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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.



10 within red bl ood cells. However, when naturally-occurring henogl obin
“is.removed fromred blood cells, it becones unstable in plasma and splits
into two a-13 diners. Each of these diners is approximately 32 lIcDa in

nol ecul ar wei ght. These diners may cause substantial renal injury when
filtered through the kidneys and excreted. The breakdown of the tetraner

| i nkage al so negatively inpacts the Zust ai nabi | i ty of the functional

henogl obin in circulation. 15 [0004] In order to solve the problem recent
devel opnents i n henogl obi n processi ng have incorporated vari ous
cross-linking techniques to create intranol ecul ar bonds within the

t et r angackgroupg pf Inyentiont er nol ecul ar bonds between the tetraners to form

pol ynmeri c henogl obin. The prior art teaches that polyneric henoglobin is

t he prlé¢@&i Hemoglobimpiays en daportapt fofecinanese vertabmtsfpogasedya lekchangecbeveanhe
henogl obi n. However, as determ ned by the present inventors, polyneric
henogltebyasculay spssene andotéagnd. yit tsoespensitde fop carptinghaiyeeyl obn feirespliatoydsystem

circul ati on. Met-henogl obi n cannot bi nd oxygen and therefore cannot
oxygenatks badgsalds viFlideadf arculatiorhandcales sarfyingkiha gnetabalih tvasiy ptodectprarton ar t
that causes the formation of polyneric henoglobin is a problem There is a
need idiexideevay tiroirobody ¢edls kmihquespiritaty petem whererthe carpinediotide iscaxbaledl.i nki ng
to create stable tetranmers w thout the sinultaneous formation of polyneric
henoglSoise hemogolfi) B 3his Bxiygeh érnspom fidatme itvian be tfed apr poentaxygeatsuppliet & t o
stabilize henogl obin include production of tetraneric henogl obin that

i ncl udtesn bostahilieed eptiabhnd dsedjin vper cent age of di nmer units; the presence of
‘di mers nakes the henopgl obi n conposition unsatisfactory for adm nistration
t 0 maf@tdB s Natitaly-dboverinochdnorghnbdf ist h ectherpghahiin geauallyasistde sdve peesenal
injury in a mammal i an 5body; this renal injury can be severe enough to
cdase wdigat fad bkivdreeflor HowtWey whdnSnaauriidestcutiing hemaglbbih ds eteabd fistnakkie
tetrameric henogl obin with undetectable dinmeric formin the final product:
[ 0006 blobi BdtREt bbb @ifakle i plRénhDind @plits BReRE RBidin@s. GACIIhdss dBnagsidden
increase in blood pressure ?ol | ow ng adm ni stration. In the past,

VasoC gisbdihgiblyon VLR SolRaig WasR. reesy dedrsi hamakd aibsefe rdhl fiudf

henogl obi n based oxygen carrierS. For instance, the Henmopure(r) pfoduct 10

(Bi Op%&ﬁﬁered 1RNoh tE8S Wdh&d ahll eREGRET TREBFReaRIdvRY bBthe RNuBRSMfifkald 2609 | NHY)
or 30% hi gher when conpared to the baseline (96 10 mrHg) as discl osed by

Kat z ﬁ%ﬁ{ively bhls ﬂBrs{xﬁéinaﬁ)tiﬁt?Hpﬁlé filnRrical Negndeltbth iRcRRlIgLhave relied on
sul fhydryl Teagents to react wth henoglobin sul fhydryl goups, allegedly
t @5 Pr RIN6M I et ReldiveMnd §irbu&s, ?&éﬁﬂe@&oﬁrlﬁ%&h heROR1YD gfdﬁgssingdgﬂ%

sul fhydryl groups. However, the use of su ydryl treatirent adt
procegbPsatth $R%ous rcﬁ)%élhﬁkiﬁ@ teb%ti)cﬁﬂg &FcrER8 IntrhmoRAHar HIREY WiHif the Wk fherMUST  be

| at er renoved fromthe henbgl obin conposition. Thus there is a need in the
art f r; HemP WL aRER vy gl ol it .
vasoc%ﬁ?ﬁ#éﬁg@?%%%r E‘.S“gﬁg tIevglod pr essﬁgé%r%%ogﬁdghce ?gg@déﬁerrghnﬁgllqr_ [ 0007]
Furt h%‘g teR) hgp{hg{]ﬁol)\%éra frlo@fobidil the bt SFoP indr§a & in%?e@é%' cﬁcﬁgtg%hagp-' n

inclu [ he presence of protein | urities such as | mmunog t hat can

caus elif%'ok' ﬁl'é%ler%o%él;iﬁ.c 3 . ‘ﬂzr,% ne ttiaqgﬁlreggnpfngent&gﬁzro .eﬁc ﬂf}ﬁ%@gblhn t he

art for a process which can produce e tetranmeric "henog n w t hout

PEQL e Iﬁﬂﬂg'rc{nhfe?ts b 3008 m,o %@g% té)%o%ﬁ éir%ul%ﬁ@éﬁn g}’-g%uPJﬁ?ét%Lng Ig{ gﬁ!&e Is a

need 1 n the or a stabi rameric I mer free,

Phos PR LPLE theERr AN SR Pdnkie Hssi ! OFHRIrO O BrofliidkiU dht B trCthct-

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.



Summary of Invention [0008a] In a first aspect, there is provided a nethod
for the preparation of a highly purified and heat stable oxygen
carrier-containing pharnaceutical conposition, the oxygen
carrier-containing pharnmaceutical conposition including henoglobin, the
henogl obi n consisting essentially of nonpolyneric cross-linked tetraneric
henogl obi n, the nmethod conpri sing: 3 a) providing mammal i an whol e

bl ood including at |east red, blood cells an | asrmp, . b) separati.ng the red
b1 00 (0B P biies B SHAProR AR R e gba e Pl
filtering the red blood cells that were egaLated fron%hhe plﬁgqgeto

obt ai Af Eemetcherpgiehin BiabHiludey An MPEACERIFNY tigh Percepfes, ALRTITE YMe 171t ered

~red blood cell fraction to renpye plasng protein inmpurities, resylting in
was hesrepesge Bf duere epakes the hemogl?}ﬂﬂd?@ﬂ?ﬁ%‘?ﬁdﬂf%g%&?h@a ARfREdY Lé%el I's by

a precise and control |l ed hypotonic |lysis for 2 to 30.seconds or .a tine

ot her wizsmalsyThe direre forp ?ffg‘éh?rﬁ%gl?té‘ﬂ <39 G AR ETRhNERY R PRmmalER o) ysi s

apparatus to create a solution conprising a_|ysate of disrupted red blood

Cob | s bedy; fis iy @b Suers GUBIEh iy cavse dedth. (s, dHFS g PETd Pl M o

renove at |east a portion of the waste retentate fronﬁéhe IXsate; " 0)

ext r atotdreatp stebld tecamenic hogPgpbin with upgatestablerdmericiarm ipdhg tinal product. 1)

performng a first ultrafiltration process, using an ultrafi]tration

fi | t ef008EINAncher aiotiesn vefopBor arh liemeglain (PAAUATS 18 2hfUdier INFESPC IR 5 °Yei ght

t han henogl obin to further renove any viruses and residual ste retentate

f r om piessufei follawihe adrginistsitipns dh ghei popt, YaSOWBREFIN &Y ERCHAYE PRBFRPIGi P ol ut i on;

i) perform ng flow hrough colum chromat ography on the purified henogl obin

sol ut bider genememmuithquagiobimbisep oxygen @arriers4Bor instance, thy Hesopwe®i prgdértsecond

ultrafiltration process using an ultrafiltration filter configured to

r @OV @ibsiRICh ] 183) a6dliddinONHee Pehip bigeriah premurel (i 24 & hmmbty) obBéPesotheri on;

k) cross-linking at |east a-a subunits of the henogl obin by '

bi s- 3@@2%%&2%@%@%% Bl 9B 3h Sl 2 alsiRlelabg K50 ol 0014, Oprfch EtTbmps

Cross- I'n 1h a deoxy@enat ed envi ronnent wherein the

-1inked, h | Qbi n_1|. I ' - | |
hemmgiooBIY (PO AR 1o G RANT BT &) Gt cR B Sl Shfe

- Li nki | uti ; ) . renpvi i henmkcal.s b
Ot Lol b e TR At el BOSTLSR,
h | obin i d d i to d | pitat
O S SRS SRS o SERh SFRl LR 2,37,

other protein inmpurities such that the resulti.ng heat. stable,cross-!inked
L& 1 o Uk ON SO R LIS TN 16 MEmEURRR ROPREIISH SRS And

consi sts essentij all of. nonpol yneri ¢._cross-|i.nked tetraneri ¢ henmogl obi n;
need in the art for a p¥ocess to prgpareyhemogf bin which willl not catise vasoronstiction and

high blood pressure when zipplied to a mammal.

[0007] Further problems with prior art attempts to créate 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.



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

nmet - henogl obi n; p) renoving precipitate by a centrifugation or a
filtration apparatus to forma clear solution; and g) adding the
purified and heat stable cross-linked tetrameric henoglobin to a
pharmaceutical |y acceptabl-e carrier. [0008b] In a second aspect, there is
provided a highly purified and heat stable oxygen carrier-containing
-phar maceut i cal conposition. conprising henogl obin, the henoglobin .

consi sting essentially of nonpolyneri4 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
stabl e oxygen carrier-containing pharnmaceuti cal conposition, the oxygen
carri er sgahha diignihar maceuti'cal conposition including henogl obin, the
henogl obi n consisting essential ly of nonpolyneric cross | inked tetraneric

henogl o risin bl ood
|ncludlﬁﬂ&% ) Q%F$P% ﬂﬁfgg roYisF %mgﬁ %&ﬁgﬂggse ar a .53@?%3 red bl ood
cells fliaamtetbree)xpgeasmemnﬁaimmgmhm¢wml whhofl)séloblthfo@iyge%mer'CO“ta‘f@)B filtering
the red bIooch r dafr M a
filter e EES 1 8“‘8"3?'1"“ flP alclz ﬁ% @Bi E hg%%l%g 1? érﬁﬁgﬂragegsginggtyg? ood cel |
fracti omnnpaﬂymmm 1pikecstntaaqmrmﬁlen¢glquptlﬂp nrpﬁwwompw ting in washed red

bl ood cells; .. e) disrupting the washed red blgod cells by a precise

- and control |abprow9rpg>mmm@h¢:y§h@e blopd ipclpdingztlesstiedPlard erlls andAlat@20t her wi se
sufficient to lyse the red blood cells in an instant cytolysis apparatus

to create abysparstingtheredilopd ellg framithegdasma sfthegpagmphen #hpleBlopdiood cells at a

flow rate of 50-1000L/hr- f) performng filtration to renove at:
| east a por &) filieriog the el hlerst ells @atemraseearatpdﬁnntth@plﬂs;@atp@btam a filtereg yed
extracting a.first henoglobin solution fromthe lysate; .- 10 -

per f or réléw call fraatisé; ul trafiltration process, using an ultrafiltration 7
filter configured to renove inpurities having a higher nol ecul ar weight -
‘than henogl abtv&hin(g theiribed e hived oamfrmanmesmmn@mmmah impeidites,r et ent at e
fromthe first henogl obin solution to obt a| n a second henogl ob| n sol ution;
' Pesultmg in washed red blood ceIIs : . :
&) 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 at a flow rate of
50-1000L/hr; |
f) performing filtration to remove at Ieast a portion-of t_he waste reten_tatc from the lysate;
| g) extracting a first hemoﬂobm solution from the Iysaie
)] perfonnmg a first ultrafiltration process, using @ ultraﬁln'atlon filter configured to
- remove impurities haymg a hlgher mo]_ocular weight than bemoglobin to further remove any
viruses and residual waste retentate from the first hemoglobin solution to obtain a second
hemnoglobin solution;

i) performing flowthrough column chromatography on the purified hemoglobin solution

to remove protein impurities;



i) performng flow hrough colum chromat ography on the buri fied henogl obin

solution to renove protein inpurities; j) performng a second

ultrafiltration process using an uhrafiltration filter configured to

remove inpurities and to concentrate the purified henogl obin sol ution;

k) cross-linking at |east a-a subunitsg of the henogl obin by

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

cross-|inked henogl obin in a deoxygenated environnent wherein the

~henogl obi n.is nonpol yneri ¢ et085-Jdcalading &f Wiedfitration Hlemogifighied fo jiove |
exchangi ngJ)aPegn “Eﬁoar %%‘%V@‘.‘Tﬂg'l.ogi cﬁélc' buffer for the cross-1inking solution
s renovin = pﬁé‘?ﬂ ehe@igahs by tangential flow filtration;

n) hedfnp‘t“i‘[%é@ﬁﬁcbc T‘?gﬁ%%%%-i Phked henpgl obi n at a tenperature of

approxi mately 90 € to 95 C tq S 1RAGLIDMEB Pis-5 Btdtbrammyalicgis fufibiate |

non-r eact ed H&HD %iah,? oan_qsffl%gﬁa%)zed he?rg]bgl_obi n 4c (dirtier) and any

other protein inpurities syc LG i bk fehii@l dhGiRdnnsiiakRinalicasss-| | nked

t et r atFRSFIEKnESHY “d‘b%oﬁnﬁggﬂggﬂéh%%é%ectg‘bl e C%ncent ration of dimer and

consists essenti.al f _nonpo| : GahdR3emdglopieed tetrameric henogl obin
and i ﬂﬁﬁﬁ’ifﬁ?’%@‘?}’“&‘éﬂ‘?ﬁpﬁgﬂ?gcaoﬁsp%ﬁla%at_el,ry 25 -g!C; 0) adding N-acetyl
cysteine i iately follow ng.ha ﬁkgfﬁ%ér&g_ﬁm orf&@s- | i nked tetraneric
-henogl obinmgg'ﬂ%‘ﬁaaf’f"f‘?gﬂﬁﬂ%gwl%leve of net - henogl obi n; p) renoving
precipitate by a centri I Sl pati@inappar atus to forma clear
sol ution; T mo“rfé)'myafﬁf&{“%%g%twgﬂspgﬁa% ed and heat stable cross-linked -
~tetraneric_henogl obin to a.nhanoBcauih Gak libxpesad @birdmeatrtdidenaturd £008d] | n
~a fourth a§b et , c4ife _ qoggggégihgigd&alhi ghly - purified and heat stable -
" oxygen -carrier- cantainin L IPRGEUT herBdabliadipisioklobin (Gimef)rans iamg other
hemmog PEGIPHAS Wemﬁ@??@d’f”bbef’%"dgg%i. st ?l’ng essentially of nonpolymeric .
cross-linked tetranerj errrgﬁﬁ i ot QBB Crfyiidkbe tRRMeRS Seraspldial haseoh above.
~ [ 0008&HH HPHIHPE B s%%c{ﬁ,e t et{r?lg 1?‘&3 provi ded a.nethod for the preparation
of a highl urified and.heat Stable Q¥MAaRN oL ainhsl@eric andsalinkied getrameric :
. phar nﬁ&‘gqﬁef%l’%‘gl?o‘(’%ﬂ% g ?f?%‘%?ﬁ%‘hdz oxygeen' carrier-containi ng pharnmaceutical
© . conposi ti q).‘,i‘ncl udi ng henogl obi n, the henpgl obin consisting essentially of
- nonpofyt _?-E,D’Cross-! i nked tetraneric henogl obijn, t he. mat-ho_d conprising:
o) B OV Al JRTLLAR ke rbhansl rolwlen akaieaste mesibiadonauel s and
hemogiobin to maintain a low Ieyel 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 héat 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;



