂefrheghtpéff?lﬁén@tlﬂblﬁﬁhfﬁPlatPéfélphéfl f@&tjother contaminants

such as antﬁgcilésfsen-ﬁbﬂdlﬁms %Bcfsmpiﬁiﬁ af eh@flﬂé. hiiRsek. ﬁgﬂpl):s &aitdBR media include anion
nericla

exchange me %hcag%n Eixﬁlfaln%mcga[ h%d?opgaléf n{terg%g %e(p a Eglfl i ff%lp% gmed%.ﬁl’he chromatographic
columns mayngvua@ anedpatebhngomplieneyitble éspparge Hb fommeh-b¢moglobin proteins. Suitable

anion exchzﬁl%g {n\éﬁhﬂnpﬂclu&t for e)%tnptehﬁhcgeihllnng@ Imlhﬁﬂﬁg%l Qfosé' ﬁ'gce(bh&ggl agarose or a
I's, and possibility of viral contam nation 98

[
dervatized g PEBEH Y EOISEPHRL edvdrrsiobs e e ox e benzen, that has
been denvaﬂﬁedﬁr)ﬁ;hgﬁﬂtl(dﬁi dhwiicyl filtesmaply, aiascf iyl sehehdl or quaternary aminoethyl group.
A suitable @lo\{laéQ%haa Xl?nr nﬁ(c)gr\r/eesggnldglg g‘lltu?rg nfagp @I‘ geé%% 93 atblgcﬁ‘% g)B ﬁgcgilesorgtmn of Hb as
compared tg gmsxtnrmtlse@d cenaminuite whichere dkelptotbe ahﬁlyseé\?@rq Rhgseggre readily determinable

byoneofr&ggﬁﬁgglgﬁlldtwe responses, and the risk of

[00105] Rmaﬁ?@%ﬁ%?@%&b\(&{cgﬁtg e§a§ N? osrbt%ﬂg 95*) hgﬁ he at(i%?téagoval of organic
phosphatesCea$ A3 -tiphaaphoglyydrite, gy tbe 8gce@arg i lnmnﬂwre@yda@n’mghxcbtm site of the cross-

linking reaa@oﬁ %qhe 5%9115,54 tEwH dlg{ﬁd 9%?! ? %ﬂ)lhgs?h{g\{ gtetnhfernﬂygl%u I s&flembodiments of the

bit an exten require ess
present inveritign dssromm (e e b aplpyondnnbrteitpbufiestitpigereanic phosphate. Accordingly,
in some endb8dimknt! drake présglg %knt%h&héitfoﬁﬁ&reﬁﬁ)&nﬂﬂ&{ﬂ(em @fbsdlyhking) that has passed
through thefutllﬁef 18?); Rl)l‘\at’]t attregtg? tg)lfeh(ct,sha?gﬁagn osgi'xe]% 7 05 ?hlocrb Fé)%‘télg tp%?poggd re:(s)trr]om;«l free human
Hb can be ppasd asth¢ zﬁageriqemgd:sg@p af ox&xkdngthroagh q;gpxyexcth:pge eadyrn fhatfhas been previously

prepared ar@%ﬁ&%@at@@%ﬁb @11&%9&9 ¥t B4 BSs &Hﬁw mdabidrbd Bt tbt@ﬂn&r@a[n@tglbsphate

2 mcron filter or a 300, on nol ecul
analysis. Sjiablg pRaicrpeRs@Fe commeally fYeY! RS LS Rgh YR mventon. T
ionic resin teE@vésphbdprattheSeyicomparefot tho kitead @hich aspindiirals Hyring the reaction with DBSF.

The solutiog/?ni tklglbr!e%ﬂltcraﬁj;%ed t&the gg(sﬁgcpl!agge MB S 0#}6929[0@ ISC;Q)E Peggs%%%en using bovine Hb.

or separating omthe
[00106] 5. pﬁ%@icgﬁnqyél @ﬁﬁ:’qygfye e t]uﬂ]&l%?drfétoglé Heidh ?rép?r@) ﬁpemﬁcally, the CMSFH can

be treated URHECbRIitoRAL ét@ﬂ‘blc(n-tw)&em&he SxydRapestnt iehe phepardQonl DAY aspect of the present

N S e
scope of thaprdseatrievendidnh snch Hepxsgrop@n odn tetvarriod ewf defore omqiigqq BiyoM the steps disclosed
herein. For LeQzQﬁ'pQé) lhe G@prgéﬂht%n%[é }éer @%@rforﬁl@ﬁ P&H? 't&or@ﬁgfytﬁier s@e%e)f Wlﬂolvmg Stroma, the step

enoved t hroug [tration once he red J
of emoviniy g gRIEN e Eféleﬁf tblylégefect\mtww ewhag?éﬂn% g yigp gf lysis of RBCs, or
the step of fOésiininf bt ¢ BentgtobdOin oh©émieaiEal, @jch deaf dnbtioatii wrfoaurd prior to the
protection (pfl%he tﬁ101 %rx G ha _?‘?c{’]stcacl)l(l:ecrrlilglet?b1 gtf tge e’mogft%mlggthgggﬁe%t 1tn%‘ntlon In another
ross resence o oni c ydrase may
be quantlfled by ELISA [ 00201] M croscopic anal ysis
of 10m spun sanpl es does not reveal any cellul ar
debris.[00102] Phospholipid Level Reduction Anot her
key elenent to the stable hK}bIocked tetranepc

Y a1 - Y




henol ysate is concentrated using a filter having a
10,000 MW cut-off Preferably, the stroma-free
whemmshysst e i s concentrated to a | % 25% (g/ 1) BOI/US100TI080337

embodimenypf the ¥retia. dpxygeneting isperformedpriedo ﬁr@ﬁSdln}fglatﬂ@ hemgoglobin. In some
embodlmerﬁ::sQﬂ GRMveald0ht Qe nRMol Maphguite M34imMRYe completed. In such cases,
d t?% gr abl%‘%‘y the _stroma-free henolysate i s concentrated
eoxygenatp,Confiipns ey 85E5tit | 09% The concentrated sol ution can
[00107] THeextewjwf ddokysgthatidn vanttes nipafufediby gmahtdmatagidph. giremjunrsbasef detector (e.g., a
"MOCON"PEQIQ%I[ @}Pclc&a 1ﬁr?ea1mﬂs 'I\ﬁlnﬁlgjby%{egsqr bg]p@ OQB&’ ngaSZrm%Qhe spectral shift that is

However {g bet ween about 5 and about 8 5 can
characteristiseof Jeqphemostopa f?ff"é‘é‘éht i nvention [00104] Optionally,
[00108] Ofyidéen iG (ﬁﬁﬂﬁﬁbglailﬁidml’db resmmﬂ byoRcaat) of fyeacie @hiieghted. THRIOVSFH used

may be an @Q%}hﬁate OB a3t %? ﬁ'e]:mo Cal op Bl ogc{ll%ggor a rgtenta%{n}]rﬁmtthe ultraﬁltratlon of the

er separa
second stagle mqnaﬁ@a@qwcemts@ FOGE}QWH‘FQ*Q)W brobpatobmdn mmxrmamls 1& @V(V)a@lther of these
solutions oIS B ShtEified cﬁﬂ%%l‘y@%xy%@t@cpm Rird$ vBARmANENRBS 0 84l the partial

Exanpl
pressure ofé&%@%ﬁ%ﬁ%éelﬂ%&ngee g%‘g‘i 39 %ﬂgﬂ)ggo H%’&: cgg %,J](Sygtpgﬁﬁ%ﬁia épeed sufficient to

produce a fbild¢é ge@etthannhersedica teakion effthd solutiyn. Mbekle are Phaerally low speeds and can be met with
preparatoryccgﬁgﬂ;%sogr tﬁ’%E Ffza c%g TS P I}% ﬁﬁybeadgmﬁﬁfeQ@co%%ﬁgé}%%gometry of the

Suitable to separate H Fom non

containers fytlest @VIHEH Buinsgueashas thersi rw be Reatig B e ey aah@ichad'éc arfd dpat the
temperam@éﬁﬂﬁphﬁmtaﬁkh hrdiathe I AR alldviel @ tirdeba. g el, cr OS S i nked

100109 CSERTPEA e Ko R B EIR = et APy oo Poacor memoran
technology Stnyai®re uehd\fwyixmnzt@n @here hastgehafs» ntwén ugtd mSKstat ofngrpeey gab Three or four

of such meﬁbrgﬁzts Irrﬁp bg atﬁ'@lﬁamnpéhesf tgm%ﬂepﬁl@ugﬁﬂlt amd légrhbeqﬁedafor cornmermal production of
I et hyl am noet uat er nary am noet h grou

deoxygenatg(bPrto‘imeéatg}ﬁe&?gékleﬁ%mtgc@ "ﬁ@cﬁw%i:ﬁaatea ft:ff%: Benra?eﬁ Wthh the dissolved O, is
removed. AY th€Ab Sork@itratidids Betea the 8 raarhﬁﬂrrﬁlé inofRasand’ hde@exﬁrﬁéﬂt oAy ot lower O,
concentratit\)ll_ék,')to%ﬁlo ?1!6%2\/ ! Ql% Ogsgcgarnl s per (%rlngé 18?1‘%%&2169 %n{ fmake the system gas
tight. The glevalipd gan @@tn@imﬁhamveownbﬁéeraflow Salsemuls’ 5GPP§1< iThib o Regnvironment can
provide theafztbam[alolgai%al 1oRBRY @ht 870, BRORRO.Ms6rbk OB thBHE.Gig @Euuﬂ{ grédedr than 28.5”

No 5, 290, 919) hav:la reported that renoval of
(<50mm H%)rC@%Pﬁ ‘Ee‘bﬁb%ﬂ&‘l‘%@z regogl- - 2. 3-di phosrhogl ycerate, may
[00110] THeeletyggasBa reyddtaxithfieepdtroine mé y&acmsucbaemalsted Hh &d@visEH) pfepared in the
manner desélhb%g %%oqrg ?Ask Eg%ﬂggra @%‘iﬂtﬁ&d 11§ a &?Hﬁn%ﬁt aInH % pﬁ%%'p?egaratmn may be

sphogl ycerate in h
preferably whHsEATTTEARES POReEHR) pridse prd m%tﬂerﬁieiablrx b BH Sty pidf the solution
may be adjibesARBingID.0 S0 hdétit M érS .SV RSOANWhat Hﬂhtif)fx @Espér[sﬁ)ﬂ) dr ﬁﬂﬂl@(ﬂlﬂif @ater (including

i, eGSR EAPHITES Y DB PSRN b gpoom a1

subsequentgtepssal Herpkirindyut i the abhase ﬁé&s@ mhntginerbyt hat §viet means jsggsired. As

indicated alh)%e aﬁf&e&eﬁ%&lﬁg iy BIvEXRRB g?m@&%ﬁ' 9&‘%@ feQureCl it al C%vae box,
€Hﬁgrpose the stroma free 5 can be passe

however, thﬁ“tl 25154 LHCBEWY TpY swHvEeyy Casvl;a%n P SES AN i on

[00111] 6. EStPNALYE o ring ANe smyd,jﬂagtlb@ﬁezm(ewdmﬂepogwemar@d stggef protecting

cysteine of ?h%lflleru) (gb%]i glbﬁsﬁotl Ero&: n% I'?qu]g 1II:I£J be c@ﬁ%d Qlflt bte}curesthcs&gsp hﬁiﬂélg step or after the

ure ani c p OSp te anal yYSI S
cross hnkmsmep aib pre qnemfh@lemeﬁ the @f eEEIE BN e step Iof Prapeting A5 teiokgrepp in the cysteine

moiety is cati&d Mt bdThiB tHeREosS GRS setb. Th Afvtid: eSBIlimdnOVRRd préﬂéntﬂﬂﬁmwn the step of

seosnnb e TR RN PRl PRACRTRE M o, 1
some emboDBBAts Phthe Swknyivh,olaoxyamatidnasnnds geréomedprior ot reeiedtiog thiy eulfhydryl groups in the
hemoglobn{j eﬁll e geaé&ﬂ%o%%he%ﬂﬁé &&eén%n GpéI ful&fofal %ﬁ)‘hﬁ! sd@ﬁ &4) but not limited to,
usi ng bovine H b‘i 04. Renoval of
hydroxyl, tmlg/@‘éﬁ‘bo"m 1% 115! edEﬂ tB%Rréﬁms‘f“f"B f ree Hb or nore
[00112] Sdﬁ&&ff the Ieﬁaﬁh}nﬂl@é of thh &:a@ﬂ@lﬂr&hﬁl&fbuhﬁe haot datiteditopnpl@idylmethyl chloride,
t | ons s uf f.i ci )
alkoxyalkyf:cﬁlém% 2 1tme eéhalé% gln(%%rérg)?nn%ﬁ;gl\facetgé}eﬁ% ﬁﬂ?k%\gyg%gtﬂgl Chfgrl&!‘ gcetyl chloride, 2
concerns an i npr oved procesd8 for renovi ng oxygen from
CVBFH preparations Wthout limting the scope of the
present invention, such deoxygenation can be carried
out bef ore or af t er any of t he st eps d| scl osed her e| n

o o T . Y




"MOCON' anal yzer (Mocon, M nneapolis, Mnn.), by
measuring rq 2 or by measuring the spectral shift that
WO 200868t eri stic of deox heor%gl obi n_f or mat i oPCT/US2007/080337

chloroacetlc[aggla@g}c a@xﬂ@éﬁ hplﬁacptﬁ@qué oppefgg]}fieblg WJ& WIoroacetamde or

fluoroacetantia&; UblBAce@le sy oY R/abd4ER16 Gﬂ&xﬁdaf:éigatchlﬁfbace-ﬂ&e oiGMoFdakd#t3€ Benzyl chioride,

benzoyl chlcgtadg Cﬁ,éerl‘abglt)flf dtcar?orglFet ;ré %¥d§?xélﬁ e%lfcg/? rogdg%atlcgt%x;bgnnz?fygllor%e D-

methoxyben@liiltChlafldd 2rdadinigppheiyl flherids detoshpldrapyayeacglamidahydraxymethang, acetone, bis-

carboethoxﬁﬁlagufﬁ Q%Jhﬁ)r&a% thbfn%h @hl&lﬂﬁ tgﬁ mkﬁgﬂb&wﬁ Shloride, alkyl i 1soc anate, and
appr oxi mat el y &@g&lt er of these sol utjons

alkoxyalkyl ERBRPHD B %ﬁlﬁ%lﬁc E"éﬂlp‘ﬁé?f gy treeirseseaedabinye! &Eﬁ‘l“g‘ff‘ﬁ‘f@‘ the reagent
is jodoacetafhidé A€ 1d uAdeSstidold itieak ﬁﬂ'treatgéht ®Apval in tHe art @ar tandk ued ﬁ&&htbexaﬁﬁdomethylatlon
[00113] Op)[tﬁfzatr anaak tl!(::eg%a ttmn évé n ceta?ngdet /ﬁg)s ghe: }8 oa@ét ""Iﬁ% regctlton? § followed with an
iodide specifi¢ gehtrode, ainfegme ef e @m@rxctt hagdidehen: s @rt?vaer@lat e1§8Is opr egfivalent of

sulfhydryl gHﬁE cafleWddO Tablt B&ESysA 2id SEMaE &duksy o}' @Woﬁ&%&%d@&@ct%ﬁ ffor bovine Hb vs.
met with prepar torénc ntrifu or tho

the moles Of(,lém lieiaﬁfatdgeq: IP&'RI teagtipn. rer.?ﬁv (éw ng appunt Péf?ete&ulﬂwdryl per mole of Hb
and are givef Qiiitsl of mélreqgiedenes reMtiafto béwinedtint ai ners of t he CMSFH

' h o -
Table%%g&c@f)%(h’ hFB&thl; Aﬁ?ﬁléaﬁts g’glng hﬁlvﬁféﬁtfsg ﬁeeasjhﬂﬂy(frﬂrremammg.

HrD

ange re c

Timmi nf ai ned anfl t helsol ut3ton n015 al | #hed|t o75ree229. 120
[OGl(J:ﬂJl\eﬂum actor—menprane—tiechnotogy can be used to
reno om Hpb sol puti ons.| The jcontactor nenbrane

technoll@gy can al so be used |for oxygenation where
oxXygen gas nhay be usef—instgad ofnrtrogen gas. Three
or four of such penbranes mgy be jattacheéd in Series
for hi gh®r thrbughpt|aftf cgn%e used for conmerci al
prodyicti gn of depxygenpated dr oxyjgegpat eflghenoglppbi nl <01
solution. The Hbl concentratilon aflffects the ratlie at
whi ch the dissolved Q2 is renoved. As the Hb

[00114] 7. SBP QWtSeﬁer% yy Iﬁolllﬂyﬁcﬁ&ﬁl&tb@lom ﬁ&mﬂ&hntf A f@r the reaction is complete, as
determined !a)btﬁ% %ﬁef $ éctd]]ds ﬁvcthbtl ge&%g}g ot pcB(ce %\}S rrcmowfeﬁ é)y f:%uﬂ%br%lém Wbﬂl Ringer’s Acetate

and diafiltrape.f or ned i n the anaerobic gl ove box to nmake the

[00115] 8. §"}’ ﬁ&?ﬁk%? Lir)k%twuhﬁh%pglnwéa&‘aﬁ o) ?'LFH S{B&ﬁ’é @eetfhaecan be prevented from
Ironment at “very low Q2 levels (< 5 b) .

dlssomatlongmw@ diosts Bnupysdinives tineanleprali e arey we dléazmbta%nﬁf é’F’ Tetramer into o8

. dimers and l‘h@ﬂﬁéﬂ%ﬁglt; QrcRRSHHRI FHRATHRGe % t<3BNinR&hd Bst@th S BRAaNY can modify the
eater than 28.5 Hg) can be

vacu r
affinity for ‘G‘éf%ed‘ %P’}% T Tl ‘i%he Oé‘ﬁ%?nglampflf)ﬁrﬂ%ﬁ‘esgl’ﬁg glp eoxygenat ed,
[00116] Exgmndetod xuuablé c@es; linking egatsfincddwle pelafubaicastioghorrahah yilbdress liploHb proteins,
such as glutgrglg%\@@_%lllcgfngﬁﬂgk@qe la ki Jfagﬁ f(ﬁrt%p olyg)%%ﬁlry egggld%p)%ﬁ om?))ﬁr@c? aldehydes,

y hal ntal ne ert ‘envi ronnent_ an
such as glycphldelﬁde Rempletpdn-eremacaiRyl-Benipe-d fselfens %ﬁldérail%keéfar Pbm%%emdobenzow

acid-N-hydioRRGRirReVeen, sGedhialig @(bﬁmal@ﬂﬁdddﬂﬁéﬁiyl)&fcﬁ%@(aﬂ@i Yarbhx@lite,
e

sulfosuccmig-gclf ﬁé%i nﬁlewng%rg?t ygcg%?hégagl? Fagoxy ?ﬂ‘il%al%ﬁlé rogéné )[1- -hydroxysuccmlmlde
ester, m-maRingipehrsiop-hpdrogedidsicomingfle eset, Y- su@aclmohdyﬁrlﬂgiobmfﬂ)em@obenzoate

sulfosuccmlﬁﬁcgd()l 1&85&3 Jg%o&%(ﬁ?sﬁgmﬁﬁndgﬁﬁ g{ %%Fmﬁ&b%‘lﬁkny)?{]u@}rsraetgggfﬁgccmmndyl 4-

eoxygena f
(- malemdg%gag‘%ﬁv%é < ety apRopRRY DspER e ey gk e, NN Ephenylene
dimaleimidd}Biddoaiptieds be}loﬂgh@to By BiE-irffE a6 6lads Shel&gi digrtle clAss drdetiagdtidalide class,

among otherlgbﬂ'le saccgar gsecarel é I?Sgd a%e ctrcl)lg gmkl{?ﬁv %th? %hg ggig%ﬁ? oiﬁsfclccmlrh{cgﬂaﬂde but are not

t'1Vé pressure environne owever
limited to, I@tnh@r«c}lﬁll*\@ﬁ (ga@ats@sgl(l@“g metha#gb@WWeb@d@é?m“W @PﬁCF}Wldes (lactose,
maltose, celmtk@)/l{%%sé Rnd dr&glol ﬁﬁfé&&fh@x@? ({aﬁtﬂﬁgéy:} dja @lysa(%t:lgwxd?sqaeﬁtrans with molecular
ratecti ul fhydryl o e Cysteine(s) of the
ngMSOfkéW%@W8B%ﬁ b e step of protecting cysteine of the
henogl obi n mnth thiol protecting groups may be carried
out before the cross Ilnklnﬂ%step or after the cross
linking step. In one enbodiffent of the present
i nvention, the step of protecting the thiol group in
the cysteine noiety is carried out before the
Cross- I|nk|ng step. In another enbodlnent of the

e ' .



fl uor oacet am de,
bronoacetate

hal oacet ate such as i odoacet at e,
chl oroacetate, or fluoroacetate, benzyl
08058y benzoyl chloride, i-tert-butyl di cap®ypDnsi0e7/080337
[00117] T}}e6rq§§, gp@é}»}n Iqud%ca%fucthlné%e&bbe%%(gﬁfxgen CIPHrgﬁ.nilcd)éxosphate which
binds tightlp to thﬂliﬁhb@hb]z‘fﬂ&ﬁlﬂe}éhle ahd frtetfekes with dhe Ehofilinkdp h@&)dn hdt@petoved to increase

yield. EndoLt)oxms W (glr IE Rl §E ﬁ%&e%}e%gl glgt‘%ﬁ)éf' [e.Cl?li%il orbgtcgc{] & (?Xh)? ar go())(hﬂ \ivhen the hemoglobin

is metaboligel| ) r@ebe afﬂewtd touewsey Bahboesitbichl or i de, al kyl

[00118] A Eﬁ@.gl}é %@Jn@ of a%ﬂ&s—ﬁhllﬁﬂg( thKIYsz bk BRI/ EhidH Ay p%ﬂﬁ@infrérﬁolecular cross-
|l e_of the sul 1]yCOSF)rotect s of

linking to sfah%fiﬁhf: HH anc{ arHSé) nr\t%rgﬁ)éeﬁ Balaggctg %mr}:vg%%fs 0? , to thereby slcrease
intravasculatiielettish. O0thobhiahitisgie sc@pgeiie ﬂ(ﬂwmnvlenrtlohhenarststritmets cg@be employed to

WM§ (?eglrgb% moqé@l{;ﬂ? ﬁé%q{%qﬁ)hpégs (ﬁ(E}FJngao i é%pror%erél z“he t'%)e and

m zat | on eactli on wt
concentrathlh%f botgenst tkingi e aycagting agents: sherdyrationef dhograstrlinting/ Radyngraization reaction,
and utilizatfoR @€ icfihcgnp@b8fd zﬁ@ﬂﬁ;osﬁbl@ GRiaBBEh& car Bty linede SeakSons to engineer the

t .of . .
molecular Vgedg'ﬁ ﬂg;la]#)gtrong%%eﬁ b&lgiﬁl?g[?éoe}))ﬁ(%g% %nd?xg TIE gél\éﬁil oc\?gss 3%59 F_I(lj, dbspersmns
[00119] Optimyguti s T , g

§ azent Tahke 3lsows a grid of

v§ leo%? cx%gs 11&%55&9@?4313%&?2& nTﬂeh@slthQl?eCJechﬁ}age of alpha chain

he results show the anount of free sul

et unreacip i Grent B AR UETG) UM DT Lo 4 on iy St s maimtained

constant wife hﬁzltioﬂ of ﬁh@adﬂ@ﬂrﬂﬂhcbﬂbbyﬂ&ﬂh&n RitlRESOH.I Sfierah, tB:DMbcﬂﬁtuHbe acid has long since

ceased. Resul cr Ml T are lczlécfem g g I \(/)paﬂg eQ1Ich of tlI) [ ookm for residual uncross
ﬂ ar Tkl 8HTT FOPEFES “FO8 " Eeparat i hg

mal ni n
linked alphibhamS- F’artbft ganded mqéln@ gf mmunmfnr% thesieble N@rﬁlgckedﬂﬂmeﬂe hemoglobins of the

present invErfidfk LR 2 bguiaRAR LEDBSF, &3t af b8, R lmkmtghseacfu@%@ Of
i odi de_evol ution observed , excess |AMis renov

Tabiet 115 MUt o PR derceliog o I i shin Hpppaipie Fgppsimine

cross-link

increasing

[00115]
Reacti on
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al dehyd
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S—Stch
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or ns
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3%
such

as glygo

N- mal el m

do- 6- am

al dehyde

- 38%

nocapr oyl

11%
-(2

2.5%

-nitro, 4

. )

ni c

1.5%

est

m na

el m do

benzol ¢

acidy-rhe
aci d- %ﬁh

nyi BT,
y L 1.7%

-

ccinimd

hl)eve
T T \I]\I

ydr oxysu ester| succi

a-|l - car

SRS EEEA-ACARE = T

sulfosuccnlnldyl 4- (N-mal ei m donet hyi ) cycl ohexane-
[00120] In]selﬁaﬁh@))dyﬂleats @f the present invention, the dCMSFH is cross-linked with bis 3°,5” dibromo salicyl

marate 0 y [} T 1 en 1re Cross-11 cr
fu t(ﬁ%ﬁl B @50%2% szgana I%F‘Bﬂé G 1l by REFnESHES enti ty). DBSF cross link

nzo roxysu fosu00|n|n1de es
may be added iith stiTHg e &Vl d(: SFM%@GIW 3térxﬁo|l]a6 [a22] 26]3?%?’ Cross- llnker dCMSFH of greater

than 1:1. Pfefbkafbf—ﬁ t1|16 ﬁﬁlaﬂia@iy b{®B $I0&i[6§ﬂllﬁke_‘ﬂ JGMSHIDIB N zBxadr @&, such addition, the pH of the
dCMSFH pécmalfatlon is a

o is a r‘HlStGd d(( F4 &n Izlamtam?cp zn % "%ﬂul?%e ﬁl¥[ lrtl}atrgictlon El"he pH of the reaction
mixture is ¢axeé¢l}yy11auga1(1®_lxj|thp@ﬁﬁpy{)ra¢ﬁappg jor ba}gg/!;u)cg ahebg]@p(pmtp ot buffered. The reaction is
Imnmnuuggg&ggg$@ﬁ&pe N, N -rhenyl ene di mal ei m de, and

npounds bel onging tqQ the bis-imdate clas t he

&ng.f\;%protems to

(00121) Deferayagan of xeeat eieresh iidye foingi S0 gel e fplogesis,
form long rblixos@ethatepdes clheges bithaiaeaxdgranp ossutral pKi ﬁgpteag @i then be separated by
The exanpl es of saccharides include, but are not

LLAZAR % 1A T

limted to, nonosacchari des™('gal act ose, gl ucose,
nmet hyl gl ucopyr anosi de, and mannitol), disaccharides
(lactose, maltose, cell obiose, sucrose, and

trehalose) a tpsacchapde (rafflnose) and

1 . o I I T I T Y



cross-link Ho with desirable nol ecul ar wei ght
di stributions and oxygen bi ndi ng properties The type
w@oasodresent rat i on of both cross |inki ng a d gPEenUkiony080337
size exclusnérgléc,ﬁllgglectfquorsiﬁ SIHCE 815 Ipppl ?lﬂ gxcess of negative charge by the SDS can dwart the charge

heterogeneltljrro@ 88 nhtiva Ipf@{upo Imm;écmat Canter Ra80G@proviadidapid fekdra aﬁtheoghl
clectrophor%ls bﬁg%llig’\ the a% 28865 ta oL tkm ge e I bl%ln taI{dar%l%lrc{q?S]m gnl?x%ures @ ve used to

hesereac 0 engl nee
calibrate thqmlt@mljblghe meg:tﬁ tno&p@{lrrwehglpﬁ of teresk yg@/gen@OK@p ﬁgd 100KDa in the present case,
as shown mqr,@pggt ies, and netHb [ evels of cross-Ilinked Hb

i spersions. [ 00119L‘3 éﬁt imzation of cross |i
(001221 N REFoBE B 9P Sl Y BRI s o AR S RE Rgeparation
between thezh. SIhe it peak) pd bedn showed ©&8 ithr@Iphirchat and ke s¢écabd e bita ¢iad$ hemoglobin.

