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What is claimed: 

1. 	A method for the preparation of a highly purified and heat stable oxygen carrier-conta.  ing 

pharmaceutical 	composition, 	the 	oxygen 	carrier-containing 	phan-naceutical 	cot sosition 

including hemoglobin, the hemoglobin consisting essentially of non-polymeric 	osslinked 

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 p1 	ma; 

b) separating the red blood cells from the plasma in the matmnalian whole 	ood; 

c) filtering the red blood cells that were separated from the plasma to o,, am a filtered red blood 

cell fraction; 

d) washing the filtered red blood cell fraction to remove plasma arotein 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 t e waste retentate from the lysate; 

g) extracting a first hemoglobin solution from the lysate; 

h) performing at least one purification process e 	emove one or more of viruses, waste retentate, 

or protein impurities; 

i) cross-linking the first hemoglobin so ution by bis-3,5-dibromosalicyl fumarate to form 

crosslinked hemoglobin in an oxygena -d environment wherein the crosslinked hemoglobin is 

non-polymeric crosslinked tetrameri 	emoglobin having at least 40% beta-beta cross-linking; 

j) removing any residual chemical 

k) heat treating the crosslinke 	hemoglobin in a deoxygenated environment to denature and 

precipitate any residual no 	stabilized/ non-crosslinked hemoglobin, any dimeric hemoglobin 

and any other protein i 	purities such that the resulting heat stable crosslinked tetrameric 

' 	hemoglobin has an 	detectable concentration of dieter and consists essentially of non- 

polymeric crosslin 	d tetrameric hemoglobin with a beta-beta cross-linking of at least 40% and 

an oxygen affin' 	greater than the oxygen affinity of native hemoglobin of .the same species 

measured un• -r substantially similar conditions; 

I) rernovin 	precipitate by a centrifugation or a filtration to form a clear solution; and 

m) addi ,  g the purified and heat stable crosslinked tetrameric hemoglobin to a pharmaceutically 

accet able carrier. 
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2. The method for the preparation of a highly purified and heat stable oxygen cam: -

containing pharmaceutical composition according to claim 1 wherein the heat processing s -p is 

a high temperature short time (HIST) process conducted at approximately 70°C to 95°IP for 30 

seconds to 3 hours followed immediately by cooling and adding N-acetyl cysteinc in .n amount 

of 0.2 to 0.4% immediately following the cooling. 

3. The method for the preparation of a highly purified and heat s a 	e oxygen carrier- 

containing pharmaceutical composition according to claim 1 wherein the 	hole blood is bovine 

whole blood and the beta-beta cross-linking is greater than 50% and t' e 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 	wherein the whole blood is bovine 

whole blood and the beta-beta cross-linking is greater t an 60% and the p50 value is less than 

approximately 23 mm Hg. 

5. The method for the preparation of a 	•ghly purified and heat stable oxygen carrier- 

containing pharmaceutical composition ac girding to claim 	1 	wherein the purification is 

performed using chromatography, the ch 	matography including use of one or more cation- 

exchange columns or anion-exchange c • umns. 

6. The method for the prep 	ation of a highly purified and heat stable oxygen carrier-

containing pharmaceutical co r position according to claim 5 wherein the chromatography 

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

7. The method f• 	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. Th- method for the preparation of a highly purified and heat stable oxygen carrier-

containi g pharmaceutical composition according to claim 1 wherein the whole blood is porcine 

bloo 	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 hemogl., sin 

solution in a low oxygen permeability package such that hemoglobin solution has a shelf ife on 

the order of two years. 

10. A highly purified and heat stable oxygen carrier-containing pharmaceut 	al composition 

comprising hemoglobin, wherein the hemoglobin consisting essentially 	•f non-polymeric 

crosslinked tetrameric hemoglobin having beta-beta cross-linking of greater than 40% formed by 

the process of claim 1. 

11. A highly purified and heat stable oxygen carrier-containi 	pharmaceutical composition 

comprising hemoglobin, wherein the hemoglobin consistii 	essentially of non-polymeric 

crosslinked tetrameric hemoglobin having beta-beta cross-li 	'ng of greater than 60% formed by 

the process of claim 4. 