. concent T a§ 80 kRendaler b frimecdivewisg bRt LolvER

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 plasnma protein inpurities,
resulting in washed red bl ood cellg e) disrupting the washed red
bl ood cells by a precise and contr Pl ed hypotonic lysis for 2 to 30
seconds or a time otherwi se sufficient to lyse the red bIood cells in an

i nstant cytolysis apparatus to create a sol safe of

di srupt ed red)lﬁtg}gld, &o@dceﬁsﬁlbtower@l?@ﬁféﬁ %%Tpga@%g -aﬁlt;ry._f)
perform ng filtratton to remove at |east a portion of the waste retentate
rron}theb&éﬁgﬂﬁhwn g) extracting a first henogl obin solution fromthe
ysat e; h) perfornlng a first ultrafiltration ro%%§3ﬁ195|ng an
ultrafiltrati ;Sfe]h% onfd gurgehdt elirfearioe ¢ FRBGNE PrE%e 1§ "hg I gher

- nol ecul ar me|§ n heanIobln to further renove any vi ruses and

resi dual - wast e reLent at r the first henoglobin solution to obtain a
second hi P%%ﬁﬁgé %%ﬁﬁgﬁcgﬁl i) perforning flow hrough col'um

chronatography on the purified_ he bin I hERYR 1 Do N
i mpurities; e)qumngmepeﬂﬁéﬁﬁﬁhEHDQEBXSHﬁgﬁ%#@a?&??ggt|on pr%ﬁess usi ng

an ultrafiltration filter confiqured to Hsg%%%kmgggﬁgg{ﬁfmgﬂgcyg]gs

cross- i nki ng at

| east a-a subunits of the henogl obin by bi.s-3 I, Gy EfdnoRr at e
Cross- |'Qﬁﬁﬁﬂm&@bﬂhb@@dmamhmnmnsnbséﬁﬁFﬁ?@ﬂqﬁgﬁﬁg ?Eg?%&a eoxygenated
envi ronmeht wherein the cross-1inked henmpgl obin is nonpol yneric

Cross- Ilgbqgmﬂgﬁranerlc henogl obi n; 1) exchanging a suitable phyS|eIQg|caI‘

buffer for the cross-li-nking solution ; in) renoving an e hg Ate: -~ :
cheni cal's by ??&Eﬁﬂﬁ%ﬁlﬁaﬁb@tﬂﬁmdﬂﬁmﬁlﬁmomon of H‘)mﬁE it cet tyst ei ne -
to the cross-Iinked.tetrameric henogl obi n and heat treatlng t he
cross-1inked hﬂgaﬁhﬁﬁan@gmﬁﬂpﬂmamdmeﬂb¢YﬁﬁbrOX|nately 70 C to 95 Cin
- a deoxygenate enV|ronnent to denature and pre0|p|tate ﬁé
non-react ed hﬁr‘& Gh 2Rk aﬁ&@@ﬂtﬁaﬁﬁﬁhdm pxechhemgI%BlW‘?ﬁ F ff}iatot her
protein inpurities such that the resulting heat stable ss-|inked

tet ne banbi atpight Hombaprgiohis BhigherdFPRY: *dnd
etrameric g@g&ﬁﬁi aggﬁ 2 BikheH 6! g n

" consi st sT8588 onpol yneric cross-linked tetraneric¢ henp | .obi n;

o) addi n N— ac (% Yl ShRleNRtd R goat e fird: Gletnioghdbiry splatian o g g

Cr.oss- I| raneric ean obin to maintain a | ow | evel of

‘nmet - heno Iob| lm removing precipitate by a centrifugation or a
filtrati OFPY 8}%’ gmto forn1a clear solution; and * - -}) addlng t he
purified and ea st agi ;ﬁEQa%%oitﬁrﬁk&ﬂmﬁﬂigf@ﬂ?“ﬂ the [g@mﬁpgﬂh;meglobng sgiution

“phar naceuti-ca ecarrier

10 remove protem 1mpuﬂtl€$

j) performing a second ulu'aﬁltraiion process using an uitrafiltration filter configured to

remove impurities and to concentrate the purified hemogiobin solutlon'

k} tross-linking at least o~0 subumts of the hemoglobin by bis-3,3- dlbromosahcyl fumarate

ent wherem the

) ross—lmkmg solution to form cross-linked hemogiObm in a deoxygenated environm

hemoglobin is nonpolymeric cross-iinked 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 a temperature of approximately 90° Cto 957

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



4e [0008fj In a sixth aspect, there is provided a highly purified and heat
st abl e oxygen. carrier- containing pharnmaceutical conposition conprising
henogl obi n, the henogl obi n consisting essentially of nonpol yneric :

- cross-linked tetraneric henogl obin formed by the process as defined above.
[ 0009] The present disclosure prox des a nmethod for processing a

nonpol yneric, heat stable purified cross-linked tetraraeric henogl obin
suitable for use in mammal s without causing severe renal injury, vascular

detrinental effects and severe advmtrethg\{e%m %é&?kﬁﬁé elg,ssdlﬁgé&lteﬁﬂﬂ@:icprese_”t' _

di scl o&limer) perhanyesher peted] HRRUTIESS Y enogl obi n,. uncross-1|i nked

tetranmeric henogl obin, phospholipids and praotein.i L 65 hthonal Iy,
thg. prb?mgﬁb%Bﬁlws?ﬂ@C@bF‘schﬂﬁ?t;P“i ‘ﬁs‘f’g ;\:ngfg%lfs%giﬁgpﬁjarﬁ?olﬁgtor prﬁcirse
and control |l ed hypotonic lysis, . a flg rouI%xim%c;pﬁaCc romat ogr aphy,
(3) a dsrbg;hizﬂcaim&xrﬁdriumencghdmarldillﬁﬁe‘i‘m%??o‘Eﬁ APt Us T Or héat processing the
henogl obi n solution in the purification process {.o renpve. irable
non- st abi | i @eddidi Metcstylofysthipminyiedistply ZPUPWIRS l}eé%q;éng %‘8 “or So]tlgelélgﬁ tf%&qn%%?(% ties,
for -exanpl e i munogl obin-G so that renal injury, vascular detrinental

ef f eCt erpyafbbRith eaintaaid low lavet dat-hemeeledh be avoi ded, and (4) an air- -
tight infusion bag packaging to avoid oxygen intrusion into the product.
[0010] The nethod includes a starting nateti TR Bdrinanclash edletidat ood

- including ap) rbma\sngpredpimedlydi@éﬁ@?‘é‘ﬂ’dorpqtg@&g#a ed blood cells are. -
separated fromthe plasma in the mamal i an ‘whol e bl ood fol | owed by
filterjygg to obtain a filtered red blood cell fraction. The filtered red
bl ood cell fraction is washed to renpove pl asna. pr L0l P Ss dhe
~washed red §l agding ethb spuified dirgk Lhﬁsitted‘ab‘? ér_oésg[ﬁ't‘i?‘glt%%keﬁ;po_tor%?c lysis-for a
~time sufficient to lyse red blood cells without lysing white blood cells

in an ?ﬁﬁh@&ﬁti&ﬂi@c&ﬁbﬁoﬁﬁmr atus at a flowrate of 50- 1000 liters/ hr
Filtration is perforned to renove at least a portion of the waste
retentate fromthe lysate .A flnst, iy L9fdnng Gat shige oxygeresarrieact ed from
~ the |\eusdl Injoye] as g.‘ft’latﬁ‘%r? Pt {Pg%%i 11 _r@g??on pr_OCﬁlsst[ei s 18%1{ f.Q4Bg, using an
ul trafdhbbabi @armhdcbidtied @ombsitguar enriising diFBPE R i i FFPRE hav) n% m&/ hi gher - -
“nol ecul ar- weight than.tetr. G Ermghe Biobin fneled ity theuprodassras & e any
- Vi 1 us esseaidy P %?“aﬂéme%\%é?%ﬁﬂ%?gnt ate fromthe first henoglobin solution to
obt ai npgve. second henogl obi n sol ution. Fl ow hrough colum chromat ography -
is performed on the second henogl obin solution to E)e YOV E prf?%%ﬁé‘
| MU i (bS], In di Bk ch Dl phiidedaamacthidoehhe PIERIHE" £o% ply e
"~ phosphol i pi d-free henogl ohj W@} cohpoatan the bkick@édriidreatiaigng process is
| perforl}‘fﬁtcfgéﬁ "E‘?‘F@“ﬁ%ﬁrﬁﬁ%@ﬁg&@%ﬂee'hen%glpgbi n_sol uti.on ‘éss!ergﬂll Jfilter
conf i ga@Acdubicdl epmp@itionpuridiigebeniogloing iligherpelQDie SRBUHPS 578 Hﬁ rified
phosphol i pi d-free h |0 hS R IbkrOhe meft08 datprifing:| east the a-a subunits
of the® W“lﬂéa""ﬁsélﬁ%’%g?%t?‘ﬁé“gre cg?%)?ss-l i nked by bis-3,5- dibronosalicyl
- fumarate to form heat stable cross-linke 6 bt dReNd shinpladma; he formation:
of pol yneri&pmwroma@ﬁdﬂmf%g@%tl %ucﬁ%?aeﬂgui ar wei ght of the résultant
nonpol yneric cross-linked tetrameric henoglobin is. 60.- g{) gDa The
expression ﬁ)@@@mﬁhgﬂﬁ&édﬁlooﬂ&qmiﬂlepbﬂﬁ,ﬁW@%W?I&“I‘@OIF Pareric
"henogl obin that is not internolecularly cross-linked with ot hﬁ{ %{enagl obi n
mol ecul es of, @ Mn€¥h|865d Mot hlagt obierseparhted fpedhaplapnafs opE@ 2 WKTHH F8p) e
physi ol ogi c.gl uffer such as phosphate buffered saline (PBS), |actated:
Ri nger. s i.on. acetated Ringer's solution, or Tris buffer is exchanged
for t'hlgo%f%iig%f?ﬁ]ked tetraneric henogl obin. Any residual chemcals. are
removed usi @%&%ﬂg&%ﬂi 4 440M6ddi defl Fratticarto r&BvODSPa Folingmpw s HPRIting
procedure, t’he Cross- |n?<ed henoglobin is heat-treated to renove any
resi dual ngga—gc[&sgégeiu%]ked tetrameric henogl obin and any non-stabilized
hermogl B4 16t "8xanpl’e the dimeric formof henmoglobin, and any other
protein ,i Wpeli r(fls}rlllp 1§1'g tﬁ@r&aﬂedtrgd 1061 h#@by a precise and controlled hypotonic lysis for 2 to

" 30 seconds or a time otherwise sufficient to-1yse the red blood cells in an instant cytolysis apparatus

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 '



treatment N-acetyl cysteine is optionally added at a concentration of
approximately 0.2%to the cross-linked tetranmeric henogl obin to prevent
formati on of net-henoglobin. Inmediately 20 foll ow ng heat treatnent and
cooling, N-acetyl cysteine is added at a concentration of approximtely
0.2 %to 0.4%to further prevent formation of net-henogl obin. The heat
treatment is preferably a high te rature short tinme treatnent conducted
at approximately 70C to 95C for 30 seconds to .3 hours w th subsequent
cooling to 25 C. Any precipitates formed 6 during the heat treatnent are .

renmoved by [

sol ution th lfngg%f B@%Ea’tﬂog pddcgsrsal'ES osp ‘?"g‘f"gﬁwﬁ“?ﬁ% ein

i mpur i, st I | S tetraneric

nemogl BB éaevt Ao R &é‘?%a% i @aﬁ o LR A PR

[ 0015 reafter tabl nked tet.rameri.c h lobin is
forrm%a u‘% a%t& %W%%‘gﬁg ﬂ:‘[r%{% Sr:% éméon e (R SR TR %i‘“ﬁ’ﬁ}‘P

et hyl ene-vi.n acet eth Iene V|n al,cohq lnfu3|on
bag. The pREFITIE Prevers LB ERE D PN O HotoR @ ne
formati on of inactiye net-henoglobin. [0016] The heat stable cross-Iinked
tetraﬁﬁpf%mﬁEHH6PHWFﬁ produced by the above nethod is 10 used for the
treatment of various cancers such as- | eukem a, colorectal cancer, lung -
cancer, bﬂéé%@mﬁ%ﬁk%ﬁ“”W?@Eﬁﬁgﬁﬂ@bP“mﬁ§§ﬁﬁﬁémyﬂﬁﬁgwﬂ@%ﬁ%%ﬁ°%ﬁ@mﬁéébhageal
~cancer. The nmechani sm for destroy |ng cancer -cells is to inprove

oxy g ERBPYEGPEHtias ghdiogoncantsaieip pyitied BemeElphibiplutioher eby enhanci ng t he 7
‘sensitivity towards radiation and chenot herapeutic agents. The heat stable

Cross- I|nkﬁmbﬁemmagﬁﬂu@t@Qﬂ@@hﬁbbﬂﬂmSwﬁbgmmuQHﬁ5B6&hﬁ6ﬁ§ﬁ&%@hﬁ&ﬁm§f ‘organ
tissue during transplant or for 15 preservation of the heart in situations

wher gols@iigislufiod BFmPLroQUMHE heHBRbH ih B d¥dx¥%bnat§8‘ E:Rm%ﬁmér[? gg.%ﬂn the o 4

oxygen-deprived heart. Brief Description of Dr awi ngs

depi r=ToV ent henogl obins. 20
[Ooi%?éé%%ﬁj@HFngﬁ?*ghﬁﬁﬂHQ?ﬁﬁggﬂ%%?ng aﬁq§§gkg%§& of the process of the

present IueR D |01 Sy ) e n SRR RTBILGA hoflSgl ghe, an | st an

cytolysis us use € process o resent’.i nvention. [0020]