They can occurqg al%st%gt?aﬁl %m&.ﬁ@%'s:}he \éger equ PIIQ'@ersr o%%hleln‘i j gﬁ(le% £ Thls is illustrated in

rcent ag ha c t unreacte erent
Figure 44, p1h|l°h rﬁcrn@mfr@e&lrmnsof the wvrftrrdeeéf)ctrmepgra@s f*r?é’né?rH‘gB‘fe 4By dative
hemoglobm pe@%rak fd dddh&s chHa (rﬁS BB i r@ianey) c&@lﬁﬂ(ai’ﬂenwglbﬁn hdcbfiddgit®he present

invenion <f§ﬁ%5%?8 At BT P HHa 1 arE b et ece: The ovraid

electropherayfangsr $he®n ki Rigire ae elightly effset foe ehseisfi vigyvigge | The expanded region illustrated is
clustered abgl]tq}?et fORBQ Q{ZE Etﬁlﬁlaﬁe@ﬁ[‘:}@fe ltlQ rllecgqonl d? %r&gfot e tv(/@a?if)kgl'iﬁ(h beta su]pumts of native

uncr oss | pha chains. In the standard nethod
hemoglobiny, ﬂ“bdd@?ﬁlw SPWP e 81 1 e 5P Geleetl 1 @RGRaipETa Dot n e process, when
most of the BIBA GRS a]ﬂ:fad;t Qiess pineg el siphiN@Bt dndnts Uﬁﬂefhg:hﬁn still remain unreacted.
[00123] In ggﬁre\égle nt S tia)?@%l’l H Vséleeck%]%h%%n ?Iiss%r) Gh& S l | 2»51(10 £ne a#lve hemoglobin as
the dashed toce, UFPC‘:FQ)S bnlq_ngmze@lmelem dheoblihtraRemnd e Fl‘@e Sta[n@@ﬂ%@]’arﬁthm as the dotted trace.
The fumaryP&GHE Irﬁﬂpé)gﬂ tﬁ@% %lpﬁet cﬂzafﬁ@ y@ﬁ§§§ﬁ1t of! |p9;¥ﬁ@st tlatﬁ&ed &)E&héf’l EMBRU will appear at

Is cross-linked with bis_3' br ono X
later elutlonftﬁlﬁea Fﬁ{l gle (uBfB%d b(it-ﬁ(,‘gamsu §he TIS of mbee n&w ggg)r ?Té ct Heé’l}(%;ﬁ)a higher
molecular welphoOdfabéAaBE&00045,000 Kersene en in Higuse B bt it eff §f)to 1 DIBSF The product peaks may

not be quan? {ie(clis a§ t}le s% Sgndgl%y aljg ‘ei 1 *3989 g tp?ﬁﬁé &Fﬁg .Jctrfg clcnﬂxgt l;e%xfeﬁc?ed(}%é:ﬁﬁcanon for the

cross- |1 nker
dimerized pd@mBFM ﬂ@ﬁ reg?teat H?thrvaﬁ cqn be seqoythat Byrestigher mojecufppvgight products are being
formed. ratio of DBSF cross-linker: dCl\/ISFHls 2:1. Prior to
c¢h addition, the pH of the d onls
100124) Theggjiy pprepipn o -4 U 8 o PTG E Bt 2£ha! amount of
material at Q(EE)OIKImri’vhm'ﬁhben falcaé tht embteact b ﬁrﬂalmuxtﬂoetf cé inte nedecafirdsylink’s.
[00125] Regcqlogto man ttllj E’L?'? g#rr'idé)gﬂ_ﬂgho atg I&P a%lhpf‘tg nlogl?)( many

on 1I's not eaC | S perm
hemoglobmg o“theu@dhﬁj?f@tem?ﬁ of {XSOMSHH frps hwpan h«ralpgldnn bnefibdramnihe erﬂdoxal -5
phosphate rEdc@&S dKCMKSFAGrothiHoige R GBI BbaHE FQRRAKICSES PLBRISIG& human

denat ur e proteins to form|l S.covered
hemoglobin Bt oYY RFfec Y PR é)éradbm = sttt a Ppfgmovine 2
positive charfeGit ik ARinG &iminkleind bﬁhsetparcaztle dhipgshazg dxgeusgabilize B gengrolecular
conﬁguratlo% tﬁaq Es s%]aP{OQ%eD m%glgglg Cve(d{pﬁ&pgogﬁ)é&%i o’fhpﬁ? %qémf\f'c%nt?y ‘%he hemoglobin

har ge heterogenelt
of this new tcrrwéﬂgwatqn\}es Proyeanpinity Freergdivg farrieatiie herogugHitiin 34*6 red cell. The

product maPh¥¥ bAES t\b@plldmﬁleﬁﬂkrs ditRhed fatte@@her h @ﬁ&rﬂ’(]lﬂ)hﬁfnﬁ@blﬁn Piparations the
mtravasculaélreéeﬁlggl} tlanel%%%sstg(]! %orrtn 902 e%%né séu]c':C grrpp%z%ons togw ?O Q%taé e s%q%susc%t?]tlon fluid.
Additionallg, aherweref foundith eauscamsgetiodiuvmmpd. ecul ar wei ghts of i nterest,

[00126] A&&héﬁﬁ? rhftlpt@@roérigkin%%@%a nihbs ﬂe&t%coﬁ{p%e%%h&@u%ﬁrg h@&alﬁﬂi@%ldoxal 5-

tive henogl obin L un
phosphate (§F) e TPé‘BH‘G?’%@?”éteE aeﬁdﬁ?% nRPBARE HPPHARE A crosslinked
human Hb (aaeetsmnepﬁ@paroﬁmhe PLb &t weenl whietr dXOMSFHRsd thpeaiuchdwith sodium

borohydrldebto ?ormccﬁﬁg?wri]g I—;“)p)ﬁl%oxall1 ? o;%fﬁ)'ﬂ?tﬁ_ﬁﬁ(%l\ﬁbf@flﬁ Itllgmigc‘ fE gﬁgmasﬁﬁscnbed by Benesch

can o C
etal. (Benegelygdl., Bivoherisyy A% 3t7r$ér%72h=rné re“ere%ﬂes therrbebegesh cioh ArarsNath Acad Sci. 70

(9): 2595-9(104)TBLREMIcBal., BRkAen. Biophyls Utk r@l@hn] 63 (45 1005-0 (BAS); Bhtie€d et al., Methods
Enzymol. 7%}‘8&%2%32; ded regll ﬁn%; C enhz%%rll_sg@ (19§2); Sghpackerz et al; and, J. Biol.

henogl obi n appears as the dﬁ%hed trace (rtI3 98 and
rtl4.14), cross |inked henogl obin according to the
present invention (dXCVSFH) appears as the solid
trace, and the srze standards separatron |s the dotted

______ — o o o g,




| ater elution tinmes than the unreacted beta chains.

The series of three new nmajor product peaks at a
Chem. 258@@ hmﬁ? lﬁ%)%&géevhﬁlvl\eéefeg?r{cesg{re 1%%0?]?03&%%6%9% yﬁ%ﬁ%g%i%(g'%%og;{g%?zmh the
change thafp@iabagem®Bate fred of bﬁdoqixaﬂtnd bxyeen asl thdreacsibrr@cet anbeabdsicasioxygen. This

| Pl q) ns and cannot be extended for
treaunemlsa%tnece%g%kat |Qon orgw?{@)dl merized products of this

[00127] D'rt@;rawt dtigp of Resifietdincrasy-linked Hswoglekin: Highperfaipaee iy eromatography
(HPLC) smxeﬁgh@cmﬁhtegﬁpmr(mrz:tnsmfsai tbabte@mﬁ&hmem[&m 4oss-linked Hb,

percent of (tr?)ss-thﬂléedéehgmgrr 8%%elrcieﬂtlé)f gross%ﬁ%?d hlgirr,hgrs %rd%r%ficses gtnl{tg?ﬁ y}&t} (gsperswns A salt
such as, M#xEit @hlsaize tatdis&dja@0hy Kbacrodilipkedoetrameric Ho aittea Phkdmers, while cross-linked

tetrameric ﬁg:)s S{ E;u%gct %%%a E‘}n— esgg tﬁlﬂeéig—fbow Sl[rprc-:a %Qlll_lg}%vv:t ¢ eak avgy from

mtfamOleClFbei“dQ?R-&PkeQprhosphate (PLP) has the ability to nodify
[00128] SlMluh&mgi@bﬁ OBiorablBiNSHHE A 1es-pEQRas bi tRSrehiosl XENBHing 0.5M MgCl,

SO 1 M R o TR ——

used to exaghr@Sherpiountad unreated magrigh e uﬁlLePthmhoﬁdlws Ithe maunlibrium would favor the
alpha beta Eﬁ%ﬁﬁ?l'tﬁ)plln&eg%ar Iwgltgfnqg Eﬁ’ kﬁg \Qnale\%ﬁd lye%xﬁeiaéﬁ gtegr&?e@ ;et@mon times than seen

g timate Chaln I stidine residue and yrermwn

for any peals iigisiernepiirerth Ap gsn it Figwe Satht HBLE &pdrishers thpgligipetipag 64KDa, with a minor
peak at 12@@5& Te&aishho n;EhﬁSl&lt &tbaélgﬁbnﬁfﬂﬁﬁ gas héikﬁhﬂ hAtZe lsawifhdiver molecular weight.
This expenl;]nent 1%8 asgrat(e: o?nd) € t ag)geg eo (biﬁltmceg%% ejnoglof;m rlnd 1§1us§rates that most of the
material is Sje gtnblflzedamatnyr ofﬂibewthe!nmg¢09br weiglt of ¢t KDmew

[00129] 9. CQ‘EH 1 @uf’%b% 1BPin QNS bﬁLJdtlfyrﬁt)bnr%QQMngiﬁteﬁ §i@d1e NO blocked
native henp %ln withint r ed .. The product

y
ctameric (P PR GG SRR PR O L AR PG At i et scctate soluion,
which unddr @bid2tivRy of diafiiltpkib fenblvE dyesypDBEDaml Hyprefurtsalf iomsictidnefor example,
t I
dlbromosallcy{ %ﬁyg%ég%rgl%l ag§ &h Eérr%)@al olr gl?ffe\p@ﬁlﬁbq)acﬁgﬁ ga%rbtéa ghr?og?l?&a HS}JOg counter flow
dialysis so ﬁq ta mvenAempmvlem of 9nd°t°ﬁ@yn the F‘é’s‘fqﬁﬂ}‘i arogert cafis g hwtopcthe solution can

be sterile filtbdd B8 sﬁxtabﬁquﬂlaéﬂ coﬁﬁ\ﬁl@fsdllnﬂ@ﬂoﬂ \t,:\c;]lﬁ%fn{e@ sultdb® 65188 Srthd fikdeftGnvention may
ere usin

e, b 7 el e B SRR B L PGV oy HE o £ xchange ic.
impermeabitato xyygemyah@ the dBEAMSEH xhmbef stoza in gte absgacefof exeygen. This is expected to prevent

hemeox1d&ﬁ£gﬁéﬂmﬂ9mg¥$ bﬁfj cross-1linked human Hb (dXCNBFH)
reparation. The PLP is reacted with the dXCVMSFH

and
(00130] Regesmonciettlile 40510 Bo@ruest B Vot Feuosighon SepEionin 1o an abily o bind
and releasedﬁ(%'ﬁh&ep yliyisidxRhl-conditphe Ssp’h(ﬁicﬁloﬁ dﬁ(ﬁ\@ﬁﬂ-l Plefire bs b)l‘ygeri iAéhe system.
Oxygen aft[é1e tac ﬁe e hgl{?%obﬁc%g}??% (C%etg Ssent 1nvexam cgnB&:nrggagLFﬁP&m the' Hemox-Analyzer

ms and references
(made by TSiSr{ecspoination opthe gifbcglbdesixibed by Relpan 8@l 4npd Bloghern. JE43y. (9978), incorporated

byreferenc(?mlzsﬂe)mre%;gesch 8t75al Bi ochem Bi oth/ZthRes Conmun.
e

[00131] HTS(L I;aésger %’l (yl Cée Oégogzﬁ{c])g}s 918}% tthe geterg}ugflon erﬁemogl“tt)]m oxygen
dissociatio? buf(e3 JQtHe3 ﬂ@ﬁho@s]t@ 8&rin aScrhmmwg@tdmad)c_lqtloandve 1ay not be as reproducible,

accurate an% eQJy t&PBrform. The h&n&l(wlﬂ cgcyée% d?sg&ﬁﬁ%cﬂeg cM&%HQJ @c@langes in pH,
erern re erence 1n théir entirety) w t. e chan

temperature, {43, ceficPntfagiony hfeiss efhempglehin, c‘ff‘-“aé‘h‘tfé‘%‘%f wn&ﬁhbﬁﬁgﬂegzmm%1°bm and
the like. Theh@a]feﬁiilﬁfe |cﬁ&K}e ARIGHY shift oT theht@rva Bﬁﬁg’lﬁxe Xaikis @xydpediibe ThiaBility of the
hemogloblf B)Sat m:"c? ! ? ﬂ}?teg ??lge nmif()) on c %e u?e 2%} rg.%:\ércp Bor lr_)lkg)ad and modified
hemoglobmleqmg iz vitro tiit gfyn e funetien (Etesml1 meﬁmlré therapidityeaf é@fﬂ%ﬂﬂ to load and unload
oxygen. A(sk!?r{-hgd RE&Btibn G éh O nEhEHRL &gaamx c{um bE @ReIBy tHEE for O,, the

to determ ne the percent of to ross- |
paral ey BB BFLALE T FILEH" 07 LTI RPE M B g grveen

[00132] Chdnﬁ&@edlomﬁginems 1@ hehaiglobipat g@stiofarikins pdiembiiotdh spoemse a0 to decrease, 1.e.
bind oxygen rx§o§e t‘ighﬁ)lfl gthin ve I\@(g%e% 9%{&;@ &l ¥l€0 Ih% cgﬁ §1§£1qgs§t)§ygglp% perfused tissue.
oncrossll edjt neric Ho into a-b diners, whil
cross-linked tetraneric Hb mfdy remai n intact. Hence,
non-cross-linked Ho nay elute in a separate peak away
fromintranol ecul arly cross-1linked Hb. [00128] Size
excl u3| on HPLC on a B| orad B| o-Si | R SEC- 12. 5 5 coI um

Y a1 . e =R A R A 7~ N o -



Thi s experinment denonstrates the conpl ete absence of
unreact ed henoglobin and illustrates that nost of the
orpaos/smBY i s the stabilized tetramer of Hb wi t ICHUS2007/080337
[00133] Th%?w%}yzmplgﬁ Pp(glfth%c&}aqggén co[lcg 8&‘?‘9‘]‘1 @em‘gtl%’ﬁ’) ﬁp@gls arterial (oxygenated,
red) and venBﬁﬂmaasr mdsrgenhtemmgiep bh(halﬁﬁbg,eh IelalStSodbyAeﬁ{thlJl dilulor satablo ik preffaged in a special
X a st ey,

spectrophotome%tmy f rll % has a f&ﬁqgf”c% gl nt ebbeo%eq Slll# §iloW S &inf%d thS t%%g Slowﬁl bubbled through
a stirred sohlltae e aésoa“rttewlg ary oxygemcedecteds. dbe mtlrecmll is pygeiseli tqmpd@fure controlied at

37°C, to equ?lm &)'b@(@steﬁéerzgﬁr@fThle bhiphet Ofthe srp@cfﬂ%iﬁﬁ‘(ﬁorﬁéf& a86thOBSEefdisttrode are
yproducts_of the reaction, for

ansycd anglf B Smb A PEYIHE AP I: eI SBIY O AP iy e gpveen teongh
the sample uatf tﬁedixygthltabblais igeatectisn thefrpapi ofaxpgbn iisaing@ 1% D theh @ gas bubbler is
switched to Inltrg%énthﬁﬁly §en§)v% aﬁréénooe LEVE er@&qﬁhllg}ll!lr?tcﬁrgé} CQII thus be generated.

toxin in Seq ent oduct
[00134] Thepgifpr hymae hesepglobindn BBCutandh akah?thelhs pel falleio pbquf bt wpn RBCs are
separated frérR tHQ 23WIPGAR@ fbridfs u%mpmhd@@mtt@d BEESL to ha&u&a tﬂd’b)@@dﬁtaﬂﬁlﬂ@f $he p50 for

bovine hem?ﬁglibgrg\?%ee}ﬁfbglrﬂileur%?fell §' {,n ce g{lgt?o%ﬁgeabkg}vzg é(é %bonﬁ};%%%en?m% on Elé pH and the
concentration of 06}. Figure ﬁtshnwsemgen'agﬁnpy w@nfor@ggn@w]gﬂrabigel f{tiome free Hb, cross linked
dXCMSFH bf@@ﬁ%ﬁ&l Gnd @esﬁ’ ﬁvyrgﬁl@looﬁn ﬂ1 &@&0&%%%%9@&)1@ ShehdRE ffr‘[qgng locks the

I'n the absence oxyge his is eXpeCte prevent
hemoslobin fafhe oS BTG ﬁ‘eWFﬂf?:]ﬁS"P Wﬁﬁnﬁﬂﬁ}%ﬁﬁg PoloMAT P?zoﬁliegéjz is delivered to the
tissues, the 26k @AIE] lh&hd)g@dbuﬁcfehtldﬂemtﬁfe fokyrleh ys tfoﬁii)axa(y)gﬁﬁn&)yhd%)ﬂbcfd &ttbma free Hb, and

fresh human m%g lTBe of crom\glée naﬁc’m a er tlman tMat Pl%uprllalq QCngc%ﬁjoé)in, and bovine

1ease B con
hemoglobmf th}QSiOofnlugfor b%@zleprd]otq b&}od m?és@mrre[{g;ffor@s(mﬁjeqﬂp it B20mm Hg, for fresh

human bloo§ }éf‘z‘és Q%ﬂn@%yagg Ror AkEMYFlYs F 43hbenbarmal 1@&&1&1&1&[}1 Blﬁ‘fef th&n that of human
resent |nvent|on¥%§9 be neasured

Sl n
RECs. Theii e ARAF S0 o LB By g B} Bh b HPHET FOMSFH, may
demonstrateCodater dtﬁSleﬁdyb@tﬂe BalivBe lofenyget peatram oAhahogloBino alibengh 8igschRibers, as
measured hﬁ—' 13 fge) ot dQﬁQElQ&’ﬁ Elge \g}{l { @ E eﬁlﬁ&ﬁ%loloﬁ] éot)lg’terglﬂ;elvléﬁg %-27mm Hg compared

zer rporation
to 23.72mmd] g repested hﬂ-‘fe)d@? Erpwpt%v&{upwe bgooldﬁgath/é mggqu{ﬁ:ﬂf AXXERY pading performance.

[00135) Tﬂd &ﬁ%b@teﬂ%d&bbﬁﬂ fiee, Qdﬁﬁrfremmeﬁh&ua&aeﬂma&uramas linked Hb ({XCMSFH) of

the present lf“éeﬁp oglﬁtg‘tr nge}{ g%gﬂ? ! OCI teggg Oblil g-\e{tplé [E?%elgl Ehfi.gense or T state, and has a
p50 similar foemgglotiin witloix ygrenl dings ol bidol ofils ou ry g we anFibere 4l higheg dThus, an equal
amount of h%oﬁmgﬁﬁ a hllﬂnzm_xled lglg(!m%ﬁ Qﬁcﬂfeﬁmgl% ﬁGﬂwﬁ‘ﬁt !:a‘ﬁr&arry the same amount

specl es of he obi n, variant of human
of oxygen lqquipg fhy i"é‘a H%W§1 %FNSFHﬁEP ﬁ?ellfl-’:erlsP%’ély Wﬁé@@?&ﬁgf%f‘“t"ﬁ%’us refurn, based
upon the dat Wkowé idRigutd®e shift of the curve along the X axis can
describe the ability o&ntggPhgﬂﬁ globin to Ioad and
unl oad oxygen. The inf n be useful in
1. PhysicaliChgragtevittics of Ths|Seadl (& lastrdi Tetranerirciensiabing ofide fnveptiongn
[00136] A §ta{Ele\N(§-BchEeﬁ$Jtra91f3nd RméE¥Oin bEHRE pre Bt inddntiSAAs ABBRHUNA weldBt distribution of

about 65 mg%k)%ﬁ H:gglgg Jlbgs'tybo hg?ofltZg(g gboﬁi{q&?ﬂé/ﬂﬁenogﬁ p‘%gfe 6rb to'%.9 at 10-22°C. The

modified hethoglebigs @theanvegtimvievecamtabengilesin ob§.0 t20e/P5 @itk greth@noglgblidevels of less
than or equali) ﬁ)@% %gqﬁhglrnggcl%ﬁ Ech; ofqggy gﬁﬁ] 01l era;uzlm ﬂf/o I1Ere nwaiﬁ%m h&ﬁﬂ%lobms of the invention

causeé t [obin t saturated wth oxyg
have endoforméTBQPf]@féFﬁneéFq“ﬁBaPP?— ERTIoR e HB AT G PR Seiion limit, meet
test for steri@§@iaGow Ef/dl aﬂéx&aﬁeﬁushﬁmgls OhiennaGi#fied Gaticdobirk ef (ho Preteat invention have a

sodium ion E:ve(i oF ?Z%el’60 mmo'l/l 9|p$tgssgl)é%91?{1hquf £s t5l %lolyl E%hloq{&/ 10%'1%%1%1‘ 105-120

gen pressuré nean SS oxyge
mmol/], andpe:almsveldvet ofdsré. Senreqﬁbeheﬁepdgfzeérhem@glt?bw 0@@9 pventen éa"ﬁrlﬂj’éls of N-acetyl
cysteine oflmsngan%fecfﬁaIQQOng oint at is arteria (oxygenate ,
and venous (| ess oxygenated, blue), and an oxygen
electrode A small dilute sanple is prepared in a
speci al spectrophotonetric cell that has a snal
orifice in the bottomthat allows a purified gas to be
slow y bubbl ed through a stirred solution and al so
fitted wth an oxygen el ectttde. The entire cell is
precisely tenperature controlled at 370C, to
equilibrate to body tenperature. The outputs of the
spectrophotoneter and the oxygen electrode are

. e o o . "



dXCVSFH of the invention, and fresh human bl ood. In
the cross |linked henogl obin, the cross |inking | ocks
bwsierseyl obin in the tense state and ther ef oPET/UANOT080337
2. A”“’y”c{”H‘ée‘%‘f"énm dal curve. At lower pg 2, when Q2 is
Physical CHagdidaV@kg@gdist 0 the tissues, the cross |inked henogl obm

[00137] Thg ?J:oixiﬁei%%?cgsgabﬁk@ Xlgggfl %2121%8%5% a%qk()i?( g%?ﬁ?ﬁ g\é\@@%ﬁr %)sl d‘i)SQﬁi)Sed herein can

be analyzedat gystcp pfikeproprsneigrasivenit Hermoeithisy cap Rasnalyhets f%ﬁxanml?awt not limited to,
after removﬁl@ @@cgﬂlaom re@ﬁdm? @ﬁﬂoﬂﬁmhﬁﬁpgflsl@ R 16y ike Ry MRl AfRr Islﬁfectlon of thiol group

ne wh od is
i the cymeiig St O S A TR BBBET TR 2 e e
p50, nitric dxgle buhXiGl/BipktilyswiBR. bi@dee HFYB@iviowh, rhisrogiggmsnh goatitih yhe hemoglobin
solution, cr&h gﬁgﬁg ng a&g] Ql{alyglfs ;JPMQB Qnalﬁgg’sor CBEQL% Bﬁfeﬁ)irggmtu;nrbg stgf:agp IV%nous analytical

l'ocked tetraneric present invention,
techniques ag%lkltqv@ulr e art sl Wlﬁﬁytha %a%mftﬂfea%@ef@ ireaktiop- Sopeiof fhe ﬁ@ylples of the
analytical tdeBhi§ue€ard ﬁﬂolvMaI Berddi bud X9 6 n@tﬂfml@tﬁgam}@fscdﬁe Bﬂg& pbieht invention.

[00138] A. %ﬁ ?€egt£ft}-l?t§)s(ﬁﬂ§n uﬁ?ﬁ:{euarrée m%r%l rr%go% SS speg ro(:f‘rllerge’rs %Figam ?e introduction
techniques BOillowraatidr angeal alise 47 fmy Hg s pribdideietio 1o SnP Ry cbodiments

of the preseﬁﬁmﬁﬂ&dthp %Eﬁﬁque hﬂ:@ 1sor¥1£§ ?@EHW Aas@ §fRcPontk@dmsedoadidt Y ihree distinct
measur e of g)% er f or mapce.

regions: Iongger hpgééﬁglggoand Hf)tf”b hnﬁa‘? t ogf P&lﬁﬁe ]bllltélg 11[09 IQI}ute%]to -gﬂstron impact (EI),
chemical iofiigdtidn KEANiedormplay {m)efist(hfdﬁsﬁo-rﬂﬁaﬂlked (FiBY, axXiGMBfrtssistbd akee desorption
(MALDI). ﬁ eﬁ%z%?stl%clu%v %qtal SOfde b %kt§ pﬁ){eegct‘i)ﬁ @{ag&%ﬁ' ar?cf/orl%gyt!régggc) time-of-

1S tens st at
flight (TOFh ard ign g5 piren mqnalpcet(I&Rh é?fbglr%?ﬁ taghpianes aff forgraniRiprieR Mobiity

spectrometr?)rrﬁ@s@p&@run&r}qﬁMS/@@S) STHAMEIM inkks EpQEéBen§, (MbYB@@eOrblt;Elb lﬁﬁlss s@&:trometry, .

u anount . of henogl obm from a | ood
FTICR s R HGRE G BIec 67 51 GCUBP S oERi (R 7 e BB RS IR B TOFMS),
Post-source@fca@xwry &ETOEMS Mg LDHdn{seing. detdywathdingar TRENGF; ldn¢ aumface-enhanced laser
desorption %ﬁkz{tl\ﬁ? r tll’ﬁé bﬁﬁéﬂt YSEM qd@( yﬁ%@m@ﬁp@é’h@n&k?mﬁ(ﬁ%@d%&?&%& or GC.

upon the data shown in %ﬁ
[00139} B. [0V -Pty &t g CTRE T SFEE e B TROREBPGEREEPY (UV/VIS) has
been used tdl« ﬁt({rﬁlﬁi@ Eﬂeﬁbsldﬁﬁﬂ@hﬂfgb ﬂﬁr tItheltnh@oHnIﬂ \IB/I')IVIS}ﬂayE @Qilaﬁ} thAdetermmanon of
it into the vﬁﬁlekme (& ﬁ@@mzfss@ @hleiﬁngnntsb Unéfnst@tsimltlaﬂl fprices thft 2OGOL thmteraction of
proteins WItH@aéT%n@ar a\éélgtﬁn%emﬁ'd&&arﬁmg of Qxcl?pt%ce@ks %MIecIﬁﬁassembly chaperone-

gl obi ns of _the invention have

assisted profrifpgiing Bp%prafﬁméraeﬂoczr@ng%femnea ‘%Wﬁ‘i‘é??ﬁ%}%ydg}*%) 't pa] ghich can b used
to study molrbulhragsctirh aml dyharsicy Rbsoh@céﬂqm@)sydﬁ@nmb@iﬁbne)dcweh withifi an electronic

LOANs QL ; QRIS Yecis f
sy {1500 80 G 5 T LA S
macromolegaipy iy uting Blfgont Ergitpon wendeisHat i dyl chol i ne | evel s bel ow
[00140] C. U95RE ChRMakogFiphys L ONEEkuiti eﬁBmﬁtﬁgra@rxtyeJd doi)ltfyr, isoBdiielg Prole@d/ peptides, and
other molecggyg%){ggf gé()}er%?trgl?egvs I{lecq)eﬁn §1\r/neent5 og tlc}%ﬂ)resen mven{] onnEE Ihas]?been used for
separation, 2 Bic4tB0 amdmllaI/ys_ls ofghqlmrmelobinand @xpip|cely ated of thg foBmuliicgs of the invention.
Examples om]@ lu{ci]nde Qfﬁﬁlw &Ednga% g{agﬂy fa\fﬁt!ratlglt cl&@ﬁatégg%hm 041 J:xché’r%g clomatography,

cal cium | evel ng
cation exc}lﬁ’éﬁﬁ‘ﬁ?%%ﬁ@’h&f‘i“tdﬁ P HSToR B RS 156 G E}FOW%\%W (HPLC) and

aﬁmuymﬁ&ﬁ&b&hﬁﬁnd&mhﬁ&ﬁqm&aWSBC equal to 0.22%. nayt ca et o
ontn) A GBI L 00309 PO A PRI e s
size. Gel Filtratiqn) Q*w‘brmfogr@by o bd wek@r prapa af welpculse sigh &fiﬁj@éﬁ%&s of¢fynponents in a

mixture, or &r @eﬁt r@xﬁm&ah@r bﬂff&“eﬁ&ﬁng}fﬁoﬁﬁkﬁr%rdnbn bﬁfﬂaﬂin@wcﬁlesﬁ an be
[00142] Af? %ﬁ}ﬂj&o§{ap rﬂﬁ e b O(C%st Ebéﬁss{%ftﬁla %s ‘ix rosta a)l(nld rz];ilbse utentrrecovery of a compound

from an imhyiglizsd ligghtler renovi ng oxygen, after protection of
thiol group in the cysteine noiety, or after
cross-linking etc. The henogl obin can be anal yzed for
purity, absorbance, structul % p50, nitric oxide
bi ndi ng capacity, white blood cell (WBC) count,
m croorgani smgrowh in the henogl obin sol ution,
Cross- Ilnklng, an1no aC|d anaIyS|s proteln anaIyS|s

Y Y e o o o,

o, o o



of the present invention, the technique used is nmass
spectronetry Mass spectroneters nmay consist of three

[00143] lon e%%@%?:?%&%%g&aﬂlg&géq?%%ﬁ%ufeg%f g(}néiy tﬁe(lﬁnc?s%n (%%e%g? g%%?}{? gggfges of the
proteins. It iehsagityreed fonjraein piftlidatiorchue may bd usedfor matﬁcamn(o(:bapndes or other charged

