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relates to a nethod for the preparation of a heat stable
oxygencarri er-contai ni ng pharmaceutical conposition and the conposition

mage tyd i al so relates to the use of the
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the respiratory systemb5 to the body cells via blood circulation and al so
carryi1 Phe metabolic waste product carbon di oxi de away from body cells
to the respiratory system where the carbon dioxide is exhal ed. Since
henogl obi n has this oxygen transport feature, it can be used as a potent
oxygen supplier if it can be stabilized ex vivo and used in vivo. [0003]
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20 [0001] The present invention relates to a method for the preparation of a heat stable oxygen-
carrier-containing pharmaceutical composition and the composition' made by the process. The
present invention also relates to the use of the heat stable oxygen carrier-containing
pharmaceutical composition for cancer treatment, oxygen-deprivation disorders and organ

preservation for humans and other animals.



15 [0004] In order to solve the problem recent devel opnents in henogl obin
" processi ng have incorporated various cross-linking techniques to create

i ntranol ecul ar bonds within the tetraner as well as internol ecul ar bonds
between the tetramers to form pol yneric henogl obin. The prior art teaches
t hat pol ynmeric henoglobin is the preferred formin order to increase
circulatory half-life of the hennglo@ n. However, as determ ned by the
present inventors, polyneric henoglobin 20 nore readily converts to

met - henogl obin in blood circul ati on. Met-henogl obin cannot bind oxygen and
theref ore cannot oxygenate tissue. Therefore, the cross-linking taught by
t he prBaskgrappd phlapventiises t he formation of polyneric henoglobin is a
problem There is a need in the art for a technique that permts

i nt r artB?at Hempglebio Py ak impprtant tofeciatreost vertsibeatasdor gasequs evghakgeuhetvins

si mul t aneous formation of polyneric henoglobin. 3 [0005] Further problens
Wit h ttheevaselassysigm and tissweptisistrespensittié for pamiienaykobirom thsctspiteoryrsystamt i on of
tetrameric henogl obin that includes an unacceptably high percentage of

di er teithiet bpdytchlds pinddendcarcokticti ansk asoredceying the nivtaboli¢ vhste prdngowirttonon
unsatisfactory for admnistration to mammals. The dinmeric formof the
henogldiiside avap fwaubelyselle tethe gerplratony systgm| where thmmabdnadiof@oByexhaled.s r enal
injury can be severe enough to cause death. Therefore, there is a need in
t he - aSince bernogetiie hastthib lorygen tragsper faatung ntogh Ob hsedws & potemdeygotsapplier & meri c
formin the final product. [0006] Another problemwth prior art

henoglitaki he patoidaed s vive aral wedlidervoi ncr ease i n bl ood pressure foll ow ng

‘adm nistration. In the past, vasoconstriction events have been recorded

f r om @092} Ngeréiy-atduaingobenvegabid &ha methase svhivkyig enwalyr stahis whboprdsagt ance,

t he Hermopure(r) product 10 (Biopure Co., USA) resulted in higher nean
anver wathinpree & eclls 2 Bo®eveanHghenotandflbp-bucgiiiap halneglokin ipateded Gotheedbasel i ne
(96 10 mmHg) as disclosed by Katz etal., 2010:. Prior attenpts to solve
thi s proodten) ihescemeLirs@Blec Oipissthd MIApIVE it RGN B Hith@s. [FRAC tMdsé BinkeoRgl obi n
sul f hydryl goups, allegedly to prevent endotheliumderived rel axi ng factor
from Bigaekimtelyo3ot 92 FUMbIBMAL iSO URSse HRMRVIREy cdube sibs@nttl réhil fjygr v

treat ment adds processing steps, resulting in added cost 15 and inpurities

Whi chomuts Hiltded tadu2h theRMEE oht eRthe NBEDaRRivh SORP AtlankPOinkagbWkot here i's
a need in the art for a process to prepare henogl obin which wll not cause

vasocaiativelCinpabs Badufiitdbilkl 09He RIeSSHAl RermRfBiARRIEBHicho @ manmmal . [0007]
Further problems with prior art attenpts to create stable henogl obin

i sl URROINE RESSENSBVOfhe HrOBIGh N rdcBR WelvilbfiRertl f haRodiIsPR PRGEQR L.t hat can
cause-all'ergic effects in mammals. 20 Therefore, there is a need in the

art f gkoBomle® $85shs MG G AR (DERGIE & SEADItratBleb ABohSs AP & qbi-fnaid t hout
protein inpurities. [0008] " In addition to the above problens, there is a

need Mwding idkindiQhiaP il BlivkaPtle tRbRBTRS imBIRALRLR AL T gider Tree,
phosphol ipid free and capable of production on“an industrial scale.
Sunmey,y tefhed ﬂl\é@ﬂ)tlﬂfrf?é}ic hemoglobin is the preferred form in order to increase circulatory half-
life of the hemoglobin. However, as determined by the present inventors, polymeric hemoglobin
20  more readily converts to met-hemoglobin in blood circulation. Met-hemoglobin cannot bind
oxygen and therefore cannot oxygenate tissue. Therefore, the cross-linking taught by the prior
art that causes the formation of polymeric hemoglobin is a problem. There is a need in the art for

a technique that permits intramolecular crosslinking to create stable tetramers without the

~ simultaneous formation of polymeric hemoglobin.



[0008a] In a first aspect, there is provided a nethod for the preparation
of a highly purified and heat stable oxygen carrier-containing
pharmaceuti cal conposition, the oxygen carrier-containing pharnmaceutical .
conposi tion including henogl obi n, the henogl obin consisting essentially of
nonpol yneri c cross-linked tetraneric _henogl obin, the nethod conprising:

a) providing mammal i an whol e bl ood iﬁ%luding at least red blood cells and

| asma; b) separating the red blood cells f.romthe plas in nmal i an
ol 6 [d90SURAHEr problergy with Fherios grotEmp e BRI TP E LB p b el o o

fromthe plasma to obtain a filtered red blopd cell fraction;. . d)
washi AfteAaerq hemagiebin gt Hichyss e upacerRiy %ﬁﬁtpﬁrcre‘étﬁ%evgﬁglflgg MRS58 ei n
~inpurities, resulting in washed red blood cells; &ﬁ%'disfu Hing t he
washedresaee bf doeere arakes By hemolobins eompoditier Ay hipp S EE ‘%}‘g i for 2
to 30 seconds or a tine otherw se sufficient to lyse.the red blood cells

i n anmamgalnThedimsrig §9rm @@%P%%OW%C%?%’&%&&%Q%&%I?W}W Foh PRt g  a | ysate
of disrupted red blood cells at a flow rate of 50-10001/hr; . f)

ped f obedynthisirenal injgry 6an boseverRsIRuEhio Favskdeall ﬂgFfF o5 tisre s adevihilithe #ht ent at e
fromthe |ysate; . 0g) extracting a first henoglobin solution fromthe
| ysat o create stable thfyamrsic hempglakjn avithjupdsteciable diperic fpag ndhe %?%B@Q%‘ft- usi ng an
ultrafiltration filter configured to renove inpurities, havin hi, gher

mol ec[A086] Awsithen tprotiem witnpatront emeglpip tAERduCtE dingy B1ddeRy IWWng’s g’éf‘ﬁﬂl

resi dual waste retentate fromthe first henpglobin solution to obtain a
secongretserediglioving administrition; In the past, yasogeastigionienels hyaLEmJERpRdsSrn

chromat ography on the purified henogl obin solution to renove protein

i npur bideregenerad@n of hemogligbjn peed oxygen gamieseEomidstaricer the iHemopue@rprpfddess
using an ultrafiltration filter configured to renove inpurities and to
copceibpkechhespy rishiteinegieg e Brigial plebsor; (124 £9 mnit)g) or 88%-Highwki ng at

| east a-'a subunits of the henogl obin by bis-3,5-di bronosalicyl fumarate

Cr 0SS NG 3 0l ME b8l o6 211508 %s kst o) KBk abiotb. nerfbr dagiygenat ed

envi r onien erein 0Ss- henogl obi n i s nonpol yneric
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to maintain a |ow | evel of net-henpgl obin; p) renmpbving precipitate
by a bighblopd prgestreothes pelieditp @ apparatus to forma clear solution;
and '

[0007] Further problems with prior art attempts to create stable hemoglobin include the presence

of protein impurities such as immunoglobin G that can cause allergic effects in mammals.
20  Therefore, there is a need in the art for a process which can produce stable tetrameric

hemoglobin without protein impurities.

[0008] In addition to the above problems, there is a need in the art for a stabilized tetrameric

hemoglobin that is dimer free, phospholipid free and capable of production on an industrial scale.



g) adding the purified and heat stable cross-|linked tetranmeric henogl obin
to a pharmaceutically acceptable carrier. [0008b] In a second aspect,
there is provided a highly purified and heat stable oxygen
-carrier-containing pharnmaceutical conposition conprising henpgl obin, the
‘henogl obi n consisting essentially of nonpolyneric cross-linked tetratneric
henogl obin formed -by the process as defined above. [0008c] In a third.
aspect, there is provided a nethod for the preparation of a highly
~purified and heat stable oxygen carrier-containing.pharnmaceuti cal

conposi tion, the oxygen carrier-contaf#ni ng pharnmaceuti cal conposition

i ncl udi ng henogl obi n, the henbgl obi n consisting essentially of

"nonpol yneric cross-linked tetranmeric henogl obin, the method conprising: a)
provi di ng manunal i an whol e-bl ood including at |east red blood cells and

pl asng; Sgﬁm§%g§qghhﬂglthe red bl ood cells fromthe plasm in the mammal i an
whol e bl ood,; - c) fllterlng the red blood cells that were

separ at m to o action; d)
washi ngﬁjg%% ?’?T’%‘éf 3@'86 ﬁ "OF §59'€ %F’ ?Jaijgllt&lg %‘Ex?ﬁg@i\/@@%{ asiriggd %{dot ein

i npur i thsasstabreeﬁygeh|cmgemnmsig@dame®uﬂmati@dlp@séll0%§he oxygen Caé“)ef'éﬁ“%ﬂﬁlj’fﬁt ing the
washed r.ed bI re d yysi s for 2
o 30 SEBROMIERE) rprhiem el BaR B LIRS e A S col 1 <
in an i msbalnberic ptos-inkediciappaic Atrgglabiy, be wathed cAMBEINE i on conpri si ng a | ysate
of disrupted red blood cells at a flow rate of- 50-1000L/ hr; f)

- performing fa providing mammeliaewhnieblaed indeding shlepstied blapr els pacep! WhSt e retentate:
fromthe | ysate, ‘g) extracting a first herog) obin solution fromthe.
lysate; b)scp@atpericediblogd cells ifomithaplasmafn hamapmabian phefe 89ed: usi ng an
ultrafiltration filter configured to renove inpurities having a higher

mol ecul ar . e) fijteting thamedtéoraipeBbihat wape feparetibfrony thpplosmatapbipinadiedspld
residual waste retentate fromthe first henogl obin solution to obtain a-
second Hiexegl faition;sol ution; - i) performng flow hrough col um
chromat ogr aphy on the purified henmpgl obin solution to renove proteln
Jdnmpurities;dj Waslhﬁfgftﬁé Hiltegd ared elvot cbell | tactini t trenadve griesprequetsis mpunitgs.an _
uhraflltratlon filter configured to remove |npur|t|es and to . concentrate-

the purgésmtaglmhmmlr@dmaomligt i on;
&) dlsruptmg the washed red blood cells by a precxse and controlled hypotonic lyszs for 2
1o BOrseconds or a time otherwise sufficient to lyse the red blood cells in an’instant cytolysm '
apparéﬁzs- to create a solution comprising a lysate of 'disruptec-i red blood cells 2t & How rate -of
50-1000L/hr; | |
f) performing filtration t-o remove lat Ieast a portion.of t_he waste retentate from the lysate;
| g) extracting a first hemoﬂobm solution from the Iysaie |
" h) perfonnmg a first ultrafiltration process, using an ultraﬁln'atlon filter configured to
~ remove impurities haymg a hlgher molecular weight than hemoglobin to further remove any
viruses and residual waste .r'e'te:ntalc from the first hemoglobin solution to obtain a second
hcmoglobin sohrtion;
i) performing flowthrough column chromatography on the purified hemoglobin solution

to remove protein impurities;



k) cross-linking at |east a-a subunits of the henogl obih by
bi s- 3, 5-di bronosal i cyl fumarate cross-linking solution to form
cross-1linked henogl obin in a deoxygenated environnment wherein the
henogl obi n is nonpol yneric cross-linked tetranmeric henoglobin; 1)
exchangi ng a suitabl e physiological hyffer for the cross-linking solution
; m renoving any residual chemcals by tangential flow filtration;
n) heat treating the cross-linked henogl obin at a tenperature of
_appr oxi nmat e/ 0.Cto 95 C. S Qsiaf 6h Diatliapibd filic carfigured o doade .
non- r eact e_d)_% k%ﬁ?%ao?eﬁqng’ﬁic%%@?%{bﬁczesd hgrm'gl obin 4c (dirtier) and any
other protein inmpurities sueh: thatit:hesul ting heat stable cross-1inked
t et r at'RBIHHES Wgﬁ%r%?%ﬁﬁetﬁ%gﬁggd%ndgfeict abl e concentration of dinmer and
consists essentially of nonpolvaeri€qerRasedbinnisesisbStditdmisilzyhnmagicobi n
and i medi & 8?‘-’?'%’8&% oa"_‘gﬁtﬁr OXI Prigt ely 2g15 C 0) addi ng N-acetyl
cysteine imrediately_follow ik At dohgechiel Gliesamhtivhiseth teatsamer i
henog| &W-HEkRg Sﬂ]ﬁ'i“?’?tt%foﬁ“ gofsgawﬂ%eh\?glﬁélg‘% net -eﬁ%%mgl obi n; p) removing
precipitate by a centrifugatior ddcthERdsloBR; apparatus to forma clear
sol ut ilgked hemogiobin ’tﬁ)’orﬁﬂﬁflﬂ%_cﬁg%ﬁeﬁ?&eé “d heat stabl e cross-1inked
tetranmeric henoglobin h Cgﬁgl St dCdt bs-BRGRRLRBbE carrier. [0008d] In
a fourthragﬁé@g‘?gl?gﬁléf“@g@?%ﬁ?’éo ed a highly purified and heat stable
oxygen carrier- containj - i lio® 8RR@E] tion conprising '
henogl obi nﬁ)fwvﬁﬁﬁ@’d?sbdb@gn;h%g%%l S %ﬁ% essentially of nonpol ymeric o
~cross-linked tetrameric_ he Qb Reidues WeE daydehfedpinoeaasntas daehirned above.
[ 0008e] | nhhe F?Br?n%éhﬁecﬁ%s.?ﬂ{ﬁ-%lei?%h?gs provi ded a nethod for the preparation
~of a hi-ghly purifijed and: - € AXMEsNizEakdmogobis qUitnad) nind gy other
phar nﬁ&ﬁg@f % &1 &5 #?'f%%;g@ %I%&ggo?;?@en carrier-containi ng pharmaceutical
conposi ti.on ingl udi ng, he %%Pd.n'  hla Srabie NRG-Biked) teQASHS hintgldRskatinal | y of
. nonpoIPWiI‘BPWB%é"fﬁ%i ‘ﬁ%e{éggje raﬁer'i ¢ herogl 6bin, the method conpri sing:

a) provijdi ng manmal i.an L.e ik elatdlngr adnpdleastc desHittedogrameid s and -
pl asnﬁ‘f‘éeff’fmgﬁﬁﬁ?‘?ﬁlfhaﬁﬁn fﬁqﬁe}%relgéﬂbﬁ%%é cel | s?‘r om t he pl asma in the nmanmalian

- ~whol e_bl ood; c) filtering the red blood cells that: were separated from the

- pl asmgep ain a filtered red blood cell fraction; d) washing the
filtered red, plood ookl blalhiAlliddy Rammie kiasaep it eosslitied uetaies,
resulting I hed red ood cells; o . : -
hemoglobin to maintain a low level of met-hemoglobin; _
- -p) removing precipitate by 2 centr{ﬁjgaﬁon or a filtration apparatus to form a clear solution; and.
q) adding the purified and hcat stable cross-linked tetrameric hemoglobin to a pharmaceutically -
acécptable carrier. '

f0008b] In a second aspect, there is provided a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition comprising hemoglobin, the hemoglobin consisting
essentially of nonpolymeric cross-linked tetrameric hemoglobin formed by the process as defined

above.