(FIG A dopleh Sl 80 BHLCIRISE o) Loyl S RATRRY 2Phy analysis for(2)
n) adding N-acetyl cysteine tq the cross—lmked t:n‘a_lmenc hﬂmoglobm and heat treating
' thﬁ‘crqss—l-iﬁked hémo g_Ic;I-:uin- at-a temi)era;mﬁ of ap'progimatély 70° C t-o. 95°Cina &eoXygénéted-
environm_gpt to dénamre and 'précipimig any residual non-reacted hémogiobin, non-stabilized
heﬁmoglobin 'r(dimer.) and any other protein impurities ST:IC}] that the ;‘esulﬁng heat stable cross-
linked tetrameric hefnog]obin has an ﬁndefectable concentration of dimer and co.nsists essenﬁally h
of nonpoiym.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 zidding the p_uriﬁe’d and heat sfable vcross-iinked tetramé:ic hcxhoglobin to a

pharmaceutically acceptable carrier. -



cross-linked tetrameric henogl obin, and (b) heat stable cross-Iinked
tetraneri c henogl obin which has undergone a heat treatnent at 90C for 45
seconds to 2 minutes or 80C for 30 mnutes. [0021] FIG 5 depicts ,
el ectrospray ionization nmass spectronetry (ESI-MS) analysis for the heat
stabl e cross-linked tetrameric4tenogl obin. 5[0022] FIG 6 shows a circular
di chroi sm spectroscopy analysis for (a) purified henogl obin solution and -
(b) heat stable cross-linked tetraneric hem)(?l obin. [0023 léI_G 7 shows an
i npr ovenent Ofvﬁ%enﬁ{eﬁeqp I abos FRhly piredend hej SRS BRESY “4.2g/ kg heat
st abl[8008fl o &2 FrEEFTY S ARETT o hem)ngl obiogolgglﬁg,g ineRogies lcbsisiing a
si gni fjgamt jhacfeatel icomgoalion|CEEFE™ e}f?f)ng obi’n concentrati?e .and (B) oxygen
delivery to muscle. A ?o%sq&ﬁcéd@@aﬁﬁeﬁ&mmgla@efdﬂnedm"W@féﬁé? nis observed
for asyenife e WEPTIY S me conpared with the plasma henogl obin | evel .
[ 0024},Fl G 8 shows an .inprovenent of oxygenation in hypoxic tunor tissue.
I njection of 0.2g/kg heat stable cross-|.ik L BlvHRAE he€ sthdrogl obi n
sol ut ifEp0gY egkbiksend disciasusd mowide é@ﬁ*ﬂ‘?ﬁﬁ&?@%‘éﬁl@?ﬁmo@%en delivery to the head
and neck squanous cel |l carcinoma (HNS xen sthouPa8he e 9 shows
parti g{lﬁﬁddmﬁ{ss-ﬁﬁkéd rkagsec hmﬂ@%@%%#gfm%ﬂn@go%har yngeal ‘carci noma
15 (NPC) and (B) liver tunor. [0026] FIG 10 S _ theepean
art er jal ;Hf,85 s4ffr abanges cffwt!@nd-a‘t"ﬁ%@?fseS‘fe“tég\gfgl?@”tﬁée%%?gﬁa%i c shock after
the treatment with the heat stable cross-1|inked tetrarrer]i ¢ henogl obi n.
[0027],. El G L1 1S 12 Bin@ibitob@ Bf lpmotibbis, uherpssAinkETFaERT woH thit '

hy;

chromij S(%’F’ar% the henogl obin solution is in_the fl ovk@ﬂrolhls%tfracti on. 20

[ 0028, El.Gy: 2 . tingathdey. depdigmallathe PEHIHISIHHR® EFF Cot urim
chr oné’%"éé@é%%%@?g?ﬁ WI_E'[ h ultrafiltration. for _an i.ndustrjal al e
@) dnIgFIRNEh, 8!

~ operation.. [ 13 2h8 cansaleé rhapdteni BFFEc ppar at us used
for 'Fﬁgﬁlyﬁ%zfgga%‘?%aﬁh&%égpocesgi ng step. 8 | 0030%i FI G 14. g At nst rates.
the t alfnggé %é%é}&, {?zgfﬂi%iqf e ghB'rSiimpr(BE%"@siPF@t'ﬁpfﬁ P& BOCEREE e tine

t aken instabi l'1zed tetranmer (diner) in.the systemat 85C and 90C
of ‘th pre ent}i.n'\/e!}bgr@gﬁcﬂmn [ 203 1d refab@ the B AR BYY élézeiil’:}gn,%te of
met - hBFRREI DR 98P et on 1 1 tﬁe-syst-em at 85C and-‘5 90C in the HIST

DO rhaTEh il R o gl 92 sl MG B e o
O e ot Mo DB b cecn am ol AVt ) 20 0033
S oSS ST T SopBfneipmati it Hemgl obi n exhi bi <
Dok s e e e ami || 7ot he

L B i el Sy BOF b TROLARA mavst iprat i (BcbonGevptFn L he

blood followsd by filtering to obiain a filtered red blood cell frection. The fitered red blood cel

fraction is washed to remove plasma protein jmpurities. The washed red blood qe}ls ae §1smp ted
by 2 controlled hfpbtonic lysis for a time sufﬁcieht to lyse red b}oqd cells without lysing wiite
tiood cells in an instant cytolysis apparatus at a flow rate of 50-1000 Hitershr. Filtration is

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

solution is extracted from the lysate. : |

[0011] A first ultrafiltration process is performed using an uitraﬁltration 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 hemoglobin solution to obfain &



15 specific shape. A henoglobin nolecule is assenbled from four gl obular
protein subunits. Each subunit is conposed of a pol ypeptide chain arranged
into a set of a-helix structural segnents connected .in a "nyogl obin fold"
arrangenment with an-enbedded henme group. [0034] - The hene group consists of
an iron atomheld in a heterocyclic ring, known as a porphyrin. The iron
atom binds equally to all four nitrogen atons in the center of the ring
which 20 lie in one plane. Oxygen is then able to bind to the iron center

' | 1h hyr i.ng.. Th i ngl e _henogl obi
ol bou SR Aok B BB el Roke e il 3t "G50 ooss)
I dt t . 1 f,. .hemogl ohin i tetr | led -
nomog) BTP R St o TRy BB S gt O bl B Py PHOBRE wlouni 1
desi 2 3 h d . of 141 - 146 .am id id
- cspectricn] PRl s ERamaRT B Aot AR RAEOERY  i | ar

to each _ot.her...Each subunit. has a nol ecul ar weight -of about .16 kDa for a
ot o the hndihapidies MEPERobinc Shuftn R b b STATE e P iTRERI
t o .each ot her .salt, bridges, hydrogen bonds

polypeptide .chai ns are baund X ,
an&yhf%?gﬂﬁgﬁ?EWFWWEWgéPFﬁW”mﬂW@OPlﬂﬁ?g?%) MFNHAR 5 hermpgl obin is
siml h nandFeanlobin (90.14% identity in a chain; 84.35%.identity
in cﬁépm.m%ﬁ%“ § P sHmits oft e Rupifed @F‘P?ﬁi‘&%‘fylmg FtRplinked byhaistieyri ne

henmogl gbin positioned at Cys 93, while the sulthydryls in human

henogl BYPRosteyl fimpaisite ifermebran stable gpss-tinked hayeglabin without sheGpematipn of
respectively. FIG 1 shows the anmino acid sequences alignnent of bovine,
human, Pogafria gemeglobin push sl theauitlenulanwrighil of Blemesultan penpolywetiy closdlitied B, H, |
C, P, and E. The unlike am no 10 acids from various sources are shaded.

FI G fetrarie Aerseglotimis G9urihkPee nbil exbiessionlinerwelyhiegé! asiused kerdin, yefaistth bovi ne,
cani ne, porcine and equi ne when conparing their am no aci d. sequences.

[ A836]tetramerighemaglidbjn hetdeinetiintgmivdeenlgtlp bioss-linked with othe hemdgibbio ablealess, t he
association of an a chain with its corresponding 13 chain is very strong.
and deesmhetherdiogdismogipbin enaierdiss spdiyasi RGO gh ceilebleqphgisivloging buFfevexkns t he
associ ation of one a dinmer with another al3 dinmer is fairly weak 15

out si gkosphate buffoetl sdiné £BSThiacteed Rilgess solitendaeaied tRingeps sdlutiont or Tvi® a :
‘dimers each approxi mately 32 kDa. ‘These undesired dinmers are small enough
.t 0 bebéifdrtie reachahgedt foe the chossylnkad dettaedx bereégohin. Whiyhresideal rebsmiichisheé ng
potential renal injury and substantially decreased intravascular retention
ti me. rfn@@8Y jsinktengehial-dlowi filtrit®nnecessary to stabilize any henoglobin that
is used outside of red blood 20 cells both for efficacy and safety. The
ptdc el 13]drolipwouthisngrotdderes thebirbiszimtted Bemeplabbi i heat-westddi oegmbed awy  an
overvi ew of the.process of the present invention is presented in the flow
char t resifudt| @n-GossfIDREB |tettanietic ahdryoglabinvand eanp| pmacktbillzed heheghbineclogd as a
source of henogl obin fromred blood cells. Manmalian whole blood is

sel ectzadiplentbt dihhanig, folml of h@hogdlobih,t #d s othtiptein BEHIG, B G AR heal O

‘equi ne, and cani ne whol e bl ood. The red blood cells are separated fromthe
pl asnegatrhdnlt Nedcety] cattheVinsp@shallp adc&ﬂ@ﬂﬁc@bﬁﬁzﬁﬁoﬂﬂ?yﬁioﬂiﬂamwo.hw ®%he [0039]
In order to rel ease the henoglobin fromthe red blood cells, the cel
menbraos-linked ya@sheridl Helopigbinv & ipfeventt Behdtiof] L@Sm@ﬂr@nﬁﬁlouﬁedmh@diw red

" blood cells, the present invention uses |ysis under hypotonic conditions
i20 a foHawieg MWhi CGhateRht BRd PWobkid ENMcaANtyseideed Added Ok WMRSnHi-AtRRl 6 f Or
industrial-scale production. To this end, an instant cytolysis apparatus

as sepprokinakdl$5.0.8 % So UseH 100 filrihse prhent BEndHR O B&lHedoglWROTARI Kead YSI S
creates a solution of lysate including henoglobin and a waste retentate.

To enfbinteni 1 GLeFérabIRk heBabBpRHORUG e rtAB ekt Wil CRPSkikly ot r ol | ed
such that only red blood cells are lysed without |ysing white blood cells

or - otthes° Rk B sedondORRS AdhrEWRAGLRRAent dBBnSIZ8° ¢ ARepbAstAR fofdo! YSi S
apparatus is selected such that the red blood cells traverse the apparatus
in 2 to 30 seconds or otherwise a tine sufficient to |yse the red bl ood
cells and preferably, 30 seconds. The instant cytolysis apparatus includes
a static m xer. Deionized and distilled water is used as a hypotonic
solution. O 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 controlled lysis
procedure |yses the red blood cells only, not white blood cells or
cellular matter, it mnimzes the rel ease of toxic proteins, phospholi pids
or DNA fromwhite blood cells and other cellular matter. A hypertonic
solution is added i nmediately after 30 seconds, that is, after the red

bl ood-cel | containing solution has trgaversed the static m xer portion of
the instant cytolysis apparatus. The resultant henogl obin 20 has a hi gher
purity,and | ' i oM SpRiai8 o BIND D¢16hr
phospﬁ%'ngﬁggﬁgﬁﬁﬁﬁﬁghgaﬁ%%ﬁ%gpggﬁﬁﬁggﬁ?égﬁ?&??%g ot her lysis techniques.
.Undesi%ﬁg.n§f1e'g acids fromwhite blood cells and phospholi pi-ds _
inpuri% LIRSt detected in the herogl obi n sol uti oh by pol ynerase chain

Rt g el sk on by, o 00 BiuBerormacn | bt
i?E&??ffg%@iﬂﬁiorﬁ%%&%%éﬁ?%%g.e%ﬁ §°Sdgt§%§¥a§‘?‘;f§r§%‘ﬂ_ Q%Q%%é £ bje¥§?rgivfise-s
e O AR EY
Eﬁ?g?: I tl‘algfi i'{nascgﬁ_%m@?ﬁ%ag ! Cft%g, 8‘:?2@’?%&%&@%& ¥ use’géﬂg or fﬁe first

al't raseb e BoRvAr BYRES v o bR MR S el SRRt we, |

renmove protein_inmpuritjes,in the ri.fi ed henogl obin solution such as
innundﬁwgﬁmﬁhéﬁnaﬁﬁﬁﬁkﬁmﬁﬁﬁHﬁﬁpﬁﬁﬁﬁgnﬁnhydrase. In sone enbodi nents,

" colum chromat ography is.caryied out, b I N ne.Qr a conbi i of 10
commerle? il {Tpe hgd; stk ‘é’oﬁsé‘ﬁg‘?éi?ﬁﬁ‘ﬂﬁ%" E%%.#‘ﬁ”én gﬁ%‘ﬁcvggyéﬁ%‘@&g(ﬁdﬁg CM
col um, hydroxyapatite colum, etg¢. The pH for | umm_ chr omat ogr aphy is
t yi§i c atsed,fof theiseament of variou qanGes Sé%g?"%ﬁ‘ﬁﬁ °°§°r?‘i%§\7€ﬁ?% ﬁﬁ‘ﬁ -C‘&{?F-rcg eﬁ#n
. chromat ography step is used to renove - rotﬁin inggrit'es Q% H 8f0
" Enzymsandenkbyer spredio Serpignmesal s g corEpdS AFOPPAEERle £ ?rnéf&letIBe 3‘?‘&‘& The

protein inpurities and phospholipids renmaining in the sanple after ~elution
from ﬁh@rogpmgmcq@eléwdwwwﬁﬁﬁygenwﬁamaﬁgn ﬂB&Rﬁ”H? wﬁiﬁm&o y ,
chronat ogr aphy separation enabl es a continuous, SQ§§J?%ion_5ﬁnene for

i ndus trhazking dbd sengifdevardnradipten prd chemotheriprutic ARRE: d Rnbeat FRIS Ykt of
these inpurities are substantially lowin tpe elute henﬁg%qbin

(i mudioktdibiramaic hemoglobig isrlso usph{phpigsereaion 91 fganfssue Oy P ¥ ase:
81.2 g/ml). The protein inpurities removal results using different kinds
of15c olptaserveiantofdhe hieart émsituptipns ayhessthgieds & KEhAL ?’ﬁ’g%waf 17 305808 ) 0042]
Tabl e 1 Renpval percentage (% Colum (pH condition) Carbonic S
anhy drassydehwrprivedireatogl obi n-G 12 DEAR (at pH 7.5)

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



68 29.8 DEAR (at pH 7.8) 60 50.9 CM (at pH 6.2) 32 21.8 CM (at pH 8.0)
5.6 53.2 66.4 Hydroxyapatite (at pH 7.5) 4.5 23.5 22.8 [0043] Fol |l ow ng
t he col unmm chromat ographi ¢ process, the henoglobin is subjected to cross-

7
which has undergone a heat treatment at 90°C for 45 seconds to 2 minutes or 80°C for 30
minutes.
[0021] FIG. 5 depicts electrospray ionization mass spectrometry (ESI-MS) analysis for the heat
stable cross-linked tetrameric hemoglobin.
5 [0022] F1G. 6 shows a circular dichroism spectroscopy analysis for (&) purified hemoglobin
solution and @) heat stable cross-linked tetrameric hemoglobin. |
[0023] FIG. 7 shows an improv;-ment of oxygenation in normal tissue. Injection of 0.2g/kg heat
stable cross-linked tetrameric hemoglobin solution results in a significant increase in (A) plasma
hemoglobin concentration and (B) oxygen delivery to muscle. A significant increase in
10  oxygenation is observed for a longer peribd of time compared with the p]asmé hemoglobin level.
[0024] FIG. 8 shows an improvement of -oxygenatiqn in hypoxic tumor tissue. Injection of
. 0.2g/kg heat stable cross-linked tetrameric her’ndglobin soluﬁon results in a significant increase
in oxygen delivery to the head and neck squamous cell carcinoma (HNSCC) xenograft.
[0025] FiG. 9 shows partial tumor shrinkage in rodent models of (A) nasopharyngeal carcinoma
15 (NPC) and (B) liver fumor. |
[0026} FIG. 10 demonstrates the mean arterial preésure changes in a rat model of severe
hemorrhagic shock after the treatment with the heat stable cross-linked tetrameric hemoglobin.
[0027] FIG. 11 is an elution profile for ﬂowthrough column chromatography; the hemoglobin
solution is in the flowthrough ﬁ*ac;tion. |
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.