Yyelt ' QJulle} tni5ABh '
ot SLEER LAYl B AROER ARS8 20, by cunin
the pH of th¢ prefeidde but are not linited to, quadr upol e, sector

[00144] HPme@ﬂD&tdsé‘d ia 0/ sQara@bg @ﬁﬂiﬂbﬁﬁ(ﬁltain@ )iete&lbﬁrﬁflﬁﬁlfyﬁlb?ﬂ bf thd$Egent invention. Use
Ies er re

of reversed—%gﬁllﬁ 4 égrlggltgr(ﬁpg} cagg d &1 tlgr{z)r?ﬁgfsl Prtogfm stnl(t:tur((:al determination. The
normal procsfecdftionmbeeyy crabs l)sfpembmumetoy yrofeblyB M3hemifadmtbayngerald gurification; and

3) sequencm%_lﬁ %LM&F&BME (pwgle W)RPCQf BéptnﬁéQalgﬁeS for §}Qi%ier 9 glﬁglgﬁf of 0. 1% trifluoroacetic

mass spectronetry, Si ngl -stage or_ a | - st ag
acid (TFA) ingfieg o1 TERETORINES ofearibe ek ﬁ%?cﬁ'@m{ﬂl? Whﬁeépfq\/éfs for the
solubllmatloHQSihe §@t&rﬁ@e}ﬂﬁ6@yerﬂwit§ et dREI It ayfroidad 1Dy 230-PH0S Bt CAd Ghe@dly removable,
i.e by evaporafi rh% rotcms/ 5 desand surface-enhanced | aser
yevap Eflég’blﬁﬁfn OrP T oA ZAtTon - tinme of flight (SELDI-TOF) The
[00145] Theress of Sapesstinvenetheamagagyephie(SEGVrdaeh-erichdng¢ Arematq@raphy JEGD]an be used in
determiningfhe ek Sf thd fl’elﬁﬁmgm%m?l@ Q8B 0 {nSeribn. O ragéw%ﬁed'ftactlvny after exposure to the

i nvention opt1 cal absorption spectrosc
chromatog K BBR FeE R 170 SHE PSR AHeY HSOPESH o rléﬁ)g/é)g odaltons. The use
of gradient ethhfbn hetmglmb cshutalVinyy & ﬁbcﬁycﬂe Bcausd & cfj@valdnnesolution as polyacrylamide gel
electrophoresm t(l%&(ﬁ‘llt) mgre%}gcfi 1091(9 Qgc %gﬁbﬂ% L’vg 009% ardifo! Y0 r?ﬁﬁﬁld%%rﬁty gﬁomatography

sed to enhance
(LAC) mter@bseme! le’cmsedﬁ’G btnéms Hf the profein dﬁ? & miEcry phubitiater ISFgOT CFF- Bhe protein

may be elut@ﬁrﬁﬂﬁ)ﬂh&ng@l déﬁ]pétﬁﬁr' Sﬁlﬂﬁé agdads RdrAp elie pebtdii Confi@irGi@s wihAtmay facilitate
di g[gvern t he I;ﬂde ctFon of proteins with one another

issociation Il pay b Fopg ﬁ‘ﬂ‘ﬂrg standi ng of such processes as
[00146] D. mHiarropior&iUERrctrapbsresidday be ulad fertbrmalyss sftthahepoglobin of the present
invention. Eieglr&yhgrgm@&q bP %Q%§Et¥hpﬁ&r@§§drg%iéryoaec@€%%ﬁ ce Raman

ectroscopy I's a whi ch can be used to ,
[00147) Geé ek IOPEE Gebrleckpphgecsin ise teahpiaeR e ke ueefantan terarplifeph Proteins.
Separation ¢ Wget(ﬁﬁ{trﬂﬁndﬂaﬂléls ﬁﬁ§ depeid dpaﬁ tvaifoibks: Biiafzeand @b Churdgiekctrophoresis,
macromolecglgggr{e g(%,r‘:;e \ g[ a‘ﬁ)r %zs:%uestw en Ex alec 1cagceun|repltclg & ﬁ?d Hreir rate of migration
through the glpe¢ fidld dqpszrdts on the siamethofite éeldl 57 ab@zshegq qf ghedindifcales melative
hydrophobic?%%k’ Ih@tsdnﬂﬂes\/\ﬁlu eh ﬁl@%nhﬁsﬁkl%%g]tengerahﬁ% tﬁe buffer in which the molecules are

) Chr omat o ra {
moving. Usig fhi tg%trl%wrfgls a?saltbfs P EPps mq el e grnepie bRl byes ete s o
single amind #cddNACs0) g2l E¥ctiaphokeiis @BovsniesoneatenbhHadiad ptopertés df A@rotein such as its

isoelectric pg{ng ;ﬂ?qﬁ OY %Qt'e kn% Culljﬂgre&@é E%%?&oﬂxgﬁ% 01f 19&: e§ R %Cﬁgd(l]é)@ a technique for

Bt on and ana in an
separating deff@eqnpmehe%es@s deirielsctiip éhaf&?rdﬁf?Fe&f?Sotﬁlgﬂ%?dV?‘ﬁ%ge iohthe fret B 2 molecule's
charge chan QE@Je@H o@fts Jugohﬂaﬁigyﬁﬁng}gf inity chromatography, gel

[00148] Cag’ﬂfl’&@t ! O g%%{; f%rr quzt}g{éihﬁraégls 93'?1 ceffecp 10 (g“ a ran FIOf se}()fratlan techniques

I’onexchange chnromat ogr a

which may @mveles/the ip@handn ofi h@h Vpl-’garg%mcmﬂb\e"fer ﬁ@ﬂﬂllcaplﬂﬁreempleg‘ream;ﬂtwns The
var i IdBL SharRi vadeh bR ls&a/ ARRhr S Eferb% 6 Y4Bl O arkal}%Q gt zone
ariations SE%)Ja 0014 7 %;? leml tr a%: on rchr ormte m % H%%Eyy
cectrophorg GRENB G B YL S AF SIS PO hSou A (P BRAYS W eppmcelcs

(micellar eléb:&&hﬁeh@f:apﬁllai}@chrcﬁi&kogﬁphﬁ MMEGCORT Chiconmed ofprraptoys MBK D eieving of solutes
through a gelf wor%(_gcaﬁﬁl % gélsele%trgghogg L‘, %Céﬂ) asrepa?eiti%g of {aﬁgns%graﬂfoﬂg) WAF on

Xt Ur e or sa renoval
electrophor@@ ﬁ@éﬁltmw&ﬂg@tﬁoﬂl@?@@%r@“ﬁ@r adisenaragipn pfgrittsRionie E‘{B‘I‘t%*swuhm apH

gradient (ca iﬂg}%%lzleeﬁflé folsing, CIRE % @%1%& éle?IY)clirSmit@aﬂh& @(Cl%)&a@ﬁe an associated

electrohnetg&%%bﬁlg%e%l]\,{%%ggr 1%‘; ﬁﬁ%‘ﬁ'fs apglg&g Ve égeh égrp(])gs eca%lﬁa?r}ég %Medo w1th Qilica gel ‘
stationary pheyesaPepyrag@paleetivitg imeE @cw be g carstanaian pf @ﬂeqh@@sphet%emi Chromatographlc
processes. ]\%[Jﬁ? oPME E@lsl: a&h@x{ Q851 des rel? of? E}Qtp?e'sé’ﬁ%c oflah ele@tn%l'f@tuuyedlﬂ%efd)f solution
proteln purification %Smay be used for

purification of peptides, ot her charged nol ecul es.

El uti on can be achi eved by i ncreasing the ionic

strength to break up the ionic interaction, or by

changl ng the pH of the prote| n. [00144] HPLC can be

o o o o, - . I T Y




i.e by evaporation, fromthe proteins/peptides.
[00145] The use of si ze- excl usi on chromat ography ( SEC)

e S Rt oM T
importance mﬂ&emarmxmmomhecullémulch sgqeorier.y of activity after

[00149] E. §E%9 #%tgc r%.%ﬁa é,ﬂ'( % gglgtﬁpbmn%{(lﬁ%dnaftpggnmf% Slhe ﬂ&goglobm of the
present inveafiprg HMI% BAYIOSPRE 15&3@b1610f &ﬁ%@%”éﬂttheeiﬂﬂf%ﬁowelnﬁgl?hﬁ%a‘laE@lc resolution.
In addition, §Q4 MbIH&)Ythl@ t1frﬁ\dafeﬂ&ﬁn6pﬂaﬁiﬁﬁalﬂ§ intﬁ)f\ﬂ\/ﬂl] dichas Elﬂﬁmolecular dynamics in

macromolec(ugs,%}é%clgh thﬁ Fﬂ@le&ﬂ 1(gneor reotel e%ofdc { rﬁgthrgxrluec el Pke N, 1*C and ’H, can

ased en conpar ed
be incorporjted @E@telﬂsrbylunm cafsélq:qtnwt lyotgmq: bhﬁmg;@pacpﬂq)ﬁo(rumy samples can be drastically
simplified. Aﬁ&ﬁfn@l‘?} 'scgﬁla myinigﬁna*ﬁ%%uﬁﬁ‘um@ gﬁ(ﬂ(ﬂ"ﬂ%c; SendefoRloRlflesHdB be determined
to mmycry of substrate, receptor, ‘etc. The protein
with these gipdhe o] ut ed by introduci ng a conpetitive binding

[00150] F. a!gaijrta}@iallagrhmj NGraly R sPoRtRRY amE | u@u I ttheQinalydi ¢fftheMapoglobin of the
present inv 8(6]1%6 )? %?fst%' éra{) ?ylolsat {ec ule_lfr)ll‘ ¥r %a%tﬁglo y(pduceeq &e%lf‘%/?ctlon of X-rays

ores esl| s C
through the ub@ly sfpmedtldmteceaﬁ@tplysm@ cafstat i eeCWém)@Id@?tw anabifzed ﬁéevmlélsf‘emure of that

lattice. Thisl gaNe@dify11Q8s tofh ﬁﬁ&efs@bﬂﬁiﬁ%@ﬁhsmﬁﬁ{hl Ba Bsidcul SRENRIN E®Stasce. The spacings
caplllar%/ el e%tr resis

[ 00147 |
inthe crysiaagE PRASH G EGRESE R B BB T GO G €0 ot rgppiegn rter than the
atomic nucltitBdmselaes, e the satthief ghick biwsmzﬂ}yantahcttmthdie ipqooting Xrsay photons. This technique
can be used$§ ﬁ’e@{n%ine Q2 SQ’II t&rggﬂﬁe ﬁeg%%a o?ﬁ’l% ?&wnﬁﬁvémgn g{e&? Hﬁlﬁ&éﬂ&ﬂs commonly
or ces: ar e an q | ectrophoresis
carried out ngrselﬁ%sw@@@lseéa BTl &efe&rw avat il gito iR ljsg peidered samples may

also be used/\‘hlﬁEh Ihhﬁre@n%(atﬂeteﬁaﬂéqufﬁ)ﬂfeﬁtent i's appl ied. Their rate of
[00151] G. S/P?lgzﬁ ﬁ%ayg?ch{ l??e:ulg?d 1181[ ge ana y(s:lts ro% tﬁe | el E)blqleo?ﬁ{] I1;|)resen¥]mven%on Arrays involve

I"ze and’s
performing pwhlded @riae@s of milgple vaanpitep dg@tphlgbwv@ |pt<yelmfargleh el'hs dayslopmentpf garious
microarray &Qtf&rﬂ@ cdnQitie SlaaEREER tﬁ@&tetrﬁfﬁp@'n%tf Hfo%up;buﬁdaﬁcebl'ééafl@a[txoh ind

whi ch the nol ecul es are hi.s technol ogy
interactionsjig a f;eél %Bgsg? Mlgo?rgyggﬁgiieazt %latgwa tl?aa %lhjfws f‘l?n‘bffc&?‘é‘i oﬁ proteir interaction or
function agﬂﬂsi_t 8 ChukR Grikddatt o(ﬂplfofeﬁfs dmibodes,lor péﬂtleesaﬁoﬁmm@ldehlﬁmrﬁ@ proteins on a small
surface andacgr{ &jlr'ect Cy m?aSurg ﬁle lev?lg 8@&&??9 1n§§§u§s lﬁlnggl\g%regggcg rbgs]eH %Jg% Proteins can be
arrayed on ¢1@1greﬂaé@qh|d pbasmr gt capifary Wx@)ﬁnmﬂ@ldmr@w| agg sq)@'p]ghﬁferent proteins can be

applied to ﬂ@s@éﬁa‘&@ ﬁ\@ﬁéﬁ%&lﬁ&pr%m'sﬁﬁﬁ b8 elthed ufaGsI8dtdrPbdusid proted hni que

TR TG TR S
analysis of the m]hc%mbhﬁaf shephaeny eveltiangesA a3 prdvess pHietdfrming ghe quantities of each individual
amino acid %%grggﬂ H%&%a&@eaﬂa&%ﬁep {nqgén%glndgﬁﬁirsllsl ﬁ)rdYOIYSlS derivatization, separation of
ctrop oresl s: ary el ectrophoreS|s is a
derivatized ainp @¢ils, gyl daf2 naerpﬁﬁg@ﬁ P cdlgladiont i on t echni ques whi ch
[00153] In Erﬁylydirel\ym M&, b R vapplogat 1n&ﬂ1aoa‘tadamg linoviehdir@p @Sy B:C4dd&So the sample. The
i 1led ca

sample, conpu T BHS TP QUL EHAT 811 G AEGH SRR 20 JRD CERF Bl @byl
tube and drigil fufider enwes Thetuheen bapktedties vidlcentaiple &4} pid aaampll 2mpent of phenol and the

protein is hﬁir(ﬁ?geﬁ 99 hlg Heg 'va?poﬁs%@r v%uxﬁqr’ﬁﬁ h§&}bf%1§ 2 Qargg:l ((1F %@@&ut 24h at about 110°C.

paration of neutral conpoundS using surfactant
Following W&[ﬂs,ége PHRPlESt brdrisfect r oki netic capillary
[00154] . DRhVRiBRIO gxrﬂjatpyrfc(rbE@:ﬁ)toxﬁmlca@mahhemaﬁnoraefdanﬂmr byore@&Sing the free amino
acids, under'(\ﬂ%sm 2:?11%1'[10 ?(g exanr ?eg %v#%g%n}gl (r)t%%gyhi@%%?f%)gg g%ﬁé@ 8heng thlocarbamyl (PTC)
amino acid derivirines A sja*ndamsdntsc)n chriaipide @hn@{né!@prlmﬁﬁ@rp@w)@f Frbgsinppgnyfree amino acids

can also be (cﬁ@&l‘ ohl a@Eﬁéra&éﬂﬁlﬁpﬂQﬁlﬂﬁl&&% éa%lple(;ba_tp)ld d@ﬂgtlzé@ ﬂﬁ{s%ﬁﬂ lQﬂlsQf to generate a
tterlonlc utes wthi adle1 f ag ry.
q%}a p e. Following derwa zation, a methanol

calibration fi f 1§ %f @Blbfz pge ft(b gﬁﬁle ar*angﬁu? C(Eéeg (rf
solution coigthigiog the SMCanbitoogidaphype ((GEC) e B daeom hora $i®bCisprtemmlusing a reverse phase
C18 silica c%luﬁ')‘l;ltﬁgr% aﬁ%%ﬂ %ﬁ%ﬁgr%glétéﬁpus%& fotx] E‘épgxlz@onmh B@foi‘ Béé Meﬁ) mM sodium acetate

applying voltages across capillaries fille

silica gel stationary phase$. Separation sel ect | vity

in CEC can be a conbmation of both el ectrophoretic and

chr omat ogr aphi ¢ processes Many of the CE separation

technlques rer on the presence of an electrlcally



sinmplified. Additionally, some new information about

structure and dynam cs of nacronol ecul es can be

waledogomonred with these net hods. [00150] JF. X-PEUS2007/080337
at pH 5.45 asbypfierah prdgfiO%pasgtoniseily/ 32 mMsodipm phesghaians yHédrFS Bvéffq& e ghe R3pgram can be
run using atghﬁleﬂtﬂﬂ |b§(1$dr$; £l bhife BN Q][ﬁﬂ@laﬁigta@hlef)eaﬂ(h&:a@d’aﬁ $€fdkntified and quantitated using a
data ana1y51s s?/s?ehm {h can g< Z'%Ihﬁg E)(%/tgg ?éllécgg:bc? :Pnta%e T a%/s? fntr ZEPPIOg Ug f in
[00155] Alxryagiydy, ltlherCMsgwl mhfe0¢¢f@geiow0@pa@w df dfopiecnd §feinakipgBinhyilrin may be used.

C,,mcalcge,;;,g%sj sl Srdifaer ded and then anal yzed to reveal the
ture of’t hat |lattice. This generally | eads .to an

(00156] A. uﬂfYé’F’é{’“o(ffﬂ?’ﬁgA GP-Pfectirdt wPd BF CumaCDRBTE CE Ot PR EIY ogestablish
saturation, @dsat@raGarsitl a{&ﬂlemoéﬂs‘ten BPAC| Ulaviblat illlx@inatioyi $¢18kd loddrioxggn transport tests
including I?Vﬁln op (gea)rg}?{e)ﬁ:] obuﬁ Q—lfﬂ%‘ o%éhe%g%%ggil-ﬁ%ln% erenI tgt())]%ﬂ 1%9&{5? r;:lel?i'boxyhemoglobm
(COHD), totah bepanatobing tHjroxygen caterAliqn(FREOMPIYER qonyRi (@7 gnd %veepaenaCIty (O2Cap)
in the hemdMdblhs bf@e | 111@&@6?1 NOneXultd¥ iRRANOMSs madifaStute 6 No B of8dicad Bistrumentation.
used to determ ne the structure of the henogl obin of
[00157] B.t Blectyhese llechrolytentucions. pOﬁssmaly cdrifufr sediuinghloride, ewhatipa aye measured using
standard el?c?r[){y#ﬁ:gzg%%gt%yeyﬁ%%% V%Halg ersgru%?sﬁtt alllpg 150fro$ ﬁlreov%%l edjlcaé,, Hitachi, Roche,
among othganpl es may al so be used which may requi r e different

[00158] C. e Hhﬁ t’I:’he [oggélgigt%]of(a)e }éﬁ{o l)éﬁms & tﬁeq}{v%nﬁﬁns Qg) M@a@&ed @teezing point
obin_ of the presen

e anal ysis o
depression rsﬁ%*m%%logmeéweffmw dns0eit BOHISR P P Bsileyg g cxpansion
and oxygerﬂfehflﬁﬂﬂ/ ideps 6f tﬁé\ﬂfpélﬂSn a@ﬁhmsinstkm&mn@f iotvailabld @drg atigancellligstruments Inc.,

and can measu de all dD rT’r()etli]ctlallo ct%(z%rscl)lgtgstswn i {he aa ea(yf OFH t@glf)da)rr%sn‘i:o%g%ﬁ 6ab| e

accel era erm na n of rotein a ance )
[00159] DI Gerkprio anhydrese. dynebonistanlydeesd Ie%sbeu dtegtedley| 4 dogple sand wigh ELISA, wherein a

polystryend\duBF Rl EAKE with @abb Al 8ntBbdR @ A0t Hidhat A 8l thé¥Bples will bind. The enzyme

identific n .o in interacti or function
substate e o e By oD RSt e ot b Progsei A deechiit | bod es.
[00160] E. OPhqsﬂpﬂz]nidelsevel Redicgorn -Hhagbalipitdspss anbayepnet &y HBLGandor ELISA. The
ELISA valﬂciﬁﬁ) ro%c%%{ 1@8&1ggagac9(§&n?{o cglfcr%rlt YJSfTE@iﬁé'Hn@s %P@cit@g\éﬁl I§ qqzntltatlve assay to

INS 1 n ti'ssues us uor escence- based 1 rfagi ng.
determine by meepwf e%mpfeédsd@ohvéd%rprw%eﬁluﬁs aelidatien of lipresyaangg acouracy and
precision. 1 N capillary syst ens (mcrofluidic arrays), and
oot 25550 B et P S S s 8P R BB % el 38y oo
actually mageiabigdm batenidl ol @yb]éss arsl is e@OABHF foElinittipmef afeverlinAbraiesipipny, in low doses;

while hlghér nevglg 1 ﬁ@&@nﬁ@@&ﬁom%gﬁs&@atﬁﬁb@ ﬁtﬂv@dnyss e f,&ﬁﬁ)lm\lﬁts @meobocyte Lysate)
techni que used in the anaIyS|s of the henD

Kinetc-tuigRgnegieGEBH 151 SHOBAENBABIARVT 5k 2 1 CHEROR BT G5 B il because ofis
reproducibleR@ulis bt high deseeaff s@aiahity. ndi vi dual am no aci d in a

[00162] Tlpe H)%fegcgf of C ﬁ'?oé gta ] Qrﬁlo Qﬁ&r(Cﬁ R fi;)xnrogtme @egtn%(:lg getermmed by comparison

SIS, erlvatlzatlon Se aratlon of
with Referghee $tvralatszédotaml E3 i Gfis Lotdverng Bietairer by de bSBE aftiioiroetpgy to perform this

compansorpﬁﬂle@bk}eaﬁﬂ QStoxih OB tﬁdR&fé?@lCEWﬁlﬂ@thﬁ isSo B4 @Rd foRcriéadYWBpikes and curves
in routine tf58n¥ ﬁ'gls & %%Et%egﬂer%ﬁé ofilgﬁgqq gmt %% ng I‘ gC%g%ha e as?eedgr cp gerent potencies. The

RSE/CSE qumphien fpedaraiad byngonwaamg ale {ial Q:f RSE@O foyr vils pfrtbq Qimg )lot ef@SE and

calculatlnggﬁ a\tzeba%g thE&ElSResFaE&%Qd Lioveds QY;Q:E&J n)ﬁ%ﬁl§at¥: Uhe: aQ:Gé*ﬁQEﬁt &fcorrelation of -0.98 or
der 'vacuum The tube can be placed in a vial

s required GPRAHICHEPPH RIS GOISTRINF AP TES O “HER B R Upvf s archived for fuure
testing. IniAbi@b@énRarcEméty ctudibsyazebribymedion altfdodwayio bStesiartheith tHaC AL E3say. The LAL

assay is per&fee(li] ozrg]otLévlfrot%ch %t&&sasrcrlallteesdof 8?}%1 éo%rF 81% Téélg)légg Pglkﬁoﬁlatst I!'jlmouth MA

SI'S e sanple can
02536-4445,081054 Pyros Eelpﬁm%ltnp@amgoﬁbe Bepdpreas B@P‘ffﬁfrt%ebby ASSOC““"'S °f Cape Cod.
i. Reagent@ﬁ{{%lneﬁﬁﬂrlgﬁﬁa(ﬁﬂnthe am no acid anal yzer by reacting
ree am no acids, under basic conditions, for
exanpl e, wi th phenylisothiocyanate (PITC) to produce
phenyl t hi ocarbanyl (PTC) amino acid derivatives. A
standard sol ution containi ngf’a known anount (500 pnol)
of 17 comon free am no acids can al so be | oaded on a
separate am no acid anal yzer sanple spot and
derlvatl zed Th| s can be used to generate a

o, . N



Cinical Chemstry Analysis Methods [00156] A Oxygen
transport. A CO oxineter is used for conprehensive
whermgswke N anal ysis to establish saturation, PCT/US2007/080337
[00163] Allgesgenissed fophe AimepicHambiforeEl sBrYRIF Bpd pesordiette thy PRSFISE manufacturers’

instructions ith tHIFORWIRIwb SxcosiREs: t1PthE DAL X gRRhtEBRBPRAILof PASES™ reconstitution

buffer 1nstea8)?§&fgﬁ%(§?%ﬁt atfrd%?_%)) ﬂe%ﬁ{ h g%rgl 2 bltuQe«{\K}bh[ f.%z‘gcjtly 5ml of LAL Reagent Water.

The reconstigaipi obdyHle wolgbusienis EBHEA totaveradmdrstrogt obimveibertbl the LAL assay by pure
hemoglobin QWAL 1HEERE ?stre&gsch an%bégﬁ %f @ng@rﬁéh V(ﬂ%gcpa ﬁrﬁp&i)lutlon

n capacity (Q2Ca | obi ns of
concentratiop ﬁg&rﬁ’f) EGTmL EhfeAnoyptia By %idrche fit’t‘ifﬁ”é‘ﬁti bY gtarréatﬁlm%étetﬁ%%agslyst the USPC

RSE and maOV éhol3i 0@ ledih&the 5rﬁl&¥:d’ohimﬁﬂealtﬂy0{§soc{aﬁﬁ)ﬂﬁﬂpe Bod. This ylelds a constant CSE
solution concEén gtgorncgtln tr%\%nt recal%ttll t1 endotsoxm splﬁes epler %S%Ith%raSECl(?t c‘ﬁanges All other
sodl um ori a esaremesu?{an
rﬁ%mﬁsmegﬁéﬁdémﬁwélectrolyte/chentstry anal yzers SU|tabIe
[00164] AII'I_glfbg;Wraw @ﬁoﬁ&ﬁtah By RE066 8600 oAV A1l @Flt@f@ﬁsddng @(I)lutlon transfers are
0C

tachi, n of hers [001 Gsnol al i t
performed upges S GRGPLIATE BF PHG: ABRBGIGD? IS BF SEHl HODERER
ii. Determimali@ooflS8Potetd. Freezi ng pont depression is the
[00165] Onererhd ®SE @tfy000$&HAvidl by gefiritomhwiste@namaddpgithssmlion Lo ReagentgVater to yield
a 2,000 EU/%ie fb‘i{%ﬁ 1@&0%5%”&&%& Qlﬂr@ n}fm% U&@r &l %@é&&ﬂn@ﬁ‘% @)féégl%n The mid-range curve

Ivery agents of tion, Sui
contained the f@lpwut%éﬁtcatqaa?PS|(§U/a% 10abhd: Zﬁr(b}ﬁSA@Wﬁcaé‘é O0AEYr Thepiy gnee curve
consisted of] kﬂ):@ollovﬂlﬁgjcoﬁ@ﬁtrﬁﬁmnﬂ| d. OO@SOMIZJ «oml 0. QOO&(II.(DO@ES,%ﬁﬂ QO@®S. These curves
were run in @p‘iu&% mera]tr rcegréan ﬁon&% gerg) O n ergunaenﬁoég 91'1_(? ?T-alri}erg%qg'tqgg curves, and the
curves weredehied @thppurposd eﬁ@hreaatswndvﬂl@h CEIEICQACS V\,her ein a _
[00166] ArBOhYREE YENE hm% 4 §al® Qp(tlﬁid(S oé ﬁ%ﬂ]g\bgb ;ec@ﬁtlﬂufeb Q¥th Bf amount of
t o whi ch in the sagﬁ?es W he_en

CA me .
water whichgy Ky g1 GGt HoER Rt (PIRERYy RSP koS5 i pigpred n ach
of the two r@éestsb €hapt deSt(tltrSe w@hcehti@ioneeclie CHE cupveOwbEd]falEdirectly on the RSE curve. The

mid-range c%rvg (‘?’(tha%ed qgln%ﬁ%' c&&%gty 1%}15%@%3%(3& p[F)ﬁJSI ® bg 8853Y¢ O(fﬁ@gland 0.003125.

measur ed EL1'SA val i'dati on
The low-rang¢ eiryscc@hsistest oéjémmfxdh@'@lga:e@c@ptmnﬁ@s (rgmBiQ-9Une-0Q3sR001, O 0005 0.00025, and

