WO 2013/032828 o PCT/US2012/051959

What is claimed:
1. A method for the preparation of a highly purified and heat stable oxygen carrier-contajéing
pharmaceutical composition, the oxygen carrier-containing pharmaceutical com QSition
including hemoglobin, the hemoglobin consisting essentially of non-polymeric
tetrémeric hemoglobin having a beta-beta cross-linking of greater than 40%
comprising: | ,
- a) providing mammalian whble blood including at least red blood cells and pl m;;
b) separating the red blood cells from the plasma in the mammalian whole
¢) filtering the red blood cells that were separated from the plasma to ofgtain a filtered red blood
cell fraction;
d) washing the filtered red blood cell fraction to remove plasma protein impurities, resulting in
washed red blood cells; »
e) disrupting the washed red blood cells to create a solution omprising a lysate of disrupted red
blood cells;
f) performing filtration to remove at least a portion of tife waste retentate from the lysate;
g) extracting a first hemoglobin solution from the lygate;

h) performing at least one purification process to/femove one or more of viruses, waste retentate,
or protein impurities;
i) cross-linking tl;le first hemoglobin sgfution by bis-3,5-dibromosalicyl fumarate to form
crosslinked hemoglobin in an oxygenaged environment wherein the crosslinked hemoglobin is
non-polymeric crosslinked tetrameri¢/hemoglobin having at least 40% beta-beta cross-linking;
j) removing any residual chemicalg
k) heat treating the crosslinked hemoglobin in a deoxygenated environment to denature and
precipitate any residual norfstabilized/ non-crosslinked hemoglobin, any dimeric hemoglobin
and any other protein iipurities such that the resulting heat stable crosslinked tetrameric
hemoglobin has an phdetectable concentration of dimer and consists essentially of non-
polymeric crosslinkéd tetrameric hemoglobin with a beta-beta cross-linking of at least 40% and
greater than the oxygen affinity of native hemoglobin of the same species
measured undgr substantially similar conditions;

1) removing precipitate by a centrifugation or a filtration to form a clear sblution; and

m) addigg the purified and heat stable crosslinked tetrameric hemoglobin to a pharmaceutically

accepfable carrier.
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2. The method for the preparation of a highly purified and heat stable oxygen carrigf-
containing pharmaceutical composition according to claim 1 wherein the heat processing spép is
for 30

seconds to 3 hours followed immediately by cooling and adding N-acetyl cysteine in An amount

a high temperature short time (HTST) process conducted at approximately 70°C to 95°
of 0.2 to 0.4% immediately following the cooling.

3. The method for the.‘ preparation of a highly purified and heat stable ﬁoxygen carriér-
containing pharmaceutical composition according to claim 1 wherein the #
whole blood and the beta-beta cross-linking is greater than 50% and tife p50 value is less than
approximately 23 mm Hg.

4. The method for the preparation of a highly purified/and heat stable oxygen carrier-
containing pharmaceutical composftion according to claim }J/wherein the whole blood is bovine
whole blood and the beta-beta cross-linking is greater thdn 60% and the p50 value is less than
approximately 23 mm Hg.

5. The method for the preparation of a hyghly purified and heat stable oxygen carrier-
containing pharmaceutical composition acgbdrding to claim 1 wherein the purification is
performed using éhromatography, the chyomatography including use of one or more cation-

exchange columns or anion-exchange columns.

6. The method for the prepafation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical copiposition according to claim 5 wherein the chromatography
column is one or more DEAE, CM and/or hydroxyapatite columns.

7. The method fof the preparation of a highly purified and heat stable oxygen carrier-
containing pharmacgutical composition according to claim 1 wherein the whole blood is human
blood.

8. The/ method for the preparation of a highly purified and heat stable oxygen carrier-
containigg pharmaceutical composition according to claim 1 wherein the whole blood is porcine

/ equine blood, or canine blood.
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9. A method for the preparation of a highly purified and heat stable oxygen carrier containin,

the order of two years.

10. A highly purified and heat stable oiygen carrier-contaiﬁing pharmaceutjéal composition
: comprising hemoglobin, wherein the hemoglobin consisting essentially f hon-p'olymeric
crosslinked tetrameric hemoglobin having beta-beta cross-linking of greatey'than 40% formed by
the process of claim 1.

11. A highly purified and heat stable oxygen carrier-containing pharmaceutical composition
comprising hemoglobin, wherein the hemoglobin consisting essentially of non-polymeric
crosslinked tetrameric hemoglobin having beta-beta cross-lipking of greater than 60% formed by

the process of claim 4.

12. The composition of claim 10 for oxygedating tissue, wherein said composition is
administered either in vivo or ex vivo.
13.  The composition of claim 11 fof oxygenating tissue, wherein said composition is

administered either in vivo or ex vivo.