| i nki ng by bis-3, 5-dibronosalicyl fumarate (DBSF). In order to prevent
formation of polyneric henoglobin, the reaction is carefully controlled in
a deoxygenated environnment (preferably less 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 time from3 to 16 hours at anbient tenperature
(15-25C), preferably at a pH of arou®d 8-9, such that the resultant
cross-|inked henoglobin is tetrameric_henogl obi n having a nol ecul ar wei ght
of 60-[PPkBEG. Idedemenstyates ithegiemperatupsarrglife i e FEpd giredshsing apparetus prédent . The
yield of the DBSF reaction is high, > 99% and the di ner concentration in

t he fitived takep ipreprhve vngtabilizedvietrayper (dimagr) iy thetshigienp pleddeE and?05C @f the guxssntnot

requi re sul fhydryl treatnent reagents such as iodoacetam de to react with
t he hemwgli@bi n before cross-linking as used in various prior art
processes. [0044] At this point phosphate buffered saline (PBS), a -

physi dP@&di EKl. Budehenstraies texetearfyed-Hemogivhie fomagen In thiisystens e 84" Comdand any
resi dual chemicals are renoved by tangential flow filtration. 15 [0045]
Fol3l oWoiginttheeH P¥ Dpresessiof appaoss-of FkilAg of the henpgl obi n by DBSF under a
deoxygenat ed condition, the present invention provides a heat processing
st ep fle132} Ri&. citos sa bahakatt depiatiamenfiap infwsiog Ibafpifor thelhadti wabld pross-Ud@dy genat ed
environnment. Prior to heat treatnent, N-acetyl cysteine is optionally
added t¢tamprielemnigldbor ofabd weseof invantiemenogl obi n (i nacti ve henogl obin). After
the heat processing step, the solution is cooled and N-acetyl cysteine is
imedi ately added to 13 maintain a |ow | evel of net-henoglobin. If
N-acetyl cysteine is added before and after heat treatnent, the anount
added Deefilod Bedreiptioh behiveltiun | S approxi mately 0.2% while the anount added
after heat treatnment is approximately 0.2 to 0.4% However, if N acetyl
cyst ei0083] Hemaslksidn Bizh fronkbmtiinihg akydehaahipen protdinBited bieoddslls 6f thadtted i S
0.4% 5 [0046] . In some enbodi ments, the cross-linked tetraneric henogl obin
sol ut bP mainsaltesidesthdrnungn4le FXangeMabie extebii dhareremtticd bebsth tthaferfary M

di ssol ved oxygen | evel) under a range of tenperatures from50C to 95C for
dur at hedisndry effuddurds 67 pratedR. MostLOf e Wkino AdMsSIOMRmOFIERIH i bR bpha hBEces
cross-linked tetrameric henogl obin solution is heated under a range of

t enpet@inti@isoyf shofhdhelical s9@kerdd) UlytiRipeibingd itabisze ilic¥lic) seea6/185dé Me3 hours.
In some preferred 10 enbodi nents, the cross-linked tetraneric henogl obin
sol ut h@iogishirh@atigg attaddhs Wilkin gy mSGeuld kb ToldiNB @achGolypeptiak BRdin RiteRErred . -
enbodi ments, the li.nked henogl obin solution is heated to 90C for 30

S @8 ONglfecifio siapll Abe@Bglobil AiblécaR id lhyscmBRE GdmdRUN IbUIA PRGN siRhRb YER C in
approximately 15 to 30 seconds, and the N-acetyl cysteine is added as set

for t haabey @ coﬁ&\]#?erdyofl LY AP cHafn ABhedteRA QPP oAk ool BXARP! €,

| ess. than 3% t hout the use of N-acetyl 15 cysteine, the anmpunt of

et - MRk a0k B <06 Bt 1 ARRRCKNIRLA) Uy LABGGNARIRRFPL 201y N b

per cent age for arnaceuE ations, gh per formance I[quid
S i e
resSULERERY, AT ERkhET heanalues A e helspLar s e,

AR S e e e e
i noariyn e TIP3 AR BR0R 168l B2, 7 Dhprll KORAEhe SRR ey C °

heno LR d as heat stable at 80 or 90 C for a period of tine. The
heatqggg%@§§§f%ﬁ%ﬂ Tenper ature Short

[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



14 Time, HIST) step is a powerful step to denature the natural unreactetl
tetraneric formand dineric formof henoglobin. [0048] To anal yze the
outcone of this HIST step, a HPLC anal ytical nethod is used to detect the
anount of diner after this heat process step. The nobile phase for HPLC
anal ysis contains 5 magnesi um chloride (0. 75M which can separate diner
(non-stabilized tetramer) and heat sthbl e cross-linked tetranmeric

henogl obi n. For pronoting henogl obi n di ssociation into diners, magnesi um
chl or iofé4} andakd§rapviaoresidaiey o respeptizelpbhe siep predtivgiaire Hf gnand ¢ SUnEh Gr | de at
the sane ionic strength. The heat processing step also acts as a

denat wemt simiarsto epcht athety alfrgh isatainityhas grroalecutah sxsightinfvehovets pPofai atdtatpuri ti es
in the cross-linked tetraneric henogl obin (undetectable in 10

i munegdiablanweightund dhet tetcaneedp b£ationt &l KidariThg fo9Opddiptitie chamsae bound 40 bashi c
anhydrase). Enzyne-linked i mmunosorbent assay (ELISA) is perfornmed to

det ecthehby palbtbeidges) hypliegeniteads and hgirepoik enterfbtits. The sppuntiré iof dhovineat
stabl e cross-1linked tetrameric henogl obin solution has an undetectabl e

| e¥el hahoglobieis {itndiraw hdetue bemagiolin (80 14%0idodkBYdn o akedn;i ¥hPoModeoby i 6, and a
very | ow anount of albumn (0.02 ggim) and carbonic anhydrase (0.014

j 1 g/ mithain)Tald diffPresdedsvhe thesudipdnyi growisah the bovieshdmoglobagasidbmg at ReCypr ot ei n
inmpurities and dinmer renoval by the HTST heat processing step. This HIST
heat $8ephiknabkefiyimR is@lmat hasogkdinsati positbhed@at Cwt @8] @ Ces 63 and Pnked
tetramer fromunstable tetranmer and diner. 15 [0049] Table 2 Sanple
- condi Tyen 1 Prapedtineliy.nPI@. i It siesvs (thy aminoSAld RyuddebsCal pbbemtt o f308ine kg an,
| mmunogl obi n- G

canine, porcine and equine hemoglobin, respectively labeled B, H, C, P, and E. The unlike amino

10 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

15  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

20  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,



(lighni) Albumin (jig/ml) Carbonic anhydrase @inp Tetramer (% Diner (9 -
No heat treatnment 0.36 0.57 355.41 90.1 5.4 38 80C for 10m n

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.



Not detectable 0.33 0.032 92.7 3.4 No data 80C for 15m n Not detectable
0.14 0.022 93.3 2.9 No data 80C for 30m n Not detectable 0.03 0.014

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




96.6 Not detectable 32 No heat treatnment 0.29 0.52 261.80 91.8 5.3 38 90C
for 1.0mn Not detectable 0.21 >0.063 93.4 2.0 29

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



90C for 1 5mn Not detectable 0.04 0.022 94.9 0.6 31 90C for 2.0m n Not
detectable 0.02 0.016 96.1 Not detectable 31 [0050] Follow ng the heat
processing step for the cross-1linked henogl obin under a deoxygenated 5
condition, the heat stable cross-linked tetraneric henoglobin is ready for
pharmaceutical fornulation and packaging. The present invention describes
an air-tight packaging step of the h 3t stable cross-linked tetraneric
henogl obi n_ solution in a deoxygenated environnent. Heat stable

Cr 0ss-PAIpRIACE fout feseheafinethemoglblibi Af Neacetilecysteins énndded\beford and afterdieabl e
under deoxygenated condition for nore than two years.
treatment, the amount added before heat treatment is approximately 0.2%, while the amount
added after heat treatment is approximately 0.2 to 0.4%. However, if N-acetyl cysteine is added
only after heat treatment, then the amount added is 0.4%. |
5 [0046] In some embodiments, the cross-linked tetrameric hemoglobin solution is heated in a
deoﬁygenaied environment (less than 0.1 ppm dissolved oxygen level) under a range of
temperatures froni. 50°C to 95°C for durations from 0.5 minutes to 10 hours. In some
~ embodiments, the cross-linked tetrameric hemoglobrin solution is heated under a range of
temperatures from 70°C to 95°C and for durations from 30 seconds to 3 hours. In some preferred
10 embodiments, the cross-linked tetrameric hemoglobin solution is heated under 80°C for 30
minutes, And yet in other preferred embodiments, the linked hemoglobin solution is heated to
90°C for 30 seconds to 3 minutes, then rapidly cooled down to approximately 25° C in
, épproximately 15. to 30 seconds, and the N-acetyl cysteine is added as set forth above. A very
low- améuht of met-hemoglobin results, for example, less than 3%. Without the use of N-acetyl
15  cysteine, thé amoﬁnt -of met-hemoglobin formed is approximately 16%, an unacceptably high .'
pei’céntage for pharrﬁaceutica] applications.
[0047] High performance liquid chromatography (HPLC), electrospray ionization mass
spectrometry (ESI-MS), circular dichroism (CD) spectroscopy and Hemox Analyzer for p50
measurement é.re used thereafter to analyze and characterize the heat stable cross-linked
20  tetrameric hemoglobin. For a bovine blood source originated hemoglobin, FIG. 4 shows that thé
dimeric form of hemoglobin is undetectable in a 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



16 [0051] In this invention, the oxygen carrier-containing pharnmaceutical
conposition is primarily intended for intravenous injection application.
Traditionally, prior products use conventional PVC bl ood bag or Stericon
bl ood bag whi ch has hi gh oxygen perneability which will eventually shorten
the life span of the product since it turns into inactive net-henogl obin
rapidly (wwthin a 5 few days) under 6§ygenated'conditions. [ 0052] The

packaq;ng used in the present invention results in the heat tablﬁ

cr oss-IPHKEES Dettsmifer PevaBllP dpidsnaswe dhe spuml worpasied SN 8%y ears. A
nmul ti-|ayer package of EVA/EVOH material is used to mnimze the gas

per medbpérictiornuefchemegialidi d t he formation of inactive net-henmpgl obin. A 100
m infusion bag designed for use with the purified and heat 10 stable

cr oss{P348k &8 apdyzeghaeyteonmeetfolis SHiSH wp. 2 hELEy waleal msther is B1d 13 d%tede from a
five |ayers EVA/EVOH | am nated material with a thickness of 0.4 pmthat
has attheosyuahofpdimanafist tig heabprogesy gep-(Lhe 3pobilaphase for -G gghisis PRGNS per 24
hours per atnosphere at roomtenperature. This material is a Cass Vi

pl &st imagtesiimidfiorisied0.7 FMUBPicB 889 sepaiate climerdaansstabilized irirgmen) am] baab gipblg|
Reactivity Tests and the Physico-Chem cal Test and is_suitable for

f abr i crosi-hgkednteiraherisi bemegdepis.oForl Bramating viesmeglobinn fistociaien JufepeErers, Thi s
primary bag is particularly useful to protect the heat stable cross-Ilinked
t et r amaghesivireshderidebs sppswiimatkly 30 timeamosh effacEyaihakspgbm elgiie# hetsBRE cause
its instability and eventually affects its therapeutic properties. [0053]
For sé&mindmngthpibe bt ponesoing biep aldo pets aue tenaturation siep edramitiselinTamPvase

al um num overwrap to protect against potential air |eakage and to maintain
t he ptimectwimedaprdenirperititseid tht atoss-lid@d Hetvamede hempglehin j(endatepteblerini al  of
pin holes in the alum num overwap that conpromse its air tightness and
make irveunpetdincG; uristeabble in Aemnief ¢4.89% decrgase megatbonia velmtdrase). uEnzynaes
secondary packagi ng an al um num overw ap pouch which prevents oxygenation
and alisled fmemeesbbeht aytaly (BKISAS isrrerfoifiel te detpa dictpraein dfipurities vl sampte. pouch

i ncl udes, 0.012mm of pol yethyl ene terephthal ate (PET), 0.007mm of al um num
(Al) , TBus(th® purifidd, hydt erable NYgss-dinkedQettamericfhembglopio| sylstibny hasrva YnBEectallne
overwap filmhas a thickness of 0.14mm and an oxygen transm ssion rate of
0. 006 lepatfdimer [Bows detedtion ilimit) 8.64396), addlinhounogloperG,atdre spiydowe ambumtadm

t enperature. This secondary packagi ng | engthens the stability time for the
henoghibtxin, (062t 1e5tdl) ngd choyde athicitass i@ 4 rg/ind. THHOO 3 shohte rspoghaliin of t he
present invention is analyzed by various techni ques, including BSI-NS.

- BSh - Meseinabiedéing e po@inyigipsridds ané rdyméraregevahbly o HEST hedt precessing siep.zat i on

t echni que that anal yzes the high nol ecul ar wei ght conpound by ionizing the
pr ot efThis HFST kdaesters epbleathiengletine deparhtiedoffireat stdble dasdukantchmssy Torar ge
ratio. Therefore, the nolecular weight and the protein interactions can be
det er gasndE o aheliher. TM FI G 5, ESI- M5 anal ysis result indicates that
the 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
nm reveal the secondary structures of globin portion of the henoglobin. In
FIG 6, the consistency of the spectra of purified henogl obin solution and
heat stable cross-linked tetraneric henogl obin reveals that the henogl obin
chains are properly folded even after the heat treatnment at 90C. The CD
result shows that heat stable 15 cross-linked tetraneric henogl obin has
around 42% of al pha-helix, 38 % of beta-sheet, 2.5 % of beta-turn and 16 %
of randomcoil. It further confirnms that the cross-linked tetrameric
henogl obin is heat stable.



[ 0055] The process in'this invention is applicable to | arge scale

. water,
| i an use.

i ndustrial production of the heat stable cross-linked tetraneric
hemogl obin. In addition, the heat stable cross-linked tetranmeric 20
henogl obin in conbination with a pharmaceutical carrier (e.g
physi ol ogi cal buffer, in capsule for is suitable for mamm
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[0050] Following the heat processing step for the cross-linked hemoglobin under a deoxygenated

condition, the heat stable cross-linked tetrameric hemoglobin is ready for pharmaceutical

formulation and packaging. The present invention describes an air-tight packaging step of the

heat stable cross-linked tetrameric hemoglobin solution in a deoxygenated environment. Heat

stable cross-linked tetrameric hemoglobin in the present invention is stable under deoxygenated

condition for more

than two years.