0.0001. Theg:lﬂug)%i W& Sunfli® Buphc 24 RAGRY Msdt hmesq»b@@ﬁltet'@lahéd%ff&ﬁes@ﬁeipendmg RSE curve.

determ ne the ce. of tid
00167 T TGS AP B R ERAE Dy PSR coreipondine
concentratiog Grengyalc ymﬁpmtetpm@s whichdid nP(l@l]_ 611e]ctljton mgga@ cfreg, 1nd1cated on the raw data by
an asterisk, E&g Qb¢ ﬁghnled ;Bhﬁe cfachl@!lonQ r"ﬁlg %{tltlné ?@/qg p(ﬁt@rfcwk R Wt QfAndafihedre averaged to

o oxin free Endotoxin is actually material from
determine thg g@ﬁé)pteaqy ip g4ch r4R&s- |T§e twoange gotpxgécﬁ ke thinavergged to determine the potency of
the CSE thréugh the @htir® Fangd ofa oft8' V@01 EU/nil e loe@hlpCEMpatenic N whOend8&HS ralculate the
ije ey Wi, || I

amount Of.L\(g(E“nl{c,efI%ﬁan ‘Q’htero trc]> b8 (?Jseg to each Céé I{ﬂ 1%&1% 16 (Wdﬁﬁag&d@ solutlon according to
the following yaeilagipnki net i c- turbldonetrlc assay was chosen over

other assgysg such as the chronogenic and the

gel -cl ot bec use of its produ0|ble results and high

degr ee of—eéﬁgrtl@l??“mTé%hBZFef H& potency of Contro

St andard HEmd@Uoxin (G8E) used fvet routine testing is

det erm ned by conparison with Reference Standard

Endot oxin (RSE), EC5, Lot F manufactured by the USPC
iii. TestMefhod| 5 necessary to performthis conpqﬁ son, mheFever . The tub
(001681 10 4}pS LAk PIEHE P MRS PP B RUDE U CORERIPA I LA (65 s45gte. The tube
is vortexed gbﬁ&)dfof prrcﬁ;ir%ﬁtly P eeconals kgbplaadlinahy iv@dation nfodult ofige LAL device. Each tube is
added 1nd1v1gua§ up Bis &, "fn%%n% éﬁ%&{&at%(g He D&k tu%E: ftst tn 7 fﬂ?&tof hlg Qllbe actuates a mechanical

erent ots ave marked er ent

switch.. Tul:ﬁ@ﬁre meyhated at{d ipggmgug;}@%lgrtp% -OYP rp@m@é PIE ke lgr @9 first 60 seconds; this
allows time @c@ ARRbhtEHYs SHUIR tiHedd cdifie (RBEpE@tutUAR fotlaRbBobRk td digheSamer 60 to 120
seconds afteg f‘%ﬁﬁ‘ CSE anget(e:cgorggxsegél vggl tﬁ t7Ifa1rle gllq ?g g(% Pecon $ %pértAFhe readings are then

coeff|C|ent of correlation of -0.98 or Iess required

for qualification. Nunerous?®SE standard curves are

run and one standard curve is archived for future

testing. Inhibition/enhancenent studies are perforned

on al | products to be tested mnth the LAL assay The

S Y oy




The reconstitution of LAL with buffer is perforned to
overcone extrene enhancenent of the LAL assay by pure
wheomgbiekd n sol uti ons. The CSE i s reconstit ut eBCTMIs100A080337
averaged angiigh to rerresaft | 8P oWRRsEHttaRFe. {Thiy zapigs Berfof ghmingtey daa) egrrs due to tube
1mperfectloﬁ;0ﬁﬁ@ﬁhﬂlaidl<ﬁfbr fdodddOB t&udlﬂ/ Suﬂ@i@@wﬁﬂ'@iﬂﬁﬁgs 1@ tdhen ad@aeh deSonds,
converted tﬁ%t er che?gang)élgnﬁtrcb?pelc% !3 ZS{tgg)[%)L]%ﬁnqt%EO % I’s]escE)n s c gggggues collected are
averaged arbiyhmgltmpfactl trem ol suBsqueerCOW. valFias for (i @Isfd(sT hz b@@hstt @mrectic§Fompensates for
the OD oftﬁggagﬁérgﬂdgoncent ration and prevents recal cul ati on of
dotoxin i kes every tine the CSE | ot changes. All
[00169] OI&FtH]@?C Tel d asythg, mHgl@a ot&gco&p%@aeéﬂplafem&t@ﬁ]a seﬂlqle in and incubating well
and the devgﬂoﬁﬁammaa opGcall@yityag e aired Tbeyenhetaim RegeltiOdeleBiited B coffparing the onset
times to an é‘rlclalved stand Qﬁc’rvea o%mg'l'r# Lergls T](1gbo %1%0%1?1 CQI?(:CII‘ZP&EI%d

ass nar pette 11
[00170] A @rsekiprasren@tfbtqmpeteah dsqdye esdlest dptp @em thej LAID@W@F riibA &L Vice software

stores the va%ﬁn%ﬁta%)ém[ ALAER] da@lﬁal}’dlﬁlpoﬂton%d 6l 200 e tieldle\boAd ction, linear
‘Tf?)e/* gfl nltlog was reconstituted with 5m of LAL
regression gistandarls, (g eafotpR SARERHAPRSCEEINEO M sol uti on. Two RSE
All in-processl sangdes wenasted imndupbicagp wespikéddnd spikedgwitiod foorstambdet sp®e Gyhere lambda equals
the lowest stta%ﬁgrg El? }hg gtlglgdrz]igﬂ t%nfealﬂg§dlﬁcw y ﬁ)ulc Qﬂﬁ)@d sBﬁ(g i ]%@L legzlgtrg“%%zg& and unspiked
LAL Reagegh¥atgr ggtestsd. Afirfwal m@uﬁtéﬁrgeleW? SRR AR
Results. ThoOlk{eRWfBRHoGRMGE BXCRISFR AR telbW 1By per@nl 00 frefddred %bod@n&&hf the process,
the ehnnna’a(ﬁbqq‘ er&do{Oéung (t)ooazlgvell ge eVé? gggg Caﬁ‘]e a\%latgveg %l\r(ér%e %rvc\%}‘ngle)l; usage and for larger
volumes. Thiie tegulf¥iimeadifgs 0§0.0 B rana! t¢belnw &g é{btpeofnl t he curves, and
t he curves were archi yvegdoRiut NeroNg pose of conpari son
with the CSE curves. TO0OI66] Arter the RSE curves had
[00171] 1. bPé@ancGWtcalACqﬂ%thmefln@Enq gwuﬁzéf, 6?%«5) ofvﬁfngustratton and Dosages. The
deoxygenatéd?ﬁﬂﬂélﬂ@lbl&:&d téhtatriari @Hb,aRDIXCMOFH Vi baticuldn of khe\wrdsént javeltidn may be
lncorporate%nl copventlonaL?LharmaQ%u%gﬁ ??ergﬁlfaﬂgﬂs SJ]% ngeckgggﬂlﬁégggﬂt%p?se uhtreatmg mammals in
need thereof \ifhanmasryticnl e@npokidens gon eadminisdieddy selostiteaqons, itiapaguspfr intramuscular

injection, of EEQargSg)hﬁﬁg paentRt btutfotd ind@ﬁerlﬁ(g tltﬁ Yo bribB@mBRE; dKXWMEFH of the present
curve C e

-ran foll ow n
invention 11618 I}?E &lelgﬂi‘il %hglctpﬁld?tmg?-ﬂ) vblthin 111{95%5 gtpﬁs?gne e%:a&sll%on is often used in drug
delivery to d0@6RS 06y F eQBFbREA thEhwpedtiowgmangavetl us wena@ssdreg adf-1g¢. The
liposome- eéag%l%?ed619%%%1&%%?%8&&%% ﬁlpﬁ (sﬂ'gét\% gplglysgloggélliy sQImQaQ?U RBCs, thus

and hesé curves were
preventing Fij dispasiagiefpAnil B rai derarapdsen s §@9d ftfeﬁes Thichalf-lifheld B dapergions is

dependent &f the §u|ﬂi€ceQ$BErfn€t$)p6m1‘iH H'l]@yeRSEWGHI EtBe bl[agegiﬁ'ﬂce a-ﬂh%eaﬂcdmﬁ 0iche size
d1str1but10n ?Hzgce n rcaé%sl onvelmgle 51ZUe/ E{Hd nflo 1f3 ina e veswE sur ce can si n\ﬁaca tly, increase the
PGt By s CoPFeSpandi Nt concentration 1n nglm .
circulatory Afwme nStefaC«t fomivgatigh péhpoehmbs rmttl pﬁlatthylmefgé@Pll (9E@?r1cat1 e half-life. The
uptake of 119%%@9 byI tﬁ@'e&&i&gdo%hﬁl @f‘s m@&@cgﬁe@@}ﬁ%kﬁfehﬁﬁon W c8n be safely
i ncl uded he cal cul ations. The resulting EU ng

ad““m“ereﬂostl@ﬁ ereeading th‘?e%Eh wayld HBF&‘F&*‘E\RE‘F’@“%V@F‘BQ ed to determ ne

[00172] THehieoxgEmatedite€ Y Ortilockaltbtrangngdb aidd) & davigulea AFEMSBH @fithe @Ssent invention
r

can also be\lt\ﬁrrnlella]teﬁ %ﬂ% gt}{% ﬁﬁg‘r@gi l%‘igorgidagh g)%}%]erpgehtlé}? R %ﬁg %‘j)/n?ﬂfllattulﬂg Sggﬂzformulatlons

can includecp s SPOTIE iperditireyo tha s X EMERH e axwlecapetnteatléhefaﬁemc composition can

comprise a@t@fﬂ@ 'ﬂst)toﬁitc stk séR@ameTHe aluBliodsQaDR: dddatla foﬂn edlfable &dMirect
In the

sdminisoatga g S5 0 S B 45 BaP st Ee gBR prpinjonsof e presen
invention cprofhesyoytafbetwegved. €01 Ydnd 0B OWEIRGMEFTA] In omg qnllbodlﬁestti of the present
invention, %EJ&QELULQ%%QO&Q QolffionQk djéélldSFﬁ ol Egsetnpm@entlon may contain from about 5

epyrogenat ed”10x75 nmm cul uretuecontalnlngb 00 mi
percent o pHSR RPFEs PrebpH e {rbpud daergahfiop APgit © to Bbout 14 percent, and about
10 percent aeplpfgn;binnﬁt@ltym 2o Sehnis vaiide)p reoed einbodihéents af dighatentaon, the extracellular
LAL. dey b, & 3 in in solution (% w/v). I

hemoglobin sogJ ion %ﬁ aﬁ]\/ﬁﬁ‘% ontam tco% abOI?'[% to%ﬁo%t :72 hlgﬂ?%qclgoél% 1é1 éo Ftéorn( w/v). In

each tube as the bottom of tH#e tube actuates a

mechani cal switch.. Tubes are incubated at 37.0 0.5 C

t hroughout the test. No readings are taken for the

flrst 60 seconds this aIIows tlrre for the contents of

I o

o o a



seconds after tube insertion, photodetectors in each
wel | take 7 readings 10 seconds apart. The readings
wae@shkwsaver aged and taken to represent 100% PCT/US2007/080337
some embodimerigithe IAyfaRon “T‘rﬁC’gm?’é?%‘Fan‘f@n%d’&M%d* P A2UEe 44 degoglobin. The
selection of ﬁérl‘:eﬁh[ Hend)@&bh@leﬂidﬂhkﬁ)rﬂ thpek st Ghdpoftiss amﬂe $89¥n hémdcdbar préduct. The
hemoglobln S(I;]lutl(gle Slate:(llI g‘olrf)l gel 11t1 Mle rSels?Ietr)l egent%on Pa dl ontHs onac‘:r;)r?tlctto h)galgroncotic. The
fansm ttance, an

percent hempzielmn may bmciut,saﬁ tq}émrl flhy df{sm oncticgresOfor erclBdicatimnond s,

[00173] dXtN@me UBLHES!t HOLHBELLGe Akl i %ﬂ@&ls anehi bHsod substltutes and oxygen
ubtracted from all subgwogent val ues for. the t

delivery thel(amtlgs 13 agyelrl?rwgal(t’l&t Pséﬁfefi E')el]'[]f)g)ﬁ g}éﬁgglétr;fna?ortt Elée TRyIpRs mclude but are
not limited th/t@maadketak meth hs {00168 hofsn sleg, shdepirzoatiflg etc.9n 8@hd andbddiasnts of the
SurRel.9f seconds between placement of a sanple m

I ncubati ng well and the devel opnent of an opti cal
[00174] A dpsmafitheyXSPMIGT ofaky provied iimefior 6% by frasyadbout It deque iR elligrams of

hemoglobin/p¥r lﬁlgglﬁﬁro'f Palicht¥BdPRER ol dr MR SpprEprivit tﬁﬁecﬂ%hbkﬁath&t fesadialiidl dose or repeat

0) versus lo nown end tox
dose. WherCS 4 PP Oy BUFOR R LS8 B P S G fgpacy ey rnse
between 10090 wg/kppdtien tbodjaw aghft.,r500ta 3060 inadkg Hedyi veegght, PhE00LtABO00 mg/kg body
weight. Thug ecl\ﬁ &%orsaqfuﬁﬁéﬁfjﬁleﬁttrﬁﬁﬁ%e %@1 agt-%ny f%l oV@rsl Ob(p%rglﬂg & il be §pp?e'3gted that the

forns data anal SI'S upon conmand suc as onset tine
unit contentegiicltlé%pgr@ﬁenq; (fcﬁ@g;‘e ],nélgrl g@t@hdoaﬁofse@m‘%ﬁga @mélﬁedi not in itself constitute an
effective an@REOds @i Iﬁceﬁﬁfmttfvabin&iht cell EaTedeadd leRdmMidritionlod £ G aber of individual

doses. The s%%%&ﬁakg)??oas%ﬁ% L %?III_%S dlé)on Hw Eusgg%\f‘%rantl gtﬂ ze({] %%Iclér?cfj tio‘%%gmﬁﬁ lge:eddé.nd the particular
purpose to Hegolaeyed %aﬁm&k@hm}?t@t@@amﬂmﬁ @aﬁﬁkékﬁﬂ rgthe 4rh addition, a
[00175] F01f IQU fn til@;ﬂpsdﬁt iSRhiR, 8 ddeRccRRA0SHIE WB@Eke@ [b@a&l&ﬁ:m}kﬁﬂ in particular, the

Reagent \Water are tested, Al fi
AXCMSFH QE\%PTE%”’&FY?“F‘&’SCF%BC Hriepr wéﬁcm?ae%ba iy ey Py Ldpaicatly acceptable
solution. ThREXAMISEH of the pfeeanehlsenﬁﬁn ot fodthubatddrat dé(fﬁhﬁﬁhhcaroé 5@p&j0il. The solution
L
the reversiblg ogyggprHTBRRER NG ﬁﬂlvg]y|pmmexpés(of é}ggﬁiﬁm@ggo% géép}yﬁlalogﬁ?lly acceptable solution

can be, for dxéﬂqﬂ@ ohys18pRBsalidd)h §ahh@§lu&ds§mi)dihré @(&Cﬁbﬁ@:&et@fe Kinder' Eédhﬁﬁﬁ lactated

Ringer's solvfgﬁ)g,r Irﬁggee%ingir 5 FOquOHDL%EEs[ ]ihgﬁeg ] F(H%t oﬁ% éna%l( %né% sgﬂlne heparmlzed sodium

citrate-citricRoidtdestrapé sodioh.rang pelahérgplaamel subggatge such Kmlw&wkyﬂg@m padyvinyl
pyrrolidone %ﬂbln?l Mh&l ah§ gtﬁ)ﬂeﬂe okiad Bﬁ%&l&e'@@yeo%%eﬁ%@%': H in

arti cul ar, resen i nvention ITHy b
[00176] anh{e@qubaé]plagcgard}nﬁ tcbtg}ﬁgréﬁ:m IBYFgTIOIﬁHaé’raﬁg‘E%‘tﬂ ¥ e%lpnse inert constituents including
pharmaceutfcﬁlryfﬂdbe@tabla ﬁ&rlér@ dyuerlts[lflmﬁi adMs end Oihtfﬁmzﬂkﬂﬁ)s wellfknor@initlhie art, the selection
of which de%engs on tﬂ%dos?%rerq%m utlk)lzed fg?en gor?%hgltglré ; e tbeagg I %ﬁ%ﬁlagﬁlgpose to be achieved
according tq th«e detapmivaiins, of ghe ofdmaribyrplidlediprtizaniithe ﬁ?lii &, thppropgstich gf syeh additives. For

example, thé/ﬁ%lnkbg%bﬁ%ﬁmne&fale i ¥n|vf¥ﬂ1§n ﬂfhddﬁl&etoldb(@/ISme%mmude 0-200 mM of one
0 e
AR ST T T T R

alcohols, 0-X(10p0d @frencen ompsuthlomlly scceftabdarsalis el (-16 df eng Od@ble\ﬁerﬁytants 0-20 mM
ofa reducing Qgeqlﬁ Q'H&ﬁen;ogﬁbgﬁ 93(1{1'[9(1 Lo¥ 11 fpre@&? ﬂpéﬂlngﬁledqm%l&lﬁﬁ @R@MSEPI may include, 0-50

to I ncrease

mM sodiuwg\tsg@fﬁﬁe Qéﬁe%gﬁﬂnap@amﬁ éﬁh‘&yé‘lﬁﬁeh(e(&%%’f" BREHEE Sorpfp! Prothers known to

the art), 0-360 fMICIf Uﬁ@orﬁxﬁb}‘édl’ﬂﬂrﬂ@ balt@ hidy opgtiondllya0-0 5% sBRIB{C&nt, £.B.UBveen. TM. [polysorbate
di ssociation and its rapid clearance in

803, mﬁhrf%&n@‘% lc %an1 The hal f-1ife of LEHb dispersions is

[00177] Adgepematiantt oM R sgeesor EmvPrgio garofcur fies algetiogafpecords to hours

depending oneld pugr%set dThelhe 8y Sin SHEd BGRxHRAE, IBeindd bHR oM Rh 6drfer for the treatment

size distrihution n decreasi ng, vesi cl
ofsevere g EgH bl it oL SC PG SR O PP Eife et Afiion rates for
hemoglobinisblati@a sevdiii@ edhancetload:qeyn thérfetiiayean Sufof eaepleo fipmgbdut $¢Pml/h to about
of |iposones with polyethyl ene-glycol (PEG can extend
the half-life. The uptake of Ilposorres by the
reticul oendot helial system % ES) affects the LEHD
concentration that can be safely adm nistered, since
overl oading the RES would inpair the inmune system
[00172] The deoxygenat ed stabl e I\IObI ocked tetrameric

INZAR A ~I~1 1 a1 e

invention, tﬁer}%
an




i nvention, the extracellular henogl obin sol ution of
dXCMSFH of the present i nvention may contain from

bwansssper cent tQ a per cent om_aboreT/6S2007/080337
sooomin Sgg SRt M6 & Be 19O BEe Ior 1061 aisib PG RBUGE 1 o
embodimenp@f the Mvent@andhabeiéf alfinjentwnbaylbe iiphérobi N m sol ution (%
[00178] Sulx{\ﬁhe%hﬁnfgsﬁ{on nlﬂfs@}ncluh&r ?ﬁﬁg\/{ %E&%%& FB%ItbﬁfféS}%) fh{lﬁ?% nplr-;t facetate phosphate,

e extrace
citrate, bicathOpSBH Pt (ﬁquie ebifeni TRl pushpratediym ohbwide; pathsiwm chbgride, sodium acetate, calcium
chloride, mﬁﬁgﬁﬁﬁl il bdh 258 bk i R d i aHc¥hpostiB ST eheBReRtidNE TieSal®cdn be in
e t ont e so ut on conta n ng conta ns a out .
in. T e selection of percent henogl obi n depends
[00179] In @iditiohghoopbditonp ppeinténgen ah idchde otros ewrdrerbohydod (for example, reducing
calrbohydratgsr sq &tgiuca-sléemhgg@ gllctggél d? n&PleH&élr%%rbBdetgs @&c@lqs gu(clfosy %@halose raffinose,
e pr esent I nvention may be nornpb-onconti c
mannitol, lswprefedﬁ giativese) aenpereantictehs gryBicahtEychns Paldf%flecrlycols propylene
glycols, dextrﬁhso&tpalyms)t ime @a&nﬁaﬂnen@mohy‘drm 6:5:3dohé chidbe BARH
[00180] Theé g%b%[gﬂa ggtaae rﬁ‘sent I_I%)en XCCII\::{IEEISSO (l:,losnte h(?ne %£ ‘%Eﬁ% I‘S]EI 0ac Xteagg b980 mM of one or
more chelatgg bgen (ferteagnpn dthplryegemintadtiagetiyadih@Ddpestliviese glpcodhip (beta-aminoethyl

ether) N,N Waa&i@md{%@?As %ghemn@lgghrﬁ:eélét lixﬁ’iﬁe Q%ﬂﬁgl% Beﬂte[a@a§ REA tDTPA also
manmal s i n¢l ude but are not limted human

known as Pfrnra\aeélf R S8R kg ThgpTAgiantas be efgs O%‘B"g"o“?ﬂ%%‘pl The compositions of
the inventiof @@ibe appH) odb6ut 610FD. Smﬁfﬂ)nﬁl’éhibdhﬂ&m ﬂme@f)mf.)d%&loh nue mmzﬂm() 150 mM NaCl, 0-
10 mM SOd%’ﬁ‘é’h"ng"]‘s{‘gHtm |%nlv); mafnctarlt 83%7744 5 prtl\g ro??% e or fnmf C%lg)g a%ﬁnts a]; pH 6.0-9.5. The
formulatlonhﬁy@&ﬁalnﬁ b M grdamsphoﬁphhte,nl[jg InMNaC]p@ﬂZi% tod)gJS%rpod}fsorbate 80, and/or 25 uM
EDTA atp}P@BI ent body wei ght over the appropriate time period

It her frominitial dose or repeat dose.. \Wen used as
[00181] Adéwomk stivete |the ferplatioreradrotyde Anti-bictesal agenb|oBRdC pisPiF@eent (e-2.
albumin or }&ﬂﬁﬂly&?{@ﬁ?cols‘) Br@l AIQS &aauIRi at@PgBle bﬂi M@ﬁﬂm&. G@eﬁc@mﬁ@ﬂ@knowm in the art.

Each formugg?n t:(P %8% gge[fk%?sg%éxafﬁbtg)g C?Ikadggloaa(?ly com%rhste onfﬁtuen?s 1¥ch(1jdn§ecamers
diluents, fillexy salas, grogirer plaltenzéﬂwelhkrg’hm nbﬁ_ae ﬁnt,ahn sglegjioa nf Whiclodepends @ the particular

purpose to ‘&ra@iﬁgved Lﬁd tﬁ\é prl)pelﬂ%s @%Eﬁﬁd&%%ﬂlﬁ%n B@@a&ﬂ?'d&tc&gﬁ&%gl%n@gkﬂled in the

tive 1 ngredients contained in_an individual dgse of
at. The congggiiong G5 Rrerat iy HELraR Bt frmulpEd Y v arsthed FaQimen B 2t Such formulation
methods indRfdk ef6it dxm&pla,l’fﬁm;i‘hﬁt mix@, dehente etnar ymadifi@dson, diefimiinnd the like.

[00182] 2. c.i’?z%?m@mﬁ tfﬁgt%gee lgf ﬁ%ﬁ\;}ﬂ ke%% (tulug)rn f M n?’on g)ttcluduéﬁ’]Both Stable

e ctiron 0 a g e
(Cross linkqdp andiGreeaddizedoUinenats ljrkod eHb t‘ﬁfeloew@horiments B%fuhﬁ Ottrl‘éo&fcgfeﬂameﬂc Hb of

the 1nventloﬁ rlﬁ’cl\;(ﬂ% @@MEEPQIJ LexispU! A AEBLIA by BCddravigdomemRhsl] dag ple@rably oxygen

he determ nation of those skilled in the art
1mpermeablg 8?nta[ﬁ%eés (ifoﬁ ¥ llep Ftélg]gsr?tsteflﬁmt as%comtaﬁlgrsuoé%%e)l/l iy er{neag)ilé pﬂstrc bags, or
plastic bags®vaiytappddQvithl loe keget grmentrizrilastiHiBgawikrein an @apdn scaykerger is placed between
the internal Eﬁ&lc% Flll_é cQIeerrﬂ) ecpgglgsﬁg 94 II]Q y&rﬁtﬂr%&l%ﬂlbptﬁm%t@ ltﬁéli@@MSFH

exchan traflltratlonlntoap srolog c}/
dCMSFH, %é@%ﬁ%ﬁﬁ @@Fﬁtlrvéﬁlonﬁr‘é" eideiisrebrente Af REYesh- déeff MSFH CMSFH, or

dTBSFH mhyBe@R{deaited@ior Darsé Qi B eg, (ﬂ"texaanpﬁff)d’iﬂ;e Btyrgadatifbeddre using in the catheter
5 /1. {1 .

for cardiac t%ﬁrfl,pg g Sglélf grglp rhemeélgsh%a gg?/lgﬁﬁé &e‘(%?}yo i e SFﬁI ca? be stored in oxygen

permeable or sxxzaminirerygablh (wiricd) dehieimers avaa oppgea Konwaijedrayiranaicnt. Bysh oxygen

controlled eh@MamehtPéH 1&%1\&9,@& &ANF1Y g 8Os, ARV E VA, Mncﬂf)aﬁ’&@ Ertd| t8S1ikef Preferably the
acce

t he henogl obin srolorall
onygen conlgB oG GRIUEA ROBRI G oGR8 "IHYS A GO B SSaae acengations e
Kandler, R. S attiahdJ.§l Rac dD®eS, B 2XA78; rlexexarcwgmrdtezi tgoetabe). IRiongembgliments of the
present mve§19+ uthe ﬂﬂcMs%ﬁt @éﬁ&}?‘opgﬁésﬁ{ &9 IbQLAcQ d ln%@zh&i’ ﬁlvag&rMy?Iar épolyethylene

Krebs-Rinder"s sol ution t mann' s _bal ance
terephthalatg)éragsh@ poﬁ:@ﬁa}q spne grEbodispantsnthe ﬁ}(?MtSBH{’C]CtMEEFé{ or dTBSFH of the present
invention caAGk %Qﬁﬁieﬁ@ﬁcﬁst&@d M,talpaﬂderﬂﬂﬂ pRhiyRE By pd A&BBat room or elevated

temperature IKSié?,nd‘ielre tleﬁCT ﬁu 1cat10n Nﬁo\k’%s &X%Z@nﬁgoo bg%flblpc 1%%0‘“6&}0 92/08478, both

concentratloélﬁB

dohe,
oxi de- propylene egcoI conde Isat es. [00176] Each
formul ati on according to the present invention may
additionally conprise inert constituents including
pharnaceutrcally acceptable carrrers diluents,

I o 1 T -y



the art), 0-300 mM of one or nore chloride salts and,
optionally, 0-0.5%surfactant, e.g. Tween. TM
WO ggsmssbat e 80], and/or 0-20 MM N-acetyl cysSPEI/n82007/080337
herein incorp@yaiedytp] refetfahios POEHPraRY undsprefeemism Iy fortersanbpdigeush the dCMSFH or
dTBSFH mz.lyrBé@ﬁ&e!d%H?@BndEBMBcefsmmﬁalrﬁﬁFm el ea@@ oﬁ@ﬁ)@ﬁlg Snd Rrth® Y4rSling.
[00183] Wt%%ﬁ%;?aéka%\&%%a%w%& 11y §g§e§blg xl%en rét?l%l| ec?x? Ienmal'I%ﬁl gt?xr'ed It;rglrnavariety of
materials, ircludag peprerdiims éveraa ekrentdpily bragen-inmpaenegkle adlydsienwthglons €yl alcohol

(EVOH), or(ﬁgloﬂ)dmdrlérﬁlkgtgstth&&f IWWhéSthk g(mtaqirley isAr %ln@eﬁmag—y Q‘!/e‘;\%lap the container
i hfusion rates for henogl obin soluti'ons as vol une

can be mamEHFRHLIENT brarsRy BRIt PO PEETEHIB A5 2§ B eS R U oy Ee-impermeable
polyester, ethylen® val3DaltohbQEVIOH), dr aylak)aud thnafe@,ﬁhcﬂt a® Hirarﬂingerﬂ ladnifdite (8. a silicon
oxide or Ev%l%coa{ammﬁ rﬂmmz%%: g mgtﬁlgfoﬁ tla%ll“llgates({ﬂ ﬁ a a 914vtere %r ao gum foil laminate). The polymer
can be a vargthmf pplymerig mrtmlatmgchbieﬂghfog prample] QEpiveefr 18k (eathlagdd gauge polyester), nylon
ora polyoleﬁﬁ’ ﬂ?&sﬂut:ﬁ eﬁ%ly@tﬂﬂe& §9yléﬂ3 an?ﬂé%et@t‘e 28 r@f)ylé?x@ @r &polyRESS thereof.

ers (for exanp f acet at e, hOS ate, citrate
1001841 Thg ouisiistyidt & of g SR BOS PR jopfuciag PG, S lipdirsaloiei e Jp profered
embodiment e @6ritder isin tha $&inlofa o4Y. arshitkdle B9 cinbnfamed By @ntin@hidy bomling one or
|
more (e.g., thqi 9k ét%ag 61&[5?1?%%81{ zp'zex%ﬁ etg Eﬁ/r%ﬁittfgg@ %%’182(? S(’)a%eh ﬂg;l Hﬁ&tgle ddnstruction having
a fillable ce@tgrn@é]aﬂ qaggt df dparinages cgm]gmng[pgbg_l'?@l}s Jugh @d@pqrﬂ%denﬁlfyelow density, medium or

high dens1t3%[§@@1 ﬂe%a RpslyStbpidie ahmeeawea (tjh@i%Bf ihe ekruﬂ@er@gee 04g Iﬁ@rbe bonded or
Yy re UCI n car ra S Suc
sealed usmg&gzat ﬁoﬁ Cv%)eil S}Wgt{let s&cgg(ﬁ' eéléttt%gfgerglfne z}pg ag gl ﬁa& an e approprlate

temperaturect@_gdyghty: dmahtgszlcse;t hxymsn sndér owsturd impéralegddeconstafcfigno $gre the container is a
film, such ag‘?ﬂﬁ#@t@ ﬁlml, 0 ?ihlxcr‘ Eag%@ réﬁﬁerg'c{ é&ﬁ%ﬁf@%&yﬁ%ﬂ ea(Bre bggrvgrlety of suitable

al cohol (suc  ene gl ycol’s
methods. Tl'ﬁrﬁétﬁyyr&?éarﬁp%}%r§the%§&qegﬁ%to r@i[ucepgplp@]mgty thFH)éygcn permeability.
[00185] In SRARGEBOIiALLE) Bner nﬁ)airehhﬂbbydﬂhﬂl Rclods addofARAWiGSRMDE. B- &2 alMU.S. Pat. No.
80| F ntlq
4,727,027, zlngq% éw;lﬁ %ﬁ g ! Cﬁlgr glatgﬂc} % 2%,{2%1? g?utaghlg)neg\g 6cemys%me meth?ionlne
tocopherol, hwyldyéiors iueurgbuig ddroxf apisolexcampinelic eoripgindp € cerer Prfel PCT Publication

