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Stroma-freg, henoglobin is known in the art to have oxygen transport
and reversible oxygen (or ligand) binding capacities. Since toxicity
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toxicity caused by viruses and other contaminants. These problems are especially pertinent to

emergency situations, such as the use of blood by the military. Consequently, much effort has

been devoted to the development of substitutes for whole blood obtained from human donors.

This development has resulted in various modifications to blood from human or other

20 mammalian sources. Stroma-free hemoglobin is known in the art to have oxygen transport

and reversible oxygen (or ligand) binding capacities. Since toxicity problems have precluded

use as a blood substitute, stroma-free hemoglobin has required further modifications to
provide a nontoxic, useful pharmaceutical product.

These modifications include (1) rendering hemoglobin free or substantially free of

25 stroma and stromal contaminants; (2) pyridoxylation; (3) polymerization or cross-linking; (4)
removal of tetramer; and (5) modification with carbon monoxide or other ligands.

However, hemoglobin solutions prepared by these techniques, while capable of
carrying sufficient quantities of oxygen to support life, have been plagued with many
undesirable side effects and properties. For example, a major troubling side effect is a

30 decrease in kidney performance. These changes were thought to be due to the presence of
unwanted contaminants such as bacterial endotoxin or fragments of red cell membranes
(stroma). While contaminants such as these can indeed produce renal alterations, hemoglobin
solutions essentially free of the above contaminants still produce substantial renal dysfunc-
tion. The cause for the renal dysfunction has been ascribed to physiologically unacceptable
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SUMMARY OF THE INVENTION

The present invention provides hemoglobin substitutes that are non-toxic to humans
and have substantial half-lives of at least 15 hours when administered to humans. The
hemoglobin products of the invention are stroma-free, pyridoxylated and polymerized as well
as being free of viral and other toxic contaminants. Further, these products are substantially
free of leukocytes (white blood cells) and platelets.

The present invention also encompasses processes for preparing the inventive
hemogiobin substitutes. The processes include removing leukocytes and platelets from blood;
washing and lysing the red blood cells; removing stromal contaminants and stroma by
filtration and heat-treating; preparing the deoxy form of the hemoglobin; pyridoxylation and
polymerization; further purification and concentration; and deoxygenation. The resulting
hemoglobin product may be then formulated to provide a hemoglobin product having levels
of various electrolytes within normal physiological ranges.

The invention also provides an aqueous formulation of pyridoxylated, polymerized
hemoglobin, where the hemoglobin is a glutaraidehyde-polymerized hemoglobin containing
tetrameric material, having the molecular weight profile of Figure 3. This formulation may be
used to prepare an acellular red blood cell substitute. In this aspect, the formulation is first
purified to remove tetramer and then combined with appropriate amounts of electrolytes to
produce a physiologically acceptable, acellular, red blood cell substitute that may
subsequently be used to treat a human patient requiring an infusion of an oxygen carrier.
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is an tracing of the hemoglobin product of the invention.
Polymerized hemogiobin is indicated by the peaks at RT 15.7, 16.33, 17.32, and 18.56.
15  Tetramer is indicated by the peak at RT 21.18. '

Figure 5 is a schematic diagram depicting a column chromatography purification

process employed in the invention.
Figure 6 is a schematic diagram depicting a membrane filtration purification process

employed in the invention.
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5 As used herein, the term “cross-linked” means the chemical emplacement of molecular
"bridges” onto or into a molecule, or between molecules with the purpose of altering the
shape, size, function or physical characteristics of the molecule. Cross-linked molecules may
be polymerized or non-polymerized, i.e., cross-linked molecules may be tetrameric.

As used herein, the term ‘“‘tetramer” refers to hemoglobin molecules having a

10  molecular weight of about 64Kd; that is, the term refers to both native and intramolecularly
crosslinked hemoglobin molecules.

As used herein, the term "essentially tetramer free" denotes the level of purity with
respect to tetramer contamination at which certain biological responses to tetramer
administered into a mammal are no longer present. A main criterion is the absence of

15  alterations in renal function when pharmaceutically effective amounts are infused, that is, at a
level of purity of about 99% or better (less than about 1% of tetramer is present). The
preferred product produced by the inventive process contains no more than about 0.8%
tetramer based on the weight of total hemoglobin (THb). In other words, an essentially
tetramer-free product- according to the invention contains no more then physiologically.

20 acceptable amounts of unpolymerized hemoglobin tetramer. Particularly preferred products
of the invention contain less than about 0.5% tetramer; the most particularly preferred
products of the invention contain about 0.3-0.4% tetramer. Such amounts of tetramer have
been found to be physiologically acceptable.

As used herein, the terms "ultrapurified product” or "purified product" have the same

25 meaning as the term “essentially tetramer-free."

As used herein, % total hemoglobin (THb) is defined as grams of hemoglobin/100mL
of solution.

As used herein, the term “polymerizing sointion" means a solution containing a "“cross-
linking"” or polymerizing agent, such as gintaraldehyde, imido esters, diaspirin or others, in a

30 biochemically suitable carrier.

As used herein, the term polymerized means the placement of molecular bridges
between molecules or tetra;nm’ic submits where the size and weight of the resulting
polymerized molecule is increased with respect to native or tetrameric hemoglobin.
Polymerized hemoglobin is not tetrameric hemoglobin.
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17.00, and 18.19. Tetramc material is indicated by peaks atRRT 19. 88 and

20.51. Polyner is 76.2% of this material. Figure 4 is an
HPLC traci ng of the henogl obin product of the invention. Pol yneri zed
henmogl obin is indicated by the peaks at RT 15.7, 16.33, 17.32, and 18. 56.
15 Tetramer w§otdidiscat ed by the peak at RT 21.18. PCT/USH ISR O 1S
a schematic diagram depicting a colum chromat ography purification

process enployed in the invention. Figure 6 is a schematic

di agram depi cting_a menbrane filtration purification process enpl oyed

in.the invention, BY a solution of hemoglobin as used herein is meant a solution of tetrameric
-4- hemoglobin or polymerized hemogiobin molecules where the molecules are not contained
within a red blood cell. Such a solution need not be free of or substantially free of red blood
cell stroma or stromal contaminants. However, preferred polymerized hemoglobin solutions

5 are free of red blood cell stroma and stromal contaminants.

By the term "semipermeable membrane” is meant 2 membrane permeable to some
molecular species and not to others and, i.e.,, 2 membrane which acts as a selective filter
excluding certain molecular weights.

The product of the process according to the present invention, a polymerized,

10 pyridoxylated, hemoglobin solution essentially free of tetrameric (native or intramolecularly
crosslinked) hemoglobin, stromal and various other contaminants, produced from heat treated,
virally inactivated tetrameric hemoglobin, is physiologically acceptable as well as
therapeutically and clinically useful. The product has reversible oxygen binding capacity
which is necessary for oxygen transport properties. Most notably, the product demonstrates

15 good loading and unloading characteristics in usage which correlates to having an oxygen-
hemogiobin dissociation curve (P,,) similar to whole blood. The product binds oxygen with
high affinity in the capillaries through the hmgs and then adequately releases oxygen to the
tissues in the body. The product also does not require compatibility studies with the recipient.

The product also has a haif-lift when administered to humans of about at least 15

20 hours and more preferably of about 24 hours. This hemoglobin product may be infused into
patients in amounts of up to about 3.0 L and even up to about 5.0 L. In other words, the
inventive hemoglobin product can be used to replenish essentially all of a human patient’s
blood volume without causing vasoconstriction, renal toxicity, hemoglobinuria or other
problems associated with intravenous administration of synthetic or semisynthetic oxygen

25  camiers and blood substitutes. Thus, the invention includes a method of transfusing a patient,
preferably a human patient, with an amount of a stroma-free, tetramer-free, polymerized,
pyridoxylated hemoglobin product that is non-toxic to the patient, where the amount is up to
at least about 5.0 L. Such a method includes attaching the patient or subject to an infusion
device or other such equipment for infusing or transfusing the patient. _

30 The process of this invention is unique in that it yields a product haﬁng a level of
tetramer of no more than about 1% and, more preferably, no more than about 0.8% by weight
based on the weight of total hemoglobin in the solution. The process of this invention
provides a further advantage in that it can render the final product substantially free of
microbial and viral antigens and pathogens. Such microbial and viral antigens and pathogens
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disease or medical condition requiring a resuscitative fluid (c.g. trauma, specifically
hemorrhagic shock), intravascular volume expander or exchange transfusion. In addition to
20 medical treatment, the product can be useful in preserving organs for transpiants.
The inventive process comprises the following procedures: '
red cell aspiration and filtration
cell wash/lyse
heat treatment
ultraﬁl@aﬁonconcenhation
degassification
chemical modification
purification

25

UP poly concentration

o A ool

30 deoxygenation

b
g

formulation



As used herein, the term "pol ynerizing solution” nmeans a sol ution
cohtaining a "cross- | i nki ng" or polynerizing agent, such as

gl ut aral dehyde, imdo esters, diaspirin or others, in a 30 bi ochem cal |y
suitable carrier. As used herein, the term polynerized means

t he pl acenmentwefo7agiggcul ar bri dges bet ween nol ecul es OpcEngdonossBs | C
subm ts where the size and wei ght of the resulting pol yneri zed

nol ecule is increased with respect to native or tetraneric henogl obin.
5(7)} )éggglgzed hermngﬁbl wfér?edn?amxgge}nr %ﬁﬁrfncthpgnggss oth tﬂe present invention is ouygted
PCT/ US97/ 0508#éhole human blood orpaoBgd &d bood telisn boddditempinaduidated dlood éndhed) @iay | S

nmeant a sol ut| i.n,.Qr pol rlzdhe

ot aeul oo whS te e Ji@Fy. Wngle blogd SRR it i 4R prBCesy T ok S6en 15 Fe8 Rir”
cell. Such a mdrk than @ weeke pasiabe Opirhbticredayé indicaed bﬁtﬂmlbagalm sé of whble bdabd

bl ood cell, stroma or, stlo con wev.er r.ef erred

pol ymeri zed IRuiBlA iR ?M# 3’%@“5’""3& ap&@gnazpﬂfbgﬁtyﬂp% e PRI g
stromal cont il Rexidving cellular remnants suélyastshOmhleyrotein Sﬁﬂ!cﬁﬁtﬁﬁiﬁﬂiﬁ;e menbr ane" is
meant a menbrane perneable.to.s . | ecul ar eci e of, to her s
and, i.e., a rrenblAi‘rE"Wﬁeﬁ ﬂes&’éli"'gr@?"hmg éﬁ'&%??/@ Other B@.pma'f‘ 895@ 8{
certﬁi n mol € Ghiindr modifigdtiofis within the skill of Mlépmm dth@fnl'ob&ecriﬂiyﬁﬁﬁﬁﬁllea(gﬁoitdl ng
to the present inyention, po pyri doxyl at ed, henogl obin

sol ution essclPRtA’¢ o o M&fp‘?ijm g‘? native or intranolecularly
crosslinkgd) hend@ugig} ed el noarmd\m&mwmetrb&mos@aemrmmta& aspjtivalg ed
from heat treated, V|ra i nactiyvat ed, tetra rlgﬁﬁ? lobin, is

physi ol ogi cal Piracted-fom dpmat bags Wi P“ roducing ajr intp ¥4 Ferigsef
useful. The pmmtredansnsmersﬁspwxﬁommme&cmﬂmsapnﬁkdcytes and platéléts. Thes

necessary for oxygen transport properti not ably, the product
denonstrates T gpeption s then sphi éfﬁb‘%ﬁ&fséﬁ& eristics in usage which
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the injection (WFI) to lyse the cells and the resulting mixture clarified using a cross flow filtration

| unit. The clarified product is then heat-treated to precipitate additional stromal material which
is removed by filtration. The product of this procedure is a stroma-free hemoglobin (SFH)
solution with a THb of about 3% (w/v).