5 growh is delayed. In FIG 9A the representative curves show
significant tunor shrinkage in rodent nodels of nasopharyngeal carcinona.
Nude m ce bearing CNE2 xenografts are treated with X-ray alone (2Gy) or in
conmbi nation with the heat stable cross-linked tetrameric henogl obin
(2Gy+Hb) . 1.2g/kg of the heat stable cross-linked tetrameric henoglobin is
injected intravenously into the m)usésapproxi mately 3 to 6 hours before
X-ray irradiation and results in a 10 partial shrinkage of . naso fﬂaryngeal

car ci Ada] Fethegipumtion, treopy ger G SOUABEEPRARCUERA) (PTPSLIE 1§ PR ynor

shrinkage i s observed after injecti ngl{ the conpqgsition, in conjunction with
a cherwenied af@reHﬁaﬁena@emepnqnnam{h@ﬁogs, radiionsliyp P@%rePfP%va‘égeaanJtm@%m
significant tunor shrinkage in a rat_orthotopic |iver cancer nodel.

Buf f alfy G Blped brgay Stegoen e bl hadhigh gxyes perpreshilitp orhick &Yifl eysnijiy ar e
treated with 3ng/ kg cisplatin alone, or in_ 15 conbination wth 0.49/kg of

t he héhartesttheolife spancnd dhel nrofusicsincstiy s inte inetivsgnatemogleyia ppklly ity a

Adnmi ni stration of the heat stable cross-linked tetrameric henogl obin

bePor dev flays) endemoxyegnated cenditiosgul ts in a partial shrinkage of the liver

t unor. [0062] For the use in the treatnent of oxygen-deprivation

di sor d¥¥5g] & packeging asad ior Bs arressnt Byvention ereity ge rihe Aeat j seablec gpsalinkic g

phar maceutical conposition of the present invention serves as a 20 bl ood
subst itatamerip rhewioglobig  bringy etable ofon meregban dwgarealsode Jpultipgenpagkags tofr i al
pressure changes in a rat nodel of severe henorrhagic shock after

t r eat EYAYEWVDHhmatesiy /ik gsedfto tnfimintizeathe gaa ptrmeehility end i keodd the tfpramation of

henmogl obin are shown in FIG 10. In a rat nodel of severe henorrhagic
shock jnattive metehenaglobini Al 108relsinéisioni ngrdssigradeldr beeckith heaugfed arhlieatt abl e

| evel and maintained at or about the baseline after treatment wth the
héat stabiblcepss-Hkedrtetsandric kadglbein rofitier preseheimvepitiobiinmadeofrorowi fige tayerat ment
with the heat stable cross-linked tetraneric henoglobin, the tinme required
f or t B¥AMEMOHdsmmntied magridssitr  tidmestafiOdt mo thahanin dygevemmsibilityed t han
adm ni strati ng autol ogous rat's bl ood which serves as a positive control.
The ras04-0332 nalf patl®0 sduate iaches paciristurs et Bosgheedt retoesmperatuos cThis af t er
the transfusion of the heat 5 stable cross-Ilinked tetrameric henogl obin.
Ex anphetriplol 64 TClabh &1 fptdstio gais nig fieeda inp U8B <&R>¢, whiclv ingtetd thy innaye Biololsdr i bi ng
specific enbodi nents of this invention without intending to limt the
scopeRedctivity Testsrand e Phpsi¢orClaemyicabd st abdis[sQifbE] fofebrigating b iifd6i66 pbagfoocess
Overvi ew [ 0067] A schematic flow diagram of the process of the present

i ¥ entniravenoss injdctiet puapael This priiiary bag Boprrtialartyolsefublogoatedt sheclodat etabled i nt o
an encl osed sterile container/bag containing 3.8% (wv) tri- sodium

Ci t r atressslirkad itarunasc dvinbgloldagulugint .frobl dod tesn bRggen ienpedicaba! saune xed wel |
wWith tri-sodium15 citrate solution to inhibit blood clotting. Red bl ood
cel | sinZRGy sad evirsiollakidtdndhaglebgcpregerfiecsom pl asma and ot her smal | er bl ood
cells by an apheresis nmechanism A "cell washer" is used for this
procepos® Rur kétof@iyProtettioni df bled peidage etk beaddnbwi fougealtmidum RBtviape washed
with an equal volunme of 0.9% (w v sodium chloride) saline. [0068] Washed
RBC afoeprbi¢tiesbatn@t pab@RE fir DG ald o @oiftainthe pyodiehinpl ki figjatey paitoni C
shock 20 to the RBC cell nenbrane. A specialized instant cytolysis

appar Bbwsvet, aherBBEa IpytehiSal @€ pirCEoles 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



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 inﬁjri ties. [0069] The concentrated
henogl obin solution is first reacted with DBSF to form heat stab]e

cr 0ss phivetkddna @B abherdvervramblh i, thigkness oif €d 4madand 38 QS FRENRISYn
condition. A heat treatnent 5 step is then perfornmed under deoxygenated
condi ritons0.686 @O 400 SParsdudhntipert?d hohrs@er #HnpIphers ahroPBrtEmparFyte. g"ghsrml ation
and packagi ng. [0070] Exanple 2 [0071] Tinme & Controlled Hypotonic lysis
and f istcondery packhfing 00RknBtwi stabilth dinee fiir gl héneogiabis texipnding [thecprodudnd
transported under a cool condition (2 to 10C). The red blood cells are
separ abed@lifer om t he plasna via a cell washer and subsequently with a 0.65
pmfiltration. After washing the red blood cells (RBC) filtrate with 0.9%
sabi n§0sthEhe hdniaghtbin bStheipsaserptisdnbign keyelyow by Varivis tecthquehyipoludingc | ysi s
is performed by using the instant cytolysis apparatus depicted in FIG 3.
The | BSI-M$t ESIiMS$ ysibkes dppadiatisist venclamtasolecuks.dt is en mnketiion tochbiiugdkiatst i n
cell lysis. A RBC suspension with controlled henogl-obin concentration
(12- 14mpiekky theshigh meldculartweight wodpeoneg byfiopzing fliequoteint and then gpareting thea

hypot oni ¢ shock to RBC cell menbranes. The period of hypotonic shock is
cont r @nizd pr@ciaviabdd amnmasstichergt yatios Therefind, tte hlokodarcetibly addhplpattehet s. The
hypot oni ¢ sol uti on passes through the static m xer portion of the instant
cyt ol ysdrsctiappadndicidetdrBine? ataarddy.sladinds, ES1-M§ hadtysissresudt indingestiff fhei ent to
| yse the red blood cells and 20 preferably, 30 seconds. The shock is

t epm gigé of haft tseible3Qosapali setbitenid Xemeelthie id §3 &De (wérpblytherid herobglntinof
hypertoni c buffer as it exits the static m xer. The hypertonic sol ution
used {efrafertM RRAHTACD Pudtiadfom To0AK2MAGH, reeh] the sconbh® siraatrantf gybiol ysi s
apparatus of FIG 3 can process at 50 to 1000 liters of |ysate per hour
and, pérabebfbleyheMogldastin 306. &, thetonspinc ofithel spectracodrfutified bamoglolsier . 22
[0073]9(5F0I lowing the RBC lysis, the lysate of red blood cells is filtered
by a GhiddnWay fhichtts@ibld @olhRédteRarh@ 0P RIoBingeVedlsiteu theNittdogiobinaghiatts f rom
white bl ood cells -and phospholipids inpurities are not detected in the
hem)giue%ir S0 faild DR R B Chy hEk as@meait 90 R a6t CONefultehees ihanhdat slable= 64 pg)
and HPLC d(’bdet ection limt =1 ug/m) nethod respectively. A first 100 kDa
ul§ r afobedifrkbd RAFainsriChddfVeloB i MRE aloind SRV aiphPHElix BE% dTavthRleeq 28 gher

nmol ecul ar wei ght than henogl obin. A flowt hrough col um chromat ography is
fol | ongdnt® &Hridef @Fufahdom ta. e mRekoRomirse! Mt 8. créssdpken detdihdtioa
ultrafiltration is then perfornmed to renove inpurities having a | ower

mol ecylgdoidted SkattsherR. henogl obin and for concentration. 10 [0074] Exanple
3 [0075] Viral clearance study on stroma-free henogl obin sol ution

[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
20  hemoglobin in combination with a i)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



[0076] In order to dermpnstrate the safety of the product fromthis
I nvention, the virus renoval abilities of (1) 0.65 pmdiafiltration step
and (2) 100 kDa ultrafiltration step are demonstrated 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
vi rus, pseudorabies virus, bovine vi 18l di arrhea virus and bovi ne

ee are used.

parvovirus). In this study, four types of vi e S Ta

'cli'hesleﬂvief B &5 OXpRPRy Dt ﬁ@@rpmﬁ?lts;6%9#@5@’5?#6“@&%&??%&%13 fageCipdeaha 1 hey
i splay a variation in resistance to physical ,and chem ¢ agent s_or

t r eat penserEration Jangg0 vl prprasmetely Par heakaiviths %fm‘\ﬂr?tﬁs"f‘?'giso%@ﬁy?%enone

Structure Size [u Stabi-lity* Hepatitis C vi [ [

diarrn@@mnmgtmdgvégﬁm y patitis virus (HCV) Bovine viral

[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).



virus (BVDV) Flaviviridae ssRNA envel oped 40-60 | ow - Encephal onyocarditis
virus (EMCV) Picornavirus ssRNA non- envel oped 25-30 nedi um Parvovirus B19
Bovi ne parvovirus (BPV) Parvoviridae

19

[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



ssDNA non- envel oped 18-26 very high Hepatitis B virus (HBV) Pseudorabi es
virus (PRY) Herpesviridae dsDNA envel oped 120- 200 Low to nedium [0078]
The validation schene is briefly shown in the foll owi ng Tabl e 4 [ 0079]
Table 4 DiafiltrationUtrafiltration

20

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
5  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.

10 -{0065] Examplé 1
[0066] Process Overview
J0067] A schematic flow diagraim 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
15 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
20 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



Cel | Washing Virus spiking Diafiltration 4. Virus tests Virus spiking
Utrafiltration Virus tests [0080] The sunmary of the |og reduction
results of the 4 viruses in (1) 0.65 pmdiafiltration and (2) 100 kDa
ultrafiltration is shown in the follow ng Table 5. Al

four viruses,

BVDV,

BPV, EMCV and PRY, are effectively renoved by 0.65 pmdiafiltration and

100 kDa ultrafiltration.
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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

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

- [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
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

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.

24 [0081] #Fhble 5 Viruses BVDV BPV EMCV



PRY Run 121 21212 0.65umb afiltration 2.69 3.20 3.73 3.53 3.25

3.90 2.67
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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
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.

[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
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.

>



2.63 10010a U trafiltration > 4.68 > 4.38 5.87 5.92 3.60 3.43 > 6.05 3.27
Cunul ative maximum > 7.88 9.65 > 7.50 > 8.72 Cunulative mninmum> 7.07 -
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[0077] Table 3
Target , Size
Model Virus | Taxonomy |Genome| Structure Stability*
Virus [nm]
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
' Parvoviridae | ssDNA 18-26 | very high
B19 ‘ (BPV) enveloped _
Hepatitis
. Pseudorabies virus 120- | Lowto
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 Wlashing 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.



9.40

and t
equi |

usi ng
profi
fract
resul

6.68 5.90 Annotation: no residual infectivity determned 5 [0082]
Exanpl e 4 [0083] Fl owm hrough col unm-chr omat ogr aphy [ 0084] A CM col um
(comrercially available from GE healthcare) is used to further renmove any
protein inpurities. The starting buffer is 20nmM sodi um acetate (pH 8.0),
he elution buffer is 20mM sodi um acetate, 2M NaCl (pH 8.0). After the
: i brati on of the CM colum 10 wi £f starting buffer, the protein sanple
is loaded into the colum. The unbound protein inpurities are washed with
at | ed¥81bTahdd irm vol ume of starting buffer. The elution is perforned

25% elution buffer.(0-0 . 5MNaCl) in 8 colum volune The el
e is g i N A G @vpvt he {henogPvbi n [sol BMONW is{in PR¥ flo
on. The purity of the flowthrough fraction is analyzed by El

I on
A hr ough
SA. The:

s are Rmmli cated| i il the Rol ljowlng| Tabl g 61 |25 300851 Tabl & 6

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

10

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.
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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



Protein inpurities | mmunogl obi n- G Car boni ¢ anhydrase Al bum n 435.2 -
ng/ m 20.4 ng/m Bef ore CM col utm Fl owt hr ough (cont ai ni ng henogl obi n)
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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
5 [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

10 optionally with 0.2% of N-acetyl 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

15  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 chemica! addition after the HTST heating process is
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

20 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.



1320 ng/ni 860.3 ug/ 44.3 ng/nml 81.2 ttg/nil
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[0094] The following Table 7 shows that protein impurities such as immunoglobin-G, albumin,
carbonic anhydrase and undesirable non-stabilized tetramer or dimers are removed after the heat
treatment step. The amount of immunoglobin-G, albumin and carbonic anhydrase are measured
using an ELISA method, while the amount of dimer is determined .by an HPLC method. The
purity of heat stable cross-linked tetrameric hemoglobin is extremely high after the HT ST
heating processing step, in the range of 98.0 to 99.9%. The p50 value, oxygen péu'tial pressure
(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-liniked tetrameric hemoglobin is stable at 90°C.