No. WO 94;2@28r6az§1ge[§ér@mtaﬁ il ef EDTA) Pat%&%b@@% ?W?Q& adalSto further stabilize the
t a- am noe

dXCMSFH (@ﬁ&)[{ gﬁt(ﬂfrtsfefee%%as harpggqewpg&zﬁe&%{i ?q%e%?eﬁc%;?c l?erna%vely and more
preferably, tmemXGMSE]H bthapiegn(iblerforadas be knghiized sndpenddaa s @dwder,ac taal)be packaged in

sealed Tyve% Mg?a? l(;lolg}é%lil?ﬂﬂgregﬁiﬁafla%s to%! 863?h£ ePana%ng s&c% 9 fKeI'v!;lg B D.etal, US.

osrtions he I ntion can
Pat. No. 5 9&2 O?fsz é}@relamg‘@po@te@bgre@remﬁ Iz 3omme cavpdpeite e XM H, dCMSFH and
dTBSFH in @M@@ﬂgé LR iR NS BB b dated 10linRdinivh Na&ther s@nhiﬁﬁoﬂﬂéa&ﬁ&ﬂt dufficient to

extend the sg%]{) ﬁ"g Pgrh%ﬁ %gglgi&ns égj ﬁ?%’lgrerféfac%{/_?%gérdu Qgé.%%eﬁ,g c?{s eine rPaa'tbe 1nc?uded in the

formulationmay contain 5 mM sodi um phosphate, 150 mM Nad, O. 025%

[00186] Th& 8’X@M§§19( 0 RAUNSO LRAFISFR b r tR Bt n%énﬁMrEPEAt@rEd Bkbitable storage
’[00181] Addi tional additives to

mperauet B Rifiogt G0 £ o AEIERE FFTET T E P%‘Pfi%t?f“é@ S O G sored ina low

oxygen envﬁ&rﬁ&ﬁtu Slﬁtaalg @tﬁfagc{ Emgerﬁthlbklfﬁk ftol@ge Fohy whhyt ninearg bgteadngpout 0 °C and

about 40 °C aﬂw pre&”elgr%r stoxi%ﬁ mélmgerét&)rn %%é? & Bgt@g eaﬁg't? Ot’C a Qﬁt 2@"}9 T‘ﬂg &%Eess of making

e art |on

dXCMSFH,&t%ﬁFdi h'g‘ QT@SFHe’f%IP é@éﬂﬁt nyepierhinelpdes é‘aﬁlta&%ﬁ the Bgpalef §e process under
conditions sﬁﬂ'ﬂﬁﬁt’ 16 rir:ARS ol kbR b with) 61 Bi6HuREn, 8 8dHHE bifaintaitihdteMbeature at less than about
20°C and Ile({ salts, and other nmaterials well-known mthe
an al%:ﬂy'f he sel ection of which depends upon the
particul ar purpose t¥YlMEFHODSMHUSK t he properties

[00187] ThO Eieo§§’g&:ga[tftfjs 'bfe'N’(? §lomtl g@raﬁ‘l@{k }b@ofrﬂ%qgéslaﬂf ngl@ﬁtﬁﬁl rgnﬂ qg p:Q’Mcular the

In the art he conpositions of

dXCMSFH giap beyed ipfert I?h@ﬁnaé%ﬁttc% é"fflltﬂs’ﬁ‘ﬂ’ll BEaphe mmﬁe%@de%m% for example,
by infusion Myﬁlhﬁvé:hbﬁs or Slﬂxﬁhrtél&ll i’ﬁ}ﬂc&tﬂ, &fbyl’lﬁiehﬁd&s iThe HIABISFHd6rmulations of the present
ivension e<§ TR0 4 coRpPBichs el “Fpp SRR T op A8 TR yiggy g ploge votume, ana

Packagi ng and Storage of Th@ZNO-BIocked Tetraneri cHo

of the Invention, Including Both Stable (Cross |inked)

and Unstabilized (Uncross |inked) Hb. Various

enbodlnents of the hK}bIocked tetranerlc Hb of the

INZAR A1 1 1 /~~R A~Tr—1 1 I T



for cardiac therapy. In sone enbodi nents, the dXCMSFH,
dCVSFH, or dTBSFH can be st or ed in oxygen perneable or
wo@zongesiesnper meabl e ("anoxic") contanmers in anPORY§®NT7/080337
oxygen perfpsntageity @anwpqaawpﬁre reéh]@ ?f%? @ré Hseéo(PﬁeraBPlfcétéon tises compositions of the
present inveSival ﬁﬁm&ﬁen&ﬁhemﬂﬁﬁa@d@heré ElbocEO(ﬂiﬁﬁ| 1€].ostghd)ld(ﬁh jaor:| QSlume and oxygen
delivery capgm musPDaQC lace(F cgeaotvg I?ecg‘ur;g the eoxmena fc} sta ?fl\?{) %R)CIYed te amerlc Hb of the
en co gen co Ironnment 1S

present mvehmw gnd| iaparvienlar o XEMBIGH hrelr beom%ix y@eenaqmtm@émcpmtabbn@e formulations of the
present mve(lt?&lecan Jﬁ@@ﬁiﬂy %EhveR)xlygen%t ﬁ:l,o act z}sjs§xplep V%iumeNQpanﬁer;g&gt ?Jv%e OnCOtlc pressure

erein incor por at ed b refer ence In sone enb
due o the pigtengaf s EErop R AT b dXCRE T RoEb N%Plocked ftrameric Hb
of the preseitt TIB&htkdn AR, ib parpatd aDETMIALS eal thwh bEyisedlkis pladdplear for blood that is removed

R T e T e O -
during recoysFYS &n RCutrPERR RIS AichEmofilitipy e mRsEEeRipiPIST DL ed as a
[00188] A tpllﬂw @se ofr 8 aRk fRAM &L dBRNGBY cIRE te‘l‘ﬁiﬂérﬁﬁ{%f theQR€Re R finvention, and, in

prin, S G 0 RSBSAHE S S et oo e
kilogram of bﬂtehﬁ&dﬁwmghtnﬂms payatagdosh for p dlreangrat@it might baiognga few grams to over 350
grams. It WIH 'Bg Iq% CI\/% el tlﬂptqg ﬁnl{ (,%B{ehtg)? Etgli-vé o edlleﬂs §&1¥5‘?ne8 Mth{mﬁ\Ia§dose of each

FH or ored 1n Hyd one
dosage fommeefbr% tgself @ﬁﬁﬂw ﬁ@?f%@manpw swegstbe BicessHy piivcHy® uppynt could be reached
by administfatiéd ¢T@ rpldi’d:ll@%ﬂaﬂlg}ms&&ﬂis&] mjvwlﬁﬁﬁ etk [he PELENGBQY 6 doSagd Bepends upon the
dosage‘for{ngygi%ig%at&x{: rng 610? ?eln téea \?g :nlmé e paxflgurlgral n?s:‘_glt(g ge allcﬁlg}/ed &Iccr(])éding to the
determinatiqucpif mtdlrfaplyrpklﬂec( atign in tha ﬁdg sentially

[00189] In %ﬁégﬁlgodnqgﬁg c[mmn%nmll y %Itl%fl of ae&eBYJggﬁh@ed\ékaBﬁé |N(ﬁi)l€@£@{etramenc Hb, for
am nat es gr eof

e th
enample, XSG SonE oSSy BT EF AEGIFEN G St pffueratin o  mamural.

In some pref26rd @hlidaimed@df e intertidh aedlutior df dXCVISEH will ¢oatain abbut 7% to about 15%

dXCMSFH E’H glﬁftlt%l)r alﬂrxﬁnnsgatlflo%l £ 9 IIBMF%%TJIAC rggrrgd eml%gmrents of the invention, a

I mper nea st er, eth
solution of cviGmFIhWéldﬁdp%(bE\mﬂ}lt of §X A fpr aalmnﬂftramqqtata@@m@h clA seee

embodimen® of @ RS RROE, r&tdoée&%@ﬁﬁrﬂmgt&egtotaallla%?ﬁdl 6&1&1&%@[& 786f EIEFH. In some
a el a 0 am

embodimen Of GV GRNAE CFF AU #BT T AAPRYTo TRET BT 8 i red sabte
NO-blockedatetvarerie ty, apfl imatticnier, AECMSTH! iredogie embédirdémspf tegmvention, an exemplary unit
of productlo%)fﬁ?rmpé i tl%rﬂ%t?é%gtﬁ@ 18 Ia B!, meg it 5008 ofHo. gxﬂﬂlglesolutlon of dXCMSFH ( about

ster on of f; yol et n layer, such
64g/L, or abﬁeq % by Veigle in Sé’!‘ﬁylll)e & breait nitgelatiope 8 by us56 1%y &P&ﬁweéh%f blood or for
augmenting @kygeh Bﬂiv:ﬁ@'&(ﬁr& Iilﬂleér%@ﬁlera{)@ﬁa.&é}veﬂikﬁs C"D}Iibt s&lal]e_& fugit Ecditiobemay be used for
AT TR —
embodiment; opntadi nevfutios of IXGMEFH effumte$ %5 % &80, 7%, @i PalPe. Hay 18%n! 3%, 14%,

15%, 16%, b}%ﬁ@%”@d/ By, CONb IR, %%szb% QQG;dioQg%QﬂGvecght SRIXEMEFHY In another
sheet’'s at the reri ter(s ther of tg

embodlmenw@ﬂww may seUEe HKYGEN B srHEYBr e o Bhe P B o 6% 7% 8% 9%,
10%, 11%, hH/VIll‘g;oallf%lﬂyahl@tﬁfelm(MSFH n the case of |am nates
[00190] Acﬁ%ﬁﬁ%’lh%ﬁ Qﬂh@@éo¥>§e§gtedr§§hb %t’loé}éd Leltrgrgé{c ﬁbQW t&%ér&)ﬁventlon and, in

ensi t i um or density pol yet hyl'ene or
particular, dX&MASHe AP e fos A @erécdol Feymélﬁ & hops derspding prethpRiFPese pific Rpmoglobin
usage. For e&lﬂﬁpl& aga V@Mn@ﬁlgﬁh@tﬂdﬁ)ﬂ tiRFap$,aid RBGhl U B@mh&ﬂihdmlhi&trdtﬁn wak tapid as
possible. TyPH:gl %lgijorhrﬁtas F)F] emo&io})gl SPllug rr}s a% gx eellrcge{nlfjerr)rre)petrﬁlsSn ar%%g ? vooflume enhancers
can be fromtabaytt § 0Gml ¢4 398 hl/h Farepaer, whra/uord torgsingtlate Ieemampelpm adshigistration can be made

more slowl)péﬁﬁ%{&e%g Ed?ﬁlmst}%gﬁ fatels @eﬁl tﬁ@f&t)v@f Beedusd t§e dosh dg |omhe$lb’&(l9 éﬂﬁte@stable NO-
yester film the film can be render essent

blocked fetrem;r@éﬁ 9 Hﬁé’i‘ﬁ%@émv%““ﬁ?v agd, Jmpariiquipr. GRCYRE é@eﬁ%’fﬁ %&S ffan dosages that
may be requlld@toftichtRefhatihadge | am nated or otherw se treated to

reduce or elimnate the oxygen perneability. [00185]

In sonme enbodi nents, one or nore antioxidants, such as

ascorbate (Wesehahn, G P.3%t al., U S. Pat. No.

4,727,027, and, Kerwin, B. D. et al., US. Pat. No.

5,929, 031), glutathione, N acetyl cysteine, nethionine,

t ocopherol , butyl hydroxy toluene butyl hydr oxy

o ~ i o, 1 T N




[00186] The dXCMSFH, dCVSBFH, and TBSFH of the present
inventi on may be stored at suitable storage
es@mBuUres for periods of two years or nor ePCHISR2007/080337
[00191] Inlgqngef gqﬂa)gqn}pnqs,d}ae cgy@}(ygg@pgedéfab]._e\%) ‘919(5&6@ teggpmepis b of\fligepresent invention, and, in

particular, StQVISIH, ichn Be Us@Wo &% GEdni L iWdali 0 BRRhal fafiiel @lctes SAIDS 2@Bmotherapy,
f or stora e.of one

radiation th%rg{)]%%%%itgs‘g gjt bl?f)ddtfs oo g%cbeﬁx{;y > J5m aagrgiﬁ,%rgd g‘? rélgee ?{( gréwiding additional

oxygen delgtiyrcageitit ie apematalithet iy auffgang fonbeemecr vedlos by Sinfiltiagbematopoiesis,

providing adt Qﬂé&lvgéonos%plg;ﬁ\%t faf, %%ﬁ%B@‘ prg@kﬁaﬁganq%%hk asdd%'ab&nt to erythropoietin
and dTBSFH of the present invention ihncludes

therapy.  mgj ntai ning the steps of the process under conditions

[00192] L1Bé:b£1§ei, hi ﬂé’btxygeﬂat&i JtdblE N@-bIvkled Gddiadkri O W the préH‘entbﬁ\@btthdzﬁﬁ in particular,

dXCMSFHg(Bn asedrtroaopl\)/rg\glg agle{t]lg%tl =2 Ufg}? 8%%& 53 t ha (su.f: la'g an2a ete, soldier,
mountaineeggiripgemakedett algl) éesw@gbh@@ld@dortaMWWhY‘ﬁrmp@ﬁm Hlech additional oxygen

delivery ca cﬁyc"%tbe LAMENEVeRBme @rﬂf@ronﬂl&ta@@re k& @J{ﬁ{ple BJEE al€l S GOVREI Hok¥ inhalation)
e used to _form pharnmaceuti cal S“Fﬁlgyéri’ﬁt i ons tha

and physicg] & aé‘?ﬁeﬁff@ @ PRYE Rebfopge?erﬂe@ﬁxecg) IPIENOER}OCE(C(P% americ Hbs of the
present invérlibhl@hd i, pabigulaX @MSFiBus@fe uséftiria tredting tdredn manpadd paoping and its

concurrent Q)Fpos 3 n?& Q@h%mﬂe ﬁrh?e coI*LH qg&%gl%gsgfogyéﬂe chgnt ggvex‘itﬂ? cTn supply oxygen to

I nvention ca n co 03|t|ons us
tssue whilghe pFwdnasdt hound esdulanismaglebin xaie hagingie 4. Hiun bridgan the oxygen necds of

the patient RAtD A8y RBLYSB pro@d@xygen per usion agents n any app
ication w_er

e R A e R g e S
dXCMSFH, tapdk edtforabplivatinms reqaiges adnarigrapbood maginairef high vobmtes affgmoglobin as

well as in s%ttlt}nsf‘ld%}e%nw Ik Vaﬂge P HIfetho %ﬁ)l)iln\()?{hx pfé?eg@ﬁ{/énﬁomé %&rmlaﬁtered The
| ace Mor eover, because t deoxygenat ed st ab

deoxygenaﬁ@t@ltz%?éﬂook@t tF%f‘F Hb %thﬁpreieﬁbmmn@g)e ht:td }nﬁ)\e)@]ﬁltllflr ﬁXCMSFH can be used
in apphcanax&di,urlhg’ku[f)g,afﬁw}&hﬂ lage vakdVbFblooCafindi@alEld®, or in treatment of trauma victims
who have lgst ﬁlr eV l%ynteé gf%iloox ?1% tlnac‘: Jde b t£ Qle 11f ? gc%'er%é !m%%h%{il sgtn Sions.

&SNt I RVENt°on ¢ah not only defiver t°al SO
[00194] Tla@poraselsteﬁpfh@e N@rhlwéedetxtmme?lé of ﬁapreﬁnnbwmémo pedp {nj perticular, dXCMSFH

may be usel LESHIHE Bsubldfued 19 vEtQ@naﬂr c@iﬁﬁﬂ(&ﬁplfeﬁtl&lb e |l arge henogl obi n

[00195] Intagtilp%hgchlgle Fejrg %Bferlbtllilfgl tbrp@g%@%tghe nv%%:gl %k'gl e%ffaNgg?r{zfgag sta‘tﬂe NO-blocked

tetrameric Hﬂbﬂth@prb@m Im@NENMSId, in@aictldrpdX CMSHE, eﬂloabmnMyaz@emm br by the size of red
h i

blood cellswﬁg co%pgﬁgonts ?ﬁl lﬁr§$e¥1t E%X& qlqgl r)% %%%\ﬁ/)e ﬂ\'fa??] %lygéal{/ tg gﬁ?sut[iﬁ%:d blood cells

cannot pengteafef '@gqsgﬁeaétcaq induderpgy gsfsu%ggag g}ayar@ Jocgiest 4°I"V§Stfeé@8§ @l}sguchons to red blood

cell flow, (a8 areastfoWh&re b MRNRHLE BicRle b&meﬁuém; #@Briflocclusions, angioplasty balloons,

e
[00196] Addigseily, ailxpendfitiove isalrrdia, nmlupmguﬂcmmwentdm{sﬁﬁnwnhe treated using the

methods ofmlqugalﬁ Hlbccﬂtlbltx Lﬁl&l ﬁs§ue 1£c9gﬁug-sQandet Rr gxa%ﬁr@iro% eﬁ[&%ﬁ @tﬁoke transient
extracel | ul ar g obi n per kilogram of patient body

ischemic afgeksy iy ocarr %wmglgtay PiBegpatishAeute B G AR TR et and te
like. The rdo@velyr dnssmed fodth pHyaioE dérBeg@ Vih agﬁﬁnsgfaﬂmﬁo be decaldrdtéd Hyepretreatment with the

hemoglobln Qﬂq{le epdés%‘ t Igvegtlo%t w]glth Ollfd(% ¥nc1%93g(g? gé/eﬁat%on of thﬁ tissues which may

ents contained m an eac
also reduced@fsqgve rifly ' The pesed thisteblnNG-Rlegked @sﬁgemcﬁbﬁ ef tipprefepigptepin also will allow

for better oRyHEeH! ﬂﬁtak%' 08 IdnBLdud Q(Cl%‘ﬁt&ﬂﬁshk};ﬁﬁ&ﬁ&ﬂhe‘d@sr@ﬂ&&ﬂ&eoﬁﬁbl lvihiB €mall capillaries.
rati %n Oor a

o and ateigee gt BRAE PTp Rt i ot Friv o ogspy gpngow or RBCs. Use
of the stabld Ug)agerkeﬂalpwmjmc tibe of thmesdmsim&getlcfn@nqwdgtbpﬂtqr peygenatipiefor tissue metabolism
and regrowfif rz,dde 2D s&ﬁin@gm&l i %@@&,va@mqréan& particul ar purpose to

i eved accord to the determ natjion of the
[00197] T I&rde?%?qalegi salir NDetoekr F T Hoohe PIegPLnY en: 8y} inmrticular,
dXCMSFPﬁ edie QA6 theetrda Gnedf of sidEe bd]l\feﬁhéﬁﬂa(i)ﬁ]t;enﬁ SicMldudell @entif pAients in vasoocclusive

e abl e I\&bl edtetr ner i i—lp .
I di . Th
s e oY PR TR B T RAREAF R LEBTOE AT M ogponasoment e

dXCMSFH by wei ght for admini®¥tration to a manmal . In

sonme preferred enbodi nents of the invention a solution
of dXCVMSFH wi || contain about 7%to about 15% dXCVSFH
by \NEI ght for adm ni stratlon to a rrarrmal In sone other

Y T LT o a1 - o o




augnenti ng oxygen delivery for a nunber of therapeutic
interventions. The smaller unit solutions nmay be used
wo evoslostesd | ng and di agnosti c purposes, as wel | PEBUS2007/080337
deoxygenatedgabledilrblogkep Fﬁtréwvéﬁgtr Rfrfle profRd inviRifopeAndy s PRTICHAT AN (ORFH, may not

only delivedB&Ygenithtredy Bfeeénﬁﬁg fethe rhpigig@nio, redistdakIns),ahey @hatt tais® Pendirate vessels

already occ]%éq%\@%/g)fnﬁ}%@ ‘:I.%l% bfgo/ lle_|6§/0/ 70{%3}§O/ 9<y %‘fg;/%affge ﬁ%? frequent

transfusionsZAf e sRK¢rellzmemip popnlRieHariay rewelt @hﬂmmfnummjvgmed ¢qlls and to platelets, an
adverse effe@m;t%{lld%@%eq%? bise (@héﬁdg‘ﬂbw es&rf? ﬂ'ltvé{tf‘an dﬁﬁ%{ enated stable NO-

a concentration as _| ow as 2 3% 4% 5% 6%,_ 1%
blocked tetrglo)grg(%b (f@%pr@fi@enVil?ly&] aj}g% Bz}mcil}ﬁ% % @H erdlfs1gmﬁcant therapeutic
advantage ifil ¥&hidnlof sﬁc@ﬁl@@}neﬁﬁﬁ‘@aﬁdnﬁi Elﬂrteltli)d? ebdit 4 lagerdiegrey gfaasic@dtriction or none at
NO- Dbl o t [ :
all. This is an agvanf ?e 14 the tregk of %gso CIIIEIU L& cr%_sltg d%&l\itﬁ%-l agc(gx%gtg eclbl roth rotfeatments of
sickle cell aaenp;e pitisals &f SI@@@emlserq tberh E?u‘lrf!?k dEyedraionyt YrvatoReslysive gosise For example,
dXCMSFH QF tht Bl%sctﬁ?fﬂ%h&mnﬂ‘y Nﬁ@&ﬁn a8y of %X&mﬂeﬂ celﬁ%r@réb@érktﬁ?@ transfusion of sickle

nmentation thera usual ti CO
cell anemia ga%mﬁ It%wlgfu?%rﬁs |0§ rggth?sgpflaz %gxyﬁgglgegeﬁaléle H]r?ylg?cgg tetrameric Hb of the
present inventidn) shd) in pasiceisr, IXCMREHDYY alod be Rlolinitt¢redysriadicably ygmmimize risk of stroke.
[00198] Th? ?ljaﬁlg ﬁb%l&ﬁ%%%ﬂ)fcme oﬁ%g&tn‘?v rrFt’o[r;V{él %Wﬁy&%@&‘ﬁ@mﬁ%& &e?fuse because of its

rom about However, when used
size, and deliyqr qries o tiverrhedsist wewld norsakly b dspendertt ppniffisia aha?j@e to the poor

perfusion of BALE 18EOWH Yloadetiit. Niy: ef@ip®, e Bddiiothdsahd &npoditi@Ss o£ @8 pld&nt invention can
et S SRS S S TSRS, Bt
harvested oigan jp@eifisedidvaing stat@VBFHsitraiiorise Thisiohy prewst @Mﬂ%@m@%@d allow for the
salvage andtpbésrvm opt?s shies %{ ﬁa@gbéeﬁ pérfu@@i Whﬁ EﬂBEth@Q ﬁor[ng%gﬂl]itlo'nn Additionally, in
one enbodi nents, the deoxygenated stable I\I%bl ock e
wansplantarBPRSFHEE: FEFIDISY Wepriﬂaafg AT FRBHPY HPma YD e Fompounds ang
composmolﬂavlf the ek invéhiGMbrédnove antive ®10d8 egbnts @nd dog@bnean @nbiato &gnoval and continue
r.enal l.ure, diabetes, AIDS, chenotherapy,
to support tlssua v1a?1hdyas d scussed a@c& hepat itis, GI blood |oss, iron

[00199] Thd efrirouadseyd cqmq@;fupqq a@ihg_pregﬂqﬁqunéoq rimkyealso@y up]pzsd, PCH \ﬁ@md healing reagent

where the nﬁﬁ&hlﬁﬂ s@i@%{ld %%Qﬁﬁh%@i{ &a¥%1M1e§ ﬂﬁﬁflblﬁﬁéuﬂeﬂo@em{l pbdiBtvascularized
is sufferin romanem

rsionssuch i Y GBIPSS P P, P g 5 B TR0 PP BUSBT e s
recovery, i.&. Goreuindd, toski8Gr mg@tbtmtcmmer resactibnldyeag egconsigetias, vehigre RBCs may not perfuse

well due to @1%4 &%% t Rnéihef g&ﬁ@ﬁ%}a %F t'hQ st%)lﬁ@ﬁ éﬁ)‘!’oc{(th%%]engHBﬁWt}%%resent invention

genate sta ked tetrameric
may be in ppprly ‘6‘?@?@?&‘1 R ERtF S¢fls ofsracer Fills SAFE PRRIPRIIAL UERQENISERY ention can allow for
an increase myﬁ)eﬁi &S R addallp v il rtidiitel uedéflraddatipl Giaraflehrd\fer tite enhancement of
denS 2R |h %aceuncala ATl mmal (such as an athlete, soldier,
oxygen AP INPaT HeeT “atlfi*Ator, snoke victim etc ) desiring
[00200] Ths dedxygeuiatied $t@w0@iwg@net@eieﬂwb yf theprasehttipvesfiguhand, in particular,

dXCMSFHa:(;lg}l el RO agfﬁylgﬁglegﬁ‘el 1hl‘(1§1'ic¥ opﬁﬁ)@ Ghddy fof @d}dlbg‘enié%ﬁ&:kt Qardiogenic shock
ercone. envi ronnment al [

it e GBS AL PR P A e S i b rutory sudoon

occurs afterf the infaxcd NPEspite iaRtvediop &vith osthanc e Wpassgnadtng, Sk nessles raTchle about 50%. The

use of the cgltnsok?lngs an C(mép gllégl% otf ﬁl‘é E {ngenldp %B\nge HE 58 3k oxygenation to heart and
nd I n par u ar, hus are usef ul

blood vesselsrfo fqr@mluew@sse‘&rpﬁ@nctm ﬁ&%rr@@xﬁ@ PRAGHPRYG SH B2} Ragt the critical initial thirty day

post mfarct%ﬁfé%b'rﬁc[de @ﬁ.rvMﬂ@ éﬂeﬁly@ﬂﬁanbéiﬁh@ﬂh@ 11m61$01ﬁth e conmpounds and
[00201] Ths gglen%tls it? éeglﬁ(gtbgaﬂafytgt?a%lggl% g{r;VF tﬁt os%gt)cél?vnn cbnp Qndym particular, AXCMSFH
contains iropgdnt a$ such, mepbe Hatited viaMRE(gewrstic rasorates dmaginghsT hb? IHCF@mq gmbodiments, the
present invdr3n &?ﬁ%gﬁ‘)ﬁteg %QA& &fdeéxbgens’l@& LS9 NOBldcked@WBRCHD 8f Be present invention,
pr oduced E The deoxygenat ed stabl e NO bl ocked
and, mPa“i‘:élf‘? M HHE)%“ ‘B’faglf‘ﬁégeb*r esent invention, and, in
[00202] T}ﬁ@fetsén«:mbampn Sl XCNbEes inplantitte debiedy ﬁ@liceﬁ@pdhlas edriridps, implants, etc.) that
contain deox¥g%ﬁated 1&%%8%1%5 ﬁ%’%lmgrrﬂc I&booﬁher@mllnvgﬁtmﬁlagﬁ iy B% Hi%% dXCMSFH, and
obin-as in situations ere on

smal | voI une of the henpgl oBPh of the present

invention is adm ni stered The deoxygenat ed stable

NO- bl ocked tetranmeric Hb of the present invention,

and in partl cuI ar, dXCIVSFH can be used in

- . Y [ Y



bl ood cells, the conpositions of the present invention
can be used to deliver oxygen to areas that red bl ood
w@Ee00B®518NNot penetrate These areas can i ncl udeCEOF2007/080337
that are capaplp Q%I'G@a%gé’é@l\‘? $ab foxernnde Bietbe eiEsRiaEeT B Z53pQppe to a sensed need for increased
oxygen dehv@@ﬁ:ﬁﬁablﬁ;t T:0ddne eMbsBledd, 00d de'\edels cdnl doMver SXJCMSBH far &asple, at a constant
rate, so as to gz}ct 1éart? ?T%IOgOIFSIS (?lct)lhegqo%h%rl H(l) <§ Sn%a%o%w%l? op01e I’) In sorfle embodiments,
the devices camxt qounelet &Y seosing means (sach 4s h’actrcarcepr@m @félemngolfm (ﬂnlevel CO; level, etc.)

s0 as to deliveXhd @&x%eﬁz[té/@sttdbﬁrN@ bloBikeR (dMREXd Bb oiaﬁléjprgslaﬁ ihvek®on[:0Dh B8 mmensurate
Additionally, all types of tissue isch i hcl udi n

with the patifi s RRFTTLACUAS £ SEHE: S SIS BEAE DL Bl oLt PSP o partof the
implanted de¥RRE h)@dﬁy Bé lotdfrﬂ ektigbpbiteallyn lesdine emnbdditaditst 18l Gevide sminet asl to
accomplish ir rflagzlilﬁlg emo (Iil TTPL gf‘md?\tnéﬁ%ﬁe energng stroke,