20 The heat treated and stroma-free hemoglobin solution containing carboxyhemoglobin
is concentrated and degassed to yield a SFH solution containing deoxyhemoglobin.
Degassification involvés first saturating the carboxyhemoglobin solution with oxygen for
about 16 hours to yield a solution of oxygenated hemoglobin and about 7% by weight, based
on the total weight of hemoglobin, of carboxyhemoglobin. Subsequently, the oxygen is

25  driven off with nitrogen, argon or helium to form a solution containing free hemoglobin, i.e.,
uncomplexed hemoglobin, and about 7% by weight, based on the total weight of hemoglobin,
of oxyhemoglobin. The resulting degassed solution is filtered and transferred into a vessel for
chemical modification.

Subsequent to degassification, the stroma-free hemoglobin solution is pyridoxylated

30 using pyridoxal-5'-phosphate (PSP) at a molar ratio of pyridoxal-5'-phosphate to hemoglabin
of about 1:1 to 3:1. Alternatively, the stroma-free hemoglobin may be pyridoxylated using 2-
Nor-2 formyl pyridoxal-5"-phosphate. A reducing agent such as sodium cyanoborohydride or
preferably sodium borohydride is added to the pyridoxylation mixture. Excess reagents and
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in that it can @gﬁdgﬁ&tﬁ%&%ﬁngﬁ B%g{d]{’ﬁ:@‘@ i?ygfegn |°§Ilf§g$°regeaswt%e°m b
i crobial a9d \solutibn contaipabeut I6% hyavdight ofipolyriers, fbased on dizi tatal enwglobinabeight, as
?gf' gens and p%&?@%ﬁ}w%&luﬂm HPLC. Alternatively, the endpoint is defined as the point at
PCT/ US97/ 05088 which the salutibnreenitaime abdub 65% ofipslypmera based or el tetal weight b hemogiabin,t -
Is sterile as detgﬂoﬁijs&% the anal ysi s set forth in the United

St at es Phar macdﬁb PE XY Chapter <71>. Exanpl es of such anti gens
and pat hogens i ncl u@be pblymenizating frenctidnaist quenched by itk additionadf, agheong glycine. The

bt ovi des s 1 o BEPLaps: o aafEA'S AR e (TR oG B sy slplfeef 0685,

acqui r ed i nmunegaisfas quickiy\as pessibig resolutibiDSy aqueous sodium borotiydeidd. aThia polyinerized

physi ol ogi cal  pLRREE 1 GseRhchtt§ BOCEREHT ant Hen Uidbineth Gaber Bh AAMEbnN of HlyZen to
oxygenate the solution. Water is finally added to the solution until the solution contains about
4% by weight hemoglobin.

20 Polymerization according to the invention results in a high yield of polymers having a
narrow molecular weight range as shown in Figure 3 and Example 1 below.

The polymerized, pyridoxylated hemoglobin solution is then purified by column
chromatography, filtration, e.g., membrane filtration, or both, to remove residual
unpolymerized (tetrameric) hemoglobin from the solution. The purified polymerized

| 25 hemoglobin solution is then concentrated to about 6% using an ultrafiltration apparatus in
preparation for gas exchange.

The concentrated solution is then deoxygenated with nitrogen. The deoxygenation
takes place at about 10-12°C until the amount of oxyhemoglobin in the solution is less than
about 16% by weight of the total hemoglobin.

30 The resulting deoxygenated, purified, and polymerized hemoglobin solution is then
concentrated by ultrafiltration under a nitrogen atmosphere in a cooled vessel. The pH is
adjusted to about 8.8-9.0, and the amounts of electrolytes may be adjusted as necessary to
levels representing that of normal plasma. In addition, conventional antioxidants such as
glutathione, ascorbate or glucose may also be optionally added. After the solution is
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I nvention, when infused in amobunts of up to at |east about 5.0 L, does not
cause vasoconstriction, renal toxicity, henoglobinuria and other

probl ens inplicated with “intravenous adm nistration of known

henogl obi n solutions cont ai ni ng physiologically 10 wundesirable amunts of
tetrameric h 434sn. | ntravenous administration of the pregy 9wmm
produced by the process descri bed herein results in no appreclabl ecrease
inurine productlon no appreci abl e decrease in gl onmerul ar f||tration

t b t ' th t |
appr ecl abi o EREFIE  Be CABP el PRRSRGqtith (0% 6 “Weighi” bolyheRiitr o

t he process pfndohﬂaumvmmiﬁbmnemifﬂesmma&eltkmbgbbm etiie BbloGsh B6stdrilized by
substitute 1 usef ul in the, treatnpent of .traum ocar.dj i nfarction,
stroke, acut SUEH ftﬁ?ﬁf’géﬂ? a sterile yapsfer; apparp t“&r% Pé‘asmm%’g“ cally”

hypoxem a, hx@emmﬂewmm stage hypoxia due to inpairnment or failure
of the lupg to f oxygenat e 00 he product .also.is useful in the
treat ment?of any hmé? %f‘@'r"ﬁ‘gmg}%“ E‘BWBP? Intign %ﬁ'@?”?‘%ﬁ'g
resuscitative fluifd (e. g, trauna, specifrcalT Jnemprrn g1 C ghock),
i ntravascul ar vol | iz 2% o4 to 20
nmedi cal treat nent,| Tot? Heino B‘h(gan' be useful | n presegysiipg organs {f or
transpl ants. ENfI.ME Process conprises the folllow ng
procedur es: Methemogo m(%g LD aem%M% .
2. cel |l mash/lyaauunghmnqunnc%arumnxﬂneat reat nent<29 4.
ultrafiltration c atron o. degasgl jl cation :
6. cheni cal nDdFrbCAL&‘ET)' on + B~ sﬁﬁzﬂa 8.
UP poly concentr at}i Osinoldlity (mmolKg)* 9. deoxlygenat i 0Z80-360 10.
formulation Sodium (mmol/Ly 135-155 .

Potassium (mmoV/L)’ 3.5-4.5

Chloride (mmol/L)* 85-110

Free Iron (ppm)* <20

Molecular Wt. Dist. - 128 Kd peak (%)° 10-24

Molecular Wt. Dist. - 192 Kd pesk (%)° 18-30

Molecular Wt. Dist. - 256 Kd peak (%)’ 45-70

Tetramer (64K)(%)° <0.8

Endotoxin (EU/mL)* <0.03

Phospholipids ng/Hb’ <50

Glycolipids (ng/Hb)’ <2

Level in polymerized hemoglobin determined spectrophotometrically.

Level in polymerized hemoglobin determined by osmometry.

Level in polymerized hemoglobin determined by ion specific electrode.

Level in polymerized hemoglobin determined by atomic aborption.

Determined by size exclusion-HPLC.

Determined by LAL using an assay commercially available from Associates of
Cape Cod, assay components have catalog nos. 100-5, 800-1, and 3100-5.

? Determined by HPTLC

-10-



WO 97/ 35883

PCT/ US97/ 05088 The preferred starting nmaterial in the process
of the present invention is outdated whol e human bl ood or packed red
bl ood cells. In addition, non-outdated bl ood (indated) may al so be
used. Preferabiwoonssssse bl ood is not used in this process if PCTAHSIION8®EN | n
storage for nore than 2 weeks past the expiration date indicated on

the bag. The use of whole blood 5 outdated by nore than 2 weeks provides
addi tional difficulfy ro'iuo%g 129 &an‘%néﬁfsog{;&m Bspects of ¥RE PrédeRY irention.

cellular remants such as stromal proteins and contam nants.

Al . : : . i th
possi bl o HBREet 108 54 Bhdiafbof 13 Bk Blsbicy e toe Wi B Bl Al G0 B B
process may beﬂéiaﬁi{r%o??]t%% oty deﬁnﬁg%% 16 [c%ﬁc(i}kgglt fhda&%@ of RS "idention. Al

preferably abo rrng re aspiration an

o " BB REEERA o PR OB on g
e B s
;Jg(rjrg\r/ eC?re ts);)guggL%&c':;%e ap ni')ép\é%% e %at%ha%mgglfg?;'%&ggﬁg{@a:%fgﬁ o_r;tc m o
o Lo PR R RN e b b
is then heat_t?g@%&%?%e%#h&#h&%@lﬁhv&xﬁ?ﬁst romal materi al vvh!och
normogl obin (Gt ONERTere 5 Y Gt Bl el GREUEFn i oSy Bioc e
ﬁghtrjgai Lngi glhg car OW&%‘B%%; s’?’ﬁfﬁ;oeﬁslﬁﬁ:?ﬁ@n%of c-chV 'gsbo;é;g%i
B e, B e e
e o Y vt o o0

of "oxyhenogl obi n. )

henogl obi n, € resulting degassed solution is

filt d t f kRt .calk [ £ ' .
subsequent P degas iy TALITGS e BAlfa ptiyet of e WABLES 1 EBBmACH o i
pyri doxyl at ed

| mammals, e.g., humans. Typically, a blood sample is removed from the mammal a period of
time after the mammal has been infused with the product. The amount of the product is then
determined by centrifuging the blood sample, expressing the plasma portion, determining
plasma hemoglobin levels spectrophotometrically, and then correlating the amount of product
20 remaining in the mammal to the half-life of the product.
Size Exclusion Chromatography HPLC according to the invention is carried out
follows:
The sample is diluted with 0.2 M pH 6.9 potassium phosphate buffer to 0.2 g/dl,
filtered through a 0.2y filter and injected into an HPLC system consisting of the following

25 components (in order of system flow):

-11-



30 using pyridoxal-S -phosphate (P5P) at a nolar ratio of

pyri doxal -5' - phosphate to henogl obi n of about 1:1 to 3:1.
Alternatively, the stroma-free henogl obin may be pyri doxyl ated using 2-
Nor-2 fornyl pyridoxal-5'-phosphate. A reducing agent such as sodi um

cyanobor ohydry@ 9785883 preferably sodi um borohydri de i s peafiseésosst he
pyridoxylation m xture. Excess reagents and WO 97/ 35883
PCT/ US97/ 05088 salts are renoved by dial ysis agai nst pyrogen free

water or, preferaply, diafiltrati i WFI . The pyri doxyl at ed
henogl obin is then po|‘€?ﬁ§ﬁ°‘?é‘%?%\%ﬁﬁ"ﬁ ut ar al dehyde sol uti on.
The stroma-free, pyridoxyl at | o] ution i | ymeri zed using an
?ﬁueous t fgI Iut ?r al thﬁdemgogﬁegggg%.%}géﬁég%ﬁw%%a Imeri za]'Ei '?E and

e amount of gl utaral dehyc . i ependent on volunme o e
henogl obi n sol ution, the dﬁ%ﬁ%ﬁ‘%?gﬁgﬁ'ﬁ%‘m ymers and t he desired
nmol ecul ar wei ght di strjbutiqgn | eneral , r.pol yneri zation tinmes
i ncrease the ﬂyi el4l(§ °m#0&]%g%&ﬁﬁ%mg’ Q&bﬁﬁﬂt R stribution of the :
pol yners. A yield of r oxi mat el 5% . i.ght of | ymers, based on
the total Swei ght df h Yasmﬁgiﬁz%wat%é*ath%oﬁa%?&&%mz@qt’% hours. The

preferred end point of the polynerization is defined as that point where
the 10 sol ution %ont 8@ pr titaniym Jubing; OB10 8¢ L1yo| yers, based on the

total henogl obin wei ght, as noni t ored by size-exclusion HPLC.
Alternatively, th& endirshwrchmodel &43h04 uddter he point at whi ch the
sol ution contains about 65% of polyners based on the total weight of
henogl obi n, §.. e. ,9 cubBEEK 2r ttamivmytebing, 0.010in. ILD.  The pol yneri zati on

~reaction is quenched by the addition of aqueous glycine. The 15 buffer
must be added as Gui cKibgnomengoBiostp SEC 3000150638 mmm@uard celumhen st abi | i zed
by addi ng, again as quickly as possible, a solution of agqueous sodi um
bor ohydril@le. Thi s8.pol \2#snt PREK or titaniwmg tubinigo®01&inslBsequent | y concent r at ed
and then diafiltered under an at nosphere of oxygen to oxygenate the
sol ution. Water i$% fi rtliehomenex BibseposSEGS-3000 600ixGHh8 mamt Analytical cobimmt i-on

cont ai ns about 4% by wei ght henogl obin. 20 Pol yneri zati on
according to the 1hverd3amPEEK of titanipm tubing, §819/inelB. of pol yners having a

narrow nol ecul ar wei ght range as shown in Figure 3 and Exanple 1 bel ow.
11.  Pharmacia Uvicord SD UV detector