[0008c] In a third aspecf, there is provided a method for the preparation of a highly purified and
heat stable ‘oxygen carrier-containing pharmaceutical composition, the oxygen carrier-containing
pharmaceutical composition including hemoglobin, the hemoglobin rconsistin'g essentially of

nonpolymeric cross-linked tetrameric hemoglobin, the method comprising:
a) providing mammalian whole blood including at least red blood cells and plasma;

* b) separating the red blood cells from the plasma in the mammalian whole blood;



- henogl obiw 30 kicoms @b anigierngheawist FuBaimé 1%

e) disrupting the washed red blood cells by a precise and controlled
hypotonic lysis for 2 to 30 seconds or a tinme otherwi se sufficient to |yse
the red blood cells in an instant cytolysis apparatus to create a sol ution
- conprising a lysate of disrupted red blood cells at a flowrate of 50-1

000L/ hr; f) performng filtration to renove at |east a portion of
the waste retentate fromthe Iysaté? g) extracting a first .
henogl obin solution fromthe |ysate; 4d h) performing a first

ultrafiltration process, using an ultrafiltration,filte g ed to
remove i Npuri §ices;hand RdbBodicitnt wint ST f’%iﬂ'&rﬂ”?‘ﬁtéon tag’?r%& obin to
further rem)vg any viruses and residual waste retentate fromthe first
henogl obi, Hﬁaiﬁf? .to obtain a second henogl obin solution; i) :
perfornihgmag% H%Ugh col um chromat ogr aphy on the-purifiedhggﬁﬁggobin
oPtiatiTtie r@"%‘éﬁm%rﬂ%t Sidied PRWI6d @4 fraction To remoye plEsTR PRIHY 2P secdnd
~ultrafiltration protess using an ultrafiltration filter configured to
renmove inpur.ities and .t Qpgentrate the purified henoglobin solution;
k) crossggﬁﬂﬁgﬂéngﬁgg§§¥ﬁa-a subunits of the henmpgl obin by =
bi s- 3, 5-di bronosal i cyl fumarate cross-|inki. HiduedniRechRn s for 2
cross-1inked E)&iiﬂ:g)ﬁng)ﬂxnwhsheéreéé@?%% Qiféaregl%?n?g!r)ment V\#]pear ei nygt1 he
cross-|inked henogl obin is nonpolyneric cross-li A Lely RaBE icbtolysis
H?Ei%ﬁ%&%@gﬁggiﬁ%%ﬁ Forcﬁﬁg ~ '
cross-linking solution ; in) renoving any,residu o Cal, so0yedcaypgent i al
f1ow fil tpadn@ns create a soljonacbeiprigng\e HEee 9¥ dlw@?dg‘ie&élpt%@%@?eﬁé?é’ssrﬁ inked -
tetrameric hemogl obin and heat treating the cross-linked henoglobin at a
t enper at wupgof@PpProxi mately 70 C to 95 Cin a deoxygenated environment to
denature and precipitate any residual non-reacted henop Ioﬁ%n Gsdter o
non- st abi i_z‘eﬁ hepmak abiafiod diremovk atlnait apAFHORoh B BB TETHY RPeEE sich
that the resu Pi"ng heat stable cross-Ilinked tetrameric henogl obin has an
undet ect abl e @Qgggmgg@ﬁgﬂﬁmggbﬁhsﬁemmdwuﬂbb%§¥%ts essentially of
- nonpol yneric Tross-11nked tetraneric henogloebin;, - - %i adgégg ~acetyl
cysteine i mmﬂ;%}igﬁﬁ{ng sk WihGitadad procses tusing 8 pitrafimien SR Sneri ¢
henogl obin to intain a low | evel of netfggmnggl(%%gwgde&éyﬁgovi ng
precipitat YrnBurkt i: £ UD B dh&méleculer faeldht &ed opm ' cl ear
'solution?xéﬁg _ EQ%%?Eggdﬁ%g the purified ;;gégﬁgﬁﬁstgPH%ﬁgkgaf-linked
tetraneric henoglobin fo.a phatTBealhs dadt hem selpticn Bap a-see
[ 0008f | VRS gf'c)g{%aggpect, there is providéd a highly purified and heat.
‘stabl e oxygen .carri.er- containing-pharmaceutical conposition conprising
heanIob?%@OQ?EP?éﬁ%ﬁﬁlobin consi sting essentially of nonpol ymeric '
cross-|inked fetraner ggo 9l Sl dhRniRsrayy bhibe prafedsemaglobieSPHE above..
[ 0009] The pr Q%rfﬂrm{ﬁg "osure provides a nethod for processing a S

nonpol yneri ¢, heat. stable
' 1o remove protemn nnpumtles,

j) performing a second ultrafiltration process using an uitrafiltration filter configured to

rernove impurities and to concentrate the purified hemoglobin splutwn;

jk}' tross-linking at least a~t subunits- of fhe hemoglobin by bis-3,5—dibromosalicyl fumarate

" 'cross;iinhng so]utibn to form cross-linked hemdgiq'bin in a deoxygenated environment wherein the 7

hemoglobin is nonpolymeric cross-linked tetrameric hemoglobin;

I) exchanging a suitable physiological buffer for the cross-linking solution ;

m) rerhoving any residual chemicals by tangential flow ﬁltation;_

n) heat treating the cross-linked hemoglobin at & temperature of approximately 90° Cto 95°

C to denature and precipitate any residual non-reacted hemoglobin, non-stabilized hemoglobin



purified cross-linked tetraraeric henoglobin suitable for use in manmal s
W t hout causing severe renal injury, vascular detrinental effects and
severe adverse events including death. The present disclosure renoves the
- dimeric form of henopgl obin, uncross-linked tetraneric henogl obin;
phosphol i pids and protein inpurities. Additionally, the present disclosure
uses (1) an instant cytolysis apparatus for precise and controlled
hypotonic lysis, (2) a fiowhrough colum chronat ography, (3) a high
tenperature short time (HIST) apparatus foriheat. pLAcesinged igRemogl obin -
‘'sol ut i Ghiméen anchanypasher ot 1%“18?50%@%%3&%65%% t he undesirabl e :
non-stabilized dinmers of henobglobin and to rer LOe POk EhdhphifRkd ti es,
f or - exammgbbimasrmgindtsictsbls, coagEPERLD ?feﬂfaf" ?“ﬁj"%%s?s ng%l clgllrbgrr def r ?}r%ent al
effects and other toxicity reactions can be avorioggn%eéﬂl_\dd@ an air- -
tight rofsdikahtebanpripackalibinand smedrgy GTER PROFISION " nto t he product .
[0010] The nethod includes a starting material of - nammalj. ood
i ncl udi ng ad) Adeiag N-acetl dybtoind im@pcllstela%eﬂoa‘li%%gﬁﬁ? m‘ﬁé 50 @gﬁeﬁi sgge‘aa‘?‘é‘l?‘l,
separated fromthe plasma in the manmal i an whol e bl ood followed by
filteridiholdBinabtintira bw ldvel efonat-bemeglddd cel | fraction. The filtered red
bl ood cell fraction is washed to renove plasma protein inpurities. The
washed red bl ood cells are disrupted by a robdegeh (D YR@ta0de€ sdlysons for a
- tine sufficpeahoting pryeptaiedy %‘F%B%lg@@m ‘5‘\?\?lt%\r%{(g)‘it}taﬁlL ysing white blood. cells
in an instant cytolysis apparatus at a flow rate of 50-1000 liters/hr.
Filtragdggon is perforned to renove at |east a portion of the waste
retentate fromthe lysate. A first henogl obih,sol E.I an.i 6 tohactigdaf rom
t he |ysat e.'%)[ Q@didd e f purisied ubndr HE4L) stable Bﬁ?ssﬁlp’(g%&e)stg | sﬁf)efe ormed using an
~ultrafiltration filter configured to renmove inpurities having a higher
nol ecu{gﬁ;my@ﬁ@anyﬁda@mblmﬁ&neri c henogl obin and to further renpbve any
viruses and residual waste retentate fromthe first henoglobin solution to
obtain a —second henpgl obi.n salliti Boniy Hlendihnhe ke saigé uxpgerceremat ogr aphy
~is perl @B oiRuEhEPEECEHY Ish%r%g%ﬁldoébj %‘ )sf-g)l utiqn ﬁjo_ remve REALeLD '
y WpU”oBﬁt@i%iﬁé%ﬂiﬁﬁdc@ﬁhﬂﬂﬁQiWﬁﬁ% eamprighs SSAEEP LS IEPPE I & ond -
“phosphol I pi d-free henogl obi-n .5 L@ hembeioBif tontled byttheadricessaaddtiosr pr ocess i s
perforwlﬂﬁofﬁ@pﬂ%?b%é 3 %ﬂ(g ree hermgFobi n solution using a filter
configphed to renmove inpurities resulting in a concentrated purified _
phosphol i pi d-free henogl obin solution. [0012] At lre%s]'gﬂ thﬁi g adsubuni ts
of  t heogugtj ifaathnhessogthediinpravidedor oakod fpritbe aopy2isn 8L 3182 BY'BIGbsal i cyl
- fumarate to form heat stal SGitidaNRthobIRdID Bk 0kyetn Wirfdnoerttaitig f or mati on
~ of polhywstle %&??Béﬁﬁrfcﬁn%lt%%pgﬁglt the nol ecu!gfhi wei%%t of tg&rolesul_tant
NON PO ghamiabuti Gl GsSpdsitioh sutladiter bamoe|obinh SfoRPEBIOA™ €Y 8 78" 2" The
expressi on "nonpol Jofam RS heRSIbbe i infdthotl edngirising:0 10 tetrameric
hermogl BBP I’t‘ﬁ’?ﬁt‘:‘pofssﬂ/n%g{{eﬁaﬁrt}er nol ecul arl'y cross-linked with other henogl obin
- nol ecul es or any other. non-he | ghi - | 8GULES HstaReBSndPEESmad -sui t abl.e '
physi ol ogi @apromnma@mémﬁogﬁg@g%@%ﬂﬁ%% ered saline (PBS), |actated
Ri nger's solution, acetated Ringer's solution, or ]_'ria@ bgiofgr i s exchanged
~for the cr ogsselga}dalmgdjetrﬁtbn@d@hfrdneﬁhDgla&mH‘.th%&??mf‘%léaf’ g¢ P¥R%ni cal s. are
‘renoved usiAg tangential -flow filtration. 15[0013] Following Lhis
procedure, §NgeRro8s Thd Bbarcdie tngivelsi sepirateh &am-the RlaFHdo 18 lraedisd
resi dual nor%-cross-l i nked tetrameric henogl obin and any non-stabilized:
henogl ghi fqr..exanpl e the dinmeric form of henogl obin, and any ot her
protei @O‘:)d:r%egrﬁ%tctlug?é(. Prior to the-heat treatnent N-acetyl cysteine |s
optional l'y @dda%?in%{heqmg@ﬂ(;&rﬂmcﬁtdemIﬁ-a&ioxﬂppﬂm)vb phsed propinigpERicsjgsuling
cross-1inked 1€ rameric henogl obin to prevent formation of met-henogl obin.
I medi ateI.X 20 %]old'o i.ng heat treatnent and cooling, Nacetyl cysteine is’
added BV EIRLRRY A Ton of approximately 0.2 %to 0.4%to f;r.tr%eryg%revent
formation-of met-henoal ahin.  fihg: beRbytar wadisand cansrofiddiypriait Yysi 17
d Bl
terrperaturee,)s%g‘fpttmggpﬁg%%\%gg%nent condﬁct ed at approximately 70C to 95C for

| ? Sr iggé’oné’e%oéd‘s’ .3, Nour s wi.t N SRS EAUERHEARI BIaG ctlis iR Bstaknyiopsiecppraiat s

to creaté a solution comprising a lysate of disrupted red blood cells ata ﬂqw rate of 50-1000L/hr;

f) performing filtration to remove at least a portion of the waste retentate‘ from the lysate;

i obi i - th lysate;
o) extracting a first hemoglobin solution from .e '



6 during the heat treatnment are renoved by centrifugation or a filtration
apparatus to forma clear solution thereafter. [0014] The di mer-free,
phosphol i pid-free, protein inpurities-free, heat stable,. nonpolyneric
cross-linked tetraneric henoglobin is then added to a pharmaceutically
acceptable carrier. 5 [0015] Theregfter, t he heat stable, cross-Iinked
tetranmeric henoglobin is formulate dand packaged in-a custom nmade and
air-tight polyethylene, ethylene-vinyl-acetate, ethylene-vinyl alcohol

(PE, EVA, EVOH) infusion bag. The packagi ng prevents-oxygen contam nation .

whi ch | En- , i o j i - The heat
R S R B o S T
10 usgd, gfﬁe% m%}ﬁgr% 3 %f,g@g@ﬁ%;%gggg@ GRRSHLRA %oumhaswgwk&mng%q%oa'g rect al

cancer, ca Iver-cancer, nhasopnar

and esophageal cancer. Th chani.sm for destrtoying .cancer,.cells is to

i mpr 0\535%8%%%%‘??%6 %?m_gﬁ%ﬁ_ sioglapin sokitio Fgo Oc%;%ahnaﬁy Stef:%ﬁ?w]? QbR MERFranci ng
the sensitivity towards radiation and chenot hera ic agents. The heat
st abl e croQ§@¢¥ e ?ﬁ%mhgﬁﬂﬂgﬁ%Fﬁwﬁ’- ﬁ@gﬁﬁégan%%ﬁubﬁgg@Pﬁétion of
organ tissue during.transplant or for 15-preservation of the heart in

si t uatMONSPRIFEYBPEHESe is a | ack of oxygen supply in vivo, such as in an
oxygen-deprived heart. Brief Description-of the Drawings [0017] FIG 1
depi ct's t Hé PERYAMEE iSeForG GliehlBuen prpqsss smg ran Hlraidiraing %#éwgﬁswmq 20
[0018] FIG. 2 is a flowchart depicting an overview of the process of the
pr es dRTOYEHIPHE g5 and fogonconiraty e paificd hempglpRintqlufiogepi ct s an i nstant- :
‘cytolysi's apparatus used in the process of the present invention. [0020]
FIG 4 dep) @bss-likighatnesi @o@begts|of Gidihemogishanet bigs Sndtombaling fsnda¢ ()
non-heat -treated cross-linked tetraneric henpglobin, and (b) heat stable
CT OS Srodsk Ik sbRESPITH i crBQIREE LRI 100 i B dBAS et EARABEman: 'af?ng% ttf‘éaat ment
at 90C for 45 seconds ‘to 2 minutes or 80C fof 30 mnutes. [ o1 “FIG. 5
den! &b IRIELIEREREAY: doBfli 7Rl IRARAIRBAEAGRLE S - VD) anal ysis | or

the heat stabl e cross- tetrameric henogl o 5[ 0022]: FIG -6 shows a

circular lj i S : ' s f.Qf . RuLLfi ed henogl obin

ol uti on SeSPRRE L REEERIRMA AR KR Rl Bl 0 OD B [ 0023]
FIG 7 s n_inprove t of, ox nad. b.n.normal tissue. |Injection of
0. 29/ kg E@%%msf%%F “%FH%ESIFM %§y¥%§?§%%$§€h éﬁ%@lobin solutionjresults in

SO 3 NELSAE I he RS R A mALAEA SONESRL 8l Ly (°)

oxygen- del'i ver , I cant -1 ncreas oxygenation is’

b d for _alonger period of {i aLes Wi b L:he ;pl asma_bemogl obin
eve S bl R Ps  Ba R S B R T o ¢ ¢ umor

oL B AR ST TSRS, DAL ot ver

,t ° th,theno %gidn 7'(%%%17)%%8 Kan? %ﬂn%ggrgfemcﬂguﬁg%rsﬁéhntgat e(rlg's\luﬁglcg:) hezl(tesrt]a%ger c%gsts—'

linked tetrameric hemog]obin has an undetectable concentration of dimer and consists essentially a

of nonpolym.eri‘c cross-linked tetrameric hemoglobin;
0) adding’ N-acetyl cysteine ﬁnmediater following heat @qéting' the cruss'-iinkedr
tctrameﬁc.hembélobin té maintain 'a io‘w jevel of met-hemoglobin; B
9 férnovipg précipi_tate b'y a ?:ent’riﬁlgaﬁon or a ﬁltration apparatus 10 fomi a clear
solution; and | 7
| q) adding the p_uriﬁe’d and heat sfable vcross-iinked tetramé:ic hcxhoglobin to a

pharmaceutically acceptable carrier. -



[0025] FIG 9 shows partial tunor shrinkage in rodent nodels of (A)

nasopharyngeal carcinoma 15 (NPC) and (B) liver tunor. [0026] FIG 10

denonstrates the nmean arterial pressure changes in a rat nodel of severe

henorrhagi ¢ shock after the treatnent with the heat stable cross-1inked

tetrameric henoglobin. [0027] E¢G 11 is an elution profile for

fl owt hrough col umm chronat ography; the henogl obin solution is in the

fl owt hrough fraction. 20 [0028] FIG 12 schematically deqpi cts. a

f1 owt hrough CM col umm  chropBiaar 2Rty pysficd e stehle PAEM Y58 i on for an

i ndud@GGsH| Insg & aé‘ﬁ?@tréhtl on. [0029] FIL.G oég’biﬁ,sthé‘ LS G BsH iconsBeqy ction of an

appargfdising S@emfaedutitdT STmpreisien tCP@%HSWén‘{?mp ocessing step. 8. [0030] FIG 14

demonstrates the tenmperatige t%&fcﬁ&&rﬂO@Obih@ﬂFﬁi@F%ﬁr%??8§§? appar at us and

Cthe tesyeatiallyREPNPYYPRRSVE unst abi | i zed tetramer (dimer) in the system at

85C ajpgy90C of the present invention. [0031] FIG 15 denonstrates the

rate of met-henoglobin formation in. the frmB@aChangatle 90C in the

STS_T ;nggg]es%g ﬂgsegtp?mrofafrm%@ﬁes ]E:Inahc?‘%%‘? Prf‘(“fg%%a%g?ll%y 16 is le ; ;Qlenati c _

epi ction of an infusion bag for the heat.s GhiRabcahiiing @fbefet raneric

henogL,gkra ng‘ss.ﬁﬂedﬁfrmqtemn@m?’ﬁﬂ’?e %&‘fsﬁi- ’{é Scription of I nvention 10

[ 0033] Henoglobin is an iron-containing oxygen- A tTHRREehn in red

bl oodreqlalihﬁr,effasémdmm@meﬁecmﬁﬁ@vswaﬁ “‘8?% rr‘}’éﬁm’?ﬁﬁﬁg".ﬁ{%ﬁgﬂ obi'n exhi bits

characteristics of both the tertiary and quaternary str Q&Aur es of

prot ei ps, S‘%@%}n Qi i RncAEToRR ofiindglobin, men@gm@éitwamaiﬁﬂeﬁf’%ﬂ "hel i ces

connected y short non-hel i cal segnents. Hydrogen bond@ Sti%@ainki ze the

hel i ca#osgﬁ%idpg@ #,,@éin%pmes.hem@ﬂmuﬂmﬂ@m@y@c‘af‘ﬁ‘éf‘&fi-B s within the o

mol ecfil' & reto Tolding each pol ypeptide chai r} i n%io olg?s(%ﬁ%imfi c shape.