12. The composition of claim 10 for oxyge,  ating tissue, wherein said composition is 

administered either in vivo or ex vivo. 

13. The composition of claim 11 	f• 	oxygenating tissue, wherein said composition is 

administered either in vivo or ex vivo-. 

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

pharmaceutical 	composition, 	the 	oxygen 	carrier-containing 	pharmaceutical 	composition 

including hemoglobin, th- 	hemoglobin consisting essentially of non-polymeric crosslinked 

tetrameric hemoglobin 	aving a beta-beta cross-linking of greater than 50%, the method 

comprising: 

a) providing mam align 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) filtering t • e red blood cells that were separated from the plasma to obtain a filtered red blood 

cell fraction; 

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

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

blood cells; 

0 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, w. te retentate, 

or protein impurities; 

i) cross-linking the first hemoglobin solution by bis-3,5-dibromosalicyl 	timarate to 	form 

crosslinked hemoglobin in a deoxygenated environment wherein the cros inked hemoglobin is 

non-polymeric crosslinked tetrameric hemoglobin having at least 50% b a-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 hemo 	obin, 	any dimeric hemoglobin 

and any other protein impurities such that the resultin_ heat stable crosslinked tetrameric 

hemoglobin has an 	undetectable concentration of di , er 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 affi ity of native hemoglobin of the same species 

measured under substantially similar conditions 

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

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

acceptable carrier. 

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

containing pharmaceutical co 	position according to claim 14 wherein the whole blood is bovine 

whole blood and the oxyg 	affinity of the crosslinked tetrameric bovine hemoglobin has a p50 

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

16. A method fo the preparation of a highly purified and heat stable oxygen carrier containing 

pharmaceutica 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 order . f two years. 
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17. A highly purified and heat stable oxygen carrier-containing pharmaceutical eompositi a 

comprising hemoglobin, wherein the hemoglobin consisting essentially of non-poly' cric 

crosslinked tetrameric hemoglobin having beta-beta cross-linking of greater than 50% fo 	ed by 

the process of claim 14. 

18. A highly purified and heat stable oxygen carrier-containing pharmaceuti al, composition 

comprising hemoglobin, wherein the hemoglobin consisting essentially of non-polymeric 

crosslinked tetrameric hemoglobin having beta-beta cross-linking of greate than 60% formed by 

the process of claim 15. 

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

either in vivo or ex vivo. 

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

either in vivo or ex vivo. 

21. The method for the preparation of a 1 ghly purified and heat stable oxygen carrier- 

containing pharmaceutical composition acco 	ing to claim 1 wherein the heat processing step is 

a high temperature short time (HTST) pro' ess 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 

of 0.025% to 0.4% immediately foils s ing the cooling. 

22. The method for the p -partition of a highly purified and heat stable oxygen carrier-

containing pharmaceutical composition according to claim I wherein the heat processing step is 

a high temperature short "me (HTST) process conducted at approximately 70°C to 95°C for 30 

seconds to 3 hours fo owed immediately by cooling and adding N-acetyl cysteine in an amount 

of 0.025% to 0.2% . amediately following the cooling. 

23. A 	d for the preparation of a highly purified and heat stable oxygen carrier- 

containin: 	pharmaceutical 	composition, 	the 	oxygen 	carrier-containing 	pharmaceutical 

composition including hemoglobin, the hemoglobin consisting 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) filtering the red blood cells that were separated from the plasma to obtain a fil e -d 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 eomprisin_ a lysate of disrupted red 

blood cells; 

f) performing filtration to remove at least a portion of the waste re 	ntate 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 .is-3,5-dibromosalicyl fumarate to form 

crosslinked hemoglobin in an oxygenated enviro 	ent wherein the crosslinked hemoglobin is 

non-polymeric crosslinked tetrameric hemoglob 	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-crosslinked hemoglobin, any dimeric hemoglobin 

and any other protein impurities 	ch that the resulting heat stable crosslinked tetrameric 

hemoglobin has an undetectab • 	concentration of dimer and consists essentially of non- 

polymeric crosslinked tetrame rc hemoglobin with a beta-beta cross-linking of at least 40% and 

an oxygen affinity greater 	an the oxygen affinity of native hemoglobin of the same species 

measured under substan ally similar conditions; 