-wavelength: 280 nm

15 _ -flow cell: 8 pL vol,, 2.5 mm pathlength
-range: 2 AUFS
-time constant: 10 seconds

The peak absorbance at 280 nm is recorded by a LKB 2221 Integrator, which
integrates the individual peak areas and calculates the total Hemoglobin area for each
20  polymeric species.
A further understanding of the invention may be obtained from the following
nonlimiting examples.
EXAMPLE1
Referring now to Fig. 1, donor bags 20 of outdated blood (whole blood or packed red

25 blood cells) are situated in a suitable aseptic aspiration apparatus 22. As an example of a

-12-



The pol yneri zed, pyridoxylated henogl obin solution is then purified by
col um chromat ography, filtration, e.g., nmenbrane filtration, or

both, to renove residual unpol yneri zed (tetraneric) henoglobin from

the solution. The purified polynerized 25 henogl obi n solution is then
concentrated twoabossss 6% using an ultrafiltrati on apparatus iFCT/USI7/05688
preparation for gas exchange. The concentrated solution is
t hen deoxygenated with nitrogen. The deoxygenati on t akes pl ace at

Than - abobi et Bl PpRIY ' el NARERA Bpjclich hulif. SOlc'sidBir oy k55

then 0 “CorMaRE B nsilit in, FRRORT MRHIAE, Wﬁ%&&%ﬁ%ﬁ“@?‘ﬁ

a
cool ed vessel ., The oH.S 150 mldﬁﬂ °§(é"2‘§ Jqﬂeo%pgb&mﬁcﬁl—ogfltpsol ?gglgﬁtyl ng

of el ectrolyt es may be adj uste ssary t evels rep

ol ut af i one. - o2 ood Suf 6 bt Boe G ERhoch BV B 18 g8t o i

\s/\;))l gtﬁ gg 8 ;325 passed through a 100p depth filter 24 and subsequently through two Sp dep& 26 filters in

PCT/ US97/ 05088 nirate o.the desire , preferabl 0
10% by wei ght J55Fy b {E¥Lgood pisses mmw@p e Jlorles apsirapve B the

stroma-free hermglobln t he solutlon is sterilized filtratjon and

transferred vi glogd st@ﬂ’!@%"st?"&%im upits)af qutdated yhol esb%?‘hlﬂ"‘e

accept abl e cont ai ners. The characteristics of the resul ti ngbo

henogl obi n sol ﬂgbpqgﬁergl(yéngmgg]a@wl asshowanxg 1. The filters are then rinsed with about

Pol yneri-zed Hermlg Total Henoglobin (g/dl)[err]
9.5-12.0 5 ers of aﬂfét(Wé‘ﬁﬂg‘FeGBﬁ ﬁ?d’('%@ﬂtdsﬁ‘évﬁqu) [err]

8.0 Car boxyhenogl obin (% of total Hbl[err . i <50
10 Prior to the introduction of the blood into Tank 1, Tank 1 is charged with about 70 L

of a 1% aqueous sodium chloride solution. After all 170 units of outdated whole blood have

been aspirated, filtered and transferred, a_nd' the filters have been rinsed, the tank contains

about 250 liters of a 4% total hemoglobin solution. During the aspiration and filtering steps,

Tank 1 is maintained at a reduced pressure, i.e., a vacuum of 20-28" Hg. Once all the

15 outdated blood has been transferred to Tank 1, the vacuum is switched off and carbon

monoxide is introduced into the tank so that the tank contains an atmosphere of carbon
monoxide.

Tank 1 is coupled to a 0.65p tangential flow filter 28 as shown in Fig. 1. The initial

charge of 250 liters of 4% total hemoglobin solution is concentrated to approximately 125 L

20 of an 8% total hemoglobin solution by -microﬁl'ration through the tangential flow filter. The

pH of the hemoglobin solution at this point is about 6 to 6.5. Subsequent to concentrating to

8% total hemoglobin, the solution is washed by adding a 1%(w/v) sodium chioride solution,

diafiltering and removing the filtrate at the same rate sodium chloride solution is added. The

125 L of hemoglobin solution is typically washed with about 8 volumes of the 1% sodium

25 chloride solution (about 1,000 L). Subsequent to washing, the solution is concentrated to

-13-
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P[errj (torr)[err] 23-32

Gsmol ality (mol /Kg)[err] 280- 360

Sodi um (mmol /L) [err] 135- 155

Pot assium (nmol /L)[err] 3.5-4.5 Chloride (mmol/L)[err]

85-110 wo g73sgs3r €e | ron (ppm[err] PCT/US97/05088 <
2.0 Mol ecular W. Dist. - 128 Kd peak (%9 [err] 10- 24
Mol ecular W. Dist - 192 Kd peak (%9 [err] 18-30 Mol ecul ar W.

Dok (9 2ob  K5boP5BL, 28 LSt hass vorad hemagionts ang g o inection” (W o, paet o

E]S/U/Hgl[_)eE (rai’ "] bring the volume of the solution up to almstglsg With the addltegq af ﬁkﬁghol ' ds

/ Hb Le
{ npol yrrer ]zéﬁelhmgmf e rhﬂnﬂé'ablgae@t Sl e PPeFRypn of the rosuling '

Level in polyneri eno nonetry. 3
Level in pol ?@?5@%‘8 ‘ﬂ ? ﬂ@t‘é?‘?ﬁ‘?\é&”b&}ﬂﬁn speci fic el ectrode.
4 Level in polynerized he Iob b tomc abor ption.
Det er ni ned by si zeeishifag sal elunsed WiHie' i ¥‘& Lheyisplutionygs fimt

usi ng an assay commerci al | y avai I abI e from Associ at es

Cape. Cod, _as SHpwEN A e 54 Ll kg oo o ao‘ésihe sohiion ingymped
_7 10- Deter m o tgél ﬁll_tg red blood cells stroma contaminants and cell wall material is retained and

removed by the filter. The remaining 50 L of solution in Tank 1 is washed (diafiltered) with

about 2.5 volumes of WFI. This 2.5 volumes of wash is added to Tank 2. The material
10  remaining in Tank 1 is then concentrated to about 20 L and the filtrate added to Tank 2. The

volume resulting in Tank 2 is about 280 L of a 3.3% total hemoglobin solution.

.The resulting solution of stroma-free hemoglobin is then heat treated in Tank 2 ata

temperature of about 60-62°C over a period of about 10 hours. During this time, the solution

is moderately agitated. As the solution is heated and passes a temperature of about 55°C, a
15 precipitate forms.

The resulting 3.3%THb (w/v) stroma-free, heat treated hemoglobin solution is then
filtered through a 0.2u filter 30 followed by a 0.1p 32 filter and transferred to Tank 3. The
filtered hemoglobin solution is then concentrated to about 18% THb and subsequently washed
and diafiltered with 4 volumes of WFI (180 L). The concentration and diafiltration is

20 accomplished using a 10 kilodalton (kd) mol@lr weight ultrafilter 34. Drain 35 associated
with ultrafilter 34 collects filtrate. At this point, the 45 L of 18% total hemoglobin solution
contains less than 50 ng of phospholipid per gram of hemoglobin, less than 2 ng of glycolipid
per gram of hemoglobin, less than 1% methemoglobin, less than about 0.03 endotoxin units of
endotoxin per milliliter at 2 pH of about 6 to 6.5. This hemoglobin in the solution is

25  carboxyhemoglobin.

-14-
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WD 97/ 35883

PCT/ US97/ 05088 : The fol |l owi ng exanpl es denpbnstrate certain
aspects of the present invention. However, it is to be understood
that these exanples are for illustrative purposes only and do not
purport to bewwwissgssdefinitive as to conditions and scope OPCI/AI$93/05088

I nvention. All tenperatures are expressed in degrees Cel sius unless
ot herwi se specified. Unless otherwise 5 noted, all percentages, e.g., of

total henogl obin (ﬁﬁb@ﬂf%@ﬁyﬁﬁﬁﬂgoﬁﬁ%ﬂl&hkltﬁﬁi tHRfeiréd Yo Tank 4 where!the

al so shoul d be appreciate en typical reaction conditions (e.g.,

al oul d I ¢ that . on: .
enperature gmﬁgh%g?%w? is ﬂrEt'JS% %ﬂgg??‘éﬁd ieh Redkyp&idred! MGnk 216 ittt Riin

are both above a ese C ranges can al so be used,

though gener a';é%gésgﬁé cg.ﬁ;gﬁéteﬂgin%ggwang nitrogen gas lines, ‘46 FroROthE HadiCbdtiofh to a

g?ngigf{, S?!a! f use e |nvenit|ve process are 10 nmde
stainl ess st ea%ﬁdawkpp&ﬁgﬁ%@g%%h?g@?? Hﬁ?éﬁeﬁé‘ﬂ? Fﬁglr gi%@yg%%cm
'Flj'lﬁrecﬂglsffjl Hgm fo' °ﬁ+%| ppg?&ﬁ%c. , Igg}fa?]ﬁw_ron, 'o%n@ﬁﬁ%% et_o
vivo tn VRl RAbR SR bbby G or R il WiBle, Hpar CUPICRAMAE f

fromthe rram@emafmp rgﬁlbpa(il of)éas. The solution in Tank 4 is a 13% total hemoglobin solution.

During a first oxygenation step, oxygen is sparged through the solution at a rate
10  sufficient to have uniform dispersion of gas in the vessel. The vessel, 200 L in volume, is
sparged at a rate of about 25 L/min. with gas. Oxygenation of the carboxyhemoglobin is
conducted for a period of about 16 hours such that the resulting solution contains less than 5%
carboxyhemoglobin based on the weight of total hemoglobin. Oxygenation is conducted at a
temperature of about 10°C. The foam generated in Tank 4 is collected in Foam Can 36 and

15  afier settling, the resulting solution is transferred back into Tank 4.

After oxygenation, the solution is sparged with a similar flow of nitrogen for about 6
hours or until less than 10% oxyhemoglobin based on the weight of total hemoglobin remains
in the solution. The nitrogen sparge is conducted at a temperature of about 10°C and a pH of
about 6 to 6.5. Alternatively, carboxyhemoglobin could be converted to deoxyhemoglobin

20 using a membrane exchanger. It is noted that there is substantially no denaturing of the -
hemoglobin as would normally be expected from the foaming step. The resnlting
deoxygenated solution is now prepared for chemical modification.

Referring now to Fig. 2, the deoxyhemoglobin solution is transferred to Tank S for
chemical modification. To Tank 5 containing the deoxyhemoglobin at about 4°C solution is

25 then added an aqueous solution of pyridoxyl-5-phosphate (P5P) (93.75 g/L) at a 1:1 to 3:1

-15-



time after the manmal has been infused with the product. The anmount of the

product is then determ ned by centrifuging the bl ood sanpl e,
expressing the plasm portion, determ ning pl asma henogl obi n | evel s
spectrophotonetrically, and then correlating the amount of product 20
remai ni ng i nywgeyagganel to the half-1ife of the product. PCT/US97/05088 Ol Z€
Excl usi on Chromat ography HPLC according to the invention is carried out

fol | ows: The sanple is diluted with 0.2 MpH 6.9 potassium
phosphate buffer to 0.2 9g/d|, . filtered through a 0.2[err] filter and
i njected int 8P f‘ﬂ‘@lé‘ﬂ{“@ﬁ{ BesiAs il fgolar ratip of P3f fog'm?globlzssp AB&it s
(in order of systemflow: WO 97/ 35883 oo .