A herm@&%loggn C%&?r&ge%ﬁﬁeﬁbﬂrﬁl&dfhymwnﬁfomm’gi didu 8‘?’351’1 el n subunits.
Each Vi t?p s- conposed of a pol ypeptide chain arrﬁ%ged into set of

a- hel-i x_structur hﬁs[l(;:&r{giglgéat&ersﬁ@cﬁmd RST appapdy| BbPHRE POFF " &r'angenent

Wi t'h Q?W@?‘fﬂ%’ﬁ@gd_ ene group. [0034] The.a;grredg(oup?c;:q(_)n iﬂst d%%gn iron

at om hel d_i.n-a. het erocyeki g r iRgess knemavesbe udganyo-20 , atom

bi nds %%?Wq”gq’éfnltgﬁ%ﬁ[kjb&ﬁﬂi?ggen atoms in the center of thee}g‘]ng which

20 lie in ope. plane. Ox L3S o8 drexdnpleimmen qepbitH@. Sorthst & ter
per peﬁ%ﬁe&ﬂgﬁglﬂt%gg pﬁgmgfﬁﬁ}?%t%xﬁ ihp@itieq Br

t he porphyrin.ring. Thus a single hem)gl obin

mol ecul e has the gapacity .19 CouRihgiirttidowmn beuveided ead Gh aB@Fgen. [ 0035]
I'n admw’hﬁﬁ%§W&%§¥mc%%mn type of henpglobin is a tetramer called
henogl obi n. A consi sti.ng Of .1\ - ARskidaito (ht produst.coval ent |y bound subunits
- desi gﬁﬁttéftfuﬁ@bégf’é?g“@g% VO&%g% of 141 and 146 ani r]10(§§Cig reséldues
respectively. The.size and. : il pEm@hmaiaa ntlole Blobdimtladngatécaieety sinmi | ar
‘to ealR1Y: Hispnethe &‘H"lhéﬁbatﬁ[n Ig%% mol ecul ar wei ght of about 16 kDa for a

Tog][ 36/1 :o@ggcli %ﬁ%}%"@agﬁd g{?ﬂ%%ﬁts %ﬁ%ﬁtﬁﬁgﬁgﬁf tﬁgrﬁ??;ﬁeﬁg@ ﬁggf ogen bonds
oy ORIl SRtk JiSefps Heien mbchoTticodbatbgioeln 1o
nemgfetion ipeshalromevaR s o oS T B e e hugan

?ggggllﬁ;i? -L;!hgglsdf;ﬁbf%gisc&i?\?éfgﬁ‘g? é‘%f%ﬁé% %‘e rg%ﬁ)gﬁ%@élgﬂgﬁ% gﬁlﬁtﬁg‘z bovi ne,
T eaaloks HiTan ot msoth pparates 413 Ho ARl G so- P ekdeIckabieked B, H

performed fo remove at Jeast a portion -of the waste retentate from the Tysate. A-first hemoglobin

solution s extracted from the lysate. : 7 | :
[0011] A first ultrafiltration process is performed using an ultrafiltration filter configured to
remove impurities having a higher molecular weight than tetrameric hemoglobin and to further

remove any viruses and residual waste retentate from the first hemoglobia solution fo obtain &



10 acids fromvarious sources are shaded. FIG 1 indicates that human
henogl obi n shares high simlarity wth bovine, canine, porcine and equine
when conparing their am no acid sequences. [0036] In naturally-occurring
henogl obin inside the red blood cells, the association of an a chain with
its corresponding 13 chain is very strong and does not disassociate under
physi ol ogi cal conditions. However, tle association of one a diner with
another al3.diner is fairly weak 15 outside red blood cells. The bond has

Cndes) Pographatild S@“‘%hl%ﬁ*ﬁ%ﬁ%’ughg@ﬁgéﬁfmﬁt?ég%hOX%%? ik Phis e %{?éﬁeilil -
Goar oabaidiehl i B3nby Bt ﬁl‘*’éﬂ?ﬁﬁ%‘ s ppmebb il BRowE R Bredsary

to stapiliz h obi is utsi.de .of red bl oad 20 cells
both f oornlnef P ﬂéﬁ ‘iﬁoﬁg f% %171“ °f.’>r iﬁaﬁnga SRR lsri’é%%‘imaﬁgl P zed
henogl gbi utlln d I n. oveEV|e of t rocess of the present
i nventﬁlorp%gp%ﬁﬁ gg‘ifgﬁ E‘He (g‘ftlﬁ’\ﬂl ‘ésﬁ’ér? %eguged fotasYe | ‘WPP‘%PSI y, a
bl gQd .source | sel source of . hepogl obin fromred bl ood
Tﬁyﬁm?eﬁ% ﬁmeéipﬂﬂlﬁ?ﬁjp °§§?§Plgd¥e§éﬂ?%8‘l°ﬂbﬁioﬁ’5gn but not limted to,
hunan, Bgzlne téglne qui ne, and canine whol e bl ood. The red bl ood
cel I's BPEA S plsgsh gy or ¢ cf‘H‘"PWé ‘Ifl the pyrified heraoglobin arvq cpesslikad thy Plerdeve pl asma
protein inpurities. [0039] I'n order to release the henoglobin fromthe
red bldgmesfiey fumpate s formpash Fable cross-ligked Hemaulobirowishouy e fousatiosatini ques
can be used to Iyse red blood cells, the present invention uses lysis .
under ReVRSTS Aeraodiehiel puch s theancleqwten et ol thetress liant benpplyersiis efoys-wwtr ol | ed.
at volumes suitable for industrial-scale production. To this end, an
i nst arfetragierie perspgobip sh0at TskRes E@eﬂﬁpnewuml“@npelynsnds%dmtdilequnseeﬁefsEtor ed
bl ood cells. Hypotonic lysis creates a solution of |ysate including
hdfogltemmeriahemaglobins thet is notdnitmadeculidy enssinked withustherihainoglobih encbscatbsct i on,
the lysis is carefully controlled such that only red blood cells are Iysed
wi t ho@t mw@hwglowhemeglbbmmblwleb sudhrasdiBer A ceildbk. phiysiological HoffandieHiagent , t he
size of the instant cytolysis apparatus is selected such that the red
bl ood Phesphate buffret sabing IRBSiphatemt USngerls Dliton3Tewed Rinsr'osolaideonilse a tine
‘sufficient to lyse the red blood cells and preferably, 30 seconds. The
_i nst ahefferyis ekghwngedafop sheatrass-linked usteserc dtmoglobimi Ay residedl ashbmdlsadel
distilled water is used.as a hypotonic solution. OF course it is
under swoyed vding tangdeetiaiflowdTitraddner hypot oni ¢ sol uti ons havi ng di fferent
saline concentrations would result in different time 15 periods for red
blpod[(9é3] Fdllpwing. thBepracedere; e costiinktd beindgjabirs isphicateditudetol H0se bhe red
bl ood cells only, not white blood cells or cellular matter, it mninimzes:
t he rebidea en@fcrossiinked rietamieans, hqhmdgbirolahdias fun-DNAiZEL crrmm@lobﬁl btpod cell's
and other cellular matter. A hypertonic solution is added imediately
af t er ex@fpethoditsricthaih of femedibtds, dndeny @thebpotth mefutitie s 16 Mg Bt ut i on
‘has traversed the static m xer portion of the instant cytol ysis apparatus.
The regutthénaN-acayhogtaiizi in opionaBs addel iagh Sdncittdidnyofaiprok iy b.eveloshof
cont ami nants such as undesired DNA and phosphollplds t-han henogl obi n
r esul dred-inkeimidraimagc dehoiobiiStcs ptevel NMogtbidion dingesicndlobrc Ighdatds from
~white blood cells and phospholipids inpurities are not detected in the

reemo godbving Siedat! triettfhebty afd| ORI SE-a684A1 Byste@RCLsI 8lled ARt £ Chbh@Rrdtidl bf = 64 pg)
and hi gh.performance |iquid chromatography (I-TPLC, detection limt =1

pg/ MappiRiniveddy r0e5peabi 08hyto fukthbO @At TioBndtioh 'l btHeRblBPinPTBE ER3ES are
performed: one which renoves inpurities having mol ecul ar wei ghts greater

t han deefigt io Preferli @ heshftbAydr-RiRUaHt 6L HEAmER ONRELRY LY xindRdy 80t her

whi ch renoves inpurities having nol ecul ar wei ghts | ess” than heanIobln

af t ero b5@MohBO u@ﬂanmo%@wmﬁw%@moh@@ Jsaid ekny Je&?&dtéstf%ﬁﬁédon
process concentrates the 5 henoglo I n sonme enbodinents, a 100 kDa
filter is used for the first uhrafiltration, while a 30 IcDa filter is
used for the second ultrafiltration. [0041] Fl owt hrough col um

chromat ography is used to renove protein inpurities in the purified
henogl obi n sol ution such as i munogl obi n-G al bum n and carbonic
anhydrase. |In sone enbodi nents, columm chronmatography is carried out by
usi ng one or a conbination of 10 commercially avail abl e i on -exchange
colums such as a DEAE col um, CM col umm, hydroxyapatite colum, etc. The
pH for colum chromatography is typically from®6 to 8. 5. In one

enbodi nent, a fl owt hrough CM col utmm chronat ography step is used to renove
protein inpurities at pH 8 0 Enzyne-1|inked i nmunosorbent assay (ELISA) is
performed to detect the protein inpurities and phospholipids remaining in




15 chronat ography. This unique fiow hrough col um chromat ography
separation enabl es a continuous separation scheme for industrial-scale
production. The ELISA result shows that the amount of these inpurities are
substantially lowin the el ut ed henogl obi n (i munogl obin-G 44.3 ng/m ;

al bum n: 20.37 ng/m; carbonic anhydrase: 81.2 g/nml). The protein

i mpurities renoval results using diffgerent kinds of colum with different
pH val ues are shown in Table 1 20 bel ow. [0042] Table 1 Renopval percentage

(% Co
(at p #%Wé@%%%ﬂkﬂf&%@ Bﬂh&m@‘%%%%%m%%ﬂ ?%ﬁ’“’%ﬁwm?'“%?fz?a%R

(at pH 0?11&021 thereafter. .
[0014] The dimer-free, phospholipid-ﬁ‘ee, protein iméuri-ties-free, heat - stable, nonpolyrﬁeric
cross-linked tetrameric hemoglobin is then added to a pharmaceutically acceptable :carrier. |

5 [0015] 'Ihereaﬁer,_ the heat stable, cross-linked tetrameric hemoglébin is formulated and
packaged in a custom-méde and éir—tight ﬁélyethylene, ethylene-vinyl-acetate, ethylene-vinyl
alcohol (PE, EVA, EVOH) infusion bag. The péckaging prevents oxygen contamingtion which
results in the formation of inactive met-hemoglobin. |
[0016] The heat stabie cross-linked tetrameric hemoglobin produced by the zbove method is

10 used for the treatment of various cancers such as leukemia, colorectal cancer, hng cancer, breast
cancer,. liver cancer, nasopharyngeal cancer and esophageal cancer. The mechamsm for
"destroying cancer cells is to improve oxygenation of tumors in a hypoxic condition, thereby‘.
enhancing the sensitivity towards. radiation and chemotherapeutic agents. The heat stable cross-
linked tetrameric hemoglobin is also used for preservation of érgan tissue during transplant or for

15 preservation of the heart in situations where there is a lack of oxygen supply in vivo, such as in

an oxygen-deprived heart.

Brief Description of the Drawings
- [0017] FIG. 1 depic.ts the amino acid sequenée alignment of different hemoglobfns.-

20 [0018] FIG. 2 is é ﬂow—charf depicting an overview of the process of the present invention.
[OCIQj FIG. 3 schematically depicts an instant cytolysis apparatus used in the process of the
present invention. |
[0020] FIG. 4 depicts high performance liquid chromatography analysis for (2) non-heat treated

cross-linked tetrameric hemoglobin, and (b) heat. stable cross-linked tetrameric hemoglobin



5.6 53.2 66.4 Hydroxyapatite (at pH 7.5) 4.5 23.5 22.8 [0043] Foll ow ng

t he col unm chr omat ogr aphi ¢ process, the henoglobin is subjected to cross-
| i nking by bis-3, 5-dibronosalicyl funarate (DBSF). In order to prevent
formati on of polyneric henoglobin, the reaction is carefully controlled in
a deoxygenated environment (preferably Iess 5 than 0.1 ppm dissol ved
oxygen level) with a nolar ratio of Henoglobin to DBSF between 1:2.5 to
1:4.0 for a period of tine from3 to 16 hours at anbient tenperature

(15- 25¢ich pasetrdeigpns 2 deatdrgmest aq P mfer g5 gecondt ke 2 Haiputehier PeSufor A%
cross-1inked hemoglobin is tetrameric henpgl obin having a nolecul ar wei ght
of 60-TPUREg, denonstrating that polyneric henoglobin is not present. The
yield of the DBSF reaction is high, > 99%and the diner concentration in

t he filAed1] Fi3.pr draistst electrospoay, iompatiosmeass spectromectiyr(BSEMES) prabisissar dhedsatnot
require sul fhydryl treatnment reagents such as iodoacetam de to react with
t he héﬁb&l%ﬁ%ﬂlﬁéﬁ@’ﬂ@%ﬁ beseglebitki ng as used in various prior art
processes. [0044] At this point phosphate buffered saline (PBS), a

physi dP&Gl EXF. belfowsra cireplasxdithagige dpdatnosaope analysiss for |(aikwm1@e@djbmpglohmand any
resi dual chem-cals are renoved by tangential flow filtration. 15 [0045]
Fol | owplutont dnd (prhsatetableatoselipksl-tetramerin gerodglotim henogl obi n by DBSF under a
deoxygenat ed condition, the present invention provides a heat processing
st ep fl0231 RK3. Grsbews 4 mipeayetment ey teoatirann gbwtal tsssonjedtion of B.2g'kd deaty genat ed
environment. Prior to heat treatnent, N-acetyl cysteine is optionally
‘added stablegrass-Enited ftorametic bemaeglobim solitmuefutibinrm sfgnifaent inaredse @) pidsmp. Aft er
t he heat processing step, the solution is cooled and N-acetyl cysteine is
i Mmedhetedlybimdateckntration] 3nd 8] mikpgen delivew toewmbclof Ansgnifiend ghodisa. inl
N-acetyl cysteine is added before and after heat treatnent, the anount
added ohgdeontion iedtervedefat arimnperipsriadgfitiond dvadpadey with Agplasinh hemtédiebimbwveint added
after heat treatnment is approximately 0.2 to 0.4% However, if N-acetyl
cyst e{0124] BiGaddshdwe rah yimafdvemer edt oxly gematioreint hypbkie nuhéretimmouijectidded i S
0.4% 5 [0046] In sone enbodi nents, the cross-linked tetraneric henogl obin
sol ut DAYk heheabldris-liakdcoxageitdican clohivi soltior resul(sl i a SighifaantGndreapm

di ssol ved oxygen | evel) under a range of tenperatures from50C to 95C for
dur at imnnggén deiivély o the hesld@sd herk bGudius el dartimagHNB00 kenetR, t he
cross-linked tetraneric henoglobin solution is heated under a range of

t enpe[@Rsy BS. b shows aial it Ghritikelgd i@ rodbuit abdedn (A) favanseed basinbma3 hour s.
In sonme preferred 10 enbodi nents, the cross-1linked tetrameric henogl obin
SOf ut PC)iaad (Edivedutipgler 80C for 30 m nutes. And yet in other preferred
enbodi nents, the |inked henogl obin solution is heated to 90C for 30
secongms]opla M0 NdEneBstratd3ethe B dirjeriaD plegdired ehiAgdsOinap Ratoxb ARt Fl 36vée C in
approximately 15 to 30 seconds, and the N-acetyl cysteine is added as set
f or t hhah@MRgic Aotk biterd M@mwtﬁﬁhm&mmSmrta&wehs heth@dloixanpl e,

| ess than 3% Wthout the use of N-acetyl 15 cysteine, the anount of

net - hpoRy ol M1 §iEdtidnSprafR! foX foRihedugh 16 mn dRrodbeRe@RY;ahé Yerhb@bbin
percentage for pharnaceutical applications..
solution is in the flowthroogh fraction.
20 [0028] FIG. 12 schematically depicts a flowthrough CM column chromatography system with
ultrafiltration for an industrial scale operation.

[0029] FIG. 13 is a schematic depiction of an apparatus used for HTST heat freatment

processing step.



[0047] Hi gh performance |iquid chromatography (HPLC), el ectrospray

i oni zation mass spectronetry (ESI-MS), circular dichroism (CD)
spectroscopy and Henox Anal yzer for p50 measurenment are used thereafter to
anal yze and characterize the heat stable cross-linked 20 tetraneric

henogl obi n. For a bovi ne bl ood source originated henogl obin, FIG 4 shows
that the dineric form of henogl obin s undetectable in a HPLC system
(detection limt: 2.6 pg/m or 0.043% for henogl obin which has undergone
a heat[09303 1 Greldt demongaies ther tempersiarsapeisle trothe HASTuressssing @pTatp en@heni nut es.
The cross-1inked nonpol yneric tetrarneric henoglobin is found as heat

st abl gimgtalgp @reng@e Oustabilized tstrpinenidisfer) in the sysTtre ahiSSE apt YLE 98 the Hireghnt
Tenperature Short 14 Time, HIST) step is a powerful step to denature the
nat ur ahvepiwereactet! tetranmeric formand dinmeric form of henoglobin. [0048]
To anal yze the outcone of this HTST step, a HPLC anal ytical nmethod i-s used
to det[é@X] Fiks lardsawnstafes dicmete off metrhemoglsbihdamatioo tethe spteapat FHE amdbi | e
phase for HPLC anal ysis contains 5 magnesi um chloride (0.75M which can
sepfar &0 dithed TS Tpocstiapadparabd of €1G.dAer) and heat stable cross-1inked
tetraneric henogl obin. For pronoting henogl obin dissociation into diners,
magned@ia] Eifl. 06l dea bchemgizr depictint alfyan3ifusiontsg for e dbdtextdbiles erobdbimkedodi um
chloride at the sanme ionic strength. The heat processing step also acts as
a denatamatic am@piabin ¢fohahressnt ineamkiby. r enove t hose unwanted protein
inpurities in the cross-linked tetraneric henoglobin (undetectable in 10

i mmunogl obi n-G undetectable in al bum n; 99.99% decrease in carbonic
anhydrase). Enzyne-linked i nmunosorbent assay (ELISA) is perfornmed to

det ecDetdiled Peatipition offuvedtidnes i n t he sanple. Thus the purified, heat

stabl e cross-l'inked tetraneric henogl obin solution has an undetectabl e

| @vel [@B30HeRsl4HNeIsawirdebathinmg okidenittandoR 4aidin inabdblosthiellogf Bbiblvod, and a
very | ow anount of albumn (0.02 ggim) and carbonic anhydrase (0.014

j 1 9/ Mt mahalalseand @havwmikhdle MaRIdbie Btlabits ldhamaststits of BERAIEE Rgtidrhanpr ot ei n
inmpurities and di nmer renoval by the HTST heat processing step. This HIST
heat glistdiney abphdsed BLpHBRIMC Mo¥eoSHpakitd QdsGh Hagaglobih dbine aphd :skiddsnked
tetramer fromunstable tetraner and dinmer. 15 [0049] Table 2 Sanple

condi tdr@ectdd 19t Bbid nbivpelichllse @Bert Byl & Bonds stabilize the helical sections inside the
hemoélobin causing attractions within the molecule thereto folding each polypeptide chain into a
15  specific shape. A-herrf-loglobin molecule is assembled from four globular protéin subunits. Each
subunit is composed of a polypeptidé chain arranged into a set of a-helix structural segments
connected in a “myoglobin fold” arrangement with an embedded heme group. |
{0034] The heme group consists of an iron atom held in a heterocyclic ring, known as a
porphyrin. The iron atom binds equally to all four nitrogen atoms in the center of the ring which
20  lie in one plane. Oxygen is then able to bind to the iron center perpendicul& to the plane of the
porphyrin ring. Thus a single hemoglobin molecule has the capacity to combine with four
molecules of oxygen.
[0035] In adult humans, the most common type of hemoglobin is a tetramer called hemoglobin

A consisting of two o and two 3 non-covalently bound subunits designated as 02B2, each made



By HPLC p50 at 37C (nmmHg) | munogl obin- G (lighni) Al bumn (jig/mt)

Car boni ¢ anhydrase @i np Tetramer (%9 Diner (% No heat treatnent

10

15

20
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of 141 and 146 amino acid residues respectively. The size and structure of o and B subunits are
very similar to each other. Each subunit hés a molecular weight of about 16 kDa for a total
molecular weight of the tetramer of about 65 kDa. The four polypeptide chains are bound to each
other by salt bridges, hydrogen bonds and hydrophobic interactiog. The structure of bovine
hemoglobin is similar to human hemoglobin (90.14% identity in a chain; 84.35% identity in
chain). The differeﬁce is the two sulthydry! groups in the bovine hemoglobin positioned at B Cys
93_, while the sulthydryls in human hemoglobin are at positioned at @ Cys 104, B Cys 93 and B
Cys 112 respectively. FIG. 1 shows the amino acid sequences alignment of 1t)ro:wine, human,
caniné, porcine and equine hemoglobin, respectively labeled B, H, C, P, and E. The unlike amino
acids from various sources are shaded. FIG. 1 indicates that human hemoglobin shares high
similarity_with bovine, canine, porcine and eﬁuine when comparing their amino acid sequences.
[0036] In naturally-occurring hemoglobin inside the red blood cells, the association of an a chain
with its conespénding B chain is very strong and does not disass_ociate_ under physiological
conditions. However, the association of one off dimer with another af dimer is fairly weak
outside red blood cells. The bond has a tendency to split into two aff dimers each approximately
32 kDa. These undesired dimers are small enough to be filtered by the kidneys and be excreted,
with the result being potential renal injury and substantially decreased intravascular retention
time. |

[0037] Therefore, it is necessary to stabilize any hemoglobin that is used outside of red blood
cells both for efficacy and safety. The process for producing the stabilized hemoglobin is

outlined below; an overview of the process of the present invention is presented in the flow chart

- of FIG. 2.