Try ‘M c attac myocar di al stunning and
[00203] Themebve/gﬁateri etﬂble Bothleckert tegamaaria Bibet da giesral ingraipy myg Hrrgrtisglar, JXCMSFH

may also be hé@ﬁ & foim n@%aﬁrﬁ@etﬁlbeh eoJﬂbgltlf)&QKhY Bdnbe Afed! foS &UMBlef ds @Trence standards for

ysi cal such as s _can a | erate
sttt oG B o T B B e ph e ocn
cultures; for exuvletHyomyitrakdelobryalf bxygen toncelbadted, 6 rémsalor ogyeen from solutions.
itionally? ' ' X hﬁap& d d
wasionas Y SRESE D B LG L AP D PR R R s
transport.  t et r amepc Hbs of the present invention also will allow

[00204] Thd RbxyR&latedktaBI¥ NOEBlodkBd RE£ndrid HHRE the prrgdt BiiéntibA) ahE tid @Fticular, dXCMSFH
may be used &%%:aYﬁngelrJ %nlggtg)fng ];“rgm aurgﬁp S or;n?i %gsrr'é“ 16:1ve§1%J ongtgusycognn late% éevmasé such as

cartridges, fibgsl peslsfbamosringrine invichd ke dmyco@tasrtmqomenqtqderabbw O-blocked tetrameric
Hb of the pr&l:sgrﬁ Ill'plgntIOqu_quglflS m m& sgfmet aﬁtul%tn%laluﬁl, Ngirﬁlan@lK@(gls etc., may be treated

tetranmepc Hbs of present invention provide bet%g
by pasage oy BRAET B FiDHCet PESUE EPREPERILNE "FRGE BRER: Pt havids,or o
lessen the coll@GitrA RS Bf GElatokin PEsett In3udht1BuildO The ddoxygrsaed seableZ2¥D-blorked tetrameric Hb of

such dev1ces'_1]?3prel?%ra H-{Irﬁrelqog?ze)éxg%ﬁgﬁ%gy %&ﬁ&p Ie(a)bQIQ Ibgrﬁilﬁra et rs@im':sﬁﬁports present in

esent vent ) I cu
such deVICCSdN@N@FHnb@HWHBeth@J deseygensted stt?élew%aloﬁ@ﬁfetrémersq Iétvds boggdtq beads that may

be added to MR ENII@ RAL 8IS andl thdfll sBosEQlehtlydBRNVA (RBY Ei&ﬁh&n biaffinity immobilization). In
usi ve Cr S are .current

vasoo [ I
some erbodl o VG bHH B 0445 BB B PGP FRHUL Y Gt P plves magnetc,such
that they maglb¢ tebdilyBermntdgmnnheernagd dqedby thgdeoxsgenat ed st abl e
[00205] Thé@o%’gg&lﬁeﬁ 151%‘1&5&5%1& bbl Qs 1R b ESESE Ry aRt 'd@pIGFﬁndjfBSFH and

rticu may not only deliver oxy
dXCMSFH, efreeatssfl tp Fanpanetvaen Fam fq%léwn%ﬁe@km%be remevaat Rt geeference
standards foﬁzﬁllaiyﬁaal ashd}@ Ynd BrudksaiETIR e Alygend@8 Sid] Sloalkted @Bb(ilyoth cross linked and

uncross llnk% ?!ﬁ u%&gﬂw ”lIlJéFﬁ n%r)&ﬁ\gsg}? danca s!olbg teg in v1$rt o fF enﬁ!nceeyeh%%%vth in cell culture

i nimze tissue’ reque
by maintaining exygéulsvedns in the sickle ceII anen1a populatlon may

[00206] Thd I%%Hl’%endtgh bl BBl Aida RBrid 1 S€KL 2&EASnv@RInl Md in particular, XCMSFH,

e e AP B g T BB IR B of s
walls are rel%&)ﬂﬁf@&maﬁ)ﬁdl stialdjues Nelol the k@dud effectanfethe gandfisioh of feéblood cells . The
stable NO-bR)]rplgeﬁ%ﬂ)tof khgéz %}Jlt 910ent1§£]q e., k@l\ﬁ@fltnl;agrlﬁt)ﬁfniy &mﬂen ﬁllereby preventing

a Si cant era euti c advanta I N treat mrent
schernia, g e e 10 BEFH 2B ABIFPAY tf?é‘flP‘ié‘H‘t@ld divieeo ey opyipafifatign of tissue beds in
situ for the deﬁﬁﬁlﬁz{tloq Qgﬂiaﬁﬁ)lo@gl MASh @ﬁlﬂ&ﬁtﬂé Flhdued) lipid dmo4pe, skdnt plhdemdi] &3¢, using visible
e AR L TR e KRS B cocoe
Tomographyashegikpaadaidlyl emploeing sheptable Q- lsloc;knd tsrtr@nmtqﬂm of fippiegent invention.

Intermittent E;ﬁfﬁé ﬁu§h§s dfe Ju!n%}ftl ﬁ)ggdjﬁlaregt@ $Bhsienf v1§{ﬁ§&%% Uﬁi} b8t superior visualization
crisis For exanple

and sustalneﬁﬁmnauglgdnqyrpe IBPSé](}Z)g VS?}(x(\:ggngllé%r?s‘élges EIF %z) qke(p ‘}cleterglrgerlc q{b which can
continue to §NyEQPR ttatlbodEaréa ansf usi on of sickle cell anem a

patients to mnimze risk of anesthesia The

deoxygenat ed stable NO bl ocked tetraneric Ho of the

present invention, and, in‘ﬂ%rticular, dXCMSFH may

al so be adm nistered periodically to mnimze risk of

stroke [00198] The stable NO bl ocked Hb of the present

|nvent|on e, re- oxygenated XCNBFH can perfuse

o _[

==g
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where the nol ecul ar size and oxygen delivery
capabilities may yield superior perfusion in poorly
wo2me05@sd zed regi ons such as, for exanple, di BOBUSIM07/080337

foot injuries, recover Y BYAMRLESac revascul ari zati on
and post surgi cal recoveruxmﬂpmﬂjfor exanpl e, cosnetic
surgery .

wher
[00207] Mpfegjpldi B g potidn: B
may hold lt)ﬁﬁl @g@)@&h\lﬁh §th9lgnerdﬁﬁm{3{e§§a%&¥c a'cf&YEB’fA%luWaIQQS éoGICd 1n 1ce

vascul ari zed tunor tissue cancer ce
(002081 Tt bayp BT o0 tsbvm A Bohd R PR B akial A coopisp T 2200ml of
whole bloo@8nd i GhsBasA theﬂla&)((}{@ﬁd& et SS\PCOB\ to&ibthuﬂioh&ﬂkritaf redBIO&d cells free of platelets,
clotting fac%rﬁ,] ex(%ra cel?ula;fl %gt?s%mm; zg‘n 1coaéulorgs ({eﬁpﬁ Cefetlgotrdrégﬁatch B C?nsmts of 1800ml
of whole blp@t)@@@] wafhed Odeékly@ewé)t@dmsﬁﬂtatﬂl‘éeﬂm%I ocked tetraneric

[00209] MERo®h. (R SWe?g‘?EHm\iapy shfdbrotaing Ceﬁl@aﬁ@ﬁ tﬁ'oﬁll-l-ia@ﬁlonetlcs 1s used to
mol ecul e_inhi bitor

concentratryifepeyias P AR UG FO RPN O BRI ol ﬂe%f%ﬁu&?@e@ﬁ’%m%‘ﬂm tmay be
desirable nétftd fracutr6e1mexslb@n¢yﬁds©ﬂér§zthfwm thifpoprt i ents pres ent i ng
[00210] Af\‘\éh%? a%&ngeg tl‘ﬂy ﬁgr ?Jtré%l ﬁllle eﬁg& Fxln,otﬂe ce %’é W%e& i ven g {)ywl holding

OCCU I nt ar ct Ite Inte
225ml of pygkedyed blporbiclly @dcyfaslw rmté§ diteas afistige in %révemﬁrﬂoafl fropythe ﬂtt%;de edge of the

bowl towarliSth@QQkst. ﬁg%@ﬁgz{iﬁﬁ 1s%nttehﬁ1d(é&ﬁpm B@E‘ G‘re @R{fm G&Sﬂh& vdASwhich may be

i f th resent invention eve
desirable. ﬁg&%@ﬁﬁg’? glﬁ {o§reﬁs Oé‘ rs?rurg Ha)teblr SHIEV% gt Sgg 1n<t‘r8m?n65 ét lf %r:(fntmuous flow
technique. SxoEls 81 Rablegripitiel sanmpervobimenpplier ¢o bxbaid. Ardressipfotipted by reading the protein
concentratléﬁ'l{t\ékd@ s Qﬁbh&mﬂag it Ithelvgfutsj g"i'xl’entuhkzgo Mutg @%s&gﬁ? }mltS at 290 nm).

ar ct eriod Survival 1s greatly enhanced
The data pqittis i Tapled 56 ke 3 BopdiepicdmprntuteRy e AHER FSPEaBY @ he resuls ndicate that

when a fullNowbd feekes & G/Ed’hadlfﬁi’t]h E litds N S) thae Bragsatet thaf¥ B tréddetion in serum proteins.

This also 1n?'ers %greaﬂerehaa}l)lgl 1%%rte Pon dln V1rusei/|5f:19rtr§t e"ilc tﬁ’]lgt a:rern%?téos O(E] % rg(f' cell membranes. All
vdu%1nThwagmwgyn$WQ§ﬂdﬂwm@one enbodlnents the present

i nvention contenpl ates the use of deoxygenated stabl e

NO- bl ocked tetranepc Ho of the present invention, and,

in particul ar BISEUEESAYE STAMPYRLGT RIS ™EREINF 00202] The

pr esent |nvent|on al so concerns |nplantable dellvery

devi-ces—(stuch—as—<cartrtdges,+nptants;,—etc—)—that
contai n deggxygenated stable NO bl ocked tetﬁa”ﬁﬁoﬁmﬁQLmns
of the présent invention, and, in particular,

andt hat are capabl e of rel eaking dXCVBFH, for exa Ie
Aempbinttikeredeplaghaeiniiniiatarelsponse to a sensed ne¥d->for

increased oxygen delivery capacity. In sone
enboﬁgsy@mhsate guekoodewsces cap deliver dXCVSFH, #xnro

nvnnﬁln a constant—rate so-as—tofacilitate

CUTTO AT Uy T A=) U AT T T T UU U

erythro esi r.alonel or in conbination_ w,th
eryt“ﬂlK oogg}tr@featfr 1%% gﬁm enbodi ments, the devi cg\g’lgcan

be controlled by sensing neaps (such as electronic
pr obfezsoodiﬁltiwraﬁgl 16B0ae, N2 | evel, CO2 | evel, etc. )80 as

to detiver—the deoxygenated stabt e NObtocked

t et rjgzgge;fhgra{gk;ﬂgfzobm wEesent|invention at a rateggs

conmmensurate with the patient's oxygen delivery

capacity needs. Such senS|ng means may t hensel ves be
[00211] Mieﬂ_r@h BN ivaDipere 0065 ;@ﬁtterc}émbm of prinajredinde BhtCIeRB isQassadhshrough a 150um

filter. The aqaten'ﬁ 1sat£1endﬁlteef)§etdrw’°11t OE«P ?3{ ACXV mcfnrﬂ:)r?]ne nrl%t }’VHP ?s plﬂé% %tote‘?‘rﬂ%ﬂt retain cellular

0 acco tate
componenthgnbasjpla:gmmgd gfthioayesy iTde gpgenn{l @gg@@}anaﬁg filtration can be slower but it may

require lessHQRX Xﬁfﬁﬁhﬁﬂmﬁﬁeﬁ@éde Id\%}l Qé R6K @ﬂtaﬁl@ tfcfr@&%b cotbr t9fes bhBrge scate
presen I nven an I CUl ar
cemtifuges oy B sy o ?fa?lﬁf%ﬂmﬁﬁ@Pff#ﬁ%@ﬂﬁfﬁéﬁ?% BB el resusare

that can be used, for exanple as reference standards
for anal yti cal |nstrunentat78n needi ng such reference
standards, reagent solutions, control of gas content

of cell cultures; for exanple by in vitro delivery of
oxygen to a cel | culture and renoval of oxygen from

I | o A 1 1" 4+ * 1 " CINZNR N1 1 " oy




| essen the concentration of endotoxin present in such
| i quids. The deoxygenated stable NO bl ocked tetrameric
woooshswssrh devices is preferably inmobilized $@pUR2007/080337

corrected forfdflptipng 9‘ his mgthpogd rev%ls acpeAdar thap 3 W@ﬁuﬁ@on 1ép]esn}a Rrefeigy Mhigh also implies a
similar log SdARARH ESviRERSHdhs, k. such devices. In sonme enbodi nents,

t he deoxygenated stable NO bl ocked tetranmeric Hb is

bound to beads t hat rray be added to t he I|qU| ds bei ng

treated, @ahde s:h¥tilliperede : sfcblsam pine

IIIlIdlIUII Of dIIIIIIly IIIHUJIIILdlIUII) Fm—sone

Sae‘mgdgugents, the beads may be of feAFq{@&gﬁugmgr
paranmagnetic netal —or may be t hensel ves naaneti C,

such t hat they ma "be readi |l y separated fromthe
Asrdglogge Ml 9d nagneti ¢ neans. [BH205] The

deoxygenated thi ol blocked Hb, both cross Iinked and
AL EITORS dfienioBleec NS €., dCVBFH| dTBSRH,1 and dXCVBFH, can

|nr\ ||or\rl + N fr o nl
oS>t

It 2 3 ha
t-o—+envbve UAyyCH H-6M-SOrut+onRS |ch|||n9 t+he

'}R}Yt{ateaq - Y8R and as ref er ence, st andards for

AhAl vii cal” ‘assays and instrupentation. The

deoxygenat ed thi ol bl ocked Hpb, both cross Iinked and
A s dflend0ftkc NS e, , CVMBFH, | TBSFH,8-&nd XCVBFH, can

atso beused 1N V|tro to enttgnce ceftgrowrit T m cef |
Agol.uftf'%{:a% ¢ ARbARE ni ng oxygen | evelgzg [ 00206] The

re- oxygenat ed stable NO-blocked tetrameric Hoof the |
resent invention, and in particular, XCMSFH, can be

AB%‘&@I?a&af?h@ 0¥ n visual i zing i nt4&vascul ar space.

Present optical techniques for the observation of
AM(aﬁ“GiﬂﬁaHanﬂ(ﬁdO&caTﬂé reI egat ed to nomz‘ﬁptl cal techni gues

aB-a-cHIAa

A4 h o pu]
tue—to—tne opgaguc CIICLLD Ul lllc lIaIIbIUbI OT1 UI U

13%3%{?? ftels70'OOCc stabl e NO- bl ockeq)]bdg of the present

CI\/ISFH may mnot only deliver oxygen
emayal dhis desirghie during {he pepparaticaef hmecglohin to remove any

WBCs to r@}ﬁbv@ ;ahtgédykeyprtgtéﬁﬁﬁl HERIE ﬁf)lh%{edleﬁif)glyﬁneydlﬁtﬂn arheW thddtage of removing
visualization of tissue beds

I n
plasma pro&glf étrlﬁﬁleﬁ]éatbfedﬁ re&ov'b@f (ﬁ%w qulttéﬁltsg)Ig the{fdlrsffe&g%?él Saver 5 technology can
remove sorfi @fqlhbe\S’BCl; inphecflod eimpigéty cedt émingptlelanﬁagamh Hewaygr, thg itangential flow membrane
may retain \ﬁl §f tF% WB ds gbgn db er&JEﬁOsE g §%¥ f H}ggrhhg @afjly51§c Q{thee&%’ﬁﬁpila%’ occurred.

umnate the targete ure. use of
Table 6 shwmpleﬁee of Gpreryedptign pRY B afisk ﬁ%awﬁycﬁélrﬁﬁm;m ﬂﬂlﬁere 0.65um filter.
When apprSﬁrﬂthl}ecoNQ‘t&i OL¥Mend, Bith ﬂlﬁﬂlﬁds(prddbﬁ a@dquitb BrofRE@SEHdin leucocyte lysis in the
i (?ﬂtl on. Intermttent saline flushes are currently
presefice 0 IE% oyed to create transient visual fields in-vivo,
but superl or vIislaé:iEraluption efidiceqytetloishemoralam nat i ons
nuy ue possibrewtiruse of the present stabi

o o the | ocdmuabhey | BRifRpEaI A 4% e mecovery

rrFarl Son [of Two _Methods of [Thitial Processi Ag of -
WSHE28F dod| [ 002077 WM&t eri al $: Bovi ne®BP"d8d 100%

Col-lection-|-Bovi-ne—bloodis—¢tollectedina—31—gaon

caliliged 0.6 cont ai sgexmhi ch may hol d 1686m10bf 6% sodi Lo

et hyl enedi am netetraacetic a¢id (EDTA) solutig

céol ed in ice. [00208] The whol e bovine arterijal bl ood

s dirvidedinmto Batch—Aand Batch— B Batch A Cconsi sts

of 2200m of whole blood and is washed in the

[00213] Byichsrryitad B e then refriggrpted fos Shovhstspranoldrickss ereppese! thogeh a Baxter leuko-

reducing ﬁm:roﬂdc}ﬁaﬂdd r&n(ﬁxfeeﬁraﬂ)fnatﬁhﬁi ebadhA y1€l|d@tﬂDDlﬂgoffEM1's @/hile BetxH B &ields 1200ml

ul ar i.coa nt and, cel | stroma
Of RBCs. % keﬁ 84 “Ay? adte E n%‘b %néhlr% goudgi f%lg?? Cl'e?nn\l/%hol e bl ood
[00214] ITeprsiohg I@“M@l’mﬂ@mgﬁtmﬂ iTho t WOo! ¢HiAfsfiomt Ratch(A e dipgl with 6000ml of DI
water. Aftg)allm[/lgg 40 %Alls N?fs&@ﬁhs/%e 1y§€eb§0m$@i°’ ek N@aﬁ&@gﬁg adiibd Rl t@SIRution to minimize

proteins : from Ha em)n cs [

the Iysing ?faﬁ%léﬂe%eé’fewt ﬁ%’&&?l@lsof#%ﬁffaﬂﬁé} FBHaE * 3Pl or D vacer. Mo
freshly collected anticoaguf3ted bovi ne bl ood. It may
be desirable not to fracture either |eucocytes or
erythrocytes at this point. [00210] After being passed
through acoarsefllter of 150 m the cells are

I T o o - - I | 1. 1 1" NS Y T [




concentration at 280nm spectrophotonetpcally, with the
val ues given in A280 units ( absorbance units at 290
woegos/0Ttee dat a points in Table 4 are taken at PEEBEUS2007/080337
saline is addedde BaielcB abtb]rs aeiat. Nexb P@h byichesare H?S?F& Oﬁ?ré\é)e?ggmcnm Bellicon filter. Once the
hemoglobir 12§ Hée‘h&iltbr@ﬂj blﬁaﬁcﬁcdllblﬂ&d ﬂti\lh edpadtelflabl, itpakse®bver £6bc6il 10X Daston Pellicon
filter. Thlsvf@ters out (Tu% %a. menprlgrs]ersltevxfhdcrlﬁ 1s dlS 1édectr1] gﬂeﬂ%reﬁlemf)égbema 1ts$ec1rcuqa%:d 1’131’(0 the original
flask and lsgpmatxteitedttn afesBed wgcemwum:h enl3ix /vYluses, prions, etc
[00215] ﬂang%ﬁhﬂﬁ&ls QPH&Qoél(ﬁm[ @gh @(ﬁiohcemg éﬂﬁ?_ A‘ﬁjcrl thé/ anﬁﬁ§ are concentrated
ab

o are corrected fo | ution
to 13.5% Hsacwenss R PIgYIOYS Yafifffalbw G‘Edetf‘ﬁ%H FagrTY o VECHED %4 sodium phosphate

buffer. Oxylybil deinpiaing is0< Blppt ITTV'ffd thblex eqﬁleﬂ‘éntﬁkf 1aM 1ot asleaf (8Rb @& Mkled and the reaction

is allowed to%%o%%ed%or I ?9 éfcég é:)al'cJ 19m%r§ p;;gﬁ;byfal'l Eo%{de elE_E?an e Srrﬁa.c{"eld IAM by

en fil an ent oW me
ultrafiltratieq) ysing FBE s Optedehids lpre@péﬁdﬁbe lmqtlnqd@tezﬁQM%Féi is gfplp and may be is packaged in

oxygen barfQTBRMAGE ald&u&te s@ﬁlyl SBHEOR yJoﬁﬁexﬁﬁb@auﬁE ythr ocyt es. The
tan entlal trati (%n ca

[00216] a’ﬂ‘grstahlg n}t?rmg ﬁte P{?Hucu ﬁigﬁ){sg:ﬁe]é agaur ]Elaced in an

oxygen frecc@mOgpen) Emmer_xmm tgibtissolf@iroxggralraugycd Otalier! ¢fjgpethand.010ppigeMembrane

contactor te%ﬁrﬁ)ho%% gﬁmertfég rH?ﬁi%l umedk?c?déd%?ggn (;I' éﬂ@h&tﬁ:@ﬂ)lbﬁﬁn 9 Eon‘irbfle%l atmosphere with an
uous tration are shown I n

oxygen leve]|of lepsgthay {0gpmg r A Bitlabe%yeeh spiyratien 1epdings, ta‘]pm fgr lﬁaélt lmt_ﬁl}es usmg a polorgraphic

dissolved okﬁg‘éﬁ Qlloﬁe %@dh@aﬁa@ Eln In'itﬁnreaddlgkﬂ 4fn§,(]iM HatchB Haﬂatﬂhﬂsm‘&ldmg at 7mg/L. The
q rip % a Si m ar

hemo globuP 5 pkllrn}?e gg%rec%c#l agaﬁ %hro g{h e.lmebnr rang conmc oIr usuagr eBSt Elurlﬁlp at a flow rate of

600mUminfwithtapylied eavpua breeshrepif adhyaindien T fial pm@q iurgtipa layeltfpriieth batches is

<0.01ppm. 0lfhe lb?tglgsg %Q&n%ﬁ%@ﬁstgm\é@lﬂth d.dm hNsoHes! cfcﬁp-ln@m%u [Onddtht Bﬁ is adjusted,
reparation o | obin to renbve a [0 renoyv

2.945 of bty SHAFGRIHEHPBIEE (YPT0 CHITHBESF b7 ohe Fh R OB oLy deyD while
1.47g is ad&eﬂ| t(MBatﬂﬂB (Mﬂar&t{uﬁ/haﬁsﬁeﬁgﬁﬂl@ﬁy]ﬂ e@m:¢|cfmgs ]iﬂka@mico}mpmeepﬂss adjusted with

0.5M citric! aﬁl § 4 al%ﬁztheeb %ZIF{ a?%Hd/rgd }ngﬁ' tl?ﬁ‘”l &J;] QHLC fefl §1la{dg

ysi' s gy can r
[00217) T@amﬂ@fm mheitongty Gapiller eelfeleemnhprgtlwlws soufored 1 wlsm§ a Beckman

CoulterPA-866% PiofcdBiRt in@ﬂuﬂilﬂwmﬁandirh Sarb @Rt dtidh, td ﬁe@éﬁnﬁi@ méreﬂt@ﬁ of cross-linking
grve

retain all o 0
o monitor (EearBy A RS, o T U0 G YBRR E E Gpmer w cros lnked
(data not shbaia). FhGsagiplewsre elsatvabibted im adienidreAnglynes dn vigtreconiigfof WBGS oxygen

equilibriurr?J f‘\%g bdsk &nr(ﬁgllvgagelgﬂgtt thﬁJolaho%ﬁﬂ S or MIlipore O 65nm

_.corrected for vol unme, both

A 21 Lath Wet?qdoﬁ?rrd%w %unﬁcatlons are run
side by sidd M%brﬁpdreﬂeﬁi&i&cp [rﬁ‘SE:ﬂ;ﬁ@ I—Qicwl%%nc;ﬁa{gh&orﬁa anE\p&lvbtﬂhg Gicdafrte lysis. Either

e il LT B350l SRR SRR S 0
acceptable p@éyedndtanpmblgﬁwa oBoth wethpds ey alsel la@rmrglomd tp b usegi thymethods of the
invention. @l SO renoves viral materials Batch A yields 1500m of

RBCs while Batch B yields _1200n] of RBCs Sanples are

extracted from each bat ch®™f#M%ghout the course of

(F]v1deapur1ﬁed materials of

cl eani ng [00214] LysiLagngdhits Baod d¥OVi Ng Stroma The
[00219] D%?&mel ctf Al?@(éq?tu% UFHPV\F%E&? ﬂf:W %E? 1s%%$13&s§%g&3”#ezeret§1ggqygmg%ff RBC:s relative

to WBCs aljegprimizagmmokred Rl ce(lN@ls P Sb@H TIPS YPBpElghy without also
introducind Préted¥bsZont Bedlwseng of any | eukocyt es present The

[00220] Pré%gq(})eg% éﬁ(go% Bgs\ﬁzhﬁlrg%[nog is Crétegg th%(g eg to%glﬂ?hé I%M rie]s,]e.ér"vouqlﬂcr (%}'f the Cell Saver 5.
Seven beakiisate, thanditllad Wil 209ads @b@%a@s@tal@v Erdesig@ted 2s the mﬂéﬁl The other six beakers
are then asdi} &Jeh g %Q@lﬁt bilnb ﬁ'fr 1ys@ Qﬁlrﬁé@ of m&glhéjzbid@heh QSZ @e@ And § hin@fe®dThe control

out ed I'n separate flask, It asse
beaker is stawran%ﬁg)@%ﬁ& Sl patieroarins pirgpenseed S?CP‘P‘gﬂelrg 3,4, and 5
minutes a 104 saadpye iS@kdnrTer yie diod cathingllpsis. s di scarded. The pure

henogl obin is recirculated into the original flask and

is concentrated to a desired percentage, such as 13.5%

(W v). [00215] _Blocking Sut¥hydryls of Henogl obin

with |l odoacetam de (IAM. After the sanples are

concentrated to 13.5% Hb, oxygen is renoved as

previously descri bed and the pHis adJ ust ed to 7 4

1 . T r r -



oxygen free (<10rpnm) environnment and dissol ved oxygen
rermved to a level of Iess than O ad CGopm Menbr ane

ervBaste8y technol o thod util i zB@dr/U82007/080337
[00221] Foa E6xSreRg & tenkerh é‘%@ 068! watPrﬁS %ddeb rﬁ.‘ffeéF"P Eode IfEPREYA saline is added

to the first Bifaked toafopQYHEE Efkfi’eﬁ%ﬁlg allbwddas Stlrtf&&ﬁprbﬂiﬁmy BA@edoﬁHsI 4 Bdml sample is taken
for white bl(())ocy %ﬁ naﬁ atu I‘ 0mg t: Q%A) sdi%ne is therq EldJéQ %ﬂhc s§0({n %ee&er Again after

S1S,
a pol i 'SSO
being a110Whés> sanfor M ieptallds raéaml gpktis e/ For tEalemhmBg frars beglers, 110ml of 9% saline is

added at 2, I3 nj sInldglmlﬁlﬁé%Qb 88p Bhing Wit cach ighe ARABEHOR | Ghutl semplb! | ¥RAGn 8B each for white
recircul at ed t hr ough t he nenbrane contact or Uusi ng a

blood cell agalysisyiastandard JYH, auantitgtiqn. o\ rate of 600m /nin with
Conclusiora P s¢e@ dh BigGie 2mhbp 1ys@g uf the ®f11te>1ﬂ<81d5elllsl’thlh'@ke plixe bktwaéd 2 and 3 minutes. So in
order to op%j\égﬁ g tblz)ﬁ&e gerllg 3150?,!%1%% Xa%l e stgi;pﬁg ?{tg' Qe%ué t% t dglﬂi/lglﬁlga@& water and
saline, the foljmedy ergaspq- nkie rﬁ@ultseheei mHeblp Fla¥°§°’a%ﬁt€1§§?fe’dlut1(21 94g of

W 3, 5- di bregmsal bawmihdtivahakeafk ih rmnaskdeﬂcgo Bat ch

A (2 nmpl ar eguivalents per clllfh\/ vl while 1 479-is
A{=—HDial—egt

added to Batch B|(2 nol ar %‘H’ﬁ'f‘\/al ents’ per sul flﬂ?‘aﬁ)’/‘f’"}’mal
Once cross-linking is corrmKﬂme,) pH i s adj usted WK/mm®
0. SMgidtric acid back t o B0} e batches arge,uers 1-6)
stored.in air-tight contal ners In"the refrigerataor
[00217] s d51@s r €actfion is nonitosed by Capillary gel 5.2

el er‘trnphnrptl c_anal yqi s |is pprfnr med usi ng-a Beckman

Coul t er RAn®@00(r) |Proteom cs inskrunent with standard 49

el DL £}

sanple preparatign,—to-determnethe extent—of

Cr 0SS 2Inifakésng t o moni tor the reaction tiime course. The
reaction—s—conphete—when—95%oer—rore—of—the—tetraner
are cpossuttési nked |(data not showw). The sanples are 4.5
al-so—evaluated—rn—a Henox—Anatyzer—for therecording
of bl dodnassygen gquil i brium cus¥es based on dual 4.0

wavetength—spectrophotonet Ty {00218 Comparison of

Met hod mnwggsd Met Hod B Overal | :>The Method A and Met hod

B purifications are run side by side to conpare

efficiency in releasing Ho while renoving stronma and
preventing |eucocyte | yS|§xa“E‘t?r1er met hod wi || provide
purified material s of ResepSadyy &rigual ity, and both