PCT/ US97/ 0508¥doxylation is conducted at a temperatyrr-pfabopy4'C. 2’2’1981’%?&5"“0“ is typically

-mobil e phase_ js 0.2 _ M pH 6.9 pot assi um phosphat e
“flowr a? e i gddfgl(yvpﬁ_z}lwpﬁhpgnute End m?xed Li‘m‘ oanately 15 minutes, after which 2 sodium

| borohydride/sodium hydroxide solution is added to the hemoglobin solution at a molar ratio

5 of sodium borohydride to hemoglobin of about 20:1. A suitable agneous sodium

borohydride/sodium hydroxide solution contains 0.8 g of sodium hydroxide per 2 liters and

90.8 g of sodium borohydride per 2 liters. Tﬁc borohydride solution is added as rapidly as

possible over a period of about 1 minute and then stirred for one hour. The resulting 50 L

solution of pyridoxylated hemoglobin is subsequently diafiltered using 10K Dalton ultrafilter

10 38 to remove excess reactants with 4 volumes of WFL. Drain 40 associated with ultrafilter 38
collects the filtrate from filter 38.

After diafiltration with 4 volumes, i.e., 200 L, of WFI, the hemoglobin is polymerized.

To Tank 5 containing the pyridoxylated hemoglobin is added sufficient WFI to prepare a

4.5% total hemoglobin solution (about 175 L of hemoglobin solution). A glutaraldehyde

15  solution is added to the pyridoxylated hemoglobin solution at a molar ratio of glutaraldehyde

to hemoglobin of about 24:1. The glutaraldehyde solution is typically added over a period of

about 2.5 hours by metering pump to the hemoglobin solution. The polymerization reaction is

allowed to proceed for about 18 hours. The target molecular weight distribution is about 75%

polymer and 25% tetramer. The target polymers have molecular weights'of less than about

20 600,000 with a predominant fraction of the molecular weights residing in the 100,000-

350,000 range.

When the polymerization reaction reaches the target molecular weight distribution

(after about 18 hours), aqueous glycine (about 166 g/L) is added (as a quench) to the

hemoglobin solution at a 140:1 molar ratio of glycine to hemoglobin. See Fig. 3 which is an

25 HPLC tracing of the resulting polymerized, glycine-quenched hemoglobin product. The
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2. 45 cm PEEK or titanium tubi ng, 0.010 in. I.D. 5 3.
Rheodyne nodel 77251 injector with 200 [err]L, PEEK sanple | oop

4. 18 cm PEEK or titaniumtubing, 0.010 in. ID. 5.

Upchurch nodel A431 0.5 [err] filter 6. 9 cm PEEK or

titani umtubi Rgpo#sseeB0 in. |.D. 7. PhenoneneRCBUSY&RSEEC

S- 3QOO 75 x 7.8 mm Guard colum 10 8. 24 cm PEEK or .titani um

t7ut§| ng,AO IOl'? in. IDl. 9. Phenonmenex Bi osep SEC S-3000 600 x
nmm Ana i C . .

0,010 in 1’ D" SBhing WiBh is then mixed ofor, 3Bt 10 fifufed sl UV%%’P?& gar;poﬁmu@g,

-wavel engt h: 2°43“’Hé¥%8{‘% S%ﬁl{lﬂn (having the concentration identifiddO¥bov8) is' added to the 8

[err]L vol ., - range:

2 AUFS £ tfim b gdrﬁﬁ i
The peak abso}’ﬁmﬂ%l lﬁtsoﬁ‘gﬁn rilltrnalzs8 1r ecowﬁmgfogy a LKB rzoé I nt 2%?‘5 g}am \M’gli“gh
Integrates t h?‘es'g d'g\xlzlnx il DERY Y £35 PRl CFhe Widtiofi s &Q?*&Qérﬂ%teﬁ%%hpﬁﬂ

area for each yneric specl es.

under st and isng (t(gl;ra{ilrt]er L)nan%nt I ashed vt 4 Qélm%Qé @b@ﬁ?oﬁf Ay mgdcfltﬂ'Jnlapmqﬂ& of sodium

borohydride at the same molar ratio as indicated above is added to the concentrated solution
and again mixed for 1 hour. The resulting solution is washed with 4 volumes of WFI (200 L)
resulting in polymerized, pyridoxylated, stroma-free hemoglobin that has been heat treated.
The resulting solution is oxygenated by allowing the solution to stand under an oxygen
10 atmosphere and is subsequently transferred to a purification system 42. The purification may
be achieved by column chromatography, filtration, preferably membrane filtration
(diafiltration), or a combination of filtration and column chromatography.
In one embodiment, the solution is transferred to chromatography feed vesscl, Tank 6,
as shown in Figure 5. In this embodiment, the resulting solution of oxyhemoglobin is then
15  diluted to about 200 L (4% total hemoglobin) in Tank 6 and the concentration of chloride is
adjusted to 22 mM with sodium chloride solution. No adjustment of sodium concentration is
necessary.
Five 40 L aliquots of the resulting hemoglobin solution are then chromatographed
using Column 44. Column 44 contains an affinity gel which is an agarose gel modified with a
20 yellow dye (commercially available from Affinity Chromatography, Ltd., as Mimetic Yellow
No. 1) having greater affinity for polymer than tetramer.
The chromatography is accomplished as follows. 40 L of oxygenated, polymerized,
pyridoxylated, stroma-free hemoglobin solution is loaded onto Column 44. The column is
washed with 15 column volumes (about 750 L) of 30 mM aqueous NaCl buffer to remove

25  tetramer. The column is then washed with about 250 L of a 300 mM sodium chloride buffer

-17-



nonlimting exanpl es. Referring now to Fig. 1, donor bags
20 of outdated bl ood (whol e bl ood or packed red 25 blood cells) are

situated in a suitable aseptic aspiration apparatus 22. As an exanple of a
-12- WD 97/ 355883

PCT/ US97/ 050%@ 97135883 SUi tabl e aspiration apparatus is a sysé@pishasesdd two
aspiration stations. Once a donor bag is pl aced in the aspiration

station, a needle in the aspiration apparatus punctures the donor bag,
M | TS M A S O TR AR R
depth filt éﬁgﬂ}%w%d]b@%%aaﬁ?qtﬁ%%%ﬁé% Sapoliy g 1 1°°é3Lr |
e i A RO e SERE
whol e bl ood sglutlon ?4%' {. 1sqoade£ 8 %rc% um%n d’I‘he column is again washed with 30 mM NaCl
5 followed by 300 mM NaCl. 40 L aliquots of hemoglobin solution are added to the column
and chromatographed until Tank 6 is empty.
The collected fractions in Tank 7 are ultrafiltered (concentrated) using filter 48
-associated with drain 50 to a volume of about 40 L (6% total hemoglobin). The concentrated
hemoglobin solution is then transferred to gas exchange Tank 8 for deoxygenation.
10 Alternatively, the solution is transferred to a filtration recycle vessel 10, as shown in
Fig. 6. The hemoglobin is then diluted to about 4% THb in Tank 10. The 4% THb solution ls
then diafiltered using 10 mM NaCl and a 300,000 molecular weight filter 52 commercially
available from Pall-Filtron. The ﬁlt‘ration is continued until about 97% of the hemoglobin
" material passes through the filter and into Tank 11. (About 3% of the material, i.c., high
15  molecular weight polymers is retained in Tank 10). The amount of hemoglobin is determined
specn'ophotoineu'ically using a cooximeter.
The resulting material in Tank 11 is about 2-4% TH6 and contains about 7-
10% tetramer based on THb. The 2-4% THb is then diafiltered using 10mM NaCl and a
100,000 molecular weight filter 54 commercially available from Pall-Filtron associated with
20 drain or trap 56. The filtration is continued until the level of tetramer, as determined by size
exclusion chromatography using a BioSep SEC-S3000 600 x 'f.8 mm column is less than
0.8% of the hemoglobin mass by weight. The resulting purified hemoglobin solution remains
initially in Tank 11 and is subsequently transferred to gas exchange Tank 8 for deoxygenaﬁon.
Gas exchange Tank 8 may be the same tank as Tank 4 or, preferably, a different tank.

25  Gas exchange Tank 8 is equipped in essentially the same fashion as gas exchange Tank 4 in

-18-



subsequently transferred to Tank 1 as shown in Fig. 1. The filters are then

risnsed wi th about 75 liters of a 1% (wfv) agueous sodium chloride
solution. 10 Prior to the introduction of the blood into Tank 1,
Tank 1 is charged with about 70 L of a 1% aqueous sodi um chl ori de

sol ution. Aftewox73ssg¥0 units of outdated whol e bl ood have pCcTUS/@5088
aspirated, filtered and transferred, and the filters have been rinsed, the
tank contai ns about 250 liters of a 4% total henogl obin sol ution.

reduced precouFE | ikl RBlnidd Rk Gl S Rubing taenied 8 lhafof Rk plh M 36, °
bl 00d has  been i ANSLAL: Rehel Tl il abdh2 KARH R b Birdbkl 58 abburBRL GFPON

nonoxi de is introdudced 1nto I NS

SLEE?E?Ei ® angSRRRA b of sboud 730" Mifogen spaging i f"m“%”‘ﬂrﬁé&?#%ﬂ’ 1%
250

;pS; g;i :r)rat ely é%&ﬁgl%n,%%&) hgry?%ﬁaq?qﬁen’%eg‘?%b n° so ‘igé bt t?e
nemogl obi n-Sof FTGH A yknSebBR %6‘% pispilaldys "‘m@if?%‘?gg%fga &F“ﬂf“"*- ’
gﬁgffﬁgr ;af 1Vo?\g/gv/ :/f SO |um gﬁ’% %’?e 'solu #%ﬁfslﬁmgweﬁﬁé g{r?ﬁg a% géo‘ﬁ ng
125 L of - hemogrpE oEE el 5 Bl b U s, T8 i f el M ot

the 196 SO0 U g2l i B b f BB 5899 oo HHGRAEE e

washi ng, the soO I's concen
glycine are added to achieve final concentrations of about 5 g/L. and 1.75 g/L respectively.

10  Potassium chloride is added to the solution to obtain a potassium concentration of about 3.5 to
4.5 mM. 3 M sodium chloride is then added to obtain a 85-110 mM chloride concentration.
Sodium lactate is subsequently added to obtain a 135-155 mM concentration of sodium ion.
Finally, a 0.45 molar ascorbic acid solution is added to raise the ascorbic acid concentration
up to about 1000 mg/L. Ascorbic acid is added as a preservative/antioxidant for storage. The

15 resulting hemoglobin solution has a final osmolality of about 280-360 mmole per kg.

The formulated hemoglobin solution is then concentrated to about 10% total
hemoglobin using filter 60 associated with trap 62 and the 10% hemoglobin solution is then
sterilized by filtration by filter 64 and aseptically filled into presterilized bags. |

The characteristics of the product prepared in this example, Batch A, are shown in

20 Table 1. In addition, the characteristics of Batches B and C, both prepared according to the

procedure set forth above for Batch A, are shown in Table 1.

-19-



-13- WD 97/ 35883

PCT/ US97/ 05088 about 70 L, i.e., about 14%total henogl obin, and
"water for injection” (W) is added to bring the volune of the
solution up to about 180 L. Wth the addition of the WFlI, the cells

swel | and rumosmsssdl easi ng henogl obin into solution. The cegggRI@bIgon Of
the resulting henogl obi n solution is about 5% total henogl obin (THD).
5 The resulting solution is clarified while still in Tank 1. The
solution is first concentrated to a?ﬁﬁt 50 L and the filtrate
transferred to Tank 2. As the solution is B ed across the filter,
red blood cells stroma contam nants and cell wall material is retained and
renoved by the filter. The remaining 50 L of sol Batchn in Tank | is washed
diafiltered) with about 2.5 volunes of WFl._This 2.5 volunes of wash
i(s added to )Tank 2 TPESTmterial 10 Penmining inBrank 1 is tHen

concentrated to}ﬁﬁﬁg'lkbiﬁgg/l&and the fijpirate _addedlgt;) Tank 2. 7@
n ' ' % t
0

volune resulting 1n Ta 2 is about 280 L of a 3. ot al henogl obi n

sol ution. Methemoglabin, % 4.6 6. 5.6

Carboxyhemoglobin, % 0.2 1.4 1.5
P50 (Torr, pH 7.35-7.45, 285 26.8 27.0
pCO, 35-40 torr)

‘Osmolality, mmoVKG 318 320 317
Sodium, mmol/L 142 144 142
Potassium, mmol/L 4.0 4.0 4.0
Chloride, mmol/LL 98 99 94
‘Free iron, ppm 0.7 1.2 1.0

. Molecular Weight 128: 16 128: 11 128: 16
distribution, % at each 192: 26 192: 23 192: 26

- MW (Kd) 256°: 58 256% 66 256% 58
Tetramer, % 0.4 0.3 04
Endotoxin, EU/mL <0.03 <0.03 <0.03

5 In the foregoing, there has been provided a detailed description of preferred

embodiments of the present invention for the purpose of illustration and not limitation. It is to
be understood that all other modifications, ramifications and equivalents obvious to those
having skill in the art based on this disclosure are intended to be within the scope of the

invention as claimed.