[0038] Initially, a whole blood source is selected as a source of hemoglobin from red blood cells.

Mammalian whole blood is selected including, but not limited to, human, bovine, porcine,

0. 36



32 92.7 3.4

0
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0.57 355.41 90.1 5.4 38 80C for 10m n Not detectable 0.33 0.
2.9 No

No data 80C for 15m n Not detectable 0.14 0.022 93.3

10
equine, and canine whole blood. The red blood cells are separated from the plasma, filtered, and
washed to remox;e plasma protein impurities.
[0039] In order to release the hemoglobin from the red bloed cells, the cell membrane is lysed. '
Although various techniques can be used to lyse red blood ce.ﬂs, the present invention uses lysis
-5 under hypotonic conditions in a manner which can be precisely controlled at volumes suitable for
industrial-scale production. To this end, an instant cytqlfsis apparatus as seen in FIG. 3 is used
to lyse the red blood cells. Hypotonic lysis creates a solution of lysaie including hemoglobin and |
. a waste retentate. To enable industrial-scale production, therlysris is carefully controlled such that
only red blood cells are lysed without lysing white blocd- cells or other cells. In one
10 embodiment, the size of the instant cytolysis apparatus is selected such that the red blood cells
traverse the apparatus in 2 to 30 seconds or otherwise a time sufficient .to tyse the red bIob’d cells
and i)referably, 30 seconds. The instant cytolysis apparatus includes a static mixer. Detonized
and distilled water is used as a hypotonic solution. Of course it is understood that the use of
other hypotonic solutions having different saline. concentrations would result in different time
15  periods for red blood cell lysis. Because the cbntrolled lysis procedure lyses the red blood cells
only, rnot white blood cells or cellular matter, it minimizes the release of toxic proteins,
phospholipids or DNA from white blood cells and other cellular matter. A hypertonic solution is
added immediately after -30 seconds, that is, after the red blood-cell containing solution has
traversed the sfaiic mixer portion of the instant cytolysis apparatus, The resultant hemoglobin
20 has a higher purity é.nd Iower levels of contaminants such as undesired DNA and phospholipids
than hemoglobin resulted from using other lysis techniques. Undesired nucleic acids from white
blood cells and phospholipids impurities are not detected in the hemoglobin solution by
polymerése chain reaction (detection limit = 64 pg) and high performance liquid chromatography

(HPLC, detection limit = 1 pg/ml) method respectively.



80C for 30m n Not detectable 0.03 0.014 96.6 Not detectable 32 No heat
treatnment 0.29 0.52 261.80 91.8 5.3 38 90C for 1.0m n Not detectable 0.21

11

[0040] Two ultrafiltration processes are performed: one which removes impurities having
molecular weights greater than hexﬂoglobin before flowthrough column chromatography, and
another which removes impurities having molecular weights less than hemoglobin afier
flowthrongh column chromatography. The | latter ultrafiltration process concentrates fhe
5  hemoglobin. In some embodiments, a 100 kDa filter is used for the first ultrafiltration, while a 30

kDa ﬁlter' is used for the second ultrafiltration.
[0041] Flowthrough column chr_omatlography is used to remove protein impurities in the purified
hemoglobin solution such as immunoglobin-G, albumin and carbonic anhydrase. In some
embcdimenté, column chromatography is carried out by using one or a éombinatioh of
10 commercially available ion exchange columns such as a DEAE column, CM column,
hydroxyapatite column, etc. The pH for column chromatography is typically from. 6 to 8.5. In
one élﬁbodiment, a ﬂow;chrough CM column chromabgraphy step is used-to remove protein
impurities at pH 8.0. Enzyme-linked imm_imosarbent assay (ELISA) is performed to detect the
protein impurities and phospho’iipids remaining in the sample after elution from the colurnn
15 chrométography. This unique flowthrough column chroniatography separation enables a
continuous separation scheme for industrial-scale production. The ELISA result shows that the
~ amount of these impurities are substantially low in the eluted hemoglobin (immunoglobin-G:
44.3 ng/ml; albumin: 20.37 ng/ml; carbonic anhydrase: 81.2. pg/ml). The protein impurities
removal results using different kinds of column with different pH values are shown in Table 1

20  below. |

[0042] Table 1

Removal percentage (%)

Column (pH condition)
' Carbonic anhydrase Albumin Immunoglobin-G




>0.063 93.4 2.0 29 90C for 1 5m n Not detectable 0.04 0.022 94.9 0.6 31
90C for 2.0mn Not detectable 0.02 0.016 96.1 Not detectable 31

12
DEAE (atpH 7.5) —_ 68 29.8
DEAE (atpH7.8) - 60 50.9
CM (at pH 6.2) e 32 21.8
CM (at pH 8.0) 5.6 53.2 - 664
Hydroxyapatite (atpH7.5) 4.5 235 22.8

[0043] Following the column chromatographic process, the hemoglobin is subjected to cross-
linking by bis-3, 5-dibromosalicyl ﬁﬁnarate (DBSF). In order to prevent formation of polymeric
hemoglobin, the reaction is carefully coﬁtrolled ina deoxyggnated environment (preferably less
5 . than 0.1 ppm dissolved oxygen level) with a molar ratio of hemoglobin to DBSF between 1:2.5
to 1:4.0 for a period of time from 3 1o 16 hours at ambient temperature {15-25°C), preferably at a
pH of around 8-9, such that the resﬁitant cross-linked hemoglobin is tetrameric hemoglobin
having a molecular weightK of 60-70 kDa, demonstrating that polymeric hcmoglqbin is not
present. The yield of the DBSF reaction is high, > 99% and the dimer concentration in the final
10 produét is low. Optionally, the present process does not require sulfhydryl treatment reagents
such as jodoacetamide to react with the hemoglobin before cross-linking as used in vdrious prior
art processes. |
[0044] At this point phosphate buffered saline (PBS), a physiologic_ai buffer, is exchanged for
the cross-linking solution and any residual chemicals are removed by tangential flow filtration.
15  [0045] Following the process of cross-linking of the hemoglobin by DBSF under a deoxygenated
condition, the present invention provides a heat processing step for the cross-linked tetrameric
hemoglobin solution in a deoxygenated environment. Prior to heat treatment, N-acetyl cysteine
is optionally added to prevent formation of met-hemoglobin (inactive hemoglobin). After the

heat processing step, the solution is cooled and N-acetyl cysteine is immediately added to



[ 0050] Fol Il ow ng the heat processing step for the cross-1linked henogl obin
under a deoxygenated 5 condition, the heat stable cross-linked tetraneric
henogl obin is ready for pharmaceutical fornulation and packagi ng. The
present invention describes an air-tight packaging step of the heat stable
cross-linked tetraneric henogl obin solution in a deoxygenated environnent.
Heat stable cross-linked tetraneric ﬂ%nnglobin in the present invention is
st abl e under deoxygenated condition for nore than two years. 16 [0051] In
this iRYBED plew fehed o ngdamegipbinerll doasetl eisisineghadded deford amd aftayrisatsi ti on
is primarily intended for intravenous injection application.

Tr adi ttregfesnt. yhe pmpwor agdeddeedars hastetreatmant it drpreaim4C 0% oehilsatye @moBtter i con

bl ood bag whi ch has hi gh oxygen perneability which will eventually shorten
t he | idddedsaiignhest tredimend iomaoixinitely €. t 048k idovaven ifiNvawstyil westeimst is laddesigl obi n
rapidly (wwthin a 5 few days) under oxygenated conditions. [0052] The

pack agintycpfigs ket frentmiéng thangbearhounnedsied isd%.esults in the heat stable
cross-linked tetrameric henogl obin being stable for nore than two years. A
mulst i -[Ppein paok ergbodihenEy/ Al =0k - nkied téitainetic hersegloHio setutiinnis Aeatethdn gas
perneability and to avoid the formati on of inactive net-henogl obin. A 100
m i nfdesiygenalzdgerdaenmene dldso thans 6. lwpprh disselvglivkfdee dewid uitzata hest @bl e
cross-linked tetrameric henogl obin of the present invention is nade froma
five |temperaurts/AoRVGEIQ aori A5&E efdr niatationsalfromi 05 mirtukeis clon® hoodk. Mn 4omd t hat

has an oxygen perneability of 0.006-0.132 cnB8 per 100 square inches per 24
hour s embodiatmns,s thih erressdinkedo Gnatmerip diembgibisin sblutisn @ thestédhinded @ rddgass Vi
plastic (as defined in USP<88>), which neets the in-vivo Biological

React itanipeyetifesfram a6 tb 06’ Pindsb o Ghmnirea |30 Tashdsadd hosrs Sidisbabpeidrad
fabricating an infusion bag for 15 intravenous injection purpose. This

- priDmaemblidigents, tharckdsstihiad! rataeicuheria@lddirot@iont B ehehted@unsdr g€ fof @9s- | i nked
tetrameric henogl obin solution fromlong term oxygen exposure that cause
its i nsduedsi Ahd yettin iRy prefairdd| embaliineaitss the tiskddNeiRpRYi SluBbe RERdatedSo [ 0053]
For secondary protection of blood products, it has been known to use :

al um peRD G EIVERPNdsOroP3 QhiBGiks, a@en REdidIP QbEBE idetn abrapbRakagdy @3d ¢ anmai ntai n
the product in a deoxygenated state. 20 However, there is a potential of
pi N hedeskimitelye 13130 3bddtae, QNE HANRRcd &Y stGRNB 8dBdSE skilfBrifbbovk] ght&gss and
make the product unstable. Therefore the present invention uses as

S eCONLhaY 3indAE @Y biHEmdBloBih GEBuRY ToOM@MMIeARssRBHCIY, Wi hButRh& ¥R N-Qeegenat i on
and al so prevents I|ight exposure. The conposition of the overwap pouch

i n81 ugheRidd, Bt 2anouef omktmhﬁgic@ﬂﬁf&@é@@mfpﬁ%ka&aeelf P5et) an &ag&%myoﬁi gl um num
(Al'), 0.015mm of nylon (NY) and 0.1mm o 17 pol yet hyl ene (PE). %he
Overwpﬁ@mﬁ@éﬁk@ﬁﬁnﬁw&ﬁ&ﬁkﬂﬁﬁﬁﬁ&%_0.14nﬁ1and an oxygen transm ssion rate of
0. 006 cnB per 100 square inches per 24 hours per atnosphere at room

t enpefoalYigich ThirforS@eeNGQiY BR6kaGLAth TRBLOSNSILIR ﬁﬁraﬁhzzaﬁaﬁ thae for the
henogl obi n, extendi ng the product shelf-life. [0054? he henogl obin of the

pr eSﬁ%&c&dﬁi&@?tdEQﬂMQ, ﬁfh@ia&‘%@éﬁn\{@b? QpkErb & | B8mod tcs%wgérnﬁr B35 - V5.

BSI - enabl es. the anal ysis of very large nol'ecules. It IS an 106nization

t €ChineiretnBR! 2PN 285 edRP B SAIYID RG WiRtactiRlc Ot KAIMRANR:RY-5:AR)2i ng the
protein, and then separating the ionized protein based on nass/charge

120 | QurahB1c iRl BobsRor Tlod i og 61 G A o PLORSE i HhG A DS can be

determ ned accurately. TMF , anal ysi's resu ndi cat es t hat
the dimeric form of hemoglobin is undetectable in 2 HPLC system (detection limit: 2.6 pg/ml or

0.043%) for hemoglobin which has undergone a heat treatment at 90°C for 435 seconds to 2
minutes or 80°C for 30 minutes. The cross-linked nonpolymeric tetrameric hemoglobin is found

as heat stabie at 80 or 90 °C for a period of time. The heat process (High Temperature Short



10 size of heat stable cross-linked tetrameric henoglobin is 65 kDa
(nonpol yneric henogl obin tetranmers). The far UV CD spectra from 190 to 240
nmreveal the secondary structures of globin portion of the henoglobin. In
FIG 6, the consistency of the spectra of purified henoglobin solution and
heat stable cross-linked tetraneric henogl obin reveals that the henogl obin
chains are properly fol ded even afted4the heat treatnent at 90C. The CD
result shows that heat stable 15 cross-]inked tetranmeric he | obi.n has

ar ound maok LS Dastem is- hapwsitul $i5p o slengiwe b paap! uareast otBtFa“beé‘thl-‘)”gﬁraﬁdand 16 %
of randomcoil. It further confirnms that the cross-linked tetraneric
henogldingtic foin pfdhemoglobiBl e. [ 0055] The process in this invention is
applicable to |l arge scale industrial production of the heat stable

cr oss {0348k &¢ apalyzeghapyteomeetfilis SIS, stamn a ARG guglytical msthed At used L fletect
cross-linked tetraneric 20 henoglobin_in conbination wth a pharmaceuti cal
carri e geougt ofydimer aftep fjshest prgrasa Ftep e anobilp phasg ko IFL-G grahyisicenialist abl e
for mammal i an use. &0056] The present. invention further discloses the uses
of 5t henagxspiyenctderidei(@75Mbwhigh simsgppRgdime dmen-wafilized igasey pehbsahsElgr ovi ng

ti ssue oxygenation, in cancer treatnent, in the treatment of

oxy gemrogenked atetrameriti Semeiobin.s Berh pepsndiisgolianiealpbin disweiationiefo Aimsasr t
preservation 18 under a | ow oxygen content environment (e.g. heart

t r ans plagnasjuniTéhdoriioSngpriximeselly S8 ttianps morh effastive bahsodive dorls of B famef
approximately 0.2-1.3g/kg with an infusion rate of |ess than 10 m /hour/kg
body vmiiqgttength. ThB} posssing elsp Ao aethavr denpwztior Aep tof dremaieplgeremove '
carrier-containing pharmaceuti cal conposition 5 of the present invention
ser veshoas uswanitsispreteoxipperitits ortha gmss-linksd| tetramsvie heheglobiy gendatertebleiin t unor

ti ssues, thereby enhancing chenosensitivity and radiation sensitivity.

[ 0058 mbmogtidhin-Gomdetettablal 4lbinginp$9.99%6 dbveease Bt cathoric enlysisase) nkadymeet r ameri ¢
henogl obin to i nprove oxygenation in normal tissues (FIG 7) and in .
ext r etiskey ifnynpoosotbentiassay SELISAGs Bjfornmdria deted dephateiy irgmaitieciartes saorpde. (usi ng
CNE2 cell line) is denonstrated in this invention. The 10 representative
oxy gemhyoy thé ipléfical bewy stahle crass-dinieedt tetapkersf hemoplobia rrolGhiER hasemogdttectekle showed
in FIG 8. Oxygen partial pressure (p02) within the tunmor mass is directly
noni t eveldfldima (bdldw dapttion lienty .643% B asdimfu@ogobd-Gphd enéry léw minpant)ofcoupl ed
with a mcro-positioning system (DTl Limted). After intravenous injection
of 0. Fplkiy Of02t¥mhead cabatit enlpriess (0.0 ik ggimt)e T atderd rshewh themgpabnentalt he

medi an p02 value rises frombaseline to about two-fold of relative nean

- oxygeresidls pgdring kheppresmuinguiiidshind dibemiemotva by aAndHEXT deat pracessinghsiep.s.
Further, the oxygen level on average still maintains a |evel of 25%to 30%
aboveThis @i TsasSidat step wimblee tiddseleotivbSscharatich qfdmbt stableugdowAinkédotetamerefranal
products or existing technol ogies show as high an efficacy when conpared

t 0 t hensbjgemuntabnid Eegont ai ni ng phar maeeuti cal conposition prepared in
this invention. [0059] For tunor tissue oxygenation, a representative
oxygen profile of a human head and neck 20 squanous cell carci noma
(FINSCC) xenograft (FaDu) is shown in FIG 8. After intravenous injection
of 0.2g/kg of the heat stable cross-linked tetraneric henoglobin, a
significant increase in the mean p02 of nore than 6 5-fold and 5-fold is
observed at 3 and 6 hours, respectively (FIG 8). 19
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stable cross-linked tetrameric hemoglobin in the present invention is stable under deoxygenated

condition for more

than two years.



depicted in FIG 3 is used for this purpose. Follow ng RBC |ysis,
henogl obi n nol ecul es are isolated fromother proteins by tangential-flow
ultrafiltration using a 100 kDa nmenbrane. Henoglobin in the filtrate is
collected for flow hrough colum chromat ography and further 21
concentrated to 12-14g/dL by a 30 kDa_nenbrane. Col utm chromat ography is
carried out to renove the protein i Brities. [ 0069] The concentrated
henmogl obin_solution is first reacted with DBSF to form heat stabl.e
cr ossPikEtthisdinyesren ithe MEEFAFEOHBRE PheDaciyteal camppstivy Feprarady
condition., A heat treatnent 5 step is then perfornmed under deoxygenated
condi titgnsied for owrevengys migcicpdsatos: W@E’@“ﬂg’n BEESPBEHCE, B fCRAPEP il at i on
and packalgi ncg. [0070] Exanple Z,C&ﬁ)g?l] Time & Controlled Hﬁpot onic lysis
and f iAMG leedbrern SfegermAloodding mdichibes bizh pesan pameshdlin mpick o1ill svad@liing
transported under a cool condition (2 to 10C). The red blood cells are
separ shagn ftheokife tspan qf heamedugt sincg iclarms inle dneetiveapci-hsmpaleliy eptdly (Withimaa 0. 65
pmfiltration. After washing the red blood cells (RBC) filtrate with 0.9%
sabi néew days) yriden exyeenated cefidéonpt ed by hypotonic lysis. The hypotonic lysis
is perfornmed by using the instant cytolysis apparatus depicted in FIG 3.
The i b¥5ahThe packhgisg esedpivathatpreseninifiveries rgsults 4 jthe Apak sfabicocres-ligkstist in
cell lysis. A RBC suspension with controlled henogl obin concentration
( 12- 14egenpedic jhemoihebid beineh stable ofonnmere othan (P f years. viatreuitidayery parkags @fa
hypot oni ¢ shock to RBC cell nenbranes. The period of hypotonic shock is
cont r EVMASEVOH mutgiial ivinsedrie endnimjzsi e ghs pirmeebility godl e evois thg farmpsitign ifet s.  The
hypot oni ¢ sol uti on passes through the static m xer portion of the instant
cyt ol yeetveapgdreagiobitos R0trgl Bfisiacmgdissigreddichesanivisie the rurified sed heati ent to
| yse the red blood cells and 20 preferably, 30 seconds. The shock is
t @0 sable draas-{iekedICramecio hdmogybimof ithgpresest Inyerdior ininade fiom G fired laprers of
hypertoni ¢ buffer as it exits the static m xer. The hypertonic sol ution
used EVAEVOHdhosipladrateball Widr 2 tickdessNdCH, mmplhat bds anTérey gempermedbility tobl ysi s
apparatus of FIG 3 can process at 50 to 1000 liters of |ysate per hour
and, poes-ernabkm’® pdr 108 agtare3Bhek pered4shques peh sumospheresat conmt femperasrarafimier . 22
[0073] Following the RBC lysis, the |lysate of red blood cells is filtered
by a.fafaluind ClaseVI iptestid{aai defiacchenti§Petfi~h, siothutices .thd\Nirethei Bidegidd from
white bl ood cells and phospholipids inpurities are not detected in the
henmogRedetinitys Déstit and thelPy pal-Ginericd Gesthad iv snight foofabrfciddgotinfasioh bag for= 64 pg)
and HPLC (detection limt = 1 ug/ml) method respectively. A first 100 kDa
ulls r afnitdatenats mieciien porpee.f Thinednire bag foOpeticuigolynistines paatedt tig: leahsgbler
nmol ecul ar wei ght than henogl obin. A flowt hrough col um chromat ography is
f ol | owvesk-lirtked usttdieric hmbglybih elubiendognoing tem vkygen .expossectbatdeadBe kba
ultrafiltration is then perfornmed to renove inpurities having a | ower
ol ecins@bilityeind ktennhiln affiergltobigrudnpropatiesconcent rat i on. 10 [ 0074] Exanpl e
3 [0075] Viral clearance study on stroma-free henogl obin solution [0076]
I'n or ﬂ)BES]tthléﬁﬂﬁc&}ﬁji prate€tidnhd batl toduak, if ke bsndaoei tofusoahunhum dvewenpi on, the
virus renova

to protect against potential air leakage and to maintain the product in a deoxygenated state.