14. A method for the preparatiof of a highly purified and heat stable oxygekn carrier-containing
pharmaceutical composition,/the oxygen carrier-containing pharmaceutical composition
including hemoglobin, the/hemoglobin cpnéisting essentially of non-polymeric crosslinked
tetrameric hemoglobin Maving a beta-beta cross-linking of greater than 50%, the method
comprising:
a) providing mampdalian whole blood including at least red blood cells and plasma;

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

C) filtering the red blood cells that were separated from the plasma to obtain a filtered red blood
cell fractign; '

d) washing the filtered red blood cell fraction to remove plasma protein impurities, resulting in

washed red blood cells;
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e) disrupting the washed red blood célls to create a solution comprising a lysate of disrupted re,
blood cells;

f) performing filtration to remove at least a portion of the waste retentate from the lysate;
g) extracting a first hemoglobin solution from the lysate;
h) performing at least one purification process to remove one or more of viruses, wgbte retentate,
or proteiﬁ impurities; V ’
- 1) cross-linking the first hemoglobin solution by bis-3,5-dibromosalicyl imarate to form
crosslinked hemoglobin in a deoxygenated environment wherein the crosglinked hemoglobin is
non-polymeric crosslinked tetrameric hemoglobin having at least 50% bgfa-beta cross-linking;

j) removing any residual chemicals;
k) heat treating the crosslinked hemoglobin in a deoxygenated £nvironment to denature and
precipitate any residual non-stabilized/ non-crosslinked hemogfobin, any dimeric hemoglobin
and any other protein impuritiesv such that the resulting/heat stable crosslinked tetrameric
hemoglobin has an undetectable concentration of digier and consists essentially of non-
polymeric crosslinked tetrameric hemoglobin with & beta-beta cross-linking of at least 50%
having an oxygen affinity less than the oxygen affidity of native hemoglobin of the same species
measured under substantially similar conditions;
1) removing precipitate by a centrifugation or/a filtration to form a clear solution; and

m) adding the purified and heat stable crgsslinked tetrameric hemoglobin to a pharmaceutically

acceptable carrier.

15. The method for the prepgration of a highly purified and heat stable oxygen carrier-
containing pharmaceutical cofposition according to claim 14 wherein the whole blood is bovine
whole blood and the oxygen affinity of the crosslinked tetrameric bovine hemoglobin has a p50

value on the order of appfroximately 38 to 50 mm'Hg.

16. A method foy/the preparation of a highly purified and heat stable oxygen carrier containing
pharmaceutical/composition according to claim 14 further comprising packaging the hemoglobin
solution in #low oxygen permeability package such that hemoglobin solution has a shelf life on

the order6f two years.
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17. A highly purified and heat stable oxygen carrier-containing pharmaceutical compositigh
comprising hemoglobin, wherein the hemoglobin consisting essentially of non-polymferic
crosslinked tetrameric hemoglobin having beta-beta cross-linking of greater than 50% fopmed by

the process of claim 14.

18. A highly purified and heat stable oxygen,carrier-containing pharmacéut' al composition
comprising hemoglobin, wherein the hemoglobin consisting essentially /of non~p'01‘yméric
crosslinked tetrameric hemoglobin having beta-beta cross-linking of greater than 60% formed by

the process of claim 15.

19.  The composition of 17 for oxygenating tissue, wherein sajd composition is administered

either in vivo or e€x vivo.

20.  The composition of 18 for oxygenating tissue, wherein said composition is administered

either in vivo or ex vivo.

21.  The method for the preparation of a kaghly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 1 wherein the heat processing step is
a high temperature short time (HTST) progess conducted at approximately 70°C to 95°C for 30

seconds to 3 hours followed immediate}§ by cooling and adding N-acetyl cysteine in an amount

23.
containing/ pharmaceutical composition, the oxygen carrier-containing pharmaceutical

composttion including hemoglobin, the hemoglobin consistirig essentially of non-polymeric
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crosslinked tetrameric hemoglobin having a beta-beta cross-linking of greater than 40%, t
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;
c) bﬁ‘ltering the red blood cells that were separated from the plasma to obtain a filtep€d red blood
cell fractiOn; o »
d) washing the filtered red blood cell fraction to remove plasma protein imp fi’fiés, resulting in
washed red blood cells;

e) disrupting the washed red blood cells to create a solution comprisin
blood cells; |

lysate of disrupted red

f) performing filtration to remove at least a portion of the waste reténtate from the IYSate;
g) extracting a first hemoglobin solution from the lysate;
h) performing at least one puriﬁcaﬁon process to remove ong’ or more of viruses, waste retentate,
or protein impurities;