; Material also includes a small amount of higher molecular weight material.
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The r HU"HI“""I of stroma-free hemoglobin is then heat treated in
Tank rature of about 60-62[err]C over a period of about

10 hours. Durlngt is time, the solution is noderately agitated. As
the solution is heated and passes a tenperature of about 55[err]C, a 15
precipitate fWORIIS883 The resulting 3.3%Hb (W v)PGCI/USINVDS0ES ce,
heat treated henogl obin solution is then filtered through a 0.2[err]
filter 30 followed by a 0.1[err] 32 filter and transferred to Tank 3. The
filtered he .S then concentrated to about 18% Thb and
subsequent |y washed and diafiltered with 4 vol unes of WFI (180 L)

The concentration 1and @naguédut 3blufiéh of yx?&xyﬁﬁ& D*déu : 3 &m? W

kil odal ton (kd) nol ecul ar wei ght uItra 11 ter 00|at

with ultrafilgeogRhinCsolutiBk isScapavid Gﬁieﬁxg ﬂﬁns&ﬁh zpﬂingn &aﬁiﬁh éhhh i é@l{ﬁe}o()t al

henogl obi n sol ution contains | ess than 50 ng

gram of henpgiueh s likRAStholt@Bustng i etreasd ity KidhdyHefformance.  PEr _9r am of
henogl obi n, | ess than 1% et henogl obin, | ess than about 0.03 endot oxin

units of 5§ endot oxi n per mII|I|ter at a pH of about 6 to 6.5. This
henmogl obin in the solution is 25 carboxyhenogl obi n.
-14- _ 2. A solution of hemoglobin according to claim 1, wherein the solution has a half:

life in a human patient of about 15 hours.

3. A solution of hemoglobin according to claim 1, wherein the solution has a haif-

10  life in a human patient of about 24 hours.

4. A solution according to claim 1, wherein the solution may be infused in an -

amount of up to about 5 liters.

15 S. A solution of hemoglobin according to claim 1, wherein the solution is capable
of being infused into a human patient in an amount of up to about 3 liters without causing a

decrease in kidney performance, and the solution has 2 half-life in a human patient of about 24

hours.

20 6. A process for preparing a solution of pyridoxylated, polymerized hemoglobin
capable of being infused into a human patient in an amount of up to about 3 liters, comprising:
(@)  removing leucocytes by filtering a mixture containing red blood cells through a

filter having a minimum average pore size sufficient prevent the passage of

leucocytes;
25 (b)  lysing the red blood cells; THIS SHEET HAS BEEN-
REPLACED
This Sheet Has Been Replaced -21-




\QgT%/sgﬁmmHI I“”llll " III' The resulting carboxy henoglobin solution is

then transferried®t osTamk 4 where the car boxyhenogl obin is first
oxygenat ed and then deoxygenat ed. Tank 4 is fitted with a gas spar ge
ring coupl edwicdemxssden and nitrogen gas lines, a feed from pEguapkspot t om
to a net ered spray apparat us positioned at the top of Tank 4, and a
f oam overfl ow col | ector ~connected to Foam Can 1 such that foam

ted inT Rl E 6 _wh d

Phto L1 qui d and 1@ 1 e e pTORBR: 6 et arovnes of (5ldp AP me‘aﬁe‘t’r?re?”ifes
Pal |l Ri fill hi rd, of. t I Can 36
ncl udesa gas appé%@*%%ﬁrférr%o\i DG evieig Aot e B R o
13%total h | o I t t t

step,ooiygeﬁn?g s rg ; I@’ﬁd‘ﬁat tﬁ'gtegm%lgﬂné?f“ﬁg}g’t‘?’“@?}s‘(‘?‘gﬁ%ﬁg’r@%‘to
have uni f orm di spersian of s |n he v The vessel, 200 L in vol une,
i's spar ged at acP'?R’E’ t"‘2’5")1 °ﬁ & th gas. C)<ygenation of the

car box he | obi . ted eri gd.of, about 16 hours, suc
Chat t he gultlﬂ(ﬁisoldﬁﬁsﬂ?\g%g‘f"é et Bemogifhi, o %fmbysp%%wm PO
based on the wei ght of.total, he enation i s cond

t enperat ure of agout Wéﬂ}b@ Egﬁg g ﬁ?"é@%‘?‘%ﬂ"@&‘ aﬁe’?a‘?'f?(t“’&?sa HI ll%tgtt%d in

Foam Can 36 and 15 aft ttI| t sultin olution is.transferred
back into Tank 4. pro uceal% to ;":gldadggasseﬁ heat—&ea?ediemoglobm solution;

(¢)  pyridoxylating the degassed solution to yield a solution of pyridoxylated
hemoglobin;
10 43] polymerizing the solution of pyridoxylated hemoglobin to produce a solution
of pyridoxylated, polymerized hemoglobin;
(8) oxygenating the solution;
(g) purifying the solution.to remove tetrameric hemoglobin and collecting purified
pyridoxylated, polymerized hemoglobin, where the solution contains less than
15 0.8% based on the total weight of hemoglobin of tetramer;
(h)  deoxygenating the purified pyridoxylated, polymerized hemoglobin; and
) adjusting the pH and electrolyte levels in the solution of purified

pyridoxylated, polymerized hemoglobin to physiological levels.

20 7. A process according to claim 6, wherein the degassed solution is pyridoxylated
by contacting the degassed solution with pyridoxal-5-phosphate at a molar ratio of pyridoxal-

5-phosphate to hemoglobin of from about 1:1 to 3:1.

Sheet Has Been Re laced
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After oxygenation, the solution is sparged with a simlar flow of nitrogen
f.or abotﬁi‘ m I E“I U or until less than 10% oxyhenogl obi n based on the
wei ght off in remains in the solution. The nitrogen

sparge is conducted at a tenperature of about 10[err]C and a pH of

about 6 to 6. 5wyoMheesnati vely, carboxyhenogl obin coul d be conREEISIFO588
deoxyhenogl obin 20 using a nenbrane exchanger. It is noted that there is

substantially no denaturing of the henogl obin as would normal |y be

d f he foani |, Dterei ] '
expect ed Trom the 10am Al seiiontifi Idibthn'd, Mherein the degdSRK ARG I OhkdcOn

i's now prepared for chem- rication. rring now to
charm cal  modi 1 PLRREAe 6 idhangt WA, il bycRBRL S Bl ot CASarliO B pyrdoral
ovri doxy! - 5- phoERSBuERReBRBEpogr RIS, 201 1T ST,

Pé?’/ US97/ 05088 e I?’&Z){D3't5§8ﬁenogl obin nolar ratio. A 2:1 nolar ratio of

PSP to hem)gl obi n i9? pr Eﬁf %Hcgg a&gﬁing to claim 7, wherein the pyridoxal-5-phosphate is

contacted with the hemoglobin and borohydride for about one hour.

10. A process according to claim 9, wherein the hemoglobin in the pyridoxylated
solution is polymerized by contacting the pyridoxylated solution with glutataldehyde at a

10  glutaraldehyde to hemoglobin molar ratio of from about 24:1.

11. A process according to claim 10, wherein the pyridoxylated solution is
contacted with glutaraldehyde for about 18 hours and then quenched.

15 12. A method of transfusing a human patient in need of a transfustion, comprising
administering to the patient up to about 1.5 liters of a pyridoxylated, polymerized hemoglobin

solution.

13. A method of transfusing a human patient in need of a transfustion, comprising
20 administering to the patient up to about 3.0 liters of a pyridoxylated, polymerized hemoglobin

solution.

14. A method of transfusing a human patient in need of a transfustion, comprising

administering to the patient up to about 5.0 liters of a pyridoxylated, polymerized hemoglobin

25  solution.

THIS SHEET HAS BEEN
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yrldox I ted at a tenperature of about 4[err]C. The P5P
solutloiui "ﬁ ! | nj added over about 1 mnute and m xed for
appr oxi after which a sodium bor ohydri de/ sodi um

hydr oxi de solutlon is added to the henoglobin solution at a nolar ratio 5
of sodi um boywewdsdsde t o henogl obi n of about 20:1. A suit abtPusINsIssS

sodi um bor ohydri de/ sodi um hydr oxi de sol ution contains 0.8 g of sodi um
hydroxi de per 2 liters and 90.8 g of sodium borohydride per 2 liters.
The borohydride solution is added as rapidly as possi bl e over a

peri od of about 1 ninute and then stirred for one hour. The resulting 50 L

Dl ton Ul tral )l e %m&@hismﬁs#’%}g ol 14 PR s feSuon 4 baRolEe S L

Drain 40 associlatecgKi Lgtrafllter 38 collects the filtrate from
filter 38, ~ Polymenz $®r diafiltration with 4 volumes, i.e., 200 L, of
WFL, the henoglobin is polynerized. To Tank 5 containing the

pyri doxyl at ed heanIobin i s added sufficient WI to prepare a 4. 5%
total henpgl obin sol ut} bout ..175 L .of he i

gl ut ar al d&hyde 1% s “F%"%g’dél?’ﬂ‘ {gr:é”% lg'?i ﬁ'@%‘rﬁ’ﬁ

solution at a Jatio, of glutaral dehyde to heanIobln of about
24:1. The gIH?ggﬁﬁﬂEﬁVH@s@HWUgﬁﬁﬂF7g typi cal |y added over a period of

about 2.5 hours by netering punp to the henogl obin solution. The

pol ymeri zation reaction is all owed to proceed for about 18 hours. The

target nol ecul ar melgh strlbu Jon |s aF t 75@6 ol.ynmer a‘gBZ %
tetramer. The tarbet ﬁ% %ﬁh dﬁg a WEHE 3%?
polymerized hemoglobin having the molecular weight distribution shown in Figure 4.

10
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20 600, 000 wth a predom nant fraction of the nol ecul ar weights residing

in the 100, 000- 350, 000 range. When t he pol yneri zation
reaction reaches the target nol ecul ar wei ght distribution (after
about 18 hours), aqueous glycine (about 166 g/L) is added (as a quench) to
t he henogl obin solution at a 140:1 nolar ratio of glycine

hermpgl obi n. SeeWQ #/3583whi ch is an 25 HPLC tracing of the reggﬁqsh'ﬁosoas
pol ymeri zed, gl yci ne-quenched henogl obi n product. The

- 16- WD 97/ 35883

PCT/ US97/ 05088 resulting solution gg then mxed for about 10 m nutes
after which a sodi um borohydri de sodi unf hydr oxi de sol ution (having the
concentration identified above) is added to the henogl obi n sol ution at
a 28:1 nolar ratio of sodigs borohydride to henmoglobin. This_ resul ting
mxture is stirred for ahogt «1 t]_Q_uL_The solution is then ccn'r:entrated to
about 50 L 5 (uItrafllt:e'z 8) ‘and washed with 4 vol unes (ZUQ L) of WFI.