20  However, there is a potential of pin holes in the aluminum overwrap that compromise its air
tightness and make the product unstable. Therefore the present invention uses as sécondary
packaging an aluminum overwrap pouch which prevents oxygenation and also prevents light
exposure. The composition of the overwrap pouch includes 0.012mm of polyethylene

terephthalate (PET), 0.007mm of aluminum (Al), 0.015mm of nylon (NY) and 0.lmm of



abilities of (1) 0.65 pmdiafiltration step and (2) 100 kDa

ultrafiltration step are denonstrated by virus validation study. This is
done by the deliberate spiking of a down-scal ed version of these 15 two

processes with different nodel. viruses (encephal onyocarditis virus,

pseudor abi es virus, bovine viral diarrhea virus and bovi ne parvovirus).
this study, four types of viruses (séé
vary in their biophysical and structural features and they display a

var i applyethyina @8 sThenvervrap fhvy Siccabhickness of Sdieal andpaxy s TaFBEFvENt .

[0077] Table 3 Target Virus Model Virus Taxonony Genone Structure Size

Table 3) are used. These viruses

In
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[F i.l m atapfj 0.086/¢m Hep d09 square@nahiey prs 204 HONS PBOALInAPhEAE Bhtoow; teppaRdErey Thigs ( BVDV)
avi viri aae
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secondary packaging lengthens the stability time for the hemoglobin, extending the product
shelf-life.

[0054} The hemoglobin of the present invention is analyzed by various techniques, including
ESI-MS. ESI-MS enables the analysis of very large molecules. It is an ionization technique that
analyzes the high molecular weight compound by ionizing the protein, .and then sepafating the
ionized protein based on mass/charge ré.tio. Therefore, the molecular weight and the protein
interactions can be determined accurately. In FIG. 5, ESI-MS analysis result indicates that the
size of heat stable cross-linked tetrameric hemoglobin is 65 kDa (nonpolymeric hemoglobin
tetramers). _Tﬁe far UV CD spectra from 190 to 240 nm reveal the secondary structuresr of globin
portion of the hemoglobin. In FIG. 6, the consistency of the spectra of purified hemoglobin
solution and heat stable cross-linked tetrameric hemoglobin ;eveals that the hemoglobin chains
are propérly folded even afier the heat treatment at 90°C. The CD result shows that heat stable
cross-linked tetramerjc hemoglobin has around 42 % of alpha-helix, 38 % of befa—sheet, 2.5% of
beta-turn and 16 % of random coil. It ﬁxrther confirms that the cross-linked tetrameric
hemoglobin is heat stable. |

[0055] The process in this invention is applicable to large scale industrial production of the heat
stable cross-linked tetrameric hemoglobin. In addition, the heat stable cross-linked tetrameric
hemoglobin in combination with a j)harmaceutical carrier (e.g. water, physiological buffer, in
capsule form) is suitable for mammalian use.

[0056] The present invention further discloses the uses of the oxygen carrier-containing
pharmaceutical composition in improving tissue oxygenation, in cancer treatment, in the

treatment of oxygen-deprivation disorders such as hemorrhagic shock, and in heart preservation



ssRNA envel oped 40-60 | ow - Encephal onyocarditis virus (EI\/CV) Pi cor navi rus
ssSRNA non- envel oped 25-30 nedi um Parvovi rus B19 Bovi ne parvow rus (BPV)
Par vovi ri dae ssDNA non- envel oped
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under a low oxygen content environment (e.g. heart transplant). The dosage is selected to have a
concentration range of approximately 0.2-1.3g/kg with an infusion rate of less than 10
ml/hour/kg body weight. -
[0057] For uses in cancer treatment, the oxygen carrier-contaiﬁing pharmaceutical composition
5 . of the present invention serves as a tissue oXygenation agent to improve the oxygenation in
tumor tissues, thereby enhancing chemosensitivity and radiation sensitivity.
[0058] In addition, the ability of the heat stable cross-linked tetrameric hemoglobin to improve
oxygenation in normal tissues (FIG. 7) and in extremely hypoxic tumors (FIG. 8), human
nasopharyngéal carcinoma (using CNE2 cell line) is demonstrated in this invention. The
.10 " representative oxygen profile along the tissue track of a human CNE2 xenograft is showed in
FIG. 8. Oxygen partial pressure (pO;) within the tumor mass is directly monitored by a fibreoptic
oxygen | sensor {Oxford Optronix Limited) coupled with a niiéfompositionmg system (DTI
Limited). Aftér intravenous injection of 02g/kg of the heat stable cross-linked tetrameric
hemoglobin, the median pO, value rises from baseline to about two-fold of relative mean oxygen
15  partial pressure within 15 minutes and extends to 6 hours. Further, the oxygen level on average
still maintains a level of 25% to 30% above the Baseline value 24 to 48 hours post infusion. No
commercial products or existing technologies show as high an efficacy when compared to the
oxygen carrier-containing pharmaceutical composition prepared in this invention.
[0059] For tumor tissue oxygenation, a representative oxygen profile of a human head and neck
20  squamous cell carcinoma (HNSCC) xenograft (FaDu) is shown in FIG. 8. After intravenous
injection of 0.2g/kg of the heat stable cross-linked tetrameric hemoglobin, a significant increase

in the mean pO, of more than 6.5-fold and 5-fold is observed at 3 and 6 hours, respectively (FIG.

8).



18-26 very high Hepatitis B virus (HBV) Pseudorabies virus (PRY)
Her pesviri dae dsDNA envel oped 120- 200 Low.to nmedium [0078] The
val i dation schene is briefly shown in the followi ng Table 4. [0079] Table
4 DiafiltrationUtrafiltration Cell Washing Virus spiking Diafiltration
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[0060] For applications in cancer treannenf, the oxygen carrier-containing pharmaceutical
composition of the present invention serves as a tissue oxygenation agent to improve the

oxygenation in tumor tissues, thereby enhancing chemo- and radiation sensitivity. In

conjunction with X-ray irradiation and the heat stable cross-linked tetrameric hemoglobin, tumor

5 growth is delayed. In FIG. 9A, the representative curves show signiﬁcant tumor shrinkage in

rodent models of nasopha;yngeal carcinoma. Nude mice bearing CNE2 xenografts are treated

with X-ray alone (2Gy) or in combination with the heat stable cross-linked tetrameric

hemoglobin (2Gy-+Hb). 1.2g/kg of the heat stable cross-linked tetrameric hemoglobin is injected

intravenously into the mouse approximately 3 to 6 hours before X-ray irradiation and results in a

10  partial shrinkage of nasopharyngeal carcinoma xenograft.

7[0061] In one embodiment, significant liver tumor shrinkage is observed. after injecting the -

" composition, in conjunction with a cljnemotherapéutic agent. In FIG. 9B, the representative chart

shows significant tumor shrinkage in a rat orthotopic liver cancer model. Buffalo rats bearing a

liver tumor orthograft (CRL1601 cell line) are treated with 3mg/kg cisplatin alone, or in
-15  combination with 0.4gfkg of the heat stable cross-linked tetrameric hemoglobin (Cisplatin+Hb).
Administration of the heat stable cross-linked tetrameric hemoglobin before cisplatin. injection

results in a partial shrinkage of the liver tumor.
[0062] For the use in the treatment of oxygen-deprivation disorders and for heart preservation,
the oxygen carrier-containing pharmaceutical composition of the present invention serves as a
20  blood substitute providing oxygen to a target organ.

[0063] The mean arteriai pressure changes in a rat model of severe hemorrhagic shock after

treatment with 0.5g/kg of the heat stable cross-linked tetrameric hemoglobin are shown in FIG.

10. In 2 rat model of severe hemorrhagic shock, the mean arterial pressure is returned back to a

safe and stable level and maintained at or about the baseline afier treatment with the heat stable



4. Virus tests Virus spiking Utrafiltration Virus tests [0080] The
sumary of the log reduction results of the 4 viruses in (1) 0.65 pm
diafiltration and (2) 100 kDa ultrafiltration is shown in the foll ow ng

Table 5. Al four viruses, BVDV, BPV, EMCV and PRY, are effectively

renoved by 0.65 pmdiafiltration and 100 kDa ultrafiltration.

Table 5 Viruses BVDV BPV EMCV PRY #in 1 2 1
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cross-linked tetrameric hemoglobin. Following treatment with the heat stable cross-linked
tetrameric hemoglobin, the time required for the mean arterial pressure to retumn to normal is
even shorter than administrating autologous rat’s blood which serves as a positive control. Tﬁe
results indicate that a vasoconstriction event does not occur after the transfusion of the heat
stable cross-linked tetrameric hemoglobin.

Examples

. [0064] The following examples are provided by way of describing specific embodiments of this

invention without intending to limit the scope of this invention in any way.

[0065] Example 1

[0066] Process Overview

[0067] A schematic flow diagram of the process of the p-resent invention is illustrated in FIG. 2.
Bovine whole blood is collected into an enclosed sterile container/bag containing 3.8% (w/v) tri-
sodium-citrate solution as aﬁti-coagulant. Blood is then immediately mixed well with ﬁi-sodiuﬁ
citrate solution to inhibit blood clotting. Red blood cells (RBC) are isolated and collected from
plasma and other smaller blood cells by an apheresis mechanism. A “cell washer” is used for this
procedure with gamma sterilized disposable centrifuge bowl. RBC are washed with an equal
volume of 0.9% (w/v sodium chloride) saline.

[0068] Washed RBC are lysed to release hemoglobiﬁ content by manipulating hypotonic shock
to the RBC cell membrane. A specialized instant cytolysi-s apparatus for RBC lysis device
depicted in FIG. 3 is used for this purpose. Following RBC lysis, hemoglobin molecules are
isolated from other proteins by tangential-flow ultrafiltration using a 100 kDa membrane.

Hemoglobin in the filtrate is collected for flowthrough column chromatography and further

24 {0081]



212120.65umbD afiltration 2.69 3.20 3.73 3.53 3.25 > 3.90 2.67 2.63
10010a U trafiltration > 4.68 > 4.38 5.87
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concentrated to 12-14g/dL by a 30 kDa membrane. Column chromatography is carried out to
remove the protein impurities. |
[0069] The concentratedrhemoglobin solution is first reacted with DBSF to form heat stable
cross-linked tetrameric hemoglobin molecules under a deoxygenated condition. A heat treatment

5  step is then performed under deoxygenated conditions at 90°C for 30 seconds to three minutes

before final formulation and packaging.

[0070] Example 2
[0071] Time & Controlled Hypotonic lysis and filtration
10 [0072] Bovine whole blood is freshly collected and transported under a cool condition (2 to
10°C). The red blood cells are separated from the plasma via a cell washer and subsequently with
a 0.65 pm filtration. After washing the red blood cells (RBC) filtrate with 0.9% saline, the
filtrate is disrupted by -hypotonip lysis. The hypotoﬁic lysis is perfofmed by using tbe instant
cytolysis appafatus depicted in FIG. 3. The instant cytolysis apparatus includes a static mixer to
15  assist in cell Iysis. A RBC suspension with controlled hemoglobin concentration (12-14g/dL) is
mixed with 4 volumes of pufiﬁed watér to génefate a hypotoriic shock t(;: RBC cell membranes.
The period of hypotonic shock is controlled to avoid unwanted lysis of white blood cells and
platelets. The hypotonic solution passes through the static mixer portion of the instant cytolysis
apparatus for 2 to 30 seconds or oﬂaerwise a time sufficient to lyse the red blood cells and
20  preferably, 30 seconds. The shock is terminated after 30 seconds by mixing the lysate with 1/10
~ volume of hypertonic buffer as it exits the static mixer. The hypertonic solution used is 0.1M
phosphate buffer, 7.4% NaCl, pH 7.4. The instant cytolysis apparatus of FIG. 3 can process at 50

to 1000 liters of lysate per hour and, preferably at least 300 liters per hour in a continuous

manncr.



5.92 3.60 3.43 > 6.05 3.27 Currul ative maxinum> 7.88 9.65 > 7.50 > 8.72
Qmul ative mnimum> 7.07 9.40 6.68 5.90 Annotation: no residual :
infectivity determned 5 [0082] Exanple 4
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[0073] Following the RBC lysis, the lysate of red blood cells is filtered by a 0.22 pm filter to
obtain a hemoglobin solution. Nucleic acids from white blood cells and phospholipids impurities
are not detected in the hemoglobin solution by polymerase chain reaction (detection limit = 64
pg) and HPLC (detection limit = I pg/m{) method respectively. A first 100 kDa ultrafiltration is
5 performed to remove impurities having a higher molecular weight than hemoglobin. A
flowthrough column chromatography is followed to furth& purify the hemoglobin solution. A
second 30 kDa ultrafiltration is then perfoﬁned to remove impurities having a lower molecular

weight than hemoglobin and for concentration.

10 [0074] Example 3
[0075] Viral clearance study on stroma-free hemoglobin solution
[0076] In order to demonstrate the safety of the product from this invention, the virus rérhoval
abilities of (1) 0.65 pm diaﬁltratién step and (2) 100 kDa ultrafiliration step are demonstrated by
virus validation study. This is done by the deliberate spiking of a down-scaled version of these
15  two processes with différent model viruses (encepﬁalomyocarditis virus, pseudorabies- virus,
bovine viral diarrhea virus and bovine parvovirus). In this study, four types of viruses (see Table
3) are used. These viruses vary in their biophysical and structural features and they display a

variation in resistance to physical and chemical agents or treatments.



[ 0083] FI ow hr ough col utm chr omat ogr aphy [0084] A CM columm (commercially
avail able from CGE healthcare) is used to further renove any protein ‘
impurities. The starting buffer is 20nmM sodi um acetate (pH 8.0), and the
elution buffer is 20MM sodi um acetate, 2M NaCl (pH 8.0). After the
equilibration of the CMcolum 10 with starting buffer, the protein sanple
is |oaded into the col umm. The unbouRd protein inpurities are washed with
at least 5 colum volunme of starting buffer. The elution is perforned

usi ng [9659 &hle on buffer (0-0.5M NaCl) in 8 colum volune. The el ution

profile is shown in FIG 11. the hemnglobin solution is ig the flow hrough
fractj drargékhe purity of the|f]low hrou fractjon is ar%eyzg%?/ ELI SA. The
resultsgare indi MedelVirys ¢ ne FTBOPORW ni>epeBiee Bructys [ pABp] %k
Irus |
Hepatitis
Bovine viral diarrhea
C virus Flaviviridae | ssRNA | enveloped | 40-60 low
virus (BVDYV) .
(HCV)
Encephalomyocarditis ) non- .
- Picornavirus | ssRNA 25-30 | medium
virus (EMCV) enveloped
Parvovirus | Bovine parvovirus non- L
P ' Parvoviridae | ssDNA 18-26 | very high
B19 ‘ (BPV) enveloped _
Hepatitis
P Pseudorabies virus . 120- Low to
B virus : _ Herpesviridae | dsDNA | enveloped | .
(PRV) ‘ 200 medium
(HBV) '

[0078] The validation scheme is briefly shown in the following Table 4.

[0079] Table 4

Diafiltration Ultrafiliration
Cell Washing Virus spiking
Virus spiking Ultrafiltration

Diafiltration l
l : Virus {ests
Virus tests

[0080] The summary of the log reduction results of the 4 viruses in (1) 0.65 um diafiltration and
(2} 100 kDa ultrafiltration is shown in the following Table 5. All four viruses, BVDV, BPV,

EMCYV and PRV, are effectively removed by 0.65 pm diafiltration and 100-kDa ultrafiltration.



Protein inpurities
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[0081] Table 5
Viruses BVDV BPV EMCV PRV
Run 1 2 | 1 2 1 2 1 2

0.65um Diafiltration 2.69 3.20 3.73 353 | 325 | =3.90 | 2.67 | 2.63

100kDa Ultrafiltration | > 4.68 | =4.38 | 5.87 592 | 3.60 343 (26.05| 3.27

Cumulative maximum -
>17.88 : 9.65 . =>17.50 >8.72

Cumulative minimum
- : >7.07 . 9.40 6.68 5.90
Annotation:
= no residual infectivity determined

[0082] Example 4
[0083] Fiowthrough column chromatography

[0084] A CM column (commercially available from GE healthcare) is used to further remove

any protein impurities. The starting buﬁ‘ef is 20mM sodium acetate (pH 8.0), and the elution

| buffer is 20mM sodium acetate, 2M NaCl (pH 8.0). After the equilibration of the CM column

with starting buffer, the protein sample is loaded into the column. The unbound protein
impurities are washed with at least 5 column volume of starting buffer. The efution is performed
using 25% elution buffer (0-0.5M NaCl) in 8 column volume. The elution profile is shown in
FIG. 11; the hemoglobin solution is in the ﬂﬁw“chrough fraction. Th?j purity of the flowthrough

fraction is analyzed by ELISA. The results are indicated in the following Table 6.




| mrunogl obi n- G Carboni ¢ anhydrase Al bunin 435.2 ng/nl 20.4 ng/n

CM col um Fl owt hr ough (cont ai ni ng henogl obi n)
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[0085] Table 6
Protein impurities
. Immunoglobin-G | Carbonic anhydrase Albumin
Before CM column 1320 ng/ml 860.3 ng/ml 435.2 ng/ml
Flowthrough
. 443 ng/ml 81.2 pg/ml 20.4 ng/ml
~ (containing hemoglobin) :

[0086] As the hemoglobin solution is in the flowthrough from the CM column chromatography

at pH 8 (not in the eluate), it is a good approach for continuous industrial scale operation. The

first ultrafiliration set-up is connected directly to the flowthrough CM column chromatography

system, and the flowthrough tubing can be connected to the second ultrafiliration set-up for

industrial scale operation. The schematic industrial process configuration is shown in FIG. 12.