 [0095] Table 7

o Protein impurities (by ELISA) By HPLC o

Sample Immunoglobin-  Albumin Carbonic Tetramer Dimer | p50at

condition G (ug/ml}) anhydrase - (%6) (%) 37°C

. (ug/ml) . (pgmd (mmHg)
No heat 0.29 0.52 261.80 918 | 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
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



[ 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 fl owm hrough CM col.umm chronmat ography system
and the fl ow hrough tubing can be connected to the second ultrafiltration
set-up for industrial scale operatio®® The schematic industrial process

configuration is showmn in FIG 12.
Jaminated material with a thickness of 0.4 mm that has an oxygen permeability of 0.006 to 0.132

cm® per 100 square inches per 24 hours per atmosphere at room temperature. This specific
material is a Class VI plastic (as defined in USP<88>), which meets the in-vivo biological
reactivitjf tests and the physico-chemical test and are suitable for fabricating containers for
5  intravenous injection purpose (note that other forms of packaging can be made from this material .
as Well depending upon the desired application). A secondary packaging aluminum overwrap
pouch is also applied to the prirmary packaging infusion bag that provides an additional barrier,
minimizing light exposure and oxygen diffusion. The layers of the pouch comprise: 0.012mm of
Polffethylene te_rephthaiate (PET), 0.007mm of Alurninum (Al), 0.015mm of Nylon (NY) and
10 O.Irﬁm of Polyethylene (PE). The overwrap film has. a thickness of 0.14mm, and oxygen
transmission rate of 0.006 cm’ per 100 square inches pér 24 hours per atmosphere at room
temperature. A schematic depiction of the infusion bag is depicted in FIG. 16. The overali
: :(')'x'ygen permeaﬁility for each infusion bag accordiné to the preseﬁt invention is 0.0025 cm® per
24 hours per atmosphere at room temperature.
15 |

[0099] Example 7

[00100]} Improvement of oxygenation
_ [0010-1] (7a) Improvement of oxygenation in normal tissue
[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 ;;enile vein of the rats by bolus injection. The

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



[0087] Exanple 5 10 [0088] Preparation of heat stable cross-1linked
tetranmeric henogl obin [0089] (5a) Cross-linking reaction wth DBSF [ 0090]
The cross-linking reaction is carried out in a deoxygenated condition.
DBSF is added to the henogl obin solution to formcross-linked tetraneric
henogl obin wi t hout formation of polyneric henogl obin. DBSF stabilization
procedure stabilizes the tetrameric #9rm of 15 henogl obin (65 kDa) and
prevents dissociation into diners (32 |cDa) which are excreted through the
ki dneys24, 48 howrs endepriymearcAavith thebaselingreadipg; d remefediont biehon BhasEReriss 1: 2. 5
is used and the pHis 8.6. This process is carried _out for a perjod of
3- 16 Isesusenant aftismealobinarhsesrthe epneertrption oifiemoglebig it direqidy read piss s e of
nitrogen to prevent oxidation of the henpoglobin tg formferric
et - h&xvgdnobrirtial vinisere i(EODHy direstly gheagirrq, by ﬁ%%ﬂ@?aﬁ%@oﬂy@ﬁlﬂ&w §8d 1 evel
mai ntained at less 26 than 0 1 ppm. The conpleteness of DBSF reaction is
noni t erggratye meago (Qrdort Hptioaisi litnted)DBIFnG) dagnrgusaiel & buffRle WiseR@tSoet he DBSF
reaction is high, > 99% [0091] (5b) HTST heat process .steip 5 [0092] A
H §h Imashetizet (hyeinShperttonkalimjecHrST) 3P ougss iperjotegiepasalutiqnsiodesthbyn' FI G
13. A heating process using the HTST processing apparatus is performed on
t he cimesioh ofikmtet e¢nsemistoi be el Bl pO: teadingsi ate esgendpy] by DetgraebA®ieti on for
heat treatment is 90C for 30 seconds to 3 mnutes, and preferably 45 to 60
secondsjuisitidneygdm 6Whed Preosidi Tistwserghin ayeel simlecuanae. Resulls denestaleadve and
the apparatus nodified accordingly. A solution containing cross-Iinked
henogbfdrian idPaveqndus dajedtioy ofid2p/ke .of thedfeatstaide erpis-linjed wirpreeridiaweidéreto i s
punped into a HTST processi ng apparatus (first section of the HIST heat
exchauganednsp(prehbesteftontdsaine i abare tvafol®0lhe atlative fohegnyoxpgen peftiadd . 0 |iter
per mnute, the residence tine of the first section of the apparatus is
beo wepfsdibe Hithif 05 stoadad ektrels tb bdoss! Fuiton, the opges kuel thrvergte Aatstithe sane
flowrate into another section of the heat exchanger that is maintained at
25C. Hamtdihadet 23t 300tlatoos the badelingvadle Xeb Wl bourd fost inje@8niBIG &Bonds. After
cooling down to 25C, N-acetyl cysteine is immedi ately added at a
concentration of 0.2%to 0.4% preferably at 0.4% This chem cal addition
after the HIST heating process is very inportant to maintain
net - hpywogdjobi n ({b)sagificdsr iherwghahiondxygenatioh tvextreve} hypbkie teetrarge of t he
‘processing apparatus is easily controlled for industrial operation. A
t erme[(mu of]e pr GhptoRemérd bf ctyreiation it anéxtemelyhypoxié tuxiet Bea bivalbhted by
henogl obin is not cross-linked, it is not heat stable and 20 forns a
' pisci Phtidhehaall bR ndch gquaRals @Ml eprcinbing (ANBCCpichagreft imvddlharkypepienegedly a
centrifugation or a filtration apparatus to forma clear solution
t her egfbfbus LOD3kinbrei (FADE helHER) hestitingl fomcéssAatri@a TypeeCulemogl obi n
(i nactive henogl obin) is increased (shown in FIG 15). After inmediate
addi t £efecibn. NAapRIIhatdly It £i10€canded @k laavjecl siRitahenslgliotoi foyr to six
approximately l'ess than 3% can be naintai ned.

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 Lim’%ted). All pO2
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



27 [0094] The followi ng Table 7 shows that protein inpurities such as
I mmunogl obi n-G al bum n, carboni c ‘anhydrase and undesirabl e non-stabilized
tetrarner or diners are renoved after the heat treatnent step. The anount
of inununogl obin-G al bum n and. carboni ¢ anhydrase are measured using an
ELI SA met hod, while the anmount of dinmer is determ ned by an HPLC net hod.
The 5 purity of heat stable cross-1iB8Red tetranmeric henmpglobin is
extrenely high after the H ST heati n%_ processing step, in the range of
98. 0 tseidd@atoubleTéressgBBed wiramericobeyrpaiobia etsigaificartaadesse Iy Be WP P2t He
henogl obin solution is half (50% saturated) neasured by a Henox Anal yzer,
i s mainmrabaed Sdoldand fiidd BObsaveion fang 6 bers uegghertively FGHYST heating |
processing step and therefore, the heat treated cross-linked tetraneric
henogl obin is stable at 90C. 10[ 0095] Table 7 Sanple condition Protein
impurities (by ELISA) By HPLC p50 at 37C (nmHg)
I r nnufei@opBxample Bum nCar boni ¢ G@i npanhydrase (jig/nl)(118/ 1nl) Tetraner
(/0) Dimer (% .

5 [0101] Cancer treatment studies: A significant tumor shrinkage in Nasopharyngeal.

Carcinoma

[0102] A significant turhor shrinkage is observed after administration of heat stable cross-linked

tetrameric hemogiobin solution in combination with X-ray irradiation (FIG. 9A). A human

nasopharyngeal carcinoma xenograft model is employed. Approximately I x 10° cancer cells
10 . (CNE2 cel} line) are injected subcutaneously into four to six week-old inbred BALB/c AnN-nu

(nude) mice. When the tumor xenogfaft r.eaches 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



No heat treatnent 90C for 2mn 0.290.52261. 80 Not 0. 020. 016 detectable 91.8
96.1 5.3 Not detectable 38 31 Renoval (% 100.096.1599.99 100.0 ---- '

31
1/2LW2, where L and W represent the length and width of the tumor mass, measured by a ﬁigital
caliper (Mitutoyo Co, Tokyo, Japan) at each measurement. Group 1 is the non-treatment control
group. Results (shown in FIG. 9} aemonsnate that significant shrinkage of the CNE2 xenograﬂ is

observed in mice treated with the heat stable cross-linked tetrameric hemoglobin solution in

5  conjunction with X-irradiation (Group 3, FIG. 9A).

[0107] Example 9
[0108] Cancef treatment studies: a significant shrinkage in kiver tumor
[OlOQj In addition, significant tumor shrinkage is observed after aﬁministration of heat stable
10 | cross-linked tetrameric hemoglobin solution in combination with cisplatin (FIG-.. 9B). A rat
orthotopic liver cancer model is employed. Approximately 2 x 10° rat liver tumor cells labeled
| with luciferase gene (CRL1601-Luc) are injected into the left lobe of the liver in a buffalo rat.
Tumor grow_th is monitored. by a Xenogen in vaq imagigg system. Two fo three weeks after
injectidn; the tumor tissue is harvested, dissected into small pieces and orthotopically implanted

15  into the left liver lobe of a second group of rats. Rats bearing liver tumor are randomized into

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



- [0096] Exanple 6 [0097] Packagi ng [ 0098] Because the product of the
present invention is stable under deoxygenated conditions, the 15
packagi ng for the product is inportant to mnimze gas perneability. For
intravenous application, a custom designed, 100 ml infusion bag is nade
froma five-layer EVA/EVOH 28 |lamnated material with a thickness of 0 4
mm t hat has an oxygen perneability o$20.006 to 0.132 cnB per 100 square
i nches per 24 hours per_ atnosphere-at roomtenperature. This specific
mat er ibaford eisplatigitwatment. pwst isdhe nes-trrammenkepnirgl armp ppoytantiyp signifigdits t he
in-vivo biological reactivity tests and the physico-chem cal test and are
sui t atshunkhgy offlixbrrtivwan iis nbservsf B ayeaksradter ratment (lEelBnous i nj ecti on purpose
(note that other forns of packaging can be made fromthis material as well
dependi ng upon the desired application). A secondary packagi ng al um num
overw ap pouch is also applied to the primary packagi ng i nfusion bag that
provi dés4pRxampie 19 onal barrier, mnimzing |light exposure and oxygen
di ffusion. The layers of the pouch conprise: 0.012mm of Pol yet hyl ene
t eseplit &) Tteatnid?E Df Ackte SevRmaHefopthagic Shask(inRats 0. 015nm of Nyl on (NY) and
10 0.1mm of Pol yethylene (PE). The overwap filmhas a thickness of 0.14mm
and oxygen tran nissigq{rqte o%ﬁg.ooq cnB per %go Sﬁyarlmkﬂ%hgﬁi er 24
hour s L{af! Heahseprsress-tpkeddeianeainfsmagaha 1= HOSEROART FEUSERICRAFSH "o t he
infusion bag is depicted in FI 6. The gverall ~oxygen, perneabil.ity for
each Wﬂs?tgﬁc‘%gqe&?fﬁ ‘ﬁ?qﬁﬁ‘a@{?)%hﬂé‘ b?é“’a‘%r# ?R{%‘ﬁ#‘&ﬁ j ot ?rﬁolfgé) W per 24
hours per atnpsphere at, roomtepperature, 1 00991 Exanple 7
[ 00106 YIIrA AHY & BEMPS Hrording dRFFaYse IOPGW]‘?*@)S[’?%%%%B?? of oxygenati on
in.normal tissue [00102] Some studies for the normal tissue oxygenation by
heat = L1 vk i N are carried out (shown
in F ]ﬁ?igxﬁ§2@%%%#2%?%g%%ﬂ%ﬁ%&@%ﬁ?ﬁgf?gﬁgggﬂgﬁgrnacodynanic study is
conducted in buffalo rats. Male inbred buffalo rats are individually
adoi njElt 8y G@dup\Ri Anithalatderobebivod (Pakitiec CormoE 16 ratRed tetraneri c henpgl obin
solution or ringer's acetate buffer (control group), through the penile
vein of the rats by bolus injection.  The COngntration-t@Ep:ﬁé fike of
pl as P IA&Hergro B Feat gabletrassinkeditchpmeimisaneiphin Sy sher P Qe & 6, 24,
48 hours and conpared with the baseline reading. The nethods are based on
phot ohedyrweighieldstitbnent of henpgl obi n where the concentration of
henogl obin is directly read out as g/dL. Oxygen partial pressure (1)02) is-:
‘direc I Y. TM L i L ERR re
noni ti‘){iﬁ?@?\%&’g&%}eﬂ%@]@a@ rﬁhg%dﬁwe%ﬂﬁﬁﬁsyﬁdd%égﬁ%u%@ res Og?gfouf f allega?lgt S. Rats
are SpROFIIGHL L8 fhh Asr-}%@a-%ﬁgw&%a'meph&ﬁahg@c HocB Y RABEED for 10
pentoBar itone so_Jﬁ|on 1'6f Powed by I nsertion o oxygen sensor into the

cle. All i . t atyr ISkij@N System
(V1 Gt B2 RERE MR i R SRR o g B A e 2 e
that after an i.ntravenous i.ni ect. of.: :

St e R S L S R LR S

Cross- erlr%g obi'n, alue rises from baseline
to abﬁglzedttg}fpaﬂce%l: %er%gglgtt}fi\ if seelt %{ 5 \r/nef/h%%rréa@éy ﬁﬁ&p%ﬁéﬂtﬁlanimals 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



10 pressure within 15 mnutes and extends to 6 hours. Further, the oxygen
| evel on average is still maintained at 25%to 30% above the baseline
value 24 to 48 hours post injection (FIG 7B). [00103](7b) Significant

i nprovenment of oxygenation in extrenely hypoxic tunor area

[ 00104] | mprovenent of oxygenation in an extrenely hypoxic tunor area is
eval uated by 15 a human head and nec&3 squanpus cel | carci noma ( HNSCO)
xenograft nodel. A hypopharyngeal squanous cel| carcinonma &FaDu cell line)
i s obbfbbmtyafiorothet el tahds ¢rosr ko tetrampriq/RanaglobndEsipRT SRR NEkE FRFRI y 1 x
106 cancer cells are injected subcutaneously into four to six week-old

i nbr edigBal @dvahmite pemyanadoeith e dectatprRanger’ s solinnorr neging cartol LEdpRed a

di aneter of 8-10 mm oxygen partial pressure ([302) within the tunor nass
i s di trectiojogranbloat gelipiyhomtndn 8@ floinpTalle $lssue oxygenati on and
tenperature nmonitor (Oxford Optronix Limted). Al p02 readings are
recorded. b bﬁhge Dat atrax2 data acquisition system (Wrld Precision
Instrl[m@ﬁ]cg(a % a real -tine manner. Wien the p02 reading is stabilized,
0. 29/@#31‘ stable or oss L nlz'nrl t-ei-f-ahpii-e—ReRe ;,ﬁ:,,-,, S e

i nj ected i ntG¥BNhousl y t hr SHgHYElHo- afien 24hauR of

oxygenation is neasured. Results depnnstrate that. after lntravenous
i nj ecti orNedatide @girdlg of the 30 BWmil§rieat stable cross-IB8ked tetrameric
henmogl obin, a significant increase in the nean p02 of nore than 6 5-fold
and 5- fRab’s AumlagbesBloetl i n 3 and 18ihbrats, respectively (FE& 8). [0100]
Exanpl e 8 [0101] Cancer treatnent studies: A significant tunor shrinkage
i n Nasophayngéakg Car ci noma [ 0102]n B sisgni fi cant tunor $BPinkage is
observed after admi nistration of heat stable cross-Iinked

5  *Hb= heat stable cross-linked tetrameric hemoglobin

[0122] While the foregoing invention has been described with respect to various embodiments,
such embodiments aré not limiting. Numerous variations and modifications would be
understood by those of rordinary skill in the art. Such variations and modifications are considered

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



tetranmeric henogl obin. solution in conbination with X-ray irradiation (FIG
9A). A human nasopharyngeal carcinoma xenograft nodel is enployed.