An additional aliquot of sodiedm - E
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bor ohydride at the sanme nolar ratio as indicated above is added to the
concentrated sol ution and again mxed for 1 hour. The resulting
solution is washed with 4 volunmes of W (200 L) resulting in

pol ymerized, pyridoxylated, stroma-free henoglobin that has been heat

treat ed. The resul ti ng solution is oxygenated by al|low ng the
solution to stanOOT38s3 an oxygen 10 .atnosphere and i s subsed&dfHSpIfo5088
transferred to a purification system42. The purification nmay be

achi eved by col um chromat ography, filtration, preferably nenbrane
filtration (diafiltration), or a conbination of filtration and col um
chr omat ogr aphy. In one en‘Q%h ment, the solution is transferred
to chromat ography feed vessel, Tank 6, as shown in Figure 5. In this
enbodi ment, the resulting solution of oxyhenoglobinis then 15 . diluted to
about "200 L (4% total henoglobin) in Tank 6 and the cq_n_gentr-ﬁ‘;l on of
chloride is adj usted to 22 nM wig h sodi um chl ordEe so;l_-st'l on.
adj ust mrent of sodium concentration is z necessary~-* Fl ve
40 L aliquots of the resulting henogl olE n sol uti on are 't hen da,r-oﬁat ogr aphed
usi ng Colum 44. Columm 44 contains an E‘r).ffl nity g whi chyi 53‘: agar ose gel
nodified wwth a 20 vyellow dye (commr,pgal ly av abI f:onﬁfj iEnity

Chr omat ogr aphy, Ltd., as Mnetic Yell o2 No \.’L ha¥z ng -ea‘t er

affinity for polyser Fham Tetramer. ¢§ " fﬁ:brra Jraphy is
acconpl i shed as foN gws. 40 L of oxygeyeied, PE UI’T’EI’I zt
pyri doxyl ated, strong-free henogl obin Eot™uti onzixk & oaded onto CoI um 44.
The colum is > - ;‘;g%
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washed with 15 col um vol unes (about 750 L) of 30 nM aqueous NaCl buffer to
renove 25 tetraner. The colum is then washed with about 250 L of a 300

mM sodi um chl ori de buffer

-17- WO 97/ 35883
PCT/ US97/ 05088 to wash the polynmer off. Polymer fractions are
coll ected in TanWOP73888%ant ed fracti ons are sent to drai FCHESI7TA088

each aliquot is renmoved, the colum is regenerated with 15 mM HCL

solution (150 L), reequilibrated with 30nmM equeous NaCl (250 L) and anot her
al i quot of feed solution (40 L) is loaded to the colum. The col um
is again washed with 30 MM Nad 5 foll owed by 300 MM NaCl. 40 L aliquots
of henogl obin solution are added to thggcol um and chromat ographed
until Tank 6 is enpty. The collected fractions in Tank 7 are
ultrafiltered (concentrated) using filter 48 associated wth drain 50
to a volume of about 40 L (6% total henpglobin). The concentratgd

henogl obin solution is then transferred to gas exchange Tank 8-"f-grz

deoxygenati on. t— =
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10 Alternatively, the solution is transferred to a filtration
recycl e vessel 10, as shown in Fig. 6. The henoglobin is then dil uted
to about 4% THb in Tank 10. The 4% THb solution is then diafiltered
using 10 mM NaCl and a 300, 000 nol ecul ar weight filter 52 comercially
available fromPall-Filtron. The filtration is continued until _about 97%of
t he henogl obi n wo973588mt eri al passes through the filter and i nPGF

(About 3% of the material, i.e., high 15 nol ecul ar wei ght polymers i s
retained in Tank 10). The anount of henogl obin is determ ned
spectrophotonetrically using a cooxineter. The

réesulting material in Tank 11 is about 2-4% TH6 and cont ai ns about 7-

10% tetramer based on THb. The 2-4% THg/6s then diafiltered using 10mM NaCl
and a 100, 000 nol ecul ar weight filter 54 comercially available from
Pal | --Filtron associated with 20 drain or trap 56. The filtration is
continued until the level of tetranmer, as determ ned by size o~

excl usi on chronmat ography using a Bi 0Sep SEC- S3000 600 x 7.8 n;n:(})lunn is

| ess “t han 0. 8% of the henogl obin nmass by weight The re 1 ng '
purified henogl obin solution remains initially in Tank -@Q.angl IS
subsequently transferred to gas exchange Tank 8 for deoxygenatgﬂt g

Gas exchange Tank 8 nay be the sanme tank as Tank 4 or, prefer =

different tank. 25 Gas exchange Tank 8 is equipped in esseﬁil
same fashion as gas exchange Tank 4 in
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WD 97/ 35883

PCT/ US97/ 05088 Fig. 1 and is attached to foamcan 58 in a fashion
identical to that of Tank 4 and foam can Deoxygenation is
acconplished in about 2.5 hours with a nitrogen sparge at about 10[err]C
and a solution pH of about 7.5. Nitrogen sparging is continued until
| ess than about W8»87/35883 oxyhenogl obi n, based on the wei ght of PCEUSP7/05088
hehogl obin, remains in the solution. The 5 resul ti ng deoxyhenogl obi n
solution is subsequently transferred to Tank 9 for fornul ation.

In forrmulation Tank 9, the solution is first concentrated to about 7%t ot al

henogl obi n, and the pH adjusted to about 8.8 to 9.0 at 4[err]C. The
pH is adjusted using 0.2 M NaCH. #46ectrol yte sol utions are then added
to the pH 8.8 to 9.0 henogl obin solution. d ucose and glycine are

added to achieve final concentrations of about 5 g/L and 1.75 g/L
respectively. 10 Potassiumchloride is added to the solution tasqQptain a
pot assi um concentration of about 3.5 to 4.5 M 3 M sodi uf™ghH ori de
is then added to obtain a 85-110 nM chl ori de concentrati on. rexoodi um

| actate is subsequently added to obtain a 135-155 nmM concentrati 0fg

sodi um i on. Finally, a 0.45 nolar ascorbic acid solution ire.added to
rai se the ascorbic acid concentration up to about 1000 ng/fEs ¢Asgorbic
acid is added as a preservative/antioxidant for storage. The 1Zmaresulting
henogl obi n solution has a final osnolality of a@out 280- 360 nmmoledera kg.
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The fornul ated henogl obin solution is then concentrated to about 10%¢t ot al
henogl obin using filter 60 associated with trap 62 and the 10% henogl obi n
solution is then sterilized by filtration by filter 64 and
aseptically filled into presterilized bags. The
characteristics of the product prepared in this exanple, Batch A, are shown
in 20 Table 1.WPAT3W tion, the characteristics of Batches BEI{870W8% h

pr épared according to the procedure set forth above for Batch A are
shown in Table 1.
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TabI e 1 L | 3|2§'3°U°z This Sheﬁﬁs Deenkerilaced
o o (MM © . [HHIENNN

Met henogl ob| n, %

Car boxyhenogl ki n, Aénethod acc@rcﬁng to claim 14, whereu'k tﬂe hcmoglobm is a glmﬁaldchvde-
P50 (Torr, pH 7.35-7.45, 26

R RS I

pCIIerr] CBnDIallty, mol / KG - 318
320 otttz g%n}oglobm. Sodi um mmol /L . 142
144 142 Pot assi um nmol /L 4.0
4.0 - 4 0 Chl ori de, nnDI/L 98
99 . Free iron
1 2 16. 49 solutmn ACCRISENSC I gla;@, b,hfuherem the helpgglopgx has the molecular -
128:11 - ) _123 16 . _. distribution, %at each 192:26
192: 23  weight distribugisn aBewn in Figueay ( Kd) . 256[err]: 58
256[err]: 66 256[err]: 58 Tetramer, % . _ 0.4

0.3 0.4 ~Endot oxin, EU nmL <0. 03 :
<0.03 <0. 03 5 . In the foregoing, there has - been
provi ded a defidj | e\ déelagon Rictsiingf topsigihen( ederein thehbodplvli & fglithaldehyde-
present invention for the purpose of illustration and not I|n1tat|on It is
to ag%g%& Baﬁég1b&%thaelﬂa e hv%!ec et k»feigz@ais&lfbiw chafbih GRE] IBR5s. and
eqU|vaIent vious tO those having skill in the art bas on this
di scl osure arellntended to be within the scope of the -~ invention as

cl ai med. _ _ _
18. A method according to claim 15, wherein the hemoglobin preparation comprises

abour 16% of hemoglobin polyrher with a molecular weight of about 128, about 26% of
hemoglobin polymer with a molecular weight of about 192, and about 58% of hemoglobin

polymer with a molecular weight of about 256,

19, A solution according to claim 1, wherein the hefnoglobin preparation comprises
_about 16% of némoglobin polymer with a molecular weight of about 128, about 26%. of
hemoglobin polymer with a malecular weight of about 192, and about 58% of hemoglobin

polymer with a molecular weight of about 256.

20. A solution of pyridoxylated, polymerized hemoglobin capable of being infused
into a human patient in an amouat of up ta about 3 liters, obtainable by a process comprising:
-(2)  passing outdated blood or non-outdated blood through a suitable aspiration device

at reduced prcssufe to produce aspirated hlood;
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Material al so includes a smal|l anmpbunt of hi her rml ecul ar wei ght materi al

Pte 1 A prosess o1 prepartog IUMEAMELTE

pyri doxyl at ed, polynerlzed henmogl obi n  capabl e of belng ‘infusdd Tnto a

human pati enggcy . ggn@%g%‘fz&%y&? ot %@h&.ﬁm%téa' Bi186S bycﬁliﬁiﬁigsi Rffxmre containing)

renmoving | eu a mxture containing red blood cells

through a reg b &%&“éféz}g olﬁﬁ\g ied ortndﬂepg"ﬂﬁvﬁffg é@%ﬁ}iﬁ%ﬁ%ﬁ& pQ rg)sxze

sufficient prevent

| ysing the red bl ood_cells; Pr%é% ﬁddl ng _car bon nonoxi de to and
heating the productiefientiy preyent the Risssas: A LgucoFytes: : about

60-62[err] C for about 10 hours to.yield a heat- t%eated hem) | obi n, sol ytjon; |
{(c) adding carbon monoxlde to the praduct of (b) producm emoglobin solution

~ witha pH of less lhan 7;

(d) washing the solution of (c) with a 1% sodium chloride solution vielding a washed
solution; |

(&) diluting the washed solution of (d) Qith water to form a solution of i)l.'sed cells; |

()  filtering the solution of lysed ceils across a filter to producs a hemoglobih

| sofution free from stroma contaminé.nts and cell wall ma’térial;. |

{g)  heating anéi-' filtering the hémoglebin solution of (f) t¢ a temperature of about 60-

o 62'C for about 10 hours to we]d a heat-treated swoma-free hemo glcbm solution;

'(h_) ~ cancenwating and dlaﬁltenng the heat-reated strorna-free hemogiobm solution

yielding a carboxy hemoglobin solution; |

() degassing the carboxy hemoglobin solution bf/ spar.ging oxygen and then nitrogen
through the heat-treated solutik_m at a temperature of about 10°C to produce 2
foam to yield a de gassed heat—treated hemoglobin solution;

), pyndoxvlaung the -degassed solution using pyndoxal—q”-phosphate at a molar
ratio of Py doxal-:”-phosphate to h_emoglobm of about 1:1 w0 3:! to vield a
solution of pyridoxylated hexﬁoglobin; - | |

(k) polymerizing .'thc solution of pyridoxylated h&noglobin using l.a.n', aqueous

glutaraldehyde solution to prbduc; a solution of pyridoxylated, ,polym:rized '
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(d) ‘—?Tgrt“e*‘—rl ng the heat ireat eoi5 l§1ermg obin solution to renove stroma and

stro contam nants precipitated by the heating; (e)
degaﬁmmu“elmH ult"*at ed henogl obin solution by spargi ng oxygen and then
t rogen ¢ hnou eat-treated solution at a tenperature of about =
10[err]Cto - Ao f L&, . t d
henogl obi n solutio hemoglobm wn?l y%l%)’r coxy?%t Pﬁgg?%eéﬁggﬁzggdmgglaﬁ? |2(r§ﬁﬁ:/g '

yield a solution g aﬁ“ doxyl at ed : henogl obi n; (f)
pol ymeri zi ng t he ‘Eﬂ' Fon of pyri doxyl at ed henogl obin to produce a sol ution

of pyri doxyl at ed,.. pol yneri zed he

oxygenat i ng {Be SGP‘ME‘?‘BHX and diklt T0g) the Qﬂﬁ}"?'?% 31‘%‘2"%8%{ ttg:nsqbg i1, Goains
‘tetrameric henogl obin and collecting purified pyri doxyl at ed,
pol yreri zed henoglabbut#%s Wb aveshthemagiohition contai ns | ess than

"~ 0.8% based on the total weight of henogl obin of tetraner;

22 (m) purifying the solution of (I) to remove tetrameric be'nomobm and collectmg

purified pyridoxylated, polymerized hemoglobin, where the soluuon cgmams less
than 0.8% based on the total weight of hemoglebin of tetramer; |
| (m) deoxygenaﬁng ths puﬁﬁed pyridcﬁylatsd, polymerized hemeglobin wath nitrogen:
| {0)  adjusting the pH .and slectrolyte levels in the solution of purified pyridoxylated,
polymeriied hemogl_obin to about §.8-9.0; and |

(P concentration anc sterilizaticn of the pH adjusted solution in (o).