[0087] Example 5

[0D88] Pfeparation of heat stable cro‘ss-l_inked tetrameric hemoglobin

[0089] (5a) Cross-linking reaction with DBSF

[0090] The cross-linking reaction is carﬁed out in a deoxygenated condition. DBSF is added to
the hemoglobin solution to form cross-linked tef:rameric hemoglobin without formaﬁon of
polymeric hemoglobin. DBSF stabilization procedure stabilizes the tetrametic form of
hemoglobin (65 kDa) and prevents dissociation into dimers (32 kDa) which are excreted through
the kidneys. In this embodiment, a molar ratio of hemoglobin to DBSF of 1:2.5 is used and the
pH is 8.6. This process is carried out for a period of 3-16 hours at ambient temperature (15~
25°C) in an inert atmosphere of nitrogen to prevent oxidation of the hemoglobin to form ferric

met-hemoglobin which is physiologically inactive (dissolved oxygen level maintained at less

Bef or e

1320 ng/ mM 860.3 ug/ i



44.3 ng/m 81.2 ttg/nml
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than 0.1 ppm). The completeness of DBSF reaction is monitored by measuring the residual

DBSF using HPLC. The yield of the DBSF reaction is high, > 99%.

[0091] (5b) HTST heat process step

[0092] A High Temperature Sh-ort Time (I—ITST) processing apparatus is shown in FIG 13. A
heatmg process using the HTST processing apparatus is performed on the cross-linked tetramcnc
hemoglobin. In this example the condition for heat treatment is 90°C for 30 seconds to 3
minutes, and preferably 45 to 60 seconds although other conditions can be selected as discussed
above and the apparatus modified accordingly. A solution containing cross-linked hemoglobin
optionally with 0.2% of N-acety] cysteine added thereto is pumped into a HTST processing
apparatus (first section of the HTST heat exchanger is pre-heated and maintained at 905C) ata
flow rate of 1.0 liter per minute, the residence time of the first section of the apparatus is between
45 to 60 seconds, then the solution is passed through at the same flow rate into another section of
the heat exchanger that is maintained at 25°C. .The time required for cooling is between 15 to 30
seconds. After cooling down to 25°C, N-acetyl cysteine is immediatc_]y added at a concenﬁation
of 0.2% to 0.4%, i)referably at 0.4%. This chemical addition after the HTST heating process 1s
very important to maintain met-hemoglobin (inactive hemoglobin) at a low level. The set-up of
the progessing apparatus is easily controlled for industrial operation. A temperature profile with
dimer content is shown in FIG. 14. If the hemoglobin is not cross-linked, it is not heat stable and
forms a precipitate after the heat step. The precipitate is then removed by a centrifugation or a
filtration apparatus to form a clear solution thereafter.

[0093] During the HTST heating process at 90°C, met-hemoglobin (inactive hemoglobin) is
increased (shown in FIG. 15). After immediate addition of N-acetyl cysteine, a low level of met-

hemoglobin, approximately less than 3%, can be maintained.



[ 0086] As the henopgl obin solution is in the flowhrough fromthe CM col um
chromat ography at pH 8 (not in the eluate), it is a good approach for
continuous industrial scale operation. The 5 first ultrafiltration set-up
is connected directly to the flowthrough CM col um chromat ogr aphy system
and the flow hrough tubing can be connected to the second ultrafiltration
set-up for industrial scale operati o/ The schenmatic industrial process
configuration is shown in FIG 12. [0087] Exanple 5 10 [0Q088] Preparation
of hegﬂo%l Akt llewing Jable Tichaws bet RIA% I IBPRES §rYLI AnmunEb -G 3ibumin,
Cross-linking reaction with DBSF [0090] The cross-linking reaction is
car r i earboni¢ athydrsernd updesirable dorcs#hilizefl drrampRHinegs agdeacyes afitfdhtBeabgl obi n
solution to formcross-linked tetraneric henogl obin w thout formation of
pol ymeritmehietrng TobimeunppSmnamalobin £a pityminidcathanis ashsisse preageasked
tetrameric formof 15 henogl obin (65 kDa) and prevents dissociation into
di mer sisig@2n EEL%) mathodhwhiteethe amoented ditherat getermtivedihiydane IBLC npethadh dhe
enbodi nent, a nolar ratio of henoglobin to DBSF of 1:2.5 is used and the
pH5i s pBrit§. of Thess stalrle cesss-linkedctramerd bamoglabin i péeely ligh 3fiarsthn JAFST at
anbi ent tenperature (15- 25C) in art inert atnosphere of nitrogen to
pr ev e htating ipdhatssiop siep, ke egoef W to BP9%. of m 1 rvajue, oreveethpanioad PoFYe whi ch i s
physi ol ogi cally inactive (dissolved oxygen |evel maintained at |ess

(at which the hemoglobin solution is half (50%) saturated) measured by a Hemox Analyzer, is

maintained at around 30 to 40 mmHg throughout the HTST heating processing step and
therefore_, the heat treated cross-liriked tetrameric hemoglobin is stable at 90°C.

10 [0095] Table 7

, Protein impurities (by ELISA) By HPLC o
Sample Immunoglobin-  Albumin Carbonic Tetramer Dimer | pS0at
condition G (ng/ml} anhydrase - (%6) (%) 37°C
. (ug/ml) . (pgmd (mmHg)
No heat 0.29 0.52 6180 | 918 | 53 38
treatment l
90°C for 2min Not 0.02 0.016 96.1 Not 31
detectable : detectable .
Removal (%) 100.0 96.15 | 9999 | - 100.0 —

[0096] Example 6

[0097] Packaging

[0098] Because the product of the present invention is stable under deoxygenated conditions, the
15 packaging for the product is important to minimize gas permeability. For intravenous

application, 2 custom designed, 100 ml infusion bag is made from a five-layer EVA/EVOH



26 than O 1 ppn). The conpl eteness of DBSF reaction is nonitored by
measuring the residual DBSF using HPLC. The yield of the DBSF reaction is
hi gh, > 99% [0091] (5b) HTST heat process step 5 [0092] A High
Tenperature Short Tinme (HTST) processing apparatus is shown in FIG 13. A
heati ng process using the HIST processing apparatus is performed on the
cross-linked tetrameric henpgl obin. 2% this exanple, the condition for
heat treatment is 90C for 30 seconds to 3 mnutes, and pref ra8| 45 to 60
s econdmnindtedroutgtial giitharthielaee afiOcamdhat hisengiy gratpepneaRilify @@&gﬁ & é%%ve and

t he apparatus nodified accordingly. A solution. containing_cross-linked
henpglcmbiper 109 speriednehies pervad howds poy, smosmhere & Jeont {FEPerHES- adBE FPEHEF et 0 i s
punped into a HIST processing apparatus (first section of the HIST heat
exchangerial & pClashdAtatians %éinn«f a1 WSH<8%>).onlph seetly the Fwirablegica o |iter
per minute, the residence tine of the first section of the apparatus is
bet we eractibtyt tost$ @nd ¢heophysico-chesical Hest sl @rd sHtable fpm fabaepting cotglenst fof he sane
flow rate into another section of the heat exchanger that is maintained at
25€. Twevérionsinjeetim pueebsé @ptedloas bibagforss dfardasing ¢8 hegnale from hiscwgierial Af t er
cooling down to 25C, N-acetyl cysteine is inmediately added at a

concen¢ wall idepending Gip@¥stealesirefogppeatipel dbseporgarypagkaginpylynigpm AvEEyT@Raddi ti on
~after the HIST heating process is very inportant to maintain )

net - heomylioiknagplindiet thy eriheypgtieling Jinfasiombagthatipeevédes arpédidenal haties t he
processing apparatus is easily controlled for industrial operation. A

t enpe kfdimiAngolight Etpesunt ard akiypeer diffosiere Ahe lasers bibthn poush Epaprise40.013mm of

henogl obin is not cross-linked, it is not heat stable and 20 forns a

preci polvahgenf ferphthiiete HBET), $106pmmTdfelpmaninp(Alatied [Sem HeNyoribYedndy a

- centrifugation or a filtration apparatus to forma clear solution

t her eafttet .of [FOBRHIehy (PE)) ThhcovievGap Hidat basgp thidmes sofad. 190@, andeox¥genogl obi n
(fnactive henogl obin) is increased (shown in FIG 15). After inmediate
addi t rem@dsiohlrae edfyl.00By@i’epen 6,00 asqhawidcbeeper ¥4 Immts- pezrabgdsphérn at room
approximately 1 ess than 3% can be maintained. 27 [0094] The foll ow ng
Tabl etefpshaing WhaheRstt @plttibipl thet in@sioauab iadegicrtlimoBIGOHENTH; omtblimi n,
“carboni ¢ anhydrase and undesirabl e non-stabilized tetrarner or diners are
I eNnDV Gieah pernehiiBtyTondach nBiBsioTEtal a8éceding Thtke aremuninvertion i 00RSginobpan- G,

al bum n and carboni c anhydrase are neasured using an ELI SA nethod, while
the ampufiles fr aftho¥pHerd & rét@t Rmptratee.by an HPLC nethod. The 5 purity of heat
stabl e cross-linked tetraneric henoglobin is extrenely high after the H ST
hgegti ng processing step, in the range of 98.0 to 99.9% The p50 val ue,
oxygen partial pressure (at which the henoglobin solution is half (50%
sat ur o) Exmasieyed by a Henox Anal yzer, is maintained at around 30 to 40
mrHg t hr oughout the HTST heating processing step and therefore, the heat

treat ﬁﬁ)lg(j}oss-|ﬂﬂil,|f&;in{eﬁ£(ﬂaﬁ§génﬁﬁbﬁmg| obin is stable at 90C. 10[ 0095]
Tabl e 7 Sanple condition Protein inpurities (by ELISA) By HPLC p50 at 37C

( mﬂ'@lOOiO-l] (7a) Improvement of oxygenation in nqrmal fissue |
[00102] Some studies for the normal tissue oxygenation by heat stable cross-linked
20  tetrameric hemoglobin are carried out (shown in FIG. 7). A comparative pharmacokinetic and
pharmacodynami'c study is conducted in buffalo rats. Male inbred buffalo rats are individually
administered with 0.2g/kg heat stable cross-linked tetrameric hemoglobin solution or ringer’s

acetate buffer (control group), through the penile vein of the rats by bolus injection. The

concentration-time profile of plasma hemoglobin is determined by Hemocue™ photometer at 1,



| rnmunogl obi n- Al bum nCar boni ¢ G@i npanhydrase (jig/nil)(118/1nl) Tetraner
(/0) Dinmer (%9 No heat treatnment 90C for 2m n 0.290.52261. 80 Not 0. 020. 016
detectable 91.8 96.1 5.3 Not detectable 38 31 : '

29

6, 24, 48 hours and compared with the baseline reading. The methods are based on photometric

measurement of hemoglobin where the concentration of hemoglobin is directly read out as g/dL.

Oxygen partial pressure (pO,) is directly measured by the Oxylab™ tissue oxygenation and

temperature monitor (Oxford Optronix Limited) in hind leg muscle of buffalo rats. Rats are

5 anesfhetized by intra-peritoneal injection of 30-50mg/kg pentobarbitone solution followed by
.insertioﬁ of oxygen sensor into the muscle. All pO; readings are recorded by Datatrax2 data -

acquisition system (World Precision Instrument) in a real-time manﬁer. Results demonstrate that

after an intravenous injection of 0.2g/kg of the heat stable cross-linke& tetrameric hemoglobin,

the mean pQ; value rises from baseline to about two-fold of the relative mean oxygen partial

10 pressure within 15 minutes and extends to 6 hours. Further, the oxygen level on average is still

maintained at 25% to 30% above the baseline value 24 to 48 hours post injection (FIG. 7B). .

[00103] (7b) Significant improvement of oxygenation in extremely hypoxlc tumor area
[00104] Improvement of oxygenation in an extremely hypox1c tumor area is eva]uated by
15 ahuman head and neck squamous cell carcinoma (HNSCC) xenograﬂ model. A hypopharyngeal
squamous cell cércinoma (FaDu cell line) is obtained from the American Type Culture
Coliection. Approximately 1 x 10% cancer cells are injected subcutaneously into four to six
week-old inbred BALB/c AnN-nu (nude) mice. When the tumor xenograft reaches a diameter of
8-10 mm, oxygen partial pressure (pO) within the tumor mass is directly monitored by the
20  Oxylab™ tissue oxygenation and temperature monitor (Oxford Optronix Limited). All pO;
readings are recorded by the Datatrax2 data acquisition system (World Precision Instrument) in a
real-time manner. When the pO, reading is stabilized, 0.2g/kg heat stable cross-linked tetrameric
hemoglobin solution is injected intravenously through the tail vein of the mice and the tissue

oxygenation is measured. Results demonstrate that after intravenous injection of 0.2g/kg of the



Renoval (% 100.096.1599.99 100.0 ---- [0096] Exanple 6 [0097] Packagi ng
[ 0098] Because the product of the present invention is stable under
deoxygenat ed conditions, the 15 packaging for the product is inmportant to
m ni m ze gas perneability. For intravenous application, a custom designed,
100 m infusion bag is made froma five-layer EVAN EVOH 28 | am nated
material with a thickness of 0 4 nm Bfat has an oxygen perneability of
0.006 to 0.132 cnB per 100 square inches per_ 24 hours per atnosphere at
r oom tseidpestatalileecrosHinked isremericchampziobing e signifipart ingrease/in e sagep P def i ned
in USP<88>), which neets the in-vivo biological reactivity tests and the
physi awrethemd.Gebldaad 5-feld is dsarvesiin 8 abd € bouss, rgsaestivelafllGgdecont ai ners for 5
i ntravenous injection purpose (note that other fornms of packagi ng can be
made fromthis material as well depending upon the desired application). A
secondary packagi ng al um num overw ap pouch is also applied to the primary
packagéidg] Exfmge 8n bag that provides an additional barrier, mnimzing
| i ght exposure and oxygen diffusion. The |ayers of the pouch conpri se:
" 0. G121ftn00f (PAmksettivpimes ttediephAhsieificatPERor shrdgkagen inf NagopharymgeqlAl ) |
0. 015mm of Nylon (NY) and 10 O.1nm of Pol yethylene (PE). The overwap film
has a(aheciegdiess of 0. 14nmm and oxygen transm ssion rate of 0.006 cnB per
- 100 square inches per 24 hours per atnosphere at roomtenperature. A
schenpioe] dejinifichtnunbr shiiskaga isubbavedodgr adnidisipition of héat stehlGerogslinkrde
overal |l oxygen perneability for each infusion bag according to the present
i Nventdtamelis hOmOHaEn coldtipein 2embicatios wwidr Xatyrirspiirsior (BEG. Pddm 4 émpeanat ur e.
15 [0099] Exanple 7 [00100] I nmprovenent of oxygenation [00101] (7a)
| Mpr oviesspidryaEal sfRRat tefoerh i nivdelnialemiploysdie ApAodioRieSo e 1$f waticescdlsr t he
normal tissue oxygenation by heat stable cross-1inked ‘

10 . (CNE2 cell line) are injected subcutaneously into four to six week-old inbred BALB/c AnN-nu

(nude) mice. When the tumor xenograft reaches a diameter of 8-10 mm, tumor-bearing mice are

randomized into three groups as follows:

[0103] Group 1: Ringer’s acetate buffer (Ctrl)
15 [1014] Group 2: Ringer’s acetate buffer + X-ray irradiation (2Gy)
[0105] Group 3: Heat stable cross-linked tetrameric hemoglobin + X-ray irradiatiop (2Gy+HDb) |
[0106] Nude mice bearing CNE2 xenografts are irradiated with X-irradiation alone (Group 2)_03.'
'in combination with heat stable cross-linked tetrameric hemoglobin (Group 3). For X-ray
irradiation (Groups 2 and 3), mice are anesthetized by an intra-peritoneal injection of 50mg/kg
20  pentobarbitone solution. 2 Grays of X-ray ‘is delivered to the xenograft of tumor-bearing mice by
a linear accelerator system (Varian Medical Systems). For Group 3, 1.2g/kg heat stable cross-
linked tetrameric hemoglobin is injected intravenously through the tail vein into the mouse
before X-ray treatment. Tumor dimensions and body weights are recorded every alternate day

starting with the first day of treatment. Tumor weights are calculated using the equation



20 tetraneric henogl obin are carried out (showmn in FIG 7). A conparative
phar macoki neti ¢ and pharmacodynam ¢ study is conducted in buffalo rats. '
Mal e inbred buffalo rats are individually adm nistered with 0.2g/ kg heat
stabl e cross-linked tetraneric henogl obin solution or ringer's acetate
buffer. (control group), through the geni |l e vein of the rats by bol us
injection. The concentration-tinme prafile of plasma hemoglobinis = -
determ ned by HenocueTm photoneter at 1, 29 6, 24, 48. hours and conpared
with 1R&WPasberk hand dhchpragent tedength 3nd pgdth oEthp fay msps: PreeLEsADY 2jdigital

measur ement of henogl obin where the concentration of henoglobin.is

di r ectaliper @4ithteyetCoad okyod Iapayay gash meesurpragnt.ffreups Liisdhy nonarpepiment gontiokt | y
measured by the Oxyl abTM ti ssue oxygenation and tenperature nonitor

( Oxf ogdumitesdtsi(showinria FEH P) demdnistate thetpignifirentshankaprotithy GNEAG0gRALS are 5
anestheti zed by intra-peritoneal injection of 30-50ng/kg pentobarbitone
sol ut blosarvedlin oieedtréyed wislethe lsat stablexeyggetinksd riettamerin thempglebimsgletien I | p02
readi ngs are recorded by Datatrax2 data acquisition system (Wrld

Pr &ci songumcliorswithilemadiation (Graupd| FIG. A8).manner. Results denonstrate that
after an intravenous injection of 0.2g/kg of the heat stable cross-Iinked
tetraneri c henogl obin, the mean p02 val ue rises from baseline to about
two-fold of the relative nmean oxygen partial 10 pressure within 15 m nutes
and ejilemdxatplé® hours. Further, the oxygen | evel on average is still

mai nt ai ned at 25%to 30% above the baseline value 24 to 48 hours post

i nj ecfio8] Cdnlcés troddBnen( DOdies3 b (sitlnjfickh guhirinkagerin liverpnmvenent of oxygenation in
extrenely hypoxic tunor area [00104] I nprovenent of oxygenation in an

ext r e[eaby] hygdaiios, dighiBranatuemr iskrirdegd isathedtvddyafitd administrationhdadatasigblmeck _
squanous cel |l carci noma (HNSCC) xenograft nodel. A hypopharyngeal squanous
ceb| eaEsClinkedrecihmait! hegbdlobih Relutions i birsbimeidn fwithneispheinAfEE. ¥)n Aype Cul ture
Coll ection. Approximately 1 x 106 cancer cells are injected subcutaneously
i nto §eHokopicOlivet ¥aneerakodel & dmpisyed. BAbBAiadiNe RUOT uttey nmaeslldNabeied he t unor
xenograft reaches a dianeter of 8-10 mm oxygen partial pressure ([302)