i) cross-linking the first hemoglobin solution by MBis-3,5-dibromosalicyl fumarate to form
crosslinked hemoglobin in an oxygenated environfhent wherein the crosslinked hemoglobin is
non-polymeric crosslinked tetrameric hemoglobi having at least 40% beta-beta cross-linking;

j) removing any residual chemicals;

k) heat treating the crosslinked hemoglobin in a deoxygenated environment to denature and
precipitate any residual non-stabilize non-crossljnked hemoglobin, any dimeric hemoglobin
and any other protein impurities guch that the resulting heat stable crosslinked tetrameric
hemoglobin has an undetectablé concentration of dimer and consists essentially of non-
polymeric crosslinked tetrameric hemoglobinvwith a beta-beta cross-linking of at least 40% and
an oxygen affinity greater than the oxygen affinity of native hemoglobin of the same species
measured under substangfally similar conditions; '

1) cooling the resulting heat stable crosslinked hemoglobin;

m) adding 0.025%40.4% of N-acetyl cysteine;

n) removing prgCipitate by a centrifugation or a filtration to form a clear solution; and
o) adding th€ purified and heat stable crosslinked tetrameric hemoglobin to a pharmaceutically

acceptablg carrier.
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24.  The method for the preparation of a highly purified and heat stable oxygen carrie

0f 0.025% to 0.4% immediately following the cooling.

- 25. The method for thé preparation of a highly purified and heat stabje ﬂoXygen céﬂ‘iep
containing pharmaceutical composition according to claim 14 wherein the h€at processing step is
a high temperature short time (HTST) process conducted at approximatély 70°C to 95°C for 30
seconds to 3 hours followed immediately by cooling and adding N-agetyl cysteine in an amount

0f 0.025% to 0.2% immediately following the cooling.

26.  The method for the preparation of a highly purifi¢d and heat stable oxygen carrier-
containing pharmaceutical composition according to claigg 14 wherein the heat processing step is
a high temperature short time (HTST) process condugted at approximately 70°C to 95°C for 30
seconds to 3 hours followed immediately by cooling and adding N-acetyl cysteine in an amount

of 0.2% to 0.4% immediately following the cooli

27. A method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composiffon, the oxygen carrier-containing pharmaceutical
composition including hemoglobin/ the hemoglobin consisting essentially of non-polymeric
crosslinked tetrameric hemoglobin having a beta-beta cross-linking of greater than 50%, the
method comprising:
a) providing mammalian wiole blood incluc_iiﬁg at least red blood cells and plasma;

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

¢) filtering the red blgod cells that were separated from the plasma to obtain a filtered red blood
cell fraction;
d) washing the filtered red blood cell fraction to remove plasma protein impurities, resulting in
washed red blood cells;

e) disruptihg the washed red blood cells to create a solution comprising a lysate of disrupted red

blood gells;

f) pérforming filtration to remove at least a portion of the waste retentate from the lysate;
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g) extracting a first hemoglobin solution from the lysate;

h) performing at least one purification process to remove one or more of viruses, waste retentdte,
or protein impurities;

i) cross-linking the first hemoglobin solution by bis-3,5-dibromosalicyl fumarate/to" form
crosslinked hemoglobin in a deoxygenated environment wherein the crosslinked hefmoglobin is
non—polyfneric crosslinked tetrameric hemoglobin having at leas{ 50% beta-beta ¢ross-linking;

j) removing any residual chémicals; |
k) heat treating the crosslinked hemoglobin in a deoxygenated environment to denature and
precipitate any residual non-stabilized/ non-crosslinked hemoglobin, ahy dimeric hemoglobin
and any other protein impurities such that the resulting heat stgble crosslinked tetrameric
hemoglobin has an undetectable concentration of dimer and/consists essentially of non-
polymeric crosslinked tetrameric hemoglobin with a beta-beta cross-linking of at least 50%
having an oxygen affinity less than the oxygen affinity of ngfive hemoglobin of the same species
measured under substantially similar conditions;

1) cooling the resulting heat stable crosslinked tetrameric hemoglobin;

m) adding 0.025%-0.4% N-acetyl cysteine;

n) removing precipitate by a centrifugation or a filtration to form a clear solution; and

0) adding the purified and heat stable crosgfinked tetrameric hemoglobin to a pharmaceutically

acceptable carrier.
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What is claimed:

1. 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 non—polymeric crosslinked -
tetrameric hemoglobin having a beta-beta cross-linking of greater than 40%, 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;

¢) filtering the red blood cells that were separated from the plasma to obtain a filtered red
blood cell fraction;

d) washing the filtered red blood cell fraction to remove plasma protein impurities, resulting
in washed red blood cells;

e) disrupting the washed red blood cells to create a solution comprising a lysate of disrupted
red blood cells;