Approxi mately 1 x.106 cancer cells 10 (CNE2 cell line) are injected

subcut aneously into four. to six week-old inbred BALB/c AnN-nu (nude) nm ce.
When the tunor xenograft reaches a dianmeter of 8-10 nm tunor-bearing mce
are random zed into three groups as ggllows: [0103] Goup 1. Ringer's
acetate buffer (Ctrl) 15[1014] G oup 2: Ringer's acetate buffer + X-ray
i”adi%&@cﬁa [0105] G oup 3: Heat stable cross-linked tetraneric
hermpgl obin”¥"X-tay irradiation (2G/+Hb) [0106] Nude mice bearing CNE2
xenogr fts r g I = | j e - %X Qb&ﬂerzaonfalinm

- conbi nat i o‘?l%\?mﬁf)#ﬁ&lg]gtp%ﬁg%%me&%r%%ﬂgél?ﬁiﬁggﬂ%??{:gngri%:g@ﬁem)gl obi n (% oup 3).
For X-ray irradiation. S, d pe.ar [ 12t | BekhoBiMomn

intr a-%‘&ﬁ?%"%‘%%l o ‘%%:tﬁ"%gﬁ*gf °’§'§%/ ?(aﬁﬁer sBibifing | raBRRsiiiel o8H

g 20 pentobarbitone solution. 2 G ays
accel drplfe Suva RtV ekl AP S Sl BB G I et
ChoougRTHEs PP IR REP SRS bof or e x.rhy Lreal ot Tunor
the firat adgoatne pestam S febe HRRARF L AR SpedlraR BT O M T
Clnor ' nmss D aneedte B9 baonraRoam REFRERE e BT BRI Doyt
A L T T R R e

xenograft is observed in nice treated with the heat stable cross-Iinked
t et r arfeadCehERBigtobi n sol ution in 5 conjunction with X-irradiation (G oup

3, FIG 9A). [0107] Exanple 9 [0108] ncer treatment studies: . :

silfni fi cant) ngﬁeﬁ]‘feﬁdl ’fegg%lgocduﬁ%r ﬁ%f’bgﬁ rﬁ%ovgéjclﬁs T rrlc,’tglgi %%P?ﬁ%sént t unor
shrinkage is observed after adm nistration of heat stable 10 cross-Iinked
t et r afestiog Feweshrdosd hloadeallsi on in conbination with cisplatin (FIG 98). A

rat orthotopic |jver cancer npdel js enployed imately 2 x J06 rat
l'i ver tunop EErtisg thepegshyl WPWO&&@IS@@FE@%@%W@%&@W nd%psgrfér%nj ect ed
into the left Iobe of the liver . in a buffalp raf. . Tunor.growh . o

TN ¢ 6 68 sbYds Kekge AFRYEA TEHSIoRA HEF L5 PLHPoT i o] o) HPER. kS af ¢ or

injection, the tunor tissue is harvestgg,_ di ase tle‘g] i gt% spal | tgi(fces and
or t hobpAresas loyerqaiet sofiition ComPYiFiRg a f¥yfate|of fisrupfeq & Ylagiecel 2td 0¥ 6%E °Gr oup of
rats.  Rats bearing liver tunor are random zed into three groups as

f a6l ow8-10p@h] Group 1: Ringer's acetate buffer (Control) [0111] G oup 2:

Ri'-nger's acetate buffer + cisplatin (Csplatin 0l1 0 . Heat -
~ stabl e crobetforminaifilfrationdnesmeyve Rk R B%PPPF%%%IF%%%‘@%E‘IL{% ﬁ’ﬁa;[ﬁb) 20
[0113] Rats inplanted with |iver tunor tissue are treated with 3ng/kg of
ci splatin alestrecticge diogs hayogebin poletion; A PF B¥%i t h heat stabl e cross-1inked
tetrameric henoglobin (Goup 3). For groups 2 and 3, rats are anesthetized
by an i nt'rb-preformion @afirsi wiiratiaien @Pcege-lﬁ@gr?g/%&flﬂ%‘?%@ﬂo?%“éﬁﬁw dPuti on
and cisplatin are admnistered via the |left portal vein. For Group 3,
0. 4g/ kgndvednpwitiss heviog asligler mkaderutas treight thap hpmpgiehtin iy Giriher TeAIOXE 38
i ntravenously through the penile vein of the rat .

20  viruses and residual waste retentate from the first hemoglobin solution to obtain a second

hemoglobin solution;

i) performing flowthrough column chromatography on the purified hemoglobin solution

to remove protein impurities;



32 before cisplatin treatnent. Goup 1 is the non-treatnent control group.
I mportantly, a significant shrinkage of liver tunor is observed 3 weeks
after treatnment (FIG 9B). [0114] Exanple 10 5 [0115] Treatnent of Acute
Severe Henorrhagic Shock in Rats - [0116] Heat stable cross-1linked
tetraneric henoglobin.is also used as a resuscitation agent in a nodel of
Acute Severe Henorrhagi ¢ Shock in rafs. 50 Sprague-Dawl ey rats are
random y divided into 3 groups accoréi ng to resuscitation agents, 16 to 18
rats in each group. [0117] G oup 1: Lactate Ringer's solution
(Negative ; (o] - ok&ibss @ik Bn Altra kR fl@ME Rl a@aUS rdeed
(Posi ti ve’ ér%{tp()%glln‘? é%%oﬁ(g%%m%%#&ésgﬁg% Heat stable cross-linked

t et rager e .P%pgg ' REN .- &id: g Ho /'kg of body weight, 18

r at s)aﬂF’B‘Tgeé 'Ac%@%%b%ﬁ%%?%%ﬁ?gS(ghock i s established by withdraw ng

S0% of ani Ay iRl B 0aflo-LALER 8t &8 e B GIn 89 v Aaiblonbodlyy Right
sSho

After henorrhagic ck 1s established for 10 15 minutes, Lactate Ringer's

sol ut é Q{Qgipg\g%eMtioﬁ‘ﬁt Qﬁﬁgg%%n?é&%pg%m fx ﬁqegxygg{a{@g e@firoR8ak whdrahtie cakPSSs-

li nked rirc henog in are infused into the animals. The infusion

rafe ecbﬁe@r{ogﬁéfﬁﬂ@ I%né(ﬂ%fc cleQﬁﬁQd tefhh@Bemsglbeogl obin is set at 5 nm/h,

thereatrter, experinental animals are observed for 24 hours. A panel of

par anet er Sl?]j:x%héﬁgﬁgEl!ﬁﬂbl@Bﬁ'ysﬁi]@lic)ﬂztﬁﬁel%fﬁx@goﬁimﬁﬁg-ﬁfﬁ[tio@d i ncl udi ng
survival, henodynam cs, myocardi al mechanics, cardiac output cardi ac

function, @r@xﬁg\liﬁ@sﬁwre%f?iuﬁlicﬁéﬁi@alﬁﬁy&ﬁgbnd@|ﬂbwﬁllt3aﬁ&1;COnSUrthi on, tissue
per f usi on oxygen tension (liver, kidney and brain), liver & renal
function, NerRrhafioay cidl-badd Heacasit ) a desngdrhitdeidanaindnalto destpieratior y
control rate (liver, kidney and brain). Above all, survival is the primary
end pbdiitateAlny @esi@Al Aifeacted3Bemoglobin, non-stabilized hemoglobin (dimer) and any other

10 protein impurities rsuch that the reétilting heat stﬁble cross-linked tetrameric hemoglobin has an
undetectable concentration of dimer and consists essentially of nonpolymeric cross-linked tetrameric
_- hemoglobin; |
6) adding N-acetyl cysteine immediatlely folldwing heat treating 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.



. of observation, the heat stable cross-linked tetraneric henogl obin
treatnent group has a nuch higher survival rate conpared with the Lactate
Ri nger's solution or negative control group and the autol ogous bl ood group
(shown in the followng Table 8). [0121] Table 8 G oupsSurvival no. after
24- hour 24- hour survival rate (% Negative control3 in 16 ratsl18.8 Rat's’
‘Aut ol ogous Bl 00d10 in 16 rats62.5 0.839 Ho/kgl3 in 18 rats72.0 5 *Hb= heat
stabl e cross-linked tetraneric henoglobin [0122] Wile the foregoing

i nvention has been described with respect to various enbodi nents, such -
enbodi.nents are not |limting. Nunerous variations and nodifications would
be -understqod b se of i VAR =" "¢ B M Byl dzadidrons and

foati ORe et don Grgurmihb s BNy el 4R o e Rl

~nmodi fi~cati ere cluded within the scope of the-

fol l ow ng. cl ai ns. 4 VWhat is clai o ol 1MBRE0ME Qholk BRORIER@kAL | on of a
hi ghl OB P’?r\‘gipéﬁf“ﬁﬁed‘%ﬁaéﬁ?m%?sgﬁf‘ét%@? S Carrier-containing  pharmaceutical
conpositjon, the oxygen carrien-cantaining pharnmaceutical composition

i ncl u&iowae»%ﬁﬂﬁf??ﬂinﬁ,gf?%@eﬁ” ﬁ%’gql%q@i n consisting essentially of |
nonpol yneri c cross-linked 5 tetraneric henogl obin, the nethod conprising:
a)5providing manmal i an whol e bl ood including at |east red blood cells and

- pl a; b ti th bl d. cel | . : . o i
\F,)th|S gp%lm Oéaﬁg %%&Sfi:fgrgmeréeéa%go? & Oab‘“%%léi pilgFtifS) %{dﬁlﬁ'ﬁt Q’Ja@ié MRysed thgeoanmmal i an

at- were separated fromthe

bl as n?:o}atginggt %Ihgrrn%cgul‘cil:atl ercgndngszet%nblag&gdigge ! 11.0 fcﬁaﬁﬁt 'loq;r_herein said column

chromatography comprises one or more cation-exchange columns or anion-exchange columns.

10 s, The method for the preparation of a highly purified and heat stab]e oxygen carrier- -
| containing pharmaceutical composition according to claim 4 wherein the chromatography

columnA is one or more DEAF column, CM column and/or hydroxyapatite column,

6.  The method for the preparation of a 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



- 10d) washing the filtered red blood cell fraction to renove plasma protein
inmpurities, resulting in washed red bl ood cells; -e) disrupting the
washed red bl ood cells by a precise and controlled hypotonic lysis for 2
to 30 seconds or a tine otherwise sufficient to lyse the red blood cells
i'n an instant cytolysis apparatus to create a solution conprising a
| ysate .of disrupted red blood cells a flowrate of 1550-1000L/hr; f)
performng filtration to renove at | east a portion of the waste retentate
fromthe |ysate; . extracting a fij. hORE R, NHdrR NerbdsQmkbde
| ysat é‘,"S“CLXg %eﬂ9%‘§3é?=f %’P rﬁeﬁlﬁgfégﬁi croél%lgt%tgt_ %g%glt}?ati gﬁéﬂp}t‘%cess, usi ng an
ultrafiltration filter configured to renove inpurities having a higher
- ol ecUfEMSHE %?gl?%ﬁ’%%ﬁ%ﬁ’ms%%,fufther remove any 20 viruses and
residual waste retentate fr he, first Lk Sk Wi Lo obtain a
mﬁ)gi? d 1%\:\1190% lt)loodm iyag%gtﬁ%?t%gcﬁgbﬁ R f‘l# Oiﬁdg}m

~second hendyi'8BHiE | 8 h col um
chromat ogr aphy on the ifi henpgl.obi n I ' protein
inpuriti es}a)pseg-gatmg the WEF-};DO%)@]?&P#{E‘%?I?H&%%%E&%H n?drﬁg# ?’P{hr@g}t& %‘%n process

~using an ultrafiltratjqon . filter configu t Q. ve i ridi.es .and to

~ coffcent r at & flisang theireq g&oq@hﬁgx%%qrﬁseggqa{?ﬁ%gfgﬁhe pliato OE%A acéi{ggesﬁ-r i nki ng at

| east ‘a-a subunits of the henpgl obin by bis-3,5-dibronosalicyl fumarate

cr ossMigodieelhffadisiiut i on to form cross-1inked henpgl obin in a. deoxygenat ed
envi ronnent wherein the cross-5l.inked hemgl abin i;s_nonpel yoer i

cross- | i nkédweshing ferflteradeied Jiend; ¢ '?Cuggg‘%mvﬁdﬂ%sm&ﬁr&%ﬂl lgﬁ%hgessf ol ogi cal
buffer for the cross-linking solution ; . M renoving any. resi dual
cheni eesuksingjn wesherbred ploed £¢llsw i1 trati on; n) heat treating the -
cross-linked henoglobin in a deoxygenated. environ t o _denat and
precipitate @wpw@whe%ﬁbméﬁigwﬁé%we éWﬂﬁgﬁ%{*&@S‘B‘i‘lFi S‘esggﬁzermgl obi n
(dinmer) and any other 10 protein inpurities ch that the resulti.ng heat
Stlabl ¢o 3P seronds orietime otheryies sufigstiry sh Hif fﬁ%gféa%] %Ed&%d’ﬂ%ﬁ@myg‘s
concentration of diner and consists essentially of oq%golégeri C

cr 0s s appardtecotestateaarentution [remptsieme fysate of distupisdl redlpancals Zbatoy T o ei ne
imedi ately follow ng heat treating the cross-linked tetraneric henogl obin
to muisHtl@d@a; | ow | evel of net-henogl obin; 15p) renoving precipitate by a

centrifugation or a filtration apparatus to forma clear sotLu}i on; and
f) performing filtration to remove at least a portion of the waste retentate from the lysate;

g) extracting a first hemoglobin solution 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;
» perfonning- a second ultrafiltration process using an ultrafiltration filter configured to

remove impurities and to concentrate the purified hemoglobin solution;



g) adding the purified and heat stable cross-linked tetraneric henogl obin
to'a pharnmaceutically acceptable carrier. 2. The nethod for the preparation
of a highly purified and heat stable oxygen carrier-containing 20 '
pharmaceutical conposition according to claim1l wherein the heat treating
is a-high tenperature short tine process conducted at approximately 70C to
95C for 30 seconds to 3 hours followgd i nmedi ately by cooling and the
N-acetyl cysteine in an amount of 0.2 to 0.4%is added i medi ately
followi ng the cooling. 36 - The nmethod for the preparation of a-

highly purified and heat . stabl.e Seldb Bl 5,04t 3idHrSdoahan maaeuti cal
conmposi tio ‘%%%6?%?%6-?%“%ﬁgg%ﬁﬂﬁﬁﬁgﬁg?n the wﬁgﬁe bl ood isnﬁﬁnan,.bovine,
porci ne, -cani ne_ar equi ne whol.e bl ood...5.4 o o JiBhmb SRl EP@Eat | on
of a ﬁPﬁHF§”§dPFWP%Hﬂ§ﬁHcﬁﬁﬁﬁm§9§%Pg§g%§ﬁb%E%§¥ |%%?g%éntaining
phar maceutical conposition cording.to claim 1l wherein said columm
chronﬁ?ﬁ@#&ﬁwﬁH@HgBWFgégwﬁﬁ@ﬁﬁgt %%?F%ﬁ@gkchange col ums or -
ani on- exchange colums. 10 5, The net.ho Qr_th epar.at i on. of a highly
purified aﬂémﬁ@%@n%%%ﬂwﬁeﬂﬁ§ﬁgﬁmﬂ eggfﬁ%8ﬁ?%ﬁ%@%ﬁggﬁgéhaceutica
conposition according to claim erein the Eronatography colum is one
or3 nor e DEAEERWN ALY W%chéﬁg?wgmﬁlrtﬁ%/@ e col um. 6. The
met hod for the preparation of a h%gﬁ#g urified a Qe%taﬁﬁ oq:ﬁﬁ%gen
carrier- 18 heaitresting the cropulinked deprEiahio ebSEEF M ABESHEI NG To ¢l aim 1
wherei n the pharnaceutically acceptable carrier is-a physiolqaical. buffer
or waCeto, denature, amd [pregipitate pﬁ'@}VifPfil‘B&Pé‘H’érr%%tﬁ‘? f@?’&@?‘én’oﬁvg%%’%md W looi"
carrier-containing pharmaceutical conposition conprising he | obin, the
henog(dibér awbamsi ethimgoteingmpriits| spclothainp |5%“Pk‘i‘ﬁ%?’?% S@*"(Sﬁscéf?sfihﬁg"gge‘??eﬁc
tetraneri c henmoglobin formed by the process of claiml, 8. A n?thod
t he phewaidin bas of uslelighie yopesniration P Hgemas coapisth eesegiply Off nonpolymeric
carrier-containing pharmaceutical conposition, the oxygqp_ : ,
c#0 1 | avssclivktaienngripivaoglbsund tamedigaly 68 nE dhaPPPXNHEY adi g - hermogl obi n,
t he henogl obi n consi sting essentially of nonpolyneric cross-|jnked .
tetrameri cohaiding/Mbiayl cyfienerinhetately fpllawingheat treating the cross-linked teframeric 7

for

hemoglobin to maintain a low level of met—herr_loglobin; ,
p) removing precipitate by a centrifugation or a filtration apparatus to form a clear solution;
and
15 q) adding the purified and heat stable cross-linked tetrameric hemoglobin to a