[00222] Mﬁ:&?ﬁﬁs V\belgeng &%n‘%%rsor%édfalngg %&tbﬁrs{aﬁ(]ia d mﬁ%&s%mdﬁbllg access is

a conblnation o S may
estabhshedem%a@? @h%‘blgatlzﬁ Pelgsiag 2 SWVP%@P%%YW@%@‘SW%ﬁeveinﬁ?fé‘ﬁiql\éﬁ%m infusion. IV

infusion is ﬁ&@ﬁ@ @h 2 sﬁhﬁ@é ﬂﬁanWHettcﬁallsblﬁﬂlg uﬁ@il)‘ §ve[nQ‘QQr]43160 minutes. If blood is removed
n at [ atlv
from rabbltF §t 18%&%% g’i 1n%?mn§raglp erg

gnlfg :T%hﬁter r};l‘:f‘o &)le a?%h%tgge 8{161r e%rcirocedures and

infusions ate@iOW@s&gaMetywsclquMamtmth@ﬂnfof r ed bI ood cell lysis to

[00223] M@q‘iﬂiﬂs E’nﬁ)cm IRALERs %%tire@?or hﬁfﬁ%' a@ p(ier D ENIOH t0B)e §@ministered has a

roduci ng_ proteases froml .
P50 for O: 45t FRETHEBOCHT SCSFHROREEGBd o PP THS dghs 127 wiv for
the modified Mkniodldbén df@AMmveats@r The imdunt sfeIXCdISHHe bEalfdsedSab@red dpon 10% of the
estimated bfﬂ%yi%nlulgg gtk rral§blt35g nﬁ/l%kznﬂélg Lrll&l(iihl\gp%gedglqme%yrrﬁr{ge bahﬁ Qlﬂlsed by the pump
over 45-60 pyawiasy Eh@%cathnews ﬁee regieaes fepsthe eabbit’s ear prepthe gpbif r;fi%lrlﬁ@ to s cage for

observatior@tThe bsHRS1 @bbitd Qc&&&ﬂ@d’ﬁh(ﬁﬂﬁﬁe Ntﬁﬂbcjcage%henacal fhodlﬁ@édlo5
The .caont beaker is tarted afn 910ni.s
naficant amoux%t of ra bit blood,

02241 pogingab Siof gl st & i KoY e ey aen
54-75 cc, i36mewed dohshe atteridd catBeterMhllandm@nnqqqutae gieaﬁcit)wllungaﬁﬂ}(@l\/]isgﬂ is infused
through thetv%H(ﬁlQ a(chJs ME fn%c&llmgqgac&ﬁhc#hsﬁ:ﬁ@rl yﬁi(ﬁmin@t@@t%t"a] tith@Tod su@sequent days 2 and

remal ni ng six eakers water is a ed. Aft
3, 15 cc of GYCMSER irjufusef Bhrpuegthegwpasia lgpkeq enop qeibeiers v RS Omipuls m"e”al twice each
day with 4Di@akeRh ifigioas.op | ysng After being allowed to stir for

approxi mately 30 seconds, a 10m sanple is taken for

white blood cell analysis. After 1 mnute, 110m of 9%

saline is then added to the second beaker. Again after

being allowed to stir for 3¥%econds, a 10m sanple is

taken. For the renmining four beakers, 110m of 9%

salme is added at 2, 3, 4 and 5 minutes to stop

| ysi ng. After each t| me increment, a 10n1 san‘pl e 'S

M




Table 7 : Determ nation of Relative Lysing Tine of
WBCs Exanple 3 Rabbit Safety Trial [00222] MATERI ALS:
@o0v8m51689 r abbits are rai sed and treated by steCmEsz07/080337
Results: T“ﬁﬂﬁyrﬁé( F (G0 i dre niuped agqopdingsto protasel 249V §raR éI&Pr%i“Pﬂe‘éi 1B period as shown in
Table 8. AlD6f tRede abIGaIvE Bdyhst Bh ubid T days hatien aﬁmhtﬁﬁl Thyee (3) rabbits are infused with

Hb without glesﬂ nggkla Zeec e%%gl mo lfr(]:atE o ﬂx%se rabbqg (lll g lw% 7!1¥ minlttes of starting the
I NT USI on a syringe e ota

infusion, as ylyvanie Tabé,«u%\l Fopr ¢4 véhtswewe lnsge@@lomtmft@@MSm picowighgitgprotocol B, as
shown in Teg)gemtz@\./ aal Jf i rﬁlﬁﬁp hit Slivelahd {)vglllqﬁe fngfértﬁﬁﬂdwf yieék@,&ﬁfhﬁﬁt@ﬂy ghbsequent deaths.
_ - gauge catheter into t tery of the other ear.

T rabits P DO VAT Pt e PRSI B Tugie 108 Al oef by Srievaris o
morbidity. Whagfoteyqageringatal sbjatts {&ﬂﬁ%@SOM&@‘Bg oPKOMGSEDB ltol#ate the experimental
ife ol

protocols Agﬁp Q J\teﬁ

mni stere

for

I
t%ptﬁ'[agt%gtug recleim‘ng %élp@eeﬁz %?g }2{(? g‘lgtggg%ﬁﬁaéogs, at levels of

125- 160m%l@s@@ﬁ?ﬁ@ﬂfﬁﬁawt%nox Anal yzer at 37C in pH 7.40
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XCVBFH sol ution had a p500f4
concentration of 12 gram percent (120 ng XCVSFH nl).
recei ved 1200ng XCVSFH kg body wei ght.
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Si urb(jgn t
ar di_ ogram

e SHHRY;

for_cardi

MOTIT TIV@5j Ve~ STT
ac_anonnlies. a

een QgAY 2

d_aortic val

'Iéhe amount of dXCMSFH to

/e

ter asur

emrefits we

re perfétmed 5

ng o i%si x

m concentration was adm ni stered to each piglet
i mredi ately after establishing an IV, prior to
initiating the top | oading of the XCMSFH sol ution The

pi gl et

2 for Oxygen and a



[00227] Non invasive cardi ac data was obtained using a
bl ood pressure cuff on a hind |inb. Doppler ultrasound
w@ MBsgakdesmas used to nmeasure the beat to beat Per/Usm07/080337
output at various times thf#lghout the infusion The
data sel ected for anal ysis represented t he best
nod

ultra btaine
I oadingaqugﬂa

e
t he upper bou f timedmimr
heart| failure

)dudsﬁg co
An anount to

of the_calcul d_vol une 739%?h%l

wei ghtt) Was

rough a peri pféral
cour sg ofjgone bj ecfz pi g§ Wer® not
anest hetized

enrl:\f ed’ or—ihvasivel vy nmniltored 2 _9]
RESUL[TS: Elgures 4A-D représent i nS0rder|, c&PYFAc
out put,

system c vascul ar reS|stance, systolic bl ood
pressure and diastolic bl essure as a function of
XCVBFH i nfused, corrected body wei ght. All of the
piglets tolerated the |nfu5|on well; there were no
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of the experinment.[00230] The results of this study

showed that the average ( lﬁlgyj for these indices
were Cardiac Qutput, 1 12 fﬁrﬁ (2 7, 0 45), Systemc
Vascul ar Resi st ance, 70@&Lﬁ¥ﬂ£§;sbc/cn6 (21590- 3364),

[00226] M@I@Iﬂl&lﬁ A&Mﬂ(ﬂ% Utelve et.@@el l(f-l:'{y%i’lb erédiflied. Prior to

Di astolic Bl ood Pressure,

inclusion i g RO PN e B Zﬂ?eect}%fﬁdée - b aa%m%hﬁi Pdgortic valve diameter
measuremehBverelpeZBrmeAND bng(of LasG40n{yd/ml2dpnceBiasidiewascadviistiddap each piglet immediately

after establgﬁ%%%s %p élg(%rﬁ(? glﬁlfﬁ%gntg ?o%é@ggf téel él@[%Fé %%l&tld t@él < BlP% sglutlon hada
p500f 32 fqpiQxggagapd a gqlcg]gam 13 gram perpeny ( (12p @M$W{x@ Eashgiglgt received 1200mg

XCMSFH/REbRYvelpds observed to decrease slightly (< 5%, while

: . .
ooz S o SRS o PO GRS ST BB B, B s
(USCOM) shs ghd toymeadiRe &e bkt beaspdiet puwmit yt)vadws itimgs thiveghonf the indryion. The data

selected for %%léglgl'eﬁmtekegféﬁ mc@)esb ﬁftﬁﬁﬁﬁﬁh VA8 s dofithed ASRy 9?1‘1@ Htha@foQ foadmg the addition
nmodynani c_i ndi ces are rep esen% in

of study miger paslinmid b A et B P SERIGPE SEEREE “Hege
[00228] Ah BrflbumeSquhlSo 14 A pdrednt oﬂtlhal alcathkeblibodehnt: (VOmbeod pebrdig teight) was

infused thro%t ?}}eerlpﬁerapllvgo?geatﬁv O\Lllf’;lsr I a ng %Ll% V@\\Eﬂggct #) gpg%ﬂmt aﬁesflﬂgﬁz%d sedated, or
invasively ppgritpmast er s apparent |y |ndependent of the anount of
[00229] RM’I Fighres A D khResai¥0H Bﬁdepﬁarﬂﬂacﬂéd@'t y"d&ﬁ&ﬁ@@asd:dlhrtré%ﬁﬁlﬁce systolic blood

aneters can be)%§%$$€ %E%%to th

pressue s P GO DTS e Gept o BTG Pl Rty oAl of the
piglets tolef@Siuhd isfugibn tvéll; shegt witlynd sobjieq atahst Adtasadqharesuhytiecitod correlatmg variables was

used to eva [e\ﬁlevcﬁlg, Bﬂaﬁd{ﬁé plglgel d’:qg ﬂltterceﬁp qt i H:%li-’y rént maﬂhggls great varlablhty in the

ges I h the car RFaraneters observed rel atin
data of a\PASBREL F%ﬁ&d&ﬁswdeazﬂourp SRVSRH R, RHISBHEs b st BE subjects were

not sedated@hé@ rés&lﬁﬁcﬂi BoBAISUI&Ing, had hztnhﬁng'slberﬁfd td hﬁodnﬂftﬁﬁiokt@ﬂ tha K friation, though

there was sg%nif%ant V. na%onsgetween lst%?ec% %a%z}metteigs €ven Qer%or e 113118'1109 f Ang OI" Jhﬁ!experlment

rom a close

have been fed no anlnal proten1 gi ven no antlblotlcs
, and which are less than 30‘n0nths old A second point
for prevention of contam nation is scrupul ous
attention to avoidance of mxing brain matter into
bIood The sacr|f|C|aI nethod of the "nushroon1stunner"

o N - T . L T L L



[ 00233] Deoxygenat ed and Oxygenated States The
hK}bIocked and stable NO bl ocked tetraneric
Q5wk ns of the invention are packaged f or PGT/U8YB080337
{00230] Thgﬁﬁu][tsroé‘ ﬁgbséq,d[y sb&gwe&élgk% AYFEZe ém%@ei & thess indiggs yvere: Cardiac Output, 1.12
L/min (2.7,10081; 3pQeéthic ¥ agtR} R&Rtah@NB008 e 82T (B E0EITR g S Bl@kdPressure,
156.69 mmgfé?&.% llg { Ia]llaedslgi?sgg&yc%?oo tP dsu?é Gg ?5 E%hg%ﬂlg arésggc%§?l¥%§%aselme values
for Cardiac@futgut wemd-26 iLgwig él 0. 7@){,) ggpemaq V@nular@mﬁtgpg;p ﬁ§88ajynes sec/cm’ (12662-4991);

Systolic Blbo%qi?gsgﬂrg 14{0‘%%111? (1591 ZWIBtIﬂASEUh@ @1&@ PREGAN S@Q(SVrhMﬁg Pﬁ'l%) respectively.
to transpl anta di fi ed henpgl obi ns may

Cariac 0wt AERER P e G og)s VAR 00 ARtEee TS by approximately
30%. Bothfswﬂfclaﬁdldlﬁﬂﬂﬁwd )N&isshﬁ iftrabarshigdly o dixpadpsctivtly} diging the infusion.
The relatlolﬁsinr%%egveerllt <\3/ \efarxl{e%l nse 09 Vl%acp &%&ﬁmﬁﬂ'{dQ&qk g)??ﬁlaﬂ'ﬂ.?%rﬁil(ﬁs are rctpresented in

vious to ose s

Figures 7AtIhaplthoughh the efiesd PWéﬁﬁM§Ffa pethesedndictet nwymiﬂ)afhl%ﬁffe@%aﬂmlt@be dependent on

me%nmmggguﬂﬁynﬁﬁggg,variations changes and substitutions
now occur tq.those s n the art

002511 10 ity R RPBHPEREY HECHEURY PGS TT P B RGERE gt e amountof
XCMSFH inhadd. Viae baosit 6f thieimadthangesn thesetchdiae plyaditere rande oftritiubed to the increase in
blood VO]UIIHQ ?s@x!lt aﬁﬂ ﬂglﬁ%gé-r o?&g S\h} Jc%l ﬁeﬁﬁy oiﬂﬁzis g&i&ﬂe thil all subj ects survived the

pra I nvent I's inten g
experimentf @iditlm ige Ellmét‘F’?Jrﬁh@é‘fsl lﬁ@een@a%%%teéi obpgieed rﬁ%lmt? HoAHH-
[00232] PRIGN smmdx n@ﬁder%t b tlds @6 takéid thlefbuichipt fhe OPR T ok 1ttvbﬁﬁ)ﬁ are prion free.
Selection o? §1tﬁ_qe§j )ls he Eng_nagqe%):, \él?nlggl%gn e)lg aenlrga \r/ocE]rg g Bltﬁ)?e %ywhlc ave been fed no
animal progmnpEmMIb aimablpfmcg andliécd lars ﬂweﬁ@ mon@# olg béutw@@P@@@m prevention of
contamm'.aitg)’ﬂllst sgﬂiﬁultu% aﬁm{dﬁ to5aQrQIdQQQ ofjtﬁilxIng 'B%lr?rﬁgtehﬁwmcg)datrhé Q&icial method of the

one cysteine nDiet% wherei n sai d_cystei ne noieH%
“mushroon} §{@nEfd @RProach mcaiselb SHEER! eﬁ*ge Ig’FSbtﬁlﬁy §Eﬁ‘fﬁm PRYET ceyprination, and thus
eliminate p%ﬁtaeinﬁacﬁﬁﬁdiﬁof@ﬂdimmadudga&te&al‘s @taibe colatred bload. F@thbi, tlen the Hb is

processed, Hle twralshQnr%g))&l)cg urto rgrfal‘(l)vg ?r%g thidths %lf also rgrac;ug?riorrs Addiiionally when the Hb is
pro ceous 1ron con I ng npoun

Fltered thrag e3P0, Gbemelorio utED Btcn awy s faok alimipated: drpehh the Hb of the invention

is processeﬁ] ﬁ%@h RHRIpRY filker toTllal%o'Rar 1@1&6@&@%(211@ pdlﬁtoﬁna‘llqmti BodG such as prions and
nmpoun wherein said h

vitusescan B ARy P ARG T - HFRSEI B TALRS o mion forwe n

human therppedti@iand ereagsicy procedarent ai ni ng conpound of claim 1

[00233] D\é'ag'%glart]edsaﬂh %x@?&ggh %pﬂt& I’Iﬁe ﬂémﬁedfaq-ig ?tab'?le ﬁbeolocked tetrameric hemoglobins

el naceous " Tron contai ning conmpound of claim 2

of the nveRige preipAckegrddonamsg PrbiFarsHeses Brogrecereeeqissnkeigmany flirappugic applications,
the modified heéogl@ﬂut!;ra%ﬂ%cﬁlﬂ kﬁeQi&!J)xy&éiﬁﬁﬂ ahte. F&. aﬁ_}hﬁa@hﬁ)ﬁvﬁdrﬂﬁﬁﬂl@wﬁ is required, for
example Ciﬁ%r% Cf%githJhE g%ﬁeo IITPO sgv?tlon djebfasn’ll'geag(l:ic ermc {ﬁﬂgiOH, or (Ijnamtammg an organ €x-
vivo prior tpyqansdbxtaﬂm@thb npﬁl@gcbmlobMS fﬁhyebep}sqt 1e|thqag@@>gyge11afeé @dtates to support tissue
function. containing conmpound of claim1 mherein said henogl obi n

' henpgl obi n, 8. The protein ‘ﬂ -
[00234] W&‘Bﬁ?‘ﬁieﬁ?dri‘g“b@é‘ﬁ’ﬁﬁta AEF TS P POV e B 8 Bp bl i will e
obvious to t®sdxRillied & thy arxbdt Gicdhemhedimedtode pmv@edTHyewap Pbt-@mpRoEelyu Humerous
variations, Bhagges a%ﬁ Elﬂﬁlstntllln(gls %ﬁf% cP:gurQ(t télg!e%klmecﬂmmeah%lfﬂoﬁ%lelgangr@fghl the invention.

ecting group 1s sel ected fromthe group consisting
It should beyndgrsiggd fhaMaries Rigmatizesae (e sRPeEmELIRf he BeR R aIcRd herein may be
employed i bfa@%‘@’thmt'dﬁ}ibn (9571 EI@@H&I&H@E&BIW&IHg @aiaé Ydfine he @(1))64: of the invention and

that methoc?s&a&xif%&%%ﬁv; 1n lge:,?g?q% 82{;1%5 r(f}éur{ls ané th& gcr;u?&a\{e%g%g %g\)éred thereby.

i sobut oxynet hyl , tetrahydropyranyl acetanidonethyl
benzanidonethyl, biscarboethoxyethyl,

2,2, 2-tpchl oroet hoxycar bonyl, t-butoxycarbonyl,

N-al kyl carbamate, and N-al koxyal kyl carbamate. 10.
The protei naceous iron containing conpound of claiml
wherein said thiol protecting group is a

car boxam donet hyl group 11. The protei naceous iron
cont ai ni ng conmpound of cl ai M1 wherein said conpound
i ncreases oxygen delivery capacity. 12. The

pr ot ei naceous iron containing conmpound of claiml1
wherei n said conpound transports



oxygen with a p50 of about 20nm Hg to about 45mm Hg.
13. A conposition conprising said proteinaceous iron
wa@oensaswesng conpound of claim 1 and a phar naceptT/Usi0by080337
acceptable carrier. 14. A container containing a
\VHATlscmmmnﬂmimmn conprising said proteinaceous i ron

ontainin und of cl I ot ce
g 6oﬁe%a8?] uallrcr)]rll (h g a%:ncl)n cgrdxﬁcama havn}? a molec p welglgfro?%e to #16%00 fialtons to about

500,000 dahﬁb]@ end 160in@ @0cadedre ewseilteoncam)wherﬁ@ @al©¢)@ted1a Itrtomemdms a thiol protecting

group such k}ﬁyéanﬂ)r&&nicg@rﬁ t:orﬁﬁﬁm@ Ha?.tagédﬂg‘edqgfh%ttbf i eR& (Bucﬁ@t Qld cysteine site.
stei'ne noiety includes a th rotecting grou

YPAES S droR aw%cwaw%s F't’"é“ WhgeEn S*\}ﬂ ‘EOI‘f‘pa“rﬁlsba gpss-linked
tetrameric t&bﬂgﬂbblﬂOmﬂ g to about 45mm Hg. 16. The protei naceous
cont ai ni n ol |.al e 14 . :
3. lI‘}rle r&;otem%feguss ngn g?ngagrgp% Cfldtog {;l?lglr?e %iﬁ% garlrth;lge é)%ll%hlq is 1n§).11-pyrogemc,
endotoxin ﬁﬁ?eanélsmlm fresiceous iron contai ni ng conpound of claim 15

6tkiacs s Grof S8HRGHiE opb$ndHP PR DERNER saﬁ:ﬂldﬂto@%i)lﬂ is oxygen free.
en free and stronm

‘free, ox
5 O R e RGN LR PTG B BT P pigelgpi e been cros lnked
with bis 3’ Whitreinn sgiayldurheearegl obi n has been cross linked with bis
6. %he rg’teﬂécg&g Bn §(§Jtdn§l§(é coflﬂﬁgﬁ{d%tf @lallxpz wﬂér&n paqtpﬂe%ogﬁgﬁqiyssoeen modified by
ﬁ)con g npoun 0 ¢ a m16 w erein sa
fﬁmﬁmﬂmﬁﬁﬁﬂﬁﬁéﬁiwhﬁﬁ alt‘been modi fi ed by reaction with

7.6 ﬂr@k@ﬁﬁ@dcmﬁ iron péifasSphadotpodfd.of Jiben Pwidr&h Ehﬁkﬁl&ﬁid)globiﬁlﬁﬁhuman hemoglobin.
8. ﬁg n%gtie%%cggjs iron onlflar}mngo]gowg)oTnd of llalm\g;vevﬁemn salc?he ofglobm is bovine or porcine

n-i's hunman obrn naceous
hemoglobin.r on cont ai ni ng conpound of claim15 mhereln sai d

9. Iﬂwgtleﬁgye&s iron @&Yduﬂﬁg &ﬁnpgﬁ}{d(b'f E]lgmhﬁmélﬁ) pdl(nthiozgrotea:[h@ group is selected
prot ei_ naceous jron containing c und _of cl al

from the rRypROBTTING 81 HPEHY BT Ah BT P G b BB R BT P

carboxanndohﬁthgl‘ fddfyl, Oaixsl, Bdnzsyl 10f-btexyyarbalyl, pbdrgtyphenacyl, p-acetoxybenzyl, p-

rnethoxybenz ?t2y4| & ﬁ‘ﬂrgb%::ﬁftl I?%}ymogjnﬁg{?y ?eltrg%)Jdro gii; Q%QXAUHF&QM% benzamidomethyl, bis-

rboxam ace
carboethoxyeélpyz %a?mmeﬁgwprboyﬁjﬁ?blﬁw% ]aqulkyl carbarnate and N-alkoxyalkyl

carbamate. >- acetoxybenzyl pnmet hoxybenzyl , 2, 4-di nitrophenyl,

l%zggifﬁo ITE%CE s’iro‘é ?&%&%@%{“ﬁ%@ ec¥ ﬁk’ malcvevﬁeafgpn galcir&oll'lgrotectmg group is a

carboxamiddnidth@t greipc hl or oet hoxycar bonyl, tert- butoxycarbonyl
IT N-al lﬁ{é rgéﬁlg)égqﬁtu%n cgﬂ?ﬂm& &Jnﬁ)gﬁ(ﬁﬁ%f KM m p@ﬁgaﬁ@atl@con%%und increases oxygen
he pro ei naceous iron containing conmpound of claim16
delivery capgiiy-ei n said thiol protecting group is a
1 ar bO’XlﬂJ'ﬁr&iéiH&EJhy lirof) € AthfhingZAmpdung op¢lainel wilgeDa! dofmPpound transports
claim 15 wherein said conpound
oxygen wit g(gc’ijrj‘lé mh%l%? dllougéts hﬁd nitric oxide. 25. A
13c onp @SJOmP@FﬁIOQGWp]PfFSSlgﬁgd aropigteepnizeengining 6prroynd ef chind and a
pharmaceufQIPAUAH M cafrledi M 1. 26. The conposi tion of cla|n125

wherein said conpound is endot ox
14 ek N PUREIEE BEPSor TRMEORAULT P GR-B" Reh Apyisas compound of
claim1. wherein said conpound is oxygen-free. 28. The

lSC onmpQ n?r&tblgzﬂecq{s 1r8£ @dnrt‘gn‘ﬁ'ﬁg cfo%gl_nﬁ rhawﬁ%bl@duﬁg W@lght of about 60,000 daltons to

ceutic acceptable carrier.
about 500 (foaﬁﬁwﬁ A R Mg Siiert eroeﬁw%eafillasatdoﬁ%fﬁ%f pi5hy includes a thiol

protecting ﬁ@WﬁeﬁSsaﬂﬁﬁk@&nﬂ@ansﬁ&s o&yg‘eﬁ ﬁ({iXBSIpB(D mb&ﬂ U{kﬁin%l togboat 45mm Hg.
él)_r ot g.%naceous i r.on cont.aini n%

8t§1n%("1681hs IIbOfl CO; almlﬁ% g;ﬁnpv\h;] s r_O a W erc(fn %lcmogmmﬁl% is a cross-linked

el
tamﬁEﬂChmm%pymogenlc, endotOX|n free, and strona free

17. The proteinaceous iron containing compound of claim 15 wherein said hemoglobin is non-
pyrogenic, endotoxin free, oxygen free and stroma free.
18. The proteinaceous iron containing compound of claim 16 wherein said hemoglobin has been cross

linked with bis 3°, 5°dibromo salicyl fumarate.
-A4-



32. The conposition of claim 30 wherein said conpound
is oxygen-free. 33. The conposition of claim30
wob@sesressai d conposition is free of di bronp setT/U§1000080337
Y5¢i d Theyyoterwf‘éo%érﬁ;ﬁ sytainpcogpowdpf fhakan 1 & yhefgigaid hemoglobin has been
mod1ﬁedbj’i&ﬂ@ibh8/htﬂ§yr&loﬁd’]&f plsghatel cal | y accept abl e car r| er. 35.
20r gebﬁ%f er(r)tgl ace%tg u%%.ﬁ(gnt% Om ggl \Mlquno?o ?Sladher emoolnbm is human
hemoglobirsai d conposi ti on conpri ses packagi ng. 37. A net hod of
215Up pll"ﬁ‘é@%ﬁl%o@ i3h Q&ft‘al&lﬁg &m%mf cl‘am WiktkddDsaid hemoglobin is bovine or
adm nistering to said manmal a conposition conprising
porcine heroglgby} ej naceous i ron contai ni ng conpound having a
2201 eThed @Ebteinmieoustiron torgditing coaPo AT diaint tnghekddn @liabib! protecting group is

selected fro?notge ?rglgp %%ngtgxn%f ?P%}C@ﬁﬁ@tl‘g’g a tty]:LrSﬁérLet]%nea % 'ik?fi rlﬁ%henwmethyl

er el I'ne nol ety | nC
carboxarmq@rr@thé ereig, @m&e@erslhtefffbatoxxca@ow d’t]@/idﬁ%iﬂé’swylc ripubenzyl p-
methoxybehz%l ZQQﬁlﬂﬁwh@n}@flsobhtﬂﬂ)n&g]yn ke&rﬁhﬁrdﬁﬁaﬁiﬁ Rttathid®maNa! BdnBBnidomethyl, bis-

ut X cal acc arrie
catvosthonsi 2 B NFoe o RS PUP RSB Srgp PRiRC R et
carbamate.cont ai ni ng conpound is a cross-linked tetraneric
3hean~1,lé) %bt@mac’égus I;EH goﬂm}ﬁﬂé)&nﬁt)urﬁl ()‘?l':lmrﬂ?’% m@&ﬁéafh tﬁlgi ]gotectmg group isa
I'n 1S non-pyrogeni c, endotoxin free, oxygen
Cafboxan“‘?"f‘@@ylﬁﬁﬂlpst roma free. 40. The method of claim 38
24\[\:h er €hdpré@inttehB1RRE katiifinh@snpb@fivf s & WhekiediddotBound has a reduced
mCOdeS -di bromo salicyl fumarate.e nmet o o ¢c a mw
n'sal enbg o n as een no i e by reaction with pyr
250xa A cBmpesitiys pprapresing4 Proffeacerat hertcopfingiggiomr88d ahdsiailn
265 ai drhemRehinbe b Rin{ R e HRAoRBbIRd 3ok BSrobBhd) OioRkin free, and stroma
cl aim 38 wherein said henogl obin is bovine or porcine
henogl obi n. 44. The nethod of claim 37 wherein said
27t hi olThgxtoatpegtidnrog clginO2fowheseis @idaotnpaunti Aoy gdnefregr oup
ons
28;I ko)ll("ﬁé% Er%f)ﬁtflt f&lf g%&gy% MGE +mpr1§1(f‘1§%§)(am onet)ﬂ%lceptable carrier.
2%cet Yhe cogmpgitn of plainy ‘I"hefqm Sﬂbtﬂoélié%‘a\nlﬁeﬁwses l?aCkagmg

02 hzdm;ksmta&araﬁ@uﬂlﬂ»nsé@a@e&&%me féydontaimiRicbRpsURe BZYim 2.
ntro en
31

acet PR ‘Pﬁﬂ clﬁlél}é()bm grh‘é“l ! Pr%odndtisegogl—ap%ggn?y XI{da poXm free, and stroma

free. bi s- car boet hoxyet hyl, 2,2,2- trichloroethoxycarbonyl,
2z - b%&e&q@@! AL n{\k@\!vlkeyé &ﬁf&%&hﬁ Aebn-fr
> N- al kox IF car barmt e. i . The net F}So IS)%efn cele m 37
33nher ?é"pencoggpﬂthnmf 6]|mx‘rp}(bylg&1w1dgqowﬁltf0§ issfree of dlbromo salicylic acid.
34qcar waamn@emnrbyuagﬁ TURrtHES conffiRing R phetladfiticallpicoepBble carrier.
erejin sai ncreases axygen d ery
capa?%l? COIIIpﬁS}tl ghw%fr ?Salqecomﬁ]o% tgl?flg%eﬁ sai d
30 n‘piihm@mppfaﬁf@mxﬁ rclagn Yiylepeain wid dempositED compIbRACKRTEM Hy
37t 0 aﬁ%hoﬁ%mpbgmelﬁﬁg a bl¥8d B@rﬁ&ﬁnﬂtorﬁér@in@aﬁnﬂlﬁﬁ@o Raid mammal a

oot o B et A TP L BTy fpom soco
daltons to atsBurTFad, 06Ut ft@rs snd aeing arleasi @ue cpstrdnringpicte vadreid sadepdieine osty includes a
thiol protec&%gg)éﬁ&ugl{aﬁh%ﬁﬂ %lﬁacﬁgg a:g %ﬁlsaggtl%?%ﬁ%;oa gl:n%hgfhﬁ c.ox1dﬁ gt the cysteine site,
and met hod of claim 37 wherein said mammal is in traunma.
a pharmcItios B9 Scep@ble tdiRerpr epar ation of a cross |inked
%r ot g%?o ri?”llﬁtg %\1} g%,lﬁn gal% \{%ﬁ‘ér%n I?}? prgtelnacegs)] sErl%r%] 8(%1(5 L hl g:;(l:oglpound is a cross-linked
tetrameric keerwelgbiobi n conprising. (a) removing endotoxin froma

3Prep Qﬁ@&étﬁ(gh &t Qﬂtn@k vRGeif £6h RREMLE & ofi-pyloBnid, ¥iitoldgin free, oxygen free

said red bl ood cells;
and stroma free.