) perfdrming filtration to remove at least a portion of the waste retentate from the lysate;

g) extracting a first hemoglobin solution from the lysate;

h) performing at least one purification process to remove one or more of viruses, waste
retentate, or protein impurities;

i) cross-linking the first hemoglobin solution by bis-3,5-dibromosalicyl fumarate to form
crosslinked hemogiobin in an oxygenated environment wherein the crosslinked hemoglobin is
non-polymeric crosslinked tetrameric hemoglobin having at least 40% beta-beta cross-linking;
j) removing any residual chemicals;

k) heat treating the crosslinked hemoglobin in a deoxygenated environment to denature and
precipitate any residual non-stabilized/non-crosslinked hemoglobin, any dimeric hemoglobin
and any other protein impurities such that the resulting heat stable crosslinked tetrameric
hemoglobin has an undetectable concentration of dimer and consists essentially of non-
polymeric crosslinked tetrameric hemoglobin with a beta-beta cross-linking of at least 40%
and an oxygen affinity greater than the oxygen affinity of native hemoglobin of the same
species measured under substantially similar conditions;

1) removing precipitate by a centrifugation or a filtration to form a clear solution; and

m) adding the purified and heat stable crosslinked tetrameric hemoglobin to a

pharmaceutically acceptable carrier.
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2. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 1 wherein the heat processing step
is a high temperature short time (HTST) process conducted at approximately 70.degree. C. to
95.degree. C. for 30 seconds to 3 hours followed immediately by cooling and adding N-acetyl

cysteine in an amount of 0.2 to 0.4% immediately following the cooling.

3. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 1 wherein the whole blood is
bovine whole blood and the beta-beta cross-linking is greater than 50% and the p50 value is
less than approximately 23 mm Hg. '

4. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 1 wherein the whole blood is
bovine whole blood and the beta-beta cross-linking is greater than 60% and the p50 value is

less than approximately 23 mm Hg.

5. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 1 wherein the purification is
performed using chromatography, the chromatography including use of one or more cation-

exchange columns or anion-exchange columns.

6. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 5 wherein the chromatography

column is one or more DEAE, CM and/or hydroxyapatite columns.

7. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 1 wherein the whole blood is

human blood.

8. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 1 wherein the whole blood is

porcine blood, equine blood, or canine blood.
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9. A method for the preparation of a highly purified and heat stable oxygen carrier containing
pharmaceutical composition according to claim 1 further comprising packaging the
hemoglobin solution in a low oxygen permeability package such that hemoglobin solution has

a shelf life on the order of two years.

10. 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 non-polymeric
crosslinked tetrameric hemoglobin having a beta-beta cross-linking of greater than 50%, 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;

¢) filtering the red blood cells that were separated from the plasma to obtain a filtered red
blood cell fraction;

d) washing the filtered red blood cell fraction to remove plasma protein impurities, resulting
in washed red blood cells;

e) disrupting the washed red blood cells to create a solution comprising a lysate of disrupted
red blood cells;

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

g) extracting a first hemoglobin solution from the lysate;

h) performing at least one purification process to remove one or more of viruses, waste
retentate, or protein impurities;

i) cross-linking the hemoglobin by bis-3,5-dibromosalicyl fumarate to form crosslinked
hemoglobin in a deoxygenated environment wherein the crosslinked hemoglobin is non-
polymeric crosslinked tetrameric hemoglobin having at least 50% beta-beta cross-linking;

j) removing any residual chemicals;

k) heat treating the crosslinked hemoglobin in a deoxygenated environment to denature and
precipitate any residual non-stabilized/non-crosslinked hemoglobin, any dimeric hemoglobin
and any other protein impurities such that the resulting heat stable crosslinked tetrameric
hemoglobin has an undetectable concentration of dimer and consists essentially of non-

polymeric crosslinked tetrameric hemoglobin with a beta-beta cross-linking of at least 50%
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having an oxygen affinity less than the oxygen affinity of native hemoglobin of the same
species measured under substantially similar conditions;

1) removing precipitate by a centrifugation or a filtration to form a clear solution; and

m) adding the purified and heat stable crosslinked tetrameric hemoglobin to a

pharmaceutically acceptable carrier.

11. The method for the preparation of a highly purified and heat stable oxygen carrier-
containing pharmaceutical composition according to claim 10 wherein the whole blood is
bovine whole blood and the oxygen affinity of the crosslinked tetrameric bovine hemoglobin

has a p50 value on the order of approximately 38 to 50 mm Hg.

12. A method for the preparation of a highly purified and heat stable oxygen carrier
containing pharmaceutical composition according to claim 10 further comprising packaging
the hemoglobin solution in a low oxygen permeability package such that hemoglobin solution

has a shelf life on the order of two years.
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