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



a) providing mammal i an whol e bl ood including at |east red blood cells and
pl asma; b) separating the red blood cells fromthe plasma in the manmal 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; 3g e) disrupting the washed red
bl ood cells by a precise and controlled hypotonic lysis for 2 10 to 30

second Sc'ogc;utc%fi Lt "80 QLRIEINLSE niblleds! SIS nBnddiasdy biiRostnl! adheBldcetyin an

i nstant ¢ ysi S apparatus to create a solution .conprising a'lysate of

di stuptgdif e 108 GEh b Blivds IdeMinildRndf ofiGshRMHbLBng. s

perforﬁ?ng ration ‘renpove at |east a portion of the waste retentate
fromthe |ysate; ~g) extracting a first henogl obin solution from
the |l ysate; 15h) performng a first ultrafiltration process, using an

ultrafjltration filter. confiqureg tq: o Lk 185 I AsRLgher
ol coular W SR EHSR HECRUGT R ot b TR Tered RE bt SEBle oA

resi dual waste retentate fromthe f.irst i ti R 34 Qurpht ai n a
s e?o nd°REREEP chuélfﬂtcfngﬂ?smon acconif{”)'é Eoecrl{!%?r)‘n% it 8&; @8\,%\?1 h}récﬁlfgjﬁ 1%: ol'um

chromat ogr aphy on the purifi.e enpgl obin solution 20 to renove protein
i npu?&l"i"g‘g’;p%rgne’ canng obgciuf’%?r‘?cﬁo egbtil%{)d‘sec,ond ultrafiltrati on process using an

ultrafiltration filter configured to renpve inpurities and to concentrate
the purified henogl obin solution; 38 k) cross-linking at |eas a-cc

subunits-of_ the h | obi n by. bi s-3,5:di br iLcyl e .
cr o_ss-llzi nkilAg H?Ehog{%g fhet He?%%%?f‘cﬂ%oas?—gpﬁnq(uggi%éﬁdog %glta%}éinar%{ygéndg%?%enat ed
ﬁg%gﬁgwﬁm’n}ng\l\g .'Exrgllagm}tigs ggrggggit%gl gcéo?digg 4 oO|c¥ar1rr?1r '8? WiePtr L'a‘llCP kgcﬁuﬁuﬁt r amsr_' ¢

10  chromatography comprises one or more cation-exchange columns or anion-exchange columns.

13. '-The' method fof the preparation of a highly puﬁﬁed andrheéil stable oxygen carﬁer-
' containing pharmaceutical composition according to claim 12 wﬁerein the chromatography
column 1s one Or more bEAE colurnn, CM columﬁ and/or hydrpxyapatite colm.
15
14 A highly purified and heat stable oxygeh carrier—containing phaﬁnaceutiﬁal composition
comprising hemoglobin; the hemoglobin consistiﬁg 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;



) exchanging a suitable physiological buffer for the cross-linking
solution ; 5m renoving any residual chemcals by tangential flow
filtration; n) heat treating the cross-1linked henogl obin at a
tenperature of approximately 90 C to 95 C to denature and precipitate any
resi dual non-reacted henogl obin, non-stabilized henogl obin (dinmer) and any
other protein inpurities such that thhe resulting heat stable cross-Iinked
tetrameric henogl obin has an undetectable concentration of dimer and
consists essentially of nonpolyneric 10 cross-|linked tetrameric henogl obin
and i medi gtehitatmh@hd B PP oI tHEASIR4 iR theGammalian whélp bR ng N-acetyl
cysteine inmediately follow ng heat treating the cross-linked tetrameric
henmogl obi ngt @teﬁﬁé el bRod QUis! BMQler®fepaRted RIRP HeQsiia to obtain a RleréEREAVI NG
precipitate by a centrifugation or a filtration apparatus to forma clear .
5°|UtPB@im%§9%ﬁ&Pdi”9 the purified and heat stable cross-linked tetrameric
henpglobin to a phar maceutically acceptable carrier. 9.The nethod for he
preparatio i i !@@g- t P ; {8 inin
pharnaceut?gg%h@%%%ggk%ﬁgﬁig%gggz|ngn?gﬁETg%ﬁ$%§3herg?%ltﬁghﬁgé?ﬁﬁ?%gtingg
.|55peﬁﬁggﬁgﬂeégmg%&3 peoxygenated environnent. 10. The nmethod for the
pLeparatlfn oI a hig !{ipurlfled and heat stabl e oxygen carrier-containing
phar maceut i.c onmposi tio t . : i 0o o drgatin
{iraRERR U A B RN LD OB M SOOI, AP LE™ ' 9

Liol?g ngd the .N-a e%xlszégge?néoiﬁ g] Utesq; ofn B hti? % L, Added

i) mdhfifeﬁvs %0 fj!t?im:?& a’;] lgeés g g%?nlt f(ggre tho?(eld.aﬂ% g eﬁe}nhog?or cﬂ%‘g lpr%p%ar ation
o BB a1 PO AT SRR o oo 1
e oo RSt Ba PRy ey bbb B oy i 0
lf <ol A Rl RN, o oo o olhonge
L R i ot S et A
ﬁ{gﬂthﬁﬁ??f?ggwgﬁgshggrgirgﬁﬁzaﬁgﬁgtn carrier?g%ﬁggsﬁiEﬁhﬂié?%mﬁéi?ic IV
conposFifiab fyagte FRsals fiem ﬁ@rﬁf&lh@@P&‘?gliP BRSSPI %Fe%lﬂéis@gglﬁﬁ" seldio i ?y

of nonpol yneric cross-linked tetraneric henogl obi n_forned by ocess

t .
of clai m &) pofrmingafionshrongh £efpmp KBroprASERPRY (0B theppurifie hgmpglo P‘iﬂgﬁl rtoand

heat stabl e oxygen carrier-containin

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 solutién ;

m) removing any residual chemicals by tangential flow filtration;



pharmaceutical conposition, the oxygen carrier-containing pharnmaceutica
conposi tion including henogl obi n, the henogl obi n consisting essentially of
nonpol yrneric cross-1linked tetrameric henogl obin, the method conpri sing:
a) providing mammal i an whol e bl ood including at |east red bl ood .cells and
pl asma; 40_ b) separating the red blood cells fromthe plasm in

t he marmmal i an whol e bl ood; c)afiltering the red blood cells that
wer e separated fromthe plasna to obtain a filtered red bl ood cel

fraction; _aceﬁﬁ)c washi ngethes flﬁﬂea%meﬁ@%nmgmﬂ-l &R Heatf tb@atihg on to

remove plasnéMH$ urltles resulting 5in washed red bl ood cells;

e) dis Sh gtsggr(%dﬁ}eg,wa@ﬁ% ggeﬁiﬂ etaﬂr?é’o b‘ﬁmmébamn £as bsec angldseenicnatd ed

hypot conds atl otherwi se sufficient to |yse
t he red bl ood cells in | Pwm‘ q&ﬁkﬁﬁﬁﬁp fonSeihai &isolutlon'
conpri §V‘ﬁ°§m§ntl VA {l%mrgfan §c°fp{aé}g1 r g'éstlﬂa)/ﬁo s atCa tlowrate of

50- 10Q0 f filt L 2Rsthodt BBl i:oR. of th

masteq? Qﬂ?&?@ggédﬁ$2%£ égP%Hl%%%Ph§§1§ac¥fﬁg&g%|§§tﬁhen§g%%%|ﬁ ©
|_ut t.h t '

;S)?égeglg‘{gﬁ{}%ﬁ?ﬁ%“ﬁﬁ@ﬂ%@&ﬁ? hagan atindetec x{) L Lo ?gf &nfel" bt colbibes @bddibniat i on

I'OR ©er'con igured to renove I npurities
havi ng .a hi her nol ec t henogl obin to further renmove any
V|rusé§n@ﬁﬁ §?8€§H“%&§ Q%QW I%B‘t“romthe first henoglobin solution to
obtain a second henogl obi n sol.ut i ery or Hikgwt hr ough

St STGD P THES JHFERREY e Jsita ekl e ot

col utm chr 8héd In so tion to 15renove

protein inpurities; r for.m ond ultrafiltration process
, u5|ng“ﬁﬁﬂﬁﬂt?%ﬁQQQQW%PW5W“WPP§‘P% gﬁ#FﬁE&@d%fg%renove inmpurities and to
concentrate the purified gl obj.n soluti o ) S i nki ng
. at | east aParcgBEAi ARG E %{51‘%8?’?1 by @F%mé‘ BPPRP ct)(l’r(rtl)c%ﬂ 23 a}f umar at e
'-cross | i nki ng solution to form cross-1inked henpgl obin in a deoxygenated
en(i r solrees avcher ei n the 20cross-1inked henmpgl obin i s nonpol yneric

cross-linked tetranmeric heno | obi n; exc a suijtabl srologlcal

buf fer forak Bédieg dhe -Hurifird Mg sB‘f%t%@r‘F) "r‘ﬁi pﬁﬁ&ro'\‘? rﬁnbe’t’c&ebdxgra}?g themcal s

by tangential-flow filtratjon; :
pharmaceutically acceptable carrier.

16. The method for the preparation of a highly purified and heat stable oxygen carrier-
| 15 containing pﬁarmaceotical 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-acetyl

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

cooling.

20 17.7 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%.



41 n) adding N-acetyl cysteine to the cross-linked tetraneric
henogl obin and heat treating the cross-|inked henbgl obin at a tenperature
of approximately 70 Cto 95 Cin a deoxygenated environnent to denature
and precipitate any residual non-reacted henogl obin, non-stabilized
henogl obin (dinmer) and any other protein inpurities such that the
resulting heat stable cross- 5linkeds2etraneric henogl obin has an
undet ect abl e concentration of diner and consists essentially of

nonpollﬁgelr fie Gl g@glé&)} p}ge;ﬂ O%%%@Qi?rd GichQPREKEPNY heat stable xyguidearge: acet y|

cystei ng heat freating the cross-linked tetraneric
hem)gl oDl 15 L0 &lcnl \Q{tlt)ﬁ'va%or@iil rfgtc‘la*ﬂﬁngg{vﬁ&blﬁ the whole Pooti€igDVi Ng

. preci pP WﬁP@‘b@l Tént ation or Itration apparatus to forma clear
"10sol yt i rified and heat stable cross-1inked
tetra#@?ﬁﬁEW§W%§P5ﬁw “?ggg %ﬁ%@%ﬁ%&ﬁ?@?ally acceptabl e carrier. 16. The
nmet hod for the preparation of -a highly purified and heat stable oxygen
carrier- 15 containing pharnaceutical conposition according to claim 15

wherein th t tr ng i.s &aﬁcdﬁ@gsﬁmﬁol | owed
i mredildt el ?‘B?‘ﬁ%%ﬁl flgezﬁgta@%é%gg [\I—pg%rgﬁmﬁggl%gg%e%e in an anmount. of
appr oxi mat el Q 0 4% i s .add LHYUeing.
2017. Wﬁér‘ﬂ%gﬁﬁa"gl?ﬁm e [P%%gbrlat 1 %ﬁmﬁgdés?e“ glry’{ {/ﬂghrwgaé gﬁ?ﬂ heat stable
‘oxygen carrijer har mac l; conposition according to claim
15 mhéﬂ%?ﬁ”%.%W?ééhpg#mﬁi%kéhv@m§58#%%%§'prlor to heat treating is in an
-amount of approximately 0.2% 42 18. The nethod for the preparation of a
highly purified and heat stable oxygen carrier- containing pharmaceuti cal
conposi tion according to claim15 wherein the whole blood is.human,
bovi ne, porcine, canine or equi ne whole blood. 519. A highly purified and
‘heat stabl e oxygen carrier-containing pharmaceutical conposition '
- conprising henogl obi n, the- henogl obin consisting essentially of

nonpol yneri c cross- | i nked tetraneric heanIobln forned by t he process of
cl'ai m 15.




43 A METHOD FOR THE PREPARATI ON OF A HEAT STABLE OXYGEN CARRI ER- CONTAI NI NG
PHARVACEUTI CAL COMPOSI TI ON 5ABSTRACT OF THE DI SCLOSURE A highly
purified and heat stable cross-Ilinked nonpolyneric tetraneric henogl obin
suitable for use in manmmal s wi t hout causing renal injury and
vasoconstriction is provided. A high tenperature and short tine (HTST)

heat processing step is perforned to genove undesired dineric form of
henogl obirn, 10 uncross-|inked tetrameric henogl obin, and plasm protein
inpurities effectively. Addition of N-acetyl cysteine after heat treatnent

and opti.ona € ' A i ns,_ o | [}

ot - norogr obME TR fllf Tept pREATEATION QB L Puly L A OB o can
i mprove and prol ong. oxygenation in normal and hypoxic tissue.. | n another
aspect, the pQMB?ERsEBQXMNﬁB}%WQTWXE&QB@O%WOf cancer
such as 15 |l eukem a, colorectal cancer, |lung cancer, breast cancer, |iver

cancer, nasopharyngeal carcinoma and esophageal cancer. Anot her
application is heart preservation in situations where there is a | ack of

oxygen supply in vivo, SUCBSERAIIY OFrHEDEBGEPOSUREr oxygen-deprived
heart. (No Suitable Figure) 20
A highly purified and heat stable cross—linked. nonpolymeric tetrameric
hemoglobin suitable for use in mammals without causing renal injury and
vasoconstriction is provided. A high temperature and short time (HTST) heat
processing step- is performed to remove uﬁdesired dimeric form of hemoglobin,
10 uncross-linked tetrameric hemoglobin, and plasma protein impurities effectively.
Addition of N-acetyl cysteine after iieat treatment and optione_llly before héét treatment
mamtams a low level of met-hemoglobin. The heat stable cross-linked tetrémeric _
hemoglobin can improve -and prolong oxygenation in normal and hypoxic tissue. In.
another aspect, the product is used in the treatment of various types of cancer such as
15  leukemia, colorectal cancer, lung cancer, breast cancer, liver cancer, nasopharyﬁgeal
carcinoma and esophageal cancer. Another épplication is heart preservation in
situations where there is a lack of oxygen supply in vivo, such as in heart transplant of
oxygen-deprived heart. -
(No Suitable Figure)

20