21 .A process for preparing a solution of pyridoxylated, polymerized hemogicbin
capable of being infused into a humean patient i an amouﬁt of up to about 3 lters,
comprising: | | |

(@) passing outdated bload or non-outdated blood through a suitable aspira_tipn device
| at reduced pressure to prodﬁce aspirated blood;

(b)  removing lencocytes from the aspﬁatcd blood by filtering a mixture containing
red biood cells through a series of filters having 2 minimum average pore size
sufﬁciént to prevent the passage of leucocytes;

() . adding carbon monoxide to the product of (b) producing a hemoglobin'solutioh

with a pH of less than 7;

THIS SHEET HAS BEEN

REPLACEMENT SHEET REPLACED

12 MAR 1999 26

s This Sheet Has Been Repl

i HIIIIHIIIM i




cr_t —~—

Re V. \_()}E:Iill’é\-s'-sll l-ll.\‘(:‘!él:;\ _ul DORHE : Ea”g- 312 I I I 231
; ~19-38. 14:86  =rom:MCOONK® ' JCEHNEN MULEERT & bERGHOFF 3129730u02 .
(h) dBeoxygenatl ng ‘tﬁhe purl?led| pyri doxyl at ed, pofyn%rl

L0 AnEes
(1) adjusting the pH and electrolyte levels in the sollm g IWH @ “'HF
pyri doxyl at ed, pol ymeri zed henogl obin to [ * '

| evel s. 2. A process according to claim 1, wherein the degassed

solution is pykidoxyl - b cont-act j.ng. the ed. sl yti an.: W. .
pyri doxal - 5- p%ésphg %ﬁé?ﬂ}f S)rér’tl) B °52€’i‘*6‘% ‘5‘9?%‘%?3‘&%@%8#%‘%%%&?8 \yashed
henogl obin of fromagbout 1:1 to 3:1. 3. A process according to
claim1, wherein t#84¥assed solution is pyridoxylated by contacting the
degassed solution with pyridoxal -5-phosphate at a nolar ratio of

pyri doxal - 5- (hospihHng the weshesdgobsion of{d)apidly water 1o form a solution of lysed gells;
process according to claim2, wherein the pyridoxal -5-phosphate is
contacted wi¢fh thaltérm dhootiondfbhsahediis dercsora fiteutto gredieua .hemoszlobin
5. A process according to claim4, wherein the henoglobin in the

pyri doxyl ated sol sdlutidn frée poinystepiazedtanmandusttslingall ktdpial;i doxyl at ed
solution with glutaral dehyde at a gl utaral dehyde to henogl obin nolar ratio

of from about(gd4: lheating and fltering the hemoglobin solution of (£) to a temperature of about 60-

LT N ,‘ju.uu;'_._____._._u_x._xm._-_l;u_.u.‘_._.g; o8

62°C for about- 10 hours tc yield a heat«reated stroma-fres hemeglobin solution;
ty conccrhrating and diafiltering the neat-ireated stroma-free hemoglobin soluti_oﬁ
yielding a carboxy hemoglobin solution;

(1) | degassing the carbexy hemoglobin solution by sparging oxyger and then niﬁ'ogen
through the heat-treated solution at a temperature of about 10°C to produce a
foam to vield a degassed, heat-treated hemoglobin solution;

@ | pyridoxylating the degassed solution using pyridokal-i”-phosphatc at a molar
ratio of pyridoxal-5"-phcsphate io hgmoglébin of about 1:1 to 3:1 to yield a
solution of pvridoxylated hemoglobin;

(k) polymerizing th: solution of pyﬁduxyléucd hemoglobin using an aqucous
glutaialdehyde solution to produce. a solution of pyridoxylated, Ipolyzlh.erized
hemoglobin with a weight distribution of about 63-75% polymer and 25-35%
tetramer;

(D axygenating and diluting the -pol_ymeriz.ed solution until the solution contai_ns
about 4% by weight hemoglobin; |

o ['mss SHEET HAS BEEN }
e | REPLACED

" ~ ACCRACH QS...:’"-E? .
REPLALJ\AENT oriki This Sheet Has Been

e || T

nl:(‘:‘;‘.".
. -_.-'\ e



MOV MORegd 00 A0 FronsuCOONNE: - SORKNER WULBERT 3 BERGHORF LTl R SIRRLMGG
2zl R et i " 3 v - d 3 B d ST . o
6. A process according to cl ki ER REIES n the pyri c%xyl ated solution is

g e O et or 1 vanat uei na.a maran - pat | ord ASHLIANLY 0
5

transfusion, conprising admnistering to the patient up to about 1" *
liters of the ridoxyl d ol.ymeri zed: L i ' of ¢l ai .15,
6. %A nethoatBY ¢ PR e BT BB BSYE, MlaherEPhethodhl ark; Biteers
conprising adm nistegi to the patient. up to about 3.0 liters of the
pyri doxyl ated, pol 9@%&@%%5?%@5?‘5?%@8&%?’3?% [}“3 _sglutmn contains fgss

A nethod of transfusing a hunman patient in need o[ a transfusion,
conpri si ng than 0:8% based on the total weight of hemoglobin of tetramer;

(n) deoxygenating the purified pyridoxylated, polymerized hemoglobin with nitregen;
(o) adjusting the pH and electrolyte levels in the solution of purified pyridoxylated,
polymerized hemoglobin to about 8.8-9.0; and

(p)  concentration and sterilization of the pH adjusted solution in (o).

22.  An aqueous solution of pyridoxylated, polymefized hcmog‘sobin comprising:
(a)  artotal hemoglobin of between 9.5 0 12.0 g/dl;
(b)  atotal methemoglobin at less than 8% of the ‘otal hemoglobin;
{(¢) atotal carboxyhemoglobin at less than 3% of the total hemoglobin;
(d an oxygén-hemc globin dissociation of between 23 to 32 torr;

(e) ~ an osmolality of between 280 to 360 mmol/Kg;
(f) - asodium concentration of between 135 to 135 mmol/L;
() a potassium conceniration of hetween 3.5 to 4.5 mmol/L;
(b) ‘a chloride concerration of between 85 to 110 mmolKg;
()  avotl free iron of less than 2.0 oom;
G)  a128 Kd peak molecular weight distribution of between 10 and 24%;
(k) 2192 Kd peak molecular weight distribution of between 18 and 30%;
) 256 Kd peak molecular weight distribution of between 45 and 70%;
(m) a totaf tetramer of less than 0.8%; | | |

(n)  endotoxin at less than 0.03 EU/ml;
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‘admi ni&YEF r{(f; %o’ t°P1éwE)"5":[i g%s{mm HUL?ERT p %ER['H?" 0 Ii ter”s?l ch)f t—he—pyFtl:gé At e fr88
pol ymeri zed henogl obi n solutlon of cIa|n115

according to claim9, wherein the hem)gl obinis a glut ar J I! 'Ull gm,
polynerlzed henogl obi n. A sol ution accordi

wherein the anI bi apol yneri zed henogl obi n.

12. A SO|UtI2 F%?ﬁﬁﬁ@?Vﬁﬁ?éﬁgﬁggl ngy iég henogl obi n capabl e of bei ng
infused intaq afient unt of up to about 3 liters,

obt ai nabl e b)ﬁl’)a prﬁqg"é’éig’ %@ﬁ%ﬁ éli g?ﬂ:B (a) passi ng outdated bl ood or

non- out dat ed bl ood t hrough a SU|tabIe aspiration device, at
reduced pressure to produce aspirated bl ood;
24
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(b) . repmoyin fromthe aspirated bl ood by fi W(QQQ a 'xture

cont ai ni UN“(L@ mr@%“mood cells through a series of fil't bng a

m ni num gy sufficient to pre

| eucocytes; (c) addi ng carbon nonoxi de to the prpdRERLAGEMENY SMEPFUCI Ng a
S

henogl obi n sol uti on with a pH of about 6.0
the solution of (c) with a 1% sodi um cRRori de sol ut|o

sol uti Oﬁhafl:(ﬁ Egnghl Bd.t he washed sol ution of (d
0 yse

5 SiRoh |

sol ution cells; (f) filtering the solutjohn_of |ysed celll
across a filter to produce a henogl obi n solution free from stjroma
contam nants and cell wall material; heatin i '

hemogl obi n $el utAoprogess(foy prepaging carselu maer mrmb!s»lggtedsmolymerized hgnogiobinr
about 10 hours to yield a heat-treated stroma-free henogl obin sol ution;
(h)  ocapatsde of being mmfusedtintt ahurharepatient inhan dmaiint of ep teeabait B ditersf comeprising:

henogl obi n sol ution yielding a carboxy henogl obi n sol uti on; (i)
degassing t@y Cafelfdving RUBEHyoR ﬁﬂéﬂﬁ% 8'miRkiré Rehtdini FodYBROd 28Hs tiz6teh
ni t rogen t hrough the heat treated solution at a tenperature o

about 10[err] C t @il REHAE aPminimum  aVefgP bOreYdisd Sufbicilind Jrshithe S Phsdabé Fred

henogl obi n solutlon
leucocytes;

(b)  lysing the red blood cells;

(©) adding carbon monoxide to #nd heating the product of (b) to a femperature of
abbut 60-62"C for about 10 hours to yield a heat-treated hemoglobin solution;

(d filtering the heat treated hemoglobin solution to remove stroma and stromal
contaminants precipitated by the heating;

(e)  degassing the heat-treated hemoglobin solution by sparging oxygen and then
nitrogen through the heat-treated solution at a temperature of about 10°C to
produce a foam to yield a degassed, heat-treated hemoglobin solution;

(e)  pyridoxylating the degassed solution to yield a solution of pyridoxylated
hemoglobin;

(f) ~ polymerizing the solution of pyridoxylated hemoglobin to produce a solution of
pyridoxylated, polymerized hemoglobin;

(g) oxygenating the solution;

(g) purifying the solution to remove tetrameric hemoglobiﬁ and collecting purified
pyridoxylated, polymerized hemoglobin, where the solution contains less than

0.8% based on the total weight of hemoglobin of tetramer;




(j pyu@lew—au—ng—t—he—degassed sol ution using pyri
rati o Uwy” doxal - 5" - phosphate to he

';)gl irér;[gllmﬂ Mﬂe“!" “l[l sol ution of pyridoxylated h

gl utaral dehyde solution to produce a s tion of pyri i
25 henogl obin with a ght distri bu I on of about 65- 7p%
pol ymer and 25-35% " tetraner; \dj
diluting the polynerized solutiaon unti/l t he t|o nta|
about 4% by (ki g)ﬁwm%gm#hﬁpun fied pyridoxy) ec}S; n ﬁ@ogﬁaim’.aaﬂ of (1)
to renove tetraneric henogl obin and coIIectlng purified
pyri doxyl at €0}, paeldjusting theipHemdgiletriolyte I¢vsiscint the sglultlgmqfrpmfwdapmsioxblg@d
than 0.8% based on the total weight of henoglobin of tetramer;
polymerized hemoglobin to physiological levels.

2. A process according to claim 1, wherein the degassed solution is pyridoxylated by
contacting the degassed solution with pyridoxal-5-phosphate at a molar ratio of pyridoxal-5-

phosphate to hemoglobin of from about 1:1 to 3:1.