40. The method of claim 38 wherein said hemoglobin has been cross linked with bis-3’, 5’-dibromo

ability to blglj ni

free.

salicyl fumarate.
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(c) separating henogl obin by renoving stroma fromsaid

| ysed red bl ood cells; (d) optionally renovi ng oxygen
wo easps@Esd henogl obi n; (e) to a henogl obCTIUS2007/080337
Hgol uf 'i‘edﬁeﬂé?dr"éﬁlg‘é}ﬁg Wreehsawrlﬁwa Bastbﬁ‘?“dPOdg‘?eStbéé‘iaFﬁ‘P& with pyridoxal-

5>-phosphaggr oup for a cysteine of said henoglobin, and (f)

3¢ pa‘ff? l%d%f Q%{EPQJ ORE, W e R §1§m 2 &Lﬂ%&ﬂen%%%sm | ng

group attache a cysteine o enog I'n 53.
43The Preoesskes offlaig) H whegn wﬁéxe@pgid@arS@orleggmqtcmeélemoglobm
445€l e@ﬁ&ﬂetﬁadmmﬁ%m&% samnﬁlbsgrbte@mggmﬂp is @Médt&womw Youp consisting

of 4-pyridy R A GRS TR AR Bty S R DRI gl beny

benzoyl, reradetbysicardbilyd) pHgdrox ghedacyd, ﬁ-lalfB]dﬂybcﬁieXl aktbe@ybénayl ZJé-dinitrophenyl,

oGRS L i AR SIS o 22
mchloroeﬂm)ﬁé‘étn@’%Wém‘y‘lyc%?ﬂnﬁ‘r Ndaékyl f@%f%ﬁ%%@h‘f‘?’?lkﬂ HFIB’I“P*H%
452, 4- TRH tRdthdaQp bieiyd7 Vf'ﬁel:%ﬁ&{ dadﬁhlot }ﬁt)técaiﬁg oGP a@kkboxamidomethyl group.

acet dohydr.ox: :
6, o SO DU S Fe Brerbse B ShBNGH e epRERULL BT
47chl ofhedesthddef tlam7ox13pm Sbulrpympmhnﬂ tmisgerts caydey with a p50 of about 20mm Hg
to about 45hAgyanate, and al koxyal kyl isocyanate. 54. The
process of claim53 wherein said hal gacetanide is
48} ododeteiqdpé claig3’ "T‘ﬁée“bstatﬁic“ég’ém%‘im& sy R EPIgRL dpgstiAn or transfusion.
49sai dThdth@hodif Glb@RC7 Wigrei @idimdrsma elfeeed fith dremi, ideiagelatad conditions,
hypoxia onstES' st| ng of 4-pyridylnmethyl, acetyl am nonethyl,
al'koxyal kyl , triphenyi nethyl, carboxani donet hyl ,
S0acet Vhe mebhndpﬁ Flainh¥1yhsydin sajdrpgmrpa) vesdy blapdotemsipsion.
51/ ?- hyglr Qetidahvg By w}gre@pﬁtmmzsmh tradnsa- met hoxybenzyl

gC gt d I,#C{*}tﬁﬁig R}%ﬂ répﬁghs o%%&gﬂ%lg%$ Xemo globin W%h%glrsgla){lgrgg] Qfobm has a thiol

protecting dddvp-agathbbeta@stgiet diydid hddndzloBin copplidigr oet hoxycar bonyl ,

tertrbut oxyeat BAMNoxid¥réth KepdtloR @R kifing R8Hi0od cell

N- al a(}gxyal ir&ﬁr{% %éoﬁ% te. éep he proceggs of ¢l ai m 52

wher @ n séﬁsﬂlgﬁﬂﬁﬁﬂdbb}oéf‘%ﬂ‘ftl ng group is a

car bexam deartily/hemoibbihpe rd&ﬂ(ﬁﬁl@ SSorf frdih @lidMy&d radedodicélls;

said rocess gytrrr}lg‘gm "Xng, es. a F"ﬁl na y renovi ng

oxyg&h om°BEI2HS YR TR AT RP O pr ot ect i ng

grouf) at t adm@jtotadaelaogigbstt wiutien greagept wiicksprpddds @ thig)Ipoisicting group fora
cysteine of@ghmlogﬁl%g l'i nki ng sai d henogl obi n which has a

prot ect i ng oug attached to a cystei ne of sai

hen*o@? obi ricpatpting biegdich hips a.thig] Wptg?lr\%ﬁw%?tﬁc]geéllt(aa cysteine of said
hemoglobnoxygen S rermved by contactor nmenbrane technol ogy.

H'l]e T cregsco%i?lgl e@élma%e%mﬁs se%@& SJ)IH S%koq?( Icons1stmg of 4-

tetra rc hem) INn 1S non-pyrogenic,
pyridylmetlfyl eléondswlggwﬂfyﬂ%@némhrmﬂwémﬂg (IHGIOXYFPFéhY@F‘G’@éE%" giphenylmethyl
chloride, ac@!yﬁéhmrﬁg IR Lt yAri &2 hdodoaimige, Q&ioﬁbeh&w Eéﬂz;h a8oridel bHnYyl chloride, di-terz-

rotecti roup,att.ached to, a ne ou
o eSS AR AT G S AL o BB O AR 2
dinitrophengkfliooyd, tefralydropimen, a@ﬂlanna’mdlpmmel@se oetark diivnaBRetireribeng, 2,2,2-
ﬁlchloroeth%%cgrbmé)rgﬂl @rt—%%alg%?l éhhgrm«: oallkypfs&;y%te' £ 8o vyl isocyanate.

hed to a cystelne sai d b|n|srm|f|ed
54by r Elaf'c&rw&ff ‘\K/F‘FWI Pyhesrdsgid @lwcm@p}h gacetgide. Tha
55pr OC §hSpradesslf alaii ﬁZwl&EenBdehﬂﬁl‘;ﬁbtﬁct&Q gebup BdelbrtediditbnC®dé frdup consisting
of 4-pyr1dyﬁnc%%'5; ac nrug(()jme C}% l%/f gl%nyl ht%ylpgagoc gac‘rﬁld&];xet rl,aécg?yll:_,)%enzyl,

er ern S are
benzoyl, tensntokysarbpnyd pkiWé@dYI%leriaFﬁ p@ﬂ@towkféﬂzxirm@é@@;iymnznll Zf-Angpphenyl,

1sobutoxynﬁﬁ1yl5%tr!éﬁ}@fo§ifrﬂnﬁ Qil::éjarﬁx@&ﬁ rlbe‘ﬁzdﬁﬁmlt}@b bR- ch&oéﬂ?ﬂi?ﬂfi@b' £2,2-

bi ndi n 0 ni ce or.crarm

chloroet gy pos K RREP R L A0 SHEPFE. NORGULOBTRY AR eSS 06
560Xy g€he @edesswé clgincEpeler dinysaiddBiol pibtectipe ees 5 aghrbeiagidyn§tyl.

r St e81 2 ¢ AR S G TRR sdsfansports
@xygz}ﬁvg/}mg{% l§l€ilAﬁo‘%ﬂ?‘iﬂ\{)out ﬂ%ﬁ%&n Hg ]tr%gg’%ogﬁt 45mm Hg.



67. A nmethod for producing tetraneric henogl obin
wherein a cysteine in sai d hermgl obin is attached to a
wo kiosl3esdt ect i ng group, process conpri siQOr/u§ap7/080337
remo{® ng @ﬁwl&kﬁewmf%?ﬁyaenpff%%i'edaltem@ﬁb@a iish Apsfghiebryotecting group
attached to bkﬁk&ﬁhe(‘gﬁiub%fsa(dl)enioyﬁbxﬁ;ganﬂal d red bl ood cells; (C)
Issrs)zg’?tr Iez% einlfl Iﬂem%/ bm Vlchgl%g Fhloq arotec{lrg égrr]miip agcached to a cysteine of
said hemoghbind henogl ob| n; (e) adding to a heanI obi n sol uti on a

58 eagepd priksC? cﬁfnoyz mlﬁsa&mx%enm Igﬁlecefdlbpgmggcw hefBfan@technology.
cyst ei ne of said ratin

ShenodPoBPis i FErR AR “thfF‘é‘lsa‘B e et REOEP B e PHEHal, endotoxin
free, oxygeh Geandysdéred fie. of sai d henogl obi n. 68. The net hod of

oclai 7
60: ar o ugh A 6?](}3‘,%%3 tf ?fﬁlgn %?M‘%r&l? %Qﬁgfﬂ hléblﬁ G}Ih%ﬁ% O A 1agﬂIth&$1g group attached to a
cysteine greyiplod ng]@hlp@rqrqfé linkgf ﬁ@tp kis %y ﬁé{ltnarﬁ% salicyl fumarate.

61N ( hTQJ[Q&iéEEHIf Bivin) SiCRheddth &1 helb10hie %icﬁﬁisﬂ)’tﬁopﬂ}bt@é‘tﬁlg Eroup attached to a
ceti c anhydr.i, de ﬁcet am de,

I i d
exseine of S siogPRinds MEGROATD TERIS PR SRR | de.
62- t er Thagrydesschif claimbBnatsé wheréinlyyid re(d>b}q@h ec¢ibeyel hujprored dlpod cells.
3/ >- a%g X&?s%ﬂamgw &r5'7 %ereﬂ R 'ie!?l%ég %Q%X{e b%bllng&l ﬂéﬁvme red blood cells.

I'nitrophenyl fluoride, tetrahydropyran,
64aC et Ah§ R:T%?ﬁd)rf 612%%2( cﬁéﬁ éVhGIﬁl@é?lé fférameric hemoglobin 1s incapable of binding to nitric

oxide. bi s- car boet hoxyet hene, 2, 2,2- trichloroethoxycarbonyl
o oot s rE L ey ARt Sl B o B s pyygep deivey
capacity. of claim 68 wherein said reagent is iodoacetam de. 70.
6Th € ﬁfﬁé ]t}@c@ssfo cRin@b23:67 Whbiemehid te%@ﬂng'lctlﬁingélolﬂﬁ Qﬁr%&;rls BQygen with a p50 of
is selected fromthe group consisting of
ab"utzom%Héﬁ?? W BTHY$, acetyl ani nomet hyl, al koxyal kyl ,
67t ri pheﬁbﬂlomfdsrlpyddpclﬁmebmmﬂleiﬁmuﬁywherm etyplejne lireqaizhemoglobin is attached
onyI / 7- hydr oxyphenacyl ,
toathmlpl%%%% L"“}Z e E%Q%S%ﬂg hoxybenzyl 2,4-dinit rophenyl
i sob(® oxy nr@tnhwg endelpyia g BrAGYSRPRE A contgmipe A Rivndselivy | |
benzam doqﬁqﬂg)ghldr&@gogaagoet hoxyet hyl , 2,2, 2-

trichl oroethox rbo tert-bu ar bo

car et o TR ETREBRY Y KT TR B SH e ral St

of cldi m 6ptiaaky &ioxygsestidg tdid Ismoplobihect i ng group i s a

car b@fam %@&fﬁ% Bxlherzgglob-{lhﬁ)]ﬂ%h hed.of wﬁl:l%r%@% amglrﬁét&tmg group for a

sai d process further conprises: (a) optiorually
cysteine of pidrproglPPEx3Aden from sai d henpgl obi n which has” a thi ol
pr ot @gt i NGe@rabitPa Bdniogb@dvHich has £l priorRetingfgrai@iathched to a cysteine of said
henogl obi n; and (b) cross |inking said henogl obin
\ihi ch has a thi ol protecting group attached to a

68y st Ehqzethdd of glaiin 6k beriplstif reageat is THectaddiogle gPuRqoasisiing of 4-

pyr1dy1met§ﬂ m&feeélfbx§ﬁkydclﬂﬁfﬁﬂg,eﬂnétﬁa Mm%m%@ﬁﬁlﬁ&tamde triphenylmethyl

rane technol g thod of ¢l ai
chorde, s LFHTHE 571 PGP HE T BBTER S B SBg 0 Ao oride, ditert
butyl dicarigmatetpehyidroxfphemcyldxongdan pfarterybanrs! dioriderg-rhatimerybenisyl cﬁﬂh@de 2,4-
dlnlnophen?f‘ﬁﬁ&gqe QJtraﬂ:}ld% Waz %c%ﬁﬁ&{yﬁro§ﬁhghalﬂ§ M(Lng mlycameﬁﬁl;xﬁﬁgneaZ 2,2-

roteCt|n rou attac to a cy st ei ne of "said
richlorocABYAGRPBISFHOTS: €5 9UE I HRBUCHIL TV s bty thpyaliot socyarte.
65al i Tyd méthsRdtalain 687\6heréﬂi’|§hld1i9iééﬁlds ofloacdtahite. 72 wher ei n
Z?It SCE c et %do ola% clgu 1 ev%IEeéel}rg ?al(Pthloh : rﬁ CCter Eogﬁ fd sngctgir ) Lﬁ?the group consisting
of 4- pyrldyblyethyéaeettylmnvmthwl Akod ke, - @phmﬂh@@ph aatr@xamfﬁomqthlé acetyl, benzyl,
benzoyl, te%hﬁ%a@gny@ |paiymo§yph@ﬁac l2 pyﬂb&&@rbéﬁzﬁa}b gleﬁl@%rbglzﬂog 4Qlﬁﬁtfo‘imenyl

unman re

ooy BB B A AP P S ol T DGR pg a522
trichloroetio@ycaibagyl lredblab:godbasl, Nealkyf Sarbahing:, aetNralio:ghlkyll caibam8. or
7172 WhGI 8&11%9&%1691?8‘?3\%&9}1 ﬂald i} 5}9@&@9 lgﬁ)upﬁs a%mg;(aagdmthyl
nitric oxi d of claim67 wherem said
tetraneri c henogl obin |ncrea§es oxygen delivery
capacity.

hemoglobin



81. The nethod of claim67 wherein said tetraneric

henogl obi n transports oxygen with a r50 of about 20mMm
WOH00B05 mRD Ut 45mn|—;g 82. A method for produci PQr/as2007/080337
Thenoghobithrdah elewt ¢ whegsjr taid mecessfuthsr epmEiRssyl obin i s

att a(hb] ed toptichidllR khovidi QkRCH B sl BéHugldBih WhidH A€ 8 &Sol protecting group

n d|n to a henogl obin solution a
attaChedtolaéggeénﬁtOfvﬁ% eﬁgoﬁr PV &es a thiol protecting group for a

cyst @) ne cfosslakihghyedbehapiibm wideichag bhid epeactitg gigppattached to a cysteine of
Saidhemog%%qul obi n which has a thiol protecting group attached
a cysteine group of the henoglobin 83. A nethod

73p r od[ﬂ%fi Hefhod ‘E”F'gg%ﬁ TR s ZRRET RO Y GPUHTN mewraae te"hn"bgy

74pr OCH.‘BéSmﬁEHHFHfIthﬁ]@T or(7a whexpinis A &dthiyiericai¥Bs £16ign BXaPFrogenic, endotoxin
Letr rrerl ¢ henogl obi n which has a thiol
ctl ng group attached to a cysteine of said
7 5h enpghobithed dnlding 1) wherds sid Hepielakyn s4icH hiveribigl mobfpeiing gupup attached to a

cysteine of Hl@héﬁﬂgt&gfi 19&05@ higk V3B bive 5%5390r§(a§aﬂcﬁ BlnfagEr i C

| obi n whi ch has a .thiol rotec att ached
76 o o Tk BBl < in EEy BRI BRPRC & T e RO e Soup attached o
cysteine of @xidlBdn@giobinfis @edifiairty r&tcﬁtm’mtlfpfyeéoﬁES -phbspharet hod of
I
7° a:j?}lesyﬁetﬁéﬂrotfgﬁjfm gPém? Ex@% shiff P&&‘B‘ld&g i Qf qﬂpwla %h *bﬁ%li Ee‘hs

rom sail Cross trameric

7 8Th e My mebodsf cleinyfherg3 wﬁlenemﬁ@ﬁ reddigod |C%1lsﬁ§’ b&@a? ?rgoorcme red blood cells.
7Uf f @he BethodldtClaRENQT 2 QhherGin@hidh&Rogldbid i ﬁiéa;ﬁﬂgﬁf Huﬁdui&o nitric oxide.

800&1;;?8 gzho olﬁg]g%% \6helr%rgé(algdd ts%a%%e%lggemocg?obpn%qg €S Oé)ﬁgen %qlvery capacity.
8185 89he rActhngt dioldink 6F wharemsaldigtraanenia hyradgldbm tmeg:@rt@cpxyg@d)mh ap50 of

about 2Omlgl}&qglabq,g dsinPg admini stering an effective amount of
product of claim2. 90, The method of claim$8

82vmer é rpethoddorpradieipe § BemogloRiy wheisirasysteiaT ingpid H?faogloéﬁﬁﬁ?tﬁmhed to a thiol

protecting ireﬁpabﬁﬁprﬁ&@djdoh‘jpﬁﬂﬁg hypoxi a, or isc hem a. 9l The

:CTIOE:‘ h a?alc,l)tmz}(d\é tm a%extnﬁ%glil% % Sl}tlg)g gﬁ%géng%ﬁlf)%&o%ﬁ%?ﬁg&?%%C%gg group for a
cysteine of saidbanioglpb. admmal  suffering froma di sorder conprising

ad M pyst erskiehihOa Bhdd1BRNTHRL 1as £ AP HDlckinRhrduP ARIch&d 188 cysteine group

pr Ot ei haceous iron containi ng COITpOUﬂd havi ng a
of the hem?%‘l dcul ar wei ght of about 60, 000 daltons to about
83. AGHktidForgaddncingsa a_mﬂ linkeditergmetic hep@globinntey ayetesi co@prising:
nmoi et y V\'h}gl{ glﬂ r§r§$\gn%i&§(?%eglf{& ﬂgﬂra%eylc hé}ﬁ(lg%%ﬁlsvv}ﬁchtﬂ% Q{hml protecting

protectln up suc e prot el naceous conpoun
group a%sd@aﬂéﬁﬂwdsﬂéh?mqg}ﬂbt%aﬂ nd nitric oxide at the

cyst ei(pe cobdidkindBdd RenpgBbiCeut i cal |y acceptabl e
84;?2{ gﬁ?‘lg%tg%duosf c!lgurn%) %? Vé’ggqn soafld tétlraar'rlerr?c emo(véﬁ]o%gnevlvhrkhshaails 9 thiol protecting group
attached to@rcp®gnd df pkéknioglobanepo-rivegergd. otrlorpxfree. nd stramatftsd. of

gl ai %leetmf Qialin §9fufnd? %ms%|r&dvﬁlgﬂﬁﬂorﬂy $20880h&d from said cross
endot oxin free, oxygen free and stroma free 95 The
linked tetragerifsgnogiobi@) g m 92° wherei n sai d henogl obi n has been
86T 0S Thd metk@bfiatnn8 biugheéd comipisingdialidignimfeal i cyl funmar at e.

8796 que ; F(bcpog’ %rm Q_J, ﬁhﬁ@r% %%%B&aé@%&l&?&p EJIJ(%Q 'tcﬁarla@n?b hemoglobin.

een no y reaction pyri doxal - 5'-phosphate
8897 Therapkaghesataingchegroduotof glaapsdB rd4s i & henogl obin i s

suMan HerIagh:QRhihg a mammal in need of red blood cells by administering an effective amount
of the product of claim 2.

free, oxygen fre? an%

90. The method of claim 89 wherein the mammal is being treated for anemia, anemia related
conditions, hypoxia, or ischemia.

91. The method of claim 89 wherein the subject is being treated for trauma due to the loss of blood.

92. A method of treating a mammal suffering from a disorder comprising administering to said

mammal a composition comprising a proteinaceous iron containing compound having a molecular weight of about
-48-



98 The nmet hod of claim92 wherein said henoglobin is
bovme or porcine henmpgl obin. 99 The method of claim92
ob@seswssai d thi ol protecting group is sel ectedr/smnT/ 080337
60,000 daltpppéo QWU%)O(S)QQ] daltops arxi)e hyfingpt %aw cdzétf:]ﬁ?,rnmety wherein said cysteine moiety
includes a ﬁﬁ)ﬁﬁrﬂe&mg RESTP kY that @b kR¥AtdeWd condpbilrdmediylea®bddtility to bind nitric oxide at
the cvst 1{) (yiam donet hyl , acetyl, benzyl, benzoyl,
e cysteing stig, 8y ycar bonyl , / 7- hydr oxyphenacyl ,
/| >- a@ehaylxxydsetrpzwaCﬁeXﬁWChmwbenzyl 2, 4-di ni trophenyl
93, SO YLOXVIRS P¥laim bLLARY gaﬁ@;ﬁ&%fﬁﬁ‘ééhus iR %&mﬂgmpmd, is a cross-linked
benzam donet hyl , bi s-car boet hoxyet hyl, 2, 2,
tetrameric hgmoglepigr g et hoxycar bonyl, tert-butoxycar bonyl N- al kyl
o ar banamethoddtdlahh ot %ﬁbﬁ@iﬂbd'ﬁyﬁenﬁ)@robﬁtm{@-p&ﬂ)@enic'[ higlotoRinlfi@e oxygen free
claim92 wherein said thiol protecting group is a
andStrmmqre?boxam donet hyl group. 101. The nethod of claim
9392whdbemethed of clhonPouhaicin srid keaoglobighyghean eretsiligladyvith bis-3°, 5°-dibromo
salicyl fumg@Raci ty 102. The nethod of claim 92 vvher ein said

¢ o BBbLTs TR YRS it e Bt Bt aP S IRPE R pyridoral

5’-phosphagai d adm ni stering is by an inplant, injection or

7t rangt LSl Ak ochPl o7 QE?HEE er) 1081111"‘1’4 e h%&'lo%w sai d

di sorder 1s se rom:t roup consisting o
Y%anenilae math@mfalarr@P?a’f%me &ﬁ*leFel“}OéHEl}l IRAYER PEPOATIRP hemoglobm
9d. scheni ﬁetix&ﬁof-a'&ﬁn eiheen ind ﬁhloﬂjlnme&t% gWhhﬁ ﬁﬁielﬁct&ﬂffrdn the group consisting

of 4-pyr1dy?rg%lgy}l afet gnn‘?lgr%ghﬁ ! eoltxga Aiin %yltniﬁ:&gg f: oxaml ometgél (ieryl benzyl,
benzoyl, tettkbstoawrbotmépalwdthsphe@cVl, Phcgotbenggisp- meﬂ!ewbellé{vl alingyophenyl,
1sobutoxyn%hy[r%9ﬁ}rd%glla§yl a%g%dgln@chmgaﬁgmg(gm&ﬁﬁ'tﬁ@-éla%etﬁ&{ygthﬁr 2,2,2-

onprising adm nisterin thropoietin th
rchloroe Y AT T DTy PP VTGP Th P P R IHCP PG
100S Chant methsd efalage o2 Bierdit Ed’ﬂ(St}nodsplbtektﬁl,g gelup lisgi dagposdntiddogethyl group.
1 1r an%lhe tlo1é>d?' &Q%ﬁ 52@}6}6%04&%’00 %?kq{egies g)zyléa{]deﬂgerg&gacny

I bernation e angnm, uns %\mg
l(éln gmdhe @Pth@cmfakaml 92 yhygein mcqmwaawom @iyaéing’z P &f #pout 20 mmHg
to about4ssfaihql{ d| sor der is carbon nonoxide poisoning 109 The
c 9 erein s Lsarder .is recov
1F: o e Dot THECR et AR Bt T R el genstosion
1@ s orrdemeuh@d cficabe 2 wherou sedd hegder n;geliqqd frofinthe gty gcuh_s@fng of anemia,
anemarelﬁé@éomlﬁ yﬁﬁgg J}ld?@héﬂmgl sorder is sickle cell anem a.

claim 111 wherein said
1%%dmi ﬁﬂl’g{néthpq—fg cjagm E)Qlli Wretnbsagilﬂn@réllayncﬁ_qf}gnna—rﬂétewpllaansafe caused by renal

failure, diaBétéd| ALY chbhﬁfhexlaﬁy SaliablorCHh&@py6l Ed’pamﬁ atH&desE,Ga ﬂgﬁmency, or menorrhagia.

1 (y ndr’l? meth ofkc): aim ?Oél»n%nﬁ]o?ongpfrlsﬁlg ms%ﬁhﬁé’] E%tﬁllhg (j§t tﬁlerapy to said

6od trans
mammal. c| ai m 92 vvhereln said mammal is suffering fromtrauna.

(el Me trh@mPth&d @cm&rﬁv 164 BheheiS Ald 15&%a@§ca§seﬁ bfdhs, QroR¥ )éﬂl@l%mg stroke,
[ very capac nvi ronnent al stress

I S cause
nsint s TS PG SH o O R OF B APSD R cpereing angins, o

infarct. sai d disorder is cardiogenic shock. 118. The net hod of

1(%' ai %%em@@&%a E‘“? gﬁerag g‘ql@aé&@eq asregrbwmggxm LoRShidR

onbi nat1 on Iation therapy. 119. The net hod of
IQﬂ ai rhhgpethed wa@rm b Hpirria F%‘bd%faﬁ*ﬁf i f§‘t°é?ri>’ ﬁf@er YLy d
110aMBlhe alethmmmn dEepRade Bdid mhawmtn,ﬁmdunag@nﬁg 120.

lggledﬁ%%lgi)ipf c?alm pwf?ezrel\rll\@ (5(%I c{r‘de%%lsgc €.CC ﬁ]_ti erl ng to

erm vighats ZatTon Sof Citht ravascul ar
1 ¥pac &he methpd/ef clajiR 11 1 Wveeimsaidpgohingftermg af nyon RGUREyt her

1 80P FiLS hBlod &URYH 6@ FhdrBH s3@hiChrit: QLB ESOMSy dyh@Bme.
cont ai ni ound pri.or éo sai d addnl ni, st ettu 19 to
Ué‘al d T H‘ﬁ'g?d of claim 92 wherein said mammal needs blood transfusio

115. The method of claim 92 wherein said mammal is suffering from trauma.
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122. A nethod for perfusing an organ conprising
adm ni stering an effective anount of the product of
w@b@Bns@s89 123. The nethod of claim 122 wher ei NPGHUS2007/080337
116 d i Hegpeghod ﬁ&di“gl 9&&@@%%1& disprdgy iy he lagl af oxygra dgittepo@Pagtty is caused by
environmen€l &ttt ok pByswhiastredsn sai d admi ni stering is performed

11'?)( V’i’h metho% of cla1me92rr%t ré%dsal‘& disor élg‘r 1£nca1 2 efmlé][sﬁorlF.rai m 2

I SI Ng reoxygen I on sal pro
1 18 The method of claim 92 wherem said administering is performed in combination with radiation
therapy.
119. The method of claim 92 further comprising administering to said mammal an oxygen dependent

pharmaceutical agent.

120. The method of claim 92 wherein said administering to said mammal permits visualization of
intravascular space in-vivo.

121. The method of claim 120 further comprising reoxygenating said proteinaceous iron containing

compound prior to said administering to said mammal.

122. A method for perfusing an organ comprising administering an effective amount of the product of
claim 2.

123. The method of claim 122 wherein said administering is performed in-vivo.

124. The method of claim 122 wherein said administering is performed ex-vivo.

125. The method of claim 122 further comprising reoxygentation said product of claim 2.
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