Wi t hi Rith ARiftrdDIen8BSRL 169 1 diucpat linjedi@intoohe bitkdybet dfah@ BvéDity b dbAbtrats sue
oxygenation and tenperature nonitor -(Oxford Optronix Limted). Al p02

r eadi N@oradrEwihas o Reted Yy taReropéraly @¥2inthging satamli Tiwoi 1o thrsy seekm {fddr | d
Precision Instrunent) in a real-tinme manner. When the p02 reading is

st abi jnjezeh, tH. BEbKEsRER hastakd, Qissdc®d Sntb isnkE fietes bndbEtidipidatyrighlaked
solution is injected intravenously through the tail vein of the mce and
the tinkSHe IXEE Ndkiops sé&n&%aﬁg roE Glats. RR&Y béaBingl EP@NEH604r€ rdnbi@hized tres
“intravenous injection of 0.2g/kg of the 30

three groups as follows:

[0110] Group 1: Ringer’s acetate buffer (Control)

[0111] Group 2: Ringer’s acetate buffer + cisplatin (Cisplatin)

[0112] Group 3: Heat stable cross-linked tetrameric hemoglobin+ cisplatin (Cisplatin+Hb)

20  [0113] Rats implanted with liver tumor tissue are treated with 3mg/kg of cisplatin alone (Group
2) or in conjunction with heat stable cross-linked tetrameric hemoglobin (Group 3). For groups 2
and 3, rats é,re anesthetized by an intra-peritoneal injection of 30-50 mg/kg pentobarbitone
solution and cisplatin are administered via the left portal vein. For Group 3, 0.4g/kg heat stable

cross-linked tetrameric hemoglobin is injected intravenously throngh the penile vein of the rat



~said heat stable cross-linked tetrameric henogl obin, a significant
increase in the nean p02 of nore than 6 5-fold and 5-fold is observed in 3
and 6 hours, respectively (FIG 8). [0100] Exanple 8 [0101] Cancer
treatment studies: A significant tumor shrinkage in Nasopharyngeal

Carci noma [0102] A significant tunmor shrinkage is observed after

adm ni stration of heat stable cross-PZnked tetraneric henogl obi n sol ution
in conbination with X-ray irradiation (FIG 9A). A human _nasopharyngeal

car ci rrofeee cisptasig tusatmentp dabun bisdbgosyteegimenpeanBel siepeingportastlys p S eififdtr cel | s
10 (CNE2 cell line) are injected subcutaneously into four to six week-old
i nbr edhiBka of lixemumar is Rbsgeed Aiveeeks afigeteatpant (RigotBixenograft reaches a

di aneter of 8-10 mm tunor-bearing mce are random zed into three groups
as follows: [0103] Goup 1. R nger's acetate buffer (Ctrl) 15[1014] G oup
2: Ringer's acetate buffer + X-ray irradiation (2Gy) [0105] G oup 3: Heat
st abl ¢0IdApEsamhpiek®d tetraneri c henoglobin + X-ray irradiation (2Gy+Hb)
[0106] Nude mice bearing CNE2 xenografts are irradiated with X-irradiation
al éne [§IGspTpathens of Arute Sentzire Hiemonrbagic ivhbedas Ratsabl e cross-1inked tetraneric
henmogl obin (Goup 3). For X-ray irradiation (Goups 2 and 3), mce are

anestheti zed by an i n_iér a-peritaoneal i1 j.ect i.lon O§< 50nmo/ kg .20 er%tiogarbi t one
sol ut (&6l Iie%sé‘?]g cEssHnled retramegig iepas gibmtlsoa IHEKERD Lésf:?a of ?E?}‘no?- beari ng
m ce by | i near accel erator .system,. (Varian_ Mdi cal stens). For, G oup 3,
1. 2g/ R‘ﬁ)d%e%ﬁ Agite |5ieKeTe r}%?f‘i?‘?gfﬁ Oq‘ét“f %r%%csm%@%%migss arlerﬁmécgotnélﬁ

i ntravenously through the tail vejn intou%fhg nouse hefore X-ray treat nment .

Tunor 5i97E AEP 3 SEOURTRECHYES IS ERILAIOR AEeNSe LY P8 PR NEPS EPYRer nat e day

starting with the first day of treatnent. Tunmor weights are cal cul ated

usi ng Ion - o\ &ive cARMoIYd @Ry esent the length and

w dt h[%lpﬁﬁguﬁgn%ramﬁ%i}g%é%g%ﬂ?ed %yl a di g(i)i al CLI i per (Mtutoyo Co,

Tokyo, Japan) at each nmeasurenment. Goup 1 is the non-treatnment control

grnoup 018Gt 2{ Aditiautdlodolisblo8y (PdeitionConat, @6 tétat signi ficant shrinkage of

the CNE2 xenograft is observed in mce treated with the heat stable

cross-linked tetraneric henpgl obin sol uti %{é In 5 conjunc iSO Wit h

X- i rr B8k Granp §-dpestipatde cpgsainkedijetramerighemogiohin, egrmgny ‘i‘%(i)' C&ﬁ#&@?g % eat ment

studies; a significant shrinkage in liver tunor [0109] In addition,

si gni Ppdvartightul¥ortskhri nkage is observed after administration of heat

stable 10 cross-linked tetraneric henoglobin solution in conbination with -

i spl g ' i Ofs Wi fiish! Wi sL REEbs himSMRLeNed.

Appr o |lgg|t£e&FL§}gﬁev>%§g_l%%&rr%1t%IF%§% I{S(t}?r%ghsééec}/ﬁi I a e?eng with luciferase gene

( CRLIGOLS L, RESind a8 t89; b th%%hk.(%ﬁer Lé?:%hgé}c bRk b dbridiBa forlef fal o

rat. Tunor growth 1s roni tored %y enogen I n Vivo I magli ng system Two to

three weeks e I N} ect i.on, te ' Wk sgeeted into
Ta T ik R ine SRl S ab BB o HORE P h B

sial | “pieces an opI' C [ eft Iiver lobe of a
ar oup 38 B b o g R chg Bt SHERARIGR ARRER 4Rfe kS, ) O
Jinked tetrameric hemoglobin is set at 5 mi/h, thereafter, all experimental animals are observed
for 24 hours. A panel of parameters is observed and analyzed during study period including
survival, hemodynamics, myocardial mechanics, cardiac output, cardiac function, blood gas,
20 tissue oxygen delivery & consumption, tissue perfusion & oxygen tension (liver, kidney and
brain), liver & renal function, hemorheology (blood viscosify), and mitochondrial respiratory

control rate (liver, kidney and brain). Above all, survival is the primary end point. After 24 hours



[0111] G oup 2: R nger's acetate buffer + cisplatin (Csplatin) [0112]
Goup 3: Heat stable cross-linked tetraneric henogl obi n+ cisplatin

(G splatin+tHb) 20 [0113] Rats inplanted with liver tunor tissue are
treated with 3ng/ kg of cisplatin alone (Goup 2) or in conjunction with
heat stable cross-linked tetrameric henogl obin (Goup 3). For groups 2 and
3, rats are anesthetized by an intra3peritoneal injection of 30-50 ng/kg
pent obar bi tone sol ution and cisplatin are adm nistered via the |eft portal
vei n. of-obseGatiorn 118, hegt stapickgrotsdnked; tetipmeric hasaglobinreanang gio4pnBas & Myehogl obi n
is injected intravenously through the penile vein of the rat 32 before

ci spl Atgher suréval men tom@redupithlthe dacthie Ringer's selutionegTneaaive controd gryp and -

I mportantly, a significant shrinkage of liver tunor is observed 3 weeks
af t er theragtiogens blodd BupdBlown[io thefplicwngpaée 0 5 [ 0115] Treatment of Acute
Severe Henorrhagi c Shock in Rats [0116] Heat stable cross-Iinked
tetraneric h?qr_rggl obin is also used as a resuscitation agent in a nodel of
Acut e Bk norrhagi ¢ Shock in rats. 50 Sprague-Dawl ey rats are
randam dio ad i nto 3 arguns.accordi-ne—i- RS S-E ittt e ==
0 BryYIve oy pfter. 2° '
(Negative Control. 16 rats) 10[0118] Goup 2. Aninal autologous—blood
(Posi ti veN€ative@introll6 rats) [011Vin iGrasp 3: Heat stabl elBBoss-1inked
tetrameric henogl obin treatnment group (0.5 g Hb /kg of body weight, 18
rats) [Rar2@jtokgatsBiseler e henor ARdglerashock is establish&d by wi thdraw ng
50% of ani mal whol e bl ood, which is estimated as 7.4% of body wei ght.

Af t er henmorsheidb/kg shock is est aliBiish®ewtsf or 10 15 minuted2-0Lactate Ringer's
solution, animal autol ogous blood, or 0.5 g Hb/kg of heat stable cross-

| i pk edabehéRBRHIE GroRehnked REhderad iemoafobied i nto the animals. The infusion
rate of heat stable cross- |linked tetranmeric henoglobin is-set at 5 m/h,
thereafter, all experinmental aninals are observed for 24 hours. A panel of
paraneters is observed and anal yzed during study period including

survi gabz) WaNDeherarbsitg invMRoAhEs BleniREdBEd Gith respict ioaviriou @ntiodiragmi, ac
function, bl ood gas, 2% ti ssue oxygen delivery & consunption, tissue

per f USiANefheMERN atE RSl Thitidg. vV ERumisoti &xriaides hai mydifidativier wauldebal
function, henorheol ogy (blood viscosity), and mtochondrial respiratory _
cont I Qhder B8R bylthod8 bF oringhy @il 3N the RFtAIS I vahBdne afd thodifidativisved consideR@ pri mary
end point. Affer 24 hours :

10  to be included within the scope of the following claims.




- nmodi f

33 of observation, the heat stable cross-linked tetrameric henoglobin
treatnent group has a much higher survival rate conpared with the Lactate
Ri nger's solution.or negative control group and the autol ogous bl 6od group
(shown in the follow ng.Table 8). [0121] Table 8 G oupsSurvival no. after
24- hour 24- hour survival rate (% Negative control3 in 16 rats18.8 Rat's
Aut ol ogous Bl 0ood10 in 16 rats62.5 0.549 Ho/kgl3 in 18 rats72.0 5 *Hb= heat
stabl e cross-linked tetraneric henoglobin [0122] Wile the foregoing

i nventy,on. hag;heen described with respect to various enbodiments, such :
enbodi rren% Sare not limting. Nunmerous variations and nodifications would

be under StoadRy sh H’.%i)gepggatigﬁ gty il aldhekiRabRokygeRdaRe@hiadlihons and

cati‘ons are co ered 1 included within the scope of the

fol | ow | ai 5. 34. ' 2 : h GtdAe sad i f
o OW}%%?efo?u?f‘g%B é’ﬂ‘&l’%ﬁy"\?ﬁt&{’% Efgggﬂ %er-%oﬁlﬂﬁé Qﬂnﬁﬂfe 4dAE RhpBatiat i on of a

hi ghl yp ea oxygen carrier-containing phar maceut i cal

conposi tian. ,the gxygen .carri er- [N RRALFBG jln&‘e%- . GeANR%Ed 1 on

i ncl udpﬂbg’ﬂ%ﬁﬁla?%%l%, &? S fr?ig)]}g%ll %(%l?i%]@l‘l o%%%gt Fsﬁg esgﬁé)?lti ally of '

nonpol yneri.c, cross-| i,nke tetr. ri c henogl obin, the nethod conprising:
)r}’pr& G FRIFRI: i q%ecoﬁﬁtpgo ‘including at least red blood cells and

lhat o bl obd PEynE rearre Vhde Rl HrESee B dB LR S E R o ¢ he
_ plasma to %{)steg;rgtin?g ﬂ];el rleé glrogc? cerll%(iirom the plasma in the mammalian whole blood;
c) filtering the red blood cells that were separated from the plasma to obtain a filtered red
blood cell fraction;
10 - d) washing the filtered red Blbod cell fraction to remove plasma _Rrotein impurities,
resﬁlﬁng in washed red blood'lcells;r | |
e) disrupting the washed red blood cells by a precise and cor_ltrolled hypotoﬁic lysis for 2
to 30 secénds or a time otherwise :sufﬁcient to lyse the red blood cells in an instant cytolysis
apparzitus to create a solution comprising a lyséte of disrupted red blood cells at a ﬂow rate of
15 50-1000L/hr; |
| f) performing filtration t'o remove at ieaslt a portion of the waste retentate from the lysate;
g) extracting a first hgmoglobin solutidn from the lysate;
" h) performing a ﬁrsf ultrafiltration process, ﬁsing an ultrafiltration filter conﬁgured o
remove impurities having a hi,;gher-mclecular weight than hemoglobin rto further remove any
20  viruses and residual waste -retentate from the first hefnog‘iobin solution to obtain a second
hemoglobin solution;

i) performing flowthrough column chromatography on the purified hemoglobin solution

to remove protein impurities;



bl ood cell fraction; 10d) washing the filtered red blood cell fraction to
renove plasma protein inpurities, resulting in washed red bl ood cells;

e) disrupting the washed red blood cells by a precise and contrall ed
hypotonic lysis for 2 to 30 seconds or a tinme otherwi se sufficient to |yse
the red blood cells in an instant cytolysis apparatus to create a
solution conprising a lysate of disrypted red blood cells at a flowrate
of 1550-1000L/hr; f) performng filtration to renove at |east a portion of
the waste retentate fromthe |ysate; g) extracting a first henogl obin

sol ution f'i ﬁéﬂ’omi%g l, %53k il]ln'aﬁltrationqﬁ‘oc_gﬁrufsiﬁé o Beka@irheioh Hietédnti@irdd th rahidven
process, J ng an-ultrafiltration filter configured to renove inpurities

havi “&5&3@59{&5_C%Lrﬁx%'t@p@ﬁkm;mgﬂaaﬂsmmagl'obi nto further renove any 20

Vi ruse resi dual waste retentate fromthe first henogl obin solution to

obtain a sgcond;nenpgl Rt {&ﬁé Qb Bt the. hemoglobin bP @it D-BibReobadiomtihagh

col um chromat ogr aphy on e purified henogl obin solution to renove

pr ot e&r&sjligﬂﬂéioﬁljtﬁﬁ To fox‘é‘fcl:rfyss-linked ﬂe)noél@lﬁﬁ ﬁlrarﬁeﬁ)gr oehated ednhidrk wAdréih the afokoOn

process using an ultr tration filter configured to renove inpurities

and t Ahienduftfyrticictd ghoRinemsabyat;i on; k)
c?gssﬁﬁgﬁﬂ%ﬁgﬁgﬁg§%%st a—%cghﬁﬁg?ﬁgﬁof t he %gnnglobin by

bi s- 3, 5- di bLeARSAL b SWabiE PRI RaCEBESHO! thokbRgnEiag sdhiten; t o form
cross-1linked henogl obin in a deoxygenated environnment wherein the

cross- 5l i nkadyheRPal alidialicherMedd 8Y Mg fow GiRtatibi;nked tetrameric
henogl obi n;" I') exchangi ng.a suitabl e physiological buffer for the

cross- | i nkiyngatSRkikd @B cioss-linked heMpglSRATDY b Mepx@gyated sindtuahent e ding@tesandy
tangential flow filtration; n) heat treating the cross-Ilinked
henoghalifatel 4hy Fed@QRK ngLRAGED hamsldbii medi-stdbilizete habagiobirafding) end mivt ethe any
resi dual non-reacted henogl obin, non-stabilized henogl obin (diner) and any
ofgher prd@inPin@uiidd $udPUkdttthe Sesiltbh lidaastablt ecrasedioletli taganiegiat hegloglbtim has an
cross-linked tetraneric henogl obin has an undet ect abl e concentration. of

di merungdaectinSinsdnratumsedimal hiyd afsisie rpaltiaie of ponpelymerid rrafediikedeteiramasici ¢
henogl obi n; 0) adding N-acetyl cysteine immedi ately follow ng heat
t r eathen@globtie;, cr oss-1i nked tetraneric henoglobin to maintain a | ow | evel of
met - henogl obi n; 15p) renoving precipitate by a centrifugation or a | :
filtrati om)adpiag aastyt oystadreminanegiatedy follotingihori; reghifeg  the cross-linked tetrameric

hemoglobin to maintain a low level of met-hemoglobin;

15 . p) removing precipitate by a centrifugation or a filtration apparatus to form a clear solution; and.

q) adding the purified and heat stable cross-linked tetrameric hemoglobin to a pharmaceufically

acceptable carrier.

2. The method for the-preparatioh of a highly purified and heat stable oxygen carrier-containing
20  pharmaceutical composition according to claim 1 wherein the heat treating is a high temperature short
time process conducted at approximately 70°C to 95°C for 30 seconds to 3 hours followed immediately by

cooling and the N-acetyl cysteine in an amount of 0.2 to 0.4% is added immediately following the

cooling.



. q) adding the purified and heat stable cross-linked tetraneric henogl obin
to a pharmaceutically acceptable carrier. 2. The nethod for the preparation
of a highly purified and heat stable oxygen carrier-containing 20
phar maceutical conposition according to claim1 wherein the heat treating
is a high tenperature short tine process conducted at approxinmately 70C'to
'95C for 30 seconds to 3 hours foIIoMgg'innediately by cooling and the
N-acetyl cysteine in an amount of 0.2 to 0.4%is added i medi ately
following the cooling. 36 The met hod for the preparation of a
highly purified and heat stable oxygen carrier-containing pharnmaceutica
conposj tion, accqr di t o j.m - ' ; ' t bhee bxi&enhetimét, bovi ne,
cahf e SRR e i, Meche? T

~por ci e, 5 4. The nethod for the preparation
of "a highly purified and heat sfabl. N vaikelid @€ whE1e Blcdl M R@nan,

phar nﬁgﬁﬁ@ﬁﬂ%ﬁﬁggﬁf?%osglgg%%%?Aﬁlgg @)c%xaglﬁai m 1 wherein said col um

chr omat ogr aphy conpri ses. on I re cation-exchange col ums- or
anionl@Y@ﬁéW&%méﬁggﬁﬁE?“%ﬁ‘%@%ﬁggﬁbthod for the preparation of a highly
purified and heat stable oxygen carrier- containing pharnmceuti cal
coRposition according to claim4 wherein the chromatography col um is one

.or nore DEAE col u col unn_and/ or. hydr. j] I :§. The
net hod- f or T%‘?lé"eﬁ‘t"g}arr %Rf??aﬁafwlé iagﬁlggl/@ &%ﬁﬁ%@agéﬁggﬁ@gt&s abTaérioxygen
carrier- 15 containi ng. pharnmaceuti cal ,.conpositl 0 OF di t im1l
wher eicAnAREE, PERTFAESHEA ¢ SPTYOSHO8 e SERRTES (r:qazt)r ?clﬁagd? ?sqgfé% ys%&gjl oégbih?:ljfaltlia buf f er

or water. 7. A highl urified and, heat st . ‘ ;
carrié@ﬁﬁﬁﬁ@§WhYﬁ§¥5%§¥%ﬁgéﬁP$éﬁT°'3%%%@??ﬁ%ﬁ%gkﬁggéégﬁggﬁgﬂgg obin, the

henpgl obi n consi sting essentially of nonpolyneric cross-linked 20
tetrameric henogl obin formed by the process of claim1. 8. A nethod for

the preparation of a highly purified and heat stable oxy o
cdr i & - combamsthad fn therpieramtior Af "’cg‘ﬁ@é{sﬁ“f'?%‘% &HC{ ﬁeéat gt)«'g% eq%?gen carrier

carrier-contai ning pharnmaceutjcal cqnpositi.on 7 i.ncl udin obi n,
t he heomsinbisi Fharenssitical ReRASKIOR( 3°KPTHIRE HEH S| ‘%?Fé‘?’? ¢ %fgrggx_afkﬁﬁgg

tetraneric- henmogl obi n, the method conpraﬁi%%é .. _a) providing
ramalchlamniheiesr poBdIEAR ol fgMsolupmzat/or ErxyRaHe S¥FPE and pl asne:;
6.  The method for the preparaﬁon of 2 highiy purified and heat stable oxygen carrier-

15 containing pharmaceutical composition ‘according to claim 1 wherein the pharmaceutically

: acceptaBle carrier is a physiological buffer or water.