1) cooling the result' 	heat stable crosslinked hemoglobin; 

m) adding 0.025% 1.4% of N-acetyl cysteine; 

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

o) adding t 	purified and heat stable crosslinked tetrameric hemoglobin to a pharmaceutically 

accentabl 	carrier. 
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24. The method for the preparation of a highly purified and heat stable oxygen car ie 

containing pharmaceutical composition according to claim 14 wherein the heat processing stv• is 

a high temperature short time (HTST) process conducted at approximately 70°C to 95°C or 30 

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

of 0.025% to 0.4% immediately following the cooling. 

25. The method for the preparation of a highly purified and heat stab e oxygen carrier- 

containing pharmaceutical composition according to claim 14 wherein the 	at processing step is 

a high temperature short time (HTST) process conducted at approxima ly 70°C to 95°C for 30 

seconds to 3 hours followed immediately by cooling and adding N-a' etyl cysteine in an amount 

of 0.025% to 0.2% immediately following the cooling. 

26. The method for the preparation of a highly pu if• d and heat stable oxygen carrier- 

containing pharmaceutical composition according to claii 	14 wherein the heat processing step is 

a high temperature short time (HTST) process condu ed at approximately 70°C to 95°C for 30 

seconds to 3 hours followed immediately by cooli _ and adding N-acetyl cysteine in an amount 

of 0.2% to 0.4% immediately following the coo 	g.  

27. A method for the preparation o 	a highly purified and heat stable oxygen carrier- 

containing 	pharmaceutical 	compost on, 	the 	oxygen 	carrier-containing 	pharmaceutical 

composition including hemoglobin 	the hemoglobin consisting essentially of non-polymeric 

crosslinked tetrameric hemoglo 	n having a beta-beta cross-linking of greater than 50%, the 

method comprising: 

a) providing mammalian w .ole blood including at least red blood cells and plasma; 

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

c) filtering the red bl od 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 r, ood cells; 

e) disrup 'ng the washed red blood cells to create a solution comprising a lysate of disrupted red 

blood 	ells; 

f) p rforming 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 lysatc; 

h) performing at least one purification process to remove one or more of viruses, waste reten .te, 

or protein impurities; 

cross-linking the first hemoglobin solution by bis-3,5-dibromosalicyl fumarate to form 

crosslinked hemoglobin in a deoxygenated environment wherein the crosslinked h= noglobin is 

non-polymeric crosslinked tetrameric hemoglobin having at least 5Q% beta-beta 	oss-linking; 

j) removing any residual chemicals; 

k) heat treating the crosslinked hemoglobin in a deoxygenated envirot 	ent to denature and 

precipitate any residual non-stabilized/ non-crosslinked hemoglobin, 	y dimeric hemoglobin 

and any other protein impurities such that the resulting heat st sic crosslinked tetrameric 

hemoglobin has an undetectable concentration of dimer and consists essentially of non-

polymeric crosslinked tetrameric hemoglobin with a beta -b a cross-linking of at least 50% 

having an oxygen affinity less than the oxygen affinity of n we hemoglobin of the same species 

measured under substantially similar conditions; 

I) cooling the resulting heat stable crosslinked tetrame c hemoglobin; 

m) adding 0.025%44% N-acetyl cysteine; 

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

o) adding the purified and heat stable cross nked tetrameric hemoglobin to a pharmaceutically 

acceptable carrier. 



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; 

c) 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 first hemoglobin solution by bis-3,5-dibromosalicyl fumarate to form 

crosslinked hemoglobin 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 

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

pharmaceutically acceptable caiiier. 
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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 phaiinaceutical 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 phainiaceutical 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 phait 	iaceutical 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 

composition 	according 	to 	claim 	1 	further 	comprising 	packaging the pharmaceutical 

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; 

c) 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) perfoiiiiing 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 

phaimaceutically 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 peinieability package such that hemoglobin solution 

has a shelf life on the order of two years. 
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