3. A process according to claim 1, wherein the degassed solution is pyridoxylated by
contacting the degassed solution with pyridoxal-5-phosphate at a molar ratio of pyridoxal-5-

phosphate to hemoglobin of about 2:1.

4. A process according to claim 2, wherein the pyridoxal-5-phosphate is contacted

with the hemoglobin and borohydride for about one hour.

5. A process according to claim 4, wherein the hemoglobin in the pyridoxylated
solution is polymerized by contacting the pyridoxylated solution with glutaraldehyde at a

glutaraldehyde to hemoglobin molar ratio of from about 24:1.

6. A process according to claim 5., wherein the pyridoxylated solution is contacted

with glutaraldehyde for about 18 hours and then quenched.




(n) deoxygenat| ng the purified pyridoxylated, polynerized hermgl obin with

n|trogen usting the pH and electrolyt~ evels in the
sol ution “I" I"I" “ﬁﬂ“u ﬁmxyl at ed pol yjei : I obi
to about 8.8-9. 0t . concentration and

pH adjusted solution in (0). . 13. A process ffor

sol ution of pyridoxyl ated, polymerized hgnogl obin capgblie

into a human patient in an anount of up to about 3 lit¢g
(a) passi ng outdated bl ood or non-outdated bl ood thrpugh a sui
aspiration device at reduced pressure t0 C
bl ood; (b) renmovi ng | eucocytes fromthe aspirated bIood by

filtering a n xtusememoladfMirdt@fusing a human patient 8finé3d06f a afdrisfusidil, @otpriding
series of filters having a m ni mum average pore size

suffic .
car bon SinisRrg U pldiit B 19 861 LRHE ACH0 Bridoylated, pil{herizQf firglobin
Wih 2 gigh gaah 850 to 6.5 |

8. A method of transfusing a human patient in need of a transfusion, comprising
administering to the patient up to about 3.0 liters of the pyridoxylated, polymerized hemoglobin

solution of claim 1.5 -

9. A method of transfusing a human paﬁent in need of a transfusion, comprising
administering to the patient up to about 5.0 liters of the pyridoxylated, polymerized hemoglobin

solution of claim 1%.

10. A method according to claim 9. wherein the hemoglobin is a glutaraldehyde-

polymerized hemoglobin.

11. A solution according to claim 13, wherein the hemoglobin is a glutaraldehyde-

polymerized hemoglobin.

12. A solution of pyridoxylated, polymerized hemoglobin capable of being infused
into a human patient in an amount of up to about 3 liters, obtainable by a process comprising:
()  passing outdated blood or non-outdated blood through a suitable aspiration device

at reduced pressure to produce aspirated blood;
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(d) washing the solution of (c) with a 1% sodi um chl ogide.sol utjon
yi el di ng a washed - solution; (e) di luting thefvREmademeiticuens o}f
(d) wit solution of lysed cells; (f) ' ' .
sol utlot““mmuu'mwmmnlacr oss a filter to produce a hepopl téin

sol ution*rée frotm strdm contaninants and cell wall nafefi &I b SEP1999
heating and filtering the henogl obin so %tion of (f) to fenperature d

—h

about " 60- 62[err] C for about 1 ours to yield p heat-treated
stroma-free henogl obin solution; (h) concentrating it ' e
heat -treated stroma-free henogl obin sol ution yi el di ng a carboxy

henogl obi n solution; (i) degassi ng the carboxy henogl obin sol uti on by
spar gi ng oxy@n ardndving leucveyaeefrom the aspirhted biledd by dillefing -4 miatuas cothiningon

at a tenperature of about 10[err]C to produce a - foamto yield a
degassed, heat -t r g3 Bidod LeNY msugh 8QkHEd 81 filters) Having”¥ hinfkiincdverdbel Péte size
degassed sol ution using pyridoxal-5"-phosphate at a nol ar rati o of

Pt doral 5" phosuls et REVBEAeRalh tilitbgled 10, 31 10 vl B
pyri doxyl at e(cti:) hemac?c{i.gg icgrb%rsxinrxl o%]deat%utgg lf)%'oduct of (b) producing a hemoglobin solution
with a pH of about 6.0 to 6.5;
(d)  washing the solution of (c) with a 1% sodium chloride solution yielding a washed
solution;
(e) diluting the washed solution of (d) with water to form a solution of lysed cells;
® filtering the solution of lysed cells across a filter to produce a hemoglobin
solution free from stroma contaminants and cell wall material;
(g  heating and filtering the hemoglobin solution of (f) to a temperature of about 60-
62°C for about 10 hours to yield a heat-treated stroma-free hemoglobin solution;
(h)  concentrating and diafiltering the heat-treated stroma-free hemoglobin solution
yielding a carboxy hemoglobin solution;
@) degassing the carboxy hemoglobin solution by sparging oxygen and then nitrogen
through the heat-treated solution at a temperature of about 10°C to produce a
foam to yield a degassed, heat-treated hemoglobin solution;
G) pyridoxylating the degassed solution using pyridoxal-5”-phosphate at a molar
ratio of pyridoxal-5”-phosphate to hémoglobin of abéut 1:1 to 3:1 to yield a
solution of pyridoxylated hemoglobin;

(k) polymerizing the solution of pyridoxylated hemoglobin using an aqueous

glutaraldehyde solution to produce a solution of pyridoxylated, polymerized
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pol ymeri zed hem)%jl obin to about 8.8-9.0; and (p) concentration and
sterilization of at¥@esH adj usted solution in (0).

()] oxygenating and diluting the polymerized solution until the solution contains
about 4% by weight hemoglobin;

(m) purifying the solution of (I) to remove tetrameric hemoglobin and collecting
purified pyridoxylated, polymerized hemoglobin, where the solution contains less
than 0.8% based on the total weight of hemoglobin of tetramer;

(m)  deoxygenating the purified pyridoxylated, polymerized hemoglobin with nitrogen;

(o) adjusting the pH and electrolyte levels in the solution of purified pyridoxylated,
polymerized hemoglobin to about 8.8-9.0; and

(p)  concentration and sterilization of the pH adjusted solution in (o).

13. A process for preparing a solution of pyridoxylated, polymerized hemoglobin

capable of being infused into a human patient in an amount of up to about 3 liters, comprising:

(a) passing outdated blood or non-outdated blood through a suitable aspiration device
at reduced pressure to produce aspirated blood;

(b)  removing leucocytes from the aspirated blood by filtering a mixture containing
red blood cells through a series of filters having a minimum average pore size
sufficient to prevent the passage of leucocytes;

(c) adding carbon monoxide to the product of (b) producing a hemoglobin solution

with a pH of about 6.0 to 6.5;
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(e) diluting the washed solution of (d) with water to form a solution of lysed cells; -

(43) filtering the solution of lysed cells across a filter to produce a hemoglobin
solution free from stroma contaminants and cell wall material;

(g) heating and filtering the hemoglobin solution of (f) to a temperature of about 60-
62'C for about 10 hours to yield a heat-treated stroma-free hemoglobin solution;

(h)  concentrating and diafiltering the heat-treated stroma-free hemoglobin solution
yielding a carboxy hemoglobin solution;

(i) degassing the carboxy hemoglobir_l solution by sparging oxygen and then nitrogen
through the heat-treated solution at a temperature of about 10°C to produce a
foam to yield a degassed, heat-treated hemoglobin solution;

)] pyridoxylating the degassed solution using pyridoxal-5”-phosphate at a molar
ratio of pyridoxal-5”-phosphate to hemoglobin of about 1:1 to 3:1 to yield a
solution of pyridoxylated hemoglobin;

(k) polymerizing the solution of pyridoxylated hemoglobin using an aqueous
glutaraldehyde solution to produce a solution of pyridoxylated, polymerized
hemoglobin with a weight distribution of about 65-75% polymer and 25-35%
tetramer;

(Y oxygenating and diluting the polymerized solution until the solution contains

about 4% by weight hemoglobin;
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clai m 15, wherein thé solution has half- life in a humanh patient of
about 15 hours.  ofied pyridoxylated, polymerized hemoglobin, where the solution contains less
than 0.8% based on the total weight of hemoglobin of tetramer;
(m)  deoxygenating the purified pyridoxylated, polymerized hemoglobin with nitrogen;
(o) adjusting the pH and electrolyte levels in the solution of purified pyridoxylated,
polymerized hemoglobin to about 8.8-9.0; and

(p)  concentration and sterilization of the pH adjusted solution in (o).

14. Anaqgueous solution of pyridoxylated, polymerized hemoglobin comprising:
(a) atotal hemoglobin of between 9.5 to 12.0 g/dl;

(b)  atotal methemoglobin at less than 8% of the total hemoglobin;

() a total carboxyhemoglobin at leés than 5% of the total hemoglobin;
(d) an oxygen-hemoglobin dissociation of between 23 to 32 torr;

(¢)  an osmolality of between 280 to 360 mmol/Kg;

® é, sodium concentration of between 135 to 155 mmol/L;

(2 a potassium concentration of between 3.5 to 4.5 mmol/L;

(h)  achloride concentration of between 85 to 110 mmol/Kg;

@) a total free iron of less than 2.0 ppm;

()] a 128 Kd peak molecular weight distribution of between 10 and 24%;
(k)  a 192 Kd peak molecular weight distribution of between 18 and 30%;
() . a256 Kd peak molecular weight distribution of between 45 and 70%,

(m) atotal tetramer of less than 0.8%;
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(o)  phospholipids at less than 50 ng/Hb; and

(p)  glycolipids at less than 2 ng/Hb.
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15. An aqueous solution of pyridoxylated, polymerized hemoglobin, wherein the

hemoglobin comprises about 16% of hemoglobin polymer with a molecular weight of about 128,
about 26% of hemoglobin polymer with a molecular weight of about 192, and about 58% of

hemoglobin polymer with a molecular weight of about 256.

16. A solution of hemoglobin according to claim 13 wherein the solution is capable of
being infused into a human patient in an amount of up to about 1.5 liters without causing a

decrease in kidney performance.

17. A solution of hemoglobin according to claim 15, wherein the solution has a half-

life in a human patient of about 15 hours.

18. A solution of hemoglobin according to claim 15, wherein the solution has a half-

life in a human patient of about 24 hours.

19. A solution according to claim1 3, wherein the solution is capable of being infused
into a human patient in an amount of up to about 5 liters without causing a decrease in kidney

performance.
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henogl obi n poI ymer with a nol ecul ar wei ght of about 256. 25. A
met hod @fgé‘%'ﬁh ceherein the pyridoxyl ated, pol ymerl zed .
henogl obi n |s cap of being infused in an anount of up to about 3 liters
W t hout causing a decrease in kidney. performance. 26. A net hod
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22. A method according to claims 1, wherein the pyridoxylated, polymerized
hemoglobin comprises about 16% of hemoglobin polymer with a molecular weight of about 128,
about 26% of hemoglobin polymer with a molecular weight of about 192, and about 58% of
hemoglobin polymer with a molecular weight of about 256,

23. A method according to claim 1 2 wherein the pyridoxylated, polymerized
hemoglobin comprises about 16% of hemoglobin polymer with a molecular weight of about 128,
about 26% of hemoglobin polymer with a molecular weight of about 192, and about 58% of
hemoglobin polymer with a molecular weight of about 256.

24. A method according to claim 13, wherein the pyridoxylated, polymerized
hemoglobin comprises about 16% of hemoglobin polymer with a molecular weight of about 128,
about 26% of hemoglobin polymer with a molecular weight of about 192, and about 58% of
hemoglobin polymer with a molecular weight of about 256.

25. A method according to claim 1, wherein the pyridoxylated, polymerized
hemoglobin is capable of being infused in an amount of up to about 3 liters without causing a
decrease in kidney performance.

26. A method according to claim 12, wherein the pyridoxylated, polymenzcd
hemoglobin is capable of being mﬁxsed in an amount of up to about 3 liters without causing a
decrease in kidney performance.

27. A method according to claim 13, wherein the pyridoxylated, polymerized
hemoglobin is capable of being infused in an amount of up to about 3 liters without causing a
decrease in kidney performance.
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