7. A highly purified and heat stable oxygen carrier-containing pharmaceutical composritionr
éomprising hemoglobin, the hernoglobin consisting essentially of nonpolymeric cross-linked

20  tetrameric hemoglobin formed by the process of claim 1.

8. A method for the preparation of a highly purified and heat stable oxygen carrier-containing

pharmaceutical composition, the oxygen carrier-containing pharmaceutical composition



b) separating the red blood cells fromthe plasma in the mammal i an whol e
“blood; c) filtering the red blood cells that were separated fromthe
plasma to obtain a filtered red blood cell fraction; d) washing the
filtered red blood cell fraction to renove plasma protein inpurities,
resulting in washed red bl ood cells; e) disrupting the washed red
bl ood cells by a precise and controlépd hypotonic lysis for 2 10 to 30
seconds or a time otherwi se sufficient to lyse the S blood cells in an

| nst ant gﬁéﬁ{gghg%@%@ﬁp@% ﬁie%%gltogi?g o%?igtﬁmg%s%%tiﬂq } OF b .e?icn&o@—lln}(w]E )e of

di srupt . fTow T at 0- 1000L/hr; | _
performing filtration to remove.at .| east a portion of the waste retentate
~from ttﬁ?“—e?%h?‘@?g%bm’%emetﬁ(ﬁgrc%gﬂl?ué%ti ng a first henogl obin solution from

the | ysate; 15h). perforpin first ultrafl] i ' usi ng an
“ultrafiltr é)(RTBde‘PE Wﬂ?@h@?ﬁ%‘#&%ﬂ%ﬁ}“‘?l& a&%asﬁtrgn%&?@?egé v?%lr?S’ a hi gher

nol ecul ar. wei ght- than h il gbi.n to f.urther, r ' i es and

resi dual M&W@“P@%%@E@&B%@Fﬂ@t%r?lﬁm%uértrhgg o'%%/aﬁmgg}‘ﬂ%{?)%ﬁ&to obtain a

- second henngl obi n sol uti op; i) perfarm fl scolup

~ chiomat ogr 89HieriBa thered blend W%ﬁ‘%‘%%éﬁpg%{eﬁ%%“{tﬁﬁ%sn ' %‘%ﬁ%?r%%%gqg?ot-ei n.
i npurities; . j) performng a second ultrafiltrati on process. using an
ul t r afieodrcgl frations [t er configured to remove inpurities and to concentrate

the purified henoglobin soluytion; 38 . k) cross-|inkin ..l eas a-cc
SUBURI 15 of pREEHSGHBEFNehybTlsced. Bacip o Atcyf e (g gttt 2
cross-linking solution to formcross-Ilinked henoglobin in a deoxygenated
envi r eesising ingveshed fed bloed Bdlfbgl obin i s nonpol ymeric cross-1inked tetraneric

henogl obi n; 1) exchanging a suitabl e physiological. buffer .for.t
cross- | i nkrdisrapsingttheowashedseyl bloadseis iy aé%?”‘ﬁeé‘gﬁg BQ?%PH?#BW%%F gysgygaf%ngent ial
flow filtration; . _ T

10 to 30 seconds or a time otherwise sufficient to lyse the red blood cells in an instant cytolysis

‘-apparafué to create a solution comprising a lysate of disrupted red b]oqd cells at a flow rate of
50-10001;/11;; | |
o f) per_fbnhing filtration to remove at least a portion of the waste retentate from the lysate;
2 cxtractin-g a first hemoglobin éolution from the Iyséte;

15 h) i)efforrﬁing a first ultrafiltration process, using an ultrafiltration filter configured to
remové impurities having a higher molecular weight than hemoglobin to further remove any
viruses and residual waste V-retentate from the first hgmog]obin soluti.on to obtain al second
hemoglobin solution; | ,

i) performing flowthrough column chromatography on the puriﬁ_ed_ hemoglobin solution
20  to remove protein impurities; 7
» perfonning- a second ultrafiltration process using an ultrafiltration filter configured to

remove impurities and to concentrate the purified hemoglobin solution;



n) heat treating the cross-linked henpglobin at a tenperature of
approximately 90 Cto 95 C to denature and precipitate any residual
non-react ed henogl obi n, non-stabilized henogl obin (diner) and any ot her
protein inpurities such that the resulting heat stable cross-I|inked
tetrameri c henogl obi n has an undetectabl e concentration of diner and
consi sts essentially of nonpol ynmeric,,10 cross-linked tetrameric henogl obin
and i nmedi ately cooling to approxi mately 25 C; 0) addi ng N-acetyl
cysteine immedi ately follow ng-heat treating the cross-linked tetraneric
henogl obin ;to maintain a low leyel Biseleg) 1B Bidibromosalicyd Yurth@a@Vi Ng
preci pi t at q%£§ﬁ%%%?€??ﬁ8éf$%ﬁm§p€§??%%%%Iion apparatus to forma clear -
sol ution;;, 159) adding.the purified and.h hl &8 LAS Sk kel Btheaneri c
henogftriaking SaﬁIBH%FOerE’éﬁEOP%s[AT“i"ﬁS‘E%@%‘F%@‘F%@% er. 9. Tﬁl‘é met hod for he
preparation_of a highly purj.fi and.heat stapl e oxygen carrier-containing
pharMﬁﬂﬂﬂﬁ%%?n@ﬁﬁﬁ@§?¥ﬁ%ﬁ*@ﬁ%§%ﬁ?ﬂaﬂigﬁg %%ﬁiS wherein the heat treating
is performed in a 20 deoxygepat ed .envi ropment . .. met hod for the
preparatioﬂﬁﬁﬁﬂﬁmﬂ%ﬁﬁ%ﬁﬁﬂﬁﬁ ‘@EMQW@%5%5EM§¥3 F%&%¥§§@ﬁltarrier-containing
phar maceuti cal conposition according to, .clai wherein the heat treating
by St B

i 5 39 conmltemeynEaRy seidual chamicals By Bmesnfigh Bed i medi ately by

cooling and the N-acetyl cysteine in.an amount of 0.2 to 0.A49%,i ed
i mredi at el ) Heaf tragiipg e croes-HaksH ihﬁ’@?’glgbm $43 tepREralify %%apfr"é‘%“ a? e%pr(’ifoogér%gt i on

of a highly purified and heat stable oxy carri.er-5 at ai ni n .
phar néicleuddnatate ewshprssipitate fngdeviud WT%”%E?WP@OWJ%'%%%@ \r/]\}'?gg%loglflood i's
human, bovi ne, porcine, canine or equine whole blogg bZ. The net hod
for thkmeg) ephamt vtber pbteia impyhitisp suelt thef B resuiing degt sEPlgAross YRRy dRtramen
carrier-containing pharnaceutical conposition according . to_.claim8 wherein
sai d bahaghobirl Bascar eretecighla saycentmtion of cimeinEdotonpE éSSE%I?ai“asr?f SPGB
col ums or ani on-exchange colums. '13. The nethod for the preparation of
althi ghbs-lptked fefremerimignivglbingnd bhwedistohy spol gl RPFXERHE% AN frg - phar naceut i cal
conposi tion according to claim12 wherein the chromatography colum.is one
or nore DEARddiigNracetCvygeihe immediattly follnydng ksph peating dhecgpsgrinked;sirameric
~highly purified and heat Stable oxygen carrier-containing pharmaceutical
C ONPOBénideubiOMMintsinadowh Eevelgif ofst-hemediebihenpgl obi'n consi sting essentially
of nonpolyneric cross-linked tetranmeric henogl obin formed by the process
of cl ai m 8p) 2@bbing Arevipitite dy haenttifigatomeqarftritim apparguhioghmy 2 slgam sofnand
heat stabl e oxygen carrier-containing pharnmaceutical conposition, the
oxygeghdgcarri er-contai ni ng pharmaceuti cal conposition including henogl obin,
t he henobgl obi n consi sting essentially of nonpolyrneric cross-Iinked
t @4 r aner i cgheaPakOlen pufifiel rat hbeht csmige i siossefinked tohramdéridi Mgmpglaial foart whol e
bl ood including at |east red blood cells and pl asns; ‘ :
pharmaceutically acceptable carrier. : :

9. . The method for the preparation of a highly purified and heat stable oxygen carrier-containing

pharmaceutical composition according to claim 8 wherein fthe heat treating is performed in a

20  deoxygenated environment.

| 10.  The method for the preparation of a highly purified and heat stable oxygen carrier-containing

pharmaceutical composition according to claim 8 wherein the heat treating is



40 b) separating the red blood cells fromthe plasna in the
manmmal i an whol e bl ood; c) filtering the red blood cells that were
separated fromthe plasna to obtain a filtered red blood cell fraction;

- d) washing the filtered red blood cell fraction to renove plasna protein
inmpurities, resulting 5 n washed red bl ood cells; e) disrupting the
washed red bl ood cells by a precise gmd controlled hypotonic lysis for 2
to 30 seconds or a tinme otherwi se sufficient to |yse the red blood cells

inanin SrollOw&T Bah&ia158) LbbIeR MRS Neidgla | ysate
of. di srcﬁgg)'{u%ghr edggls‘%%g ctglp?agﬁlg{tééaoflow rate10f§5% 1000L/ hr; O-perform ng

filtrat] ~ ?mﬂ%frﬁﬂ?é@ia@él?h@w fleosiakent ate from the
Iysatecy%ﬁg§8§§$%§ Oﬁgzg§€§%‘ olln éblu??on frgﬁlthe | ysat e;

h) performng a first uItraflltratlon process, using an ultrafiltration’
filter configured to renove inpurities having a higher nolecular weight

Trom the {iiFg H‘%}%ﬁo%?rg%hﬁ&%%@?. 3 ¢ B R SR et R ke o Bt o

fromthe fi ain a second henbgl obi n sol ution;

i f f | owt hi | obi
ISZ”Sgte |r08ﬁtra{111181n iil‘g‘%ﬁ?}lél%%rc 1{1805‘.[111:1011 acccy(f\e;| {1? {Baélaqglrmenpgﬂleyglrgie?rﬂrgﬂn% Elgmg{; gggdo In

uItraflllratlon pcess usi Itraflltratlon filter configured to
r erove Wqueeganﬁ‘ﬁarf%l%‘ﬂ%eat?rogt e the purified henogl obin sol ution;
k) cross-linking at |east a-a subunits of the henopgl obin by

bi s- 3, 5-di bronosal i cyl fumarate cross-1inking solution to form

-Link d d i
S0cr 092 1 Akedr ﬂ%ﬂ&‘éf&ﬁ.é{%@ﬁﬁ%ﬁﬂggﬁﬁff C%L?%&) o S Gyl e
h | ob 1 h t abl |
cregls) g Cgil%’lgi“ﬁg) %3‘%‘%31” ~H$P‘?S§i?8€.aﬁ§°f€fﬂ% e5| C% b%;ﬁng; agsdj[)(;/&%gentl al

flow filtration; %ﬁﬁkace X%QQ%stelne e t Irﬁgoss i nked
t 0r aﬁb@ﬂ@t%ﬁ@g%rﬁe% oﬁ@a’f"' cta‘i‘ aeF AY VPRI bin at a
tenperature of approximately 70 Cto 95 Cin a deoxygenated envi ronnment to

denature and precipitate any re5|dual non-react ed henogl obi n,
non-stabili zed henogl obi n (di ner)

an rot uriti.es such
that thd r&bumethed fete Hepmten 9 &s @hgﬂﬁﬁﬁég %S?ﬁﬁ%&#dwﬁgﬁba?nﬁln has an
undet ect abl e concentration of dinmer and c 05|ﬁhshessqg ﬁrn¥t h :
nonpo pmﬂmé mﬂqtlcﬂkﬁdnﬂoéﬁ@&rﬁé?qrémﬁéﬁﬁ%\“ﬁb whereln the chromatography

column i 1s_' one or more DEAE column, CM column and/or hydrpxyapatite colummn.

15
- 14 A highly purified and heat stable oxygeh carrier—containing phafmaceutif:al composition
comprising hemoglobin, the hemoglobin consisting essentially of nonpolymeric cross-linked

tetrameric hemoglobin formed by the process of claim 8. '

20 15. A method for the preparation of a highly purified and heat stable oxygen carrier-containing
pharmaceutical composition, the oxygen carrier~containing pharmaceutical composition
including hemoglobin, the hemoglobin consisting essentially of nonpolymeric cross-linked

tetrameric hemoglobin, the method comprising:

a) providing mammalian whole blood including at least red blood cells and plasma;



0) adding N-acetyl cysteine imediately follow ng heat treating the
cross-linked tetraneric henoglobin to maintain a | ow | evel of

nmet - henogl obi n; p) renoving precipitate by a centrifugation or a
filtration apparatus to forma clear 10sol ution; and ©ci) adding the
purified and heat stable cross-linked tetraneric henoglobin to a
pharmaceutical |l y-acceptabl e carrier.y16. The method for the preparation of
a highly purified and heat stable oxygen carrier- - 15 containing
pharmaceutical composition according to claim15 wherein the heat treating

i S CO“dUCt%e%\fihné@he%@&@lﬂ@@ceﬂl@ﬁ%mhﬁ&m%ﬂa% e Weshnhdiak dhat 8loyd;by cooling to
25 C and the acetyl cysteine in an anount of approximately 0.2 to 0.4%

i s added i mg:'nﬂé QAVred Blob®WhiRGhANErE Gtk frodP e plEhR RbEMt ﬁlﬁé’red_ ha

preparation of a highly purified and heat stable oxygen carrier-

contab@b@g?gﬂﬁ{&pceutlcaI conposi tion according to claim15 wherein
additiron o acétyl cysteine prior to heat treating is in an anount of

appr oxi mat d‘¥ sgmg the ﬁl%Fed]rgd B106d BB ARfod R rehbf RESRAGER Rp@Rticd r@duﬁmg)’

purified a stabl e oxygen carrier- contalning pharnaceutlca

'CQ§p°ﬁh%h&%r%§&8&9&ﬂ9 to claim 15 wherein the whole blood is hunan,

porcine, canine or equine whole blood. 519. A highly purlfled and

neat st abl 8, snr@(ﬁ D afALIhE reﬁ%ﬂ)toﬁlchL% aoék@&%‘a%h&ﬁied%%ﬁ?ﬁd ki or 2 to0

conpri sing 1’861 N, enogl o nsisting essen

clar G 5F %Eﬁtﬁé%b%‘éwf%%% T
?ﬁfgﬁ%ewﬁwné%%%ﬁg”% e A R RS e e T e e
vasoaonst ) gg;;%ﬁ?,;ggﬁlmw%eaimﬁpfﬁ R
B b ol ok B8 b ek Spyggndesi e dimeric i ot

h) performing a first uitrafiltration process, using an ultrafiltration ﬁlter configured to remove

impurities having a higher molecu]ar weight.thé,n hemoglobin to further remove any viruses and
residual waste retentate from the first hemoglobin solufion to obtain a Secoﬂd hemoglobip solution;
| i) p.erforming flowthrough colurﬁn chromatography on the purified hemoglobin solution to
15  remove protein impurities;
jj performing a second ul‘traﬁltration, process using an ultraﬁltmti;on filter configured to
. remove impurities and to concentrate the purified hemoglobin solution;
k) cross-linking at least a-a subunits of the hefnoglobin by bis-3,5-dibromosalicyl fumarate
cross-linking solution to form cross-linked hemoglobin in a deoxygenated environment wherein the
20 cross-linked hemoglobin is nonpolymeric cross-linked tetrameric hemoglobin;
1) exchanging a suitable physiological buffer for the cross-linking solution ;

m) removing any residual chemicals by tangential flow filtration;



10 uncross-linked tetrameric henogl obin, and plasma protein inpurities
effectively. Addition of Nacetyl cysteine after heat treatnment and '
optional |y before heat treatment maintains a |low |l evel of met-henogl obin.
The heat stable cross-linked tetraneric henogl obin can inprove and prol ong
oxygenation in normal and hypoxic tissue. In another aspect, the_prdduct
Is used in the treatnent of -various jypes of cancer such as 15 | eukem a
col orectal cancer, lung cancer, breast cancer, liver cancer, ’

nasopharyn gf%{gén%%_g&?ﬁg?%@iﬂg 1 ERORNRAYERM e GARREHo heiRAdBRY ardftRht tEAtiIhON | S

heart pres on | uations where there is.a l'ack -of oxygen supply in

V0. SHEh RIS Robinted 2 ARtke G apfRXSRIYIRPTI YOS D8R deoxi Naaikl tabl e
" environment to denature aﬁd precipitate any residual néﬁ-reacfed hemoglobiﬁ, -non—-stabiiized
hemoglobin (dimer) and any other protein impurities such that the resulting heat stable cross-
5  linked tetrameric hemoglobin- hés an undetectable concentration of dimer and consists essentially
of nonpolymeric cross-linked tetrameric hemoglobin;
0) adding N-acetyl cysteine immediately following heat ﬁeating the cross-linked
te,tramericr hemoglobin to méintain'a iow levei of met»hemoglobiﬁ;
) removing precipitate 'by a Vce_ntrifugation-or a ﬁlﬁation apparatus to form a clear
10 solution; and |

q) adding the purified and heat stable cross-linked tetrameric hemoglobin to a

pharmaceutically acceptable carrier.

16. Thé method for the preparation of a highly purified and heat stable oxygen carrier-
15 containing pharmaceﬁtical composition according to claim 15 wherein the heat treating is
conducted for 30 seconds to 3 hours followed immediately by cooling to 25° C and the N-acétyl

cysteine in an amount of approximately 0.2 to 0.4% is added immediately following the

cooling.

20 17. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 15 wherein addition of N-acetyl

cysteine prior to heat treating is in an amount of approximately 0.2%.



42
18. . The method for the preparation of a highly purified and heat stable oxygen carrier-
ng to claim 15 wherein the whole blood is

containing pharmaceutical composition accordi

human, bovine, porcine, canine or equine whole blood.

19. A highly purified and heat stable oxygen carrier—bo’ntaixﬁng pharmaceutical composition
comprising hemoglobin, the hemoglobin. consisting essentially of nonpolymeric cross-linked

tetrameric hemoglobin formed by the process of claim 15.



