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Abstract The problems of blood shortage and the virus infection risk of blood transfusion have promoted the study of blood
substitutes. Modified hemoglobin has become the focus of the research because of its excellent oxygen carrying ability. To
overcome the toxicity effect on direct use of purified native hemoglobin various modification technologies have been developed

including diaspirin cross-linking  glutaraldehyde polymerization ~O-raffinose polymerization polyethylene glycol conjugation

liposome encapsulation and biodegradable polymer encapsulation. Some of the products have been in clinical trials and one of
the products has been approved in a country for clinical use. Research on red blood cell substitutes in China has also developed
fast. This paper provides an overview of the history and current status in development of different hemoglobin-based red blood cell

substitutes especially the problems encountered the challenges faced and the prospects in future.

Key words Red blood cell substitutes hemoglobin  modification cross-linking conjugation encapsulation
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2
Table 2 Physicochemical properties of Hb-based O, carriers and human red blood cell RBC
Parameters XLHb POE-PLP-Hb  Poly - XLHb HES-XLHb POE-HbV  Blood RBC
Particle diameter/nm T+2 22+2 47 £ 17 68 + 24 224 +76 8000
Mn/kD 72 186 510 431
Mw/kD 66 189 2154 2782
Psy/kPa 4.27 1.87 2.67 2.93 2.40 4.27 3.73
Hill coefficient 2.0 1.3 2.2 2.2 2.1 2.7~3.0
Oxygen transporting efficiency/ % 32 17 8.0 27 20 28
Content of ferric Hb  MetHb /% 2.2 4.5 2.7 4.5 2.5 <0.5
Monomeric Hb/ % 100 4.4 5 3.3 Not detected
Hb / g/dL 5 5 5 5 5 12~17
Lipid/ g/dL 0 4.5 0 3.4 2.9
Colloid osmotic pressure/kPa 2.11 9.36 0.27 1.27 0 2.67 3.33
Viscosity/cP 1.0 6.1 1.5 2.2 2.6 3 3~4
5.1 g/dL 1.3cP 3325
5~ 8um POE Hb
8um Hb 15¢g/dL 1/3
6.1cP Poly-
3pm XLHb 1.5¢P
1.3~2.2¢P
0.4pm Sg/dL. HES-XLHb
POE- 2.2¢P 10g/dL
Hbv  0.2pm 0 7.8cP 33257
224pm 0.2pm Poly- POE-Hbv
XLHb HES-XLHb XLHb XLHb HSA S¢/dl.  10g/dL
0.1pm 3¢cP 4¢P
Hb Hb
XLHb  Wistar
1.6h 10% XLHb  polyXLHb HES-
poly-XLHb ~ POE-Hbv XLHb  POE-Hbv  HSA
3h 4h 5.3
Hb NO COP
Nakai “ Hb Hb cop
NO
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XLHbL  COP  2.11kPa S¢/dL
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5.2 0.33kPa POE-PLP-Hb  COP 9.61kPa
3 3.33kPa Hb Sg/dL
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> 500kD
3
3
Table 3 Properties of typical modified hemoglobin
Property HBOC-201 Polyheme Hemospan Hemolink™
Hemoglobin/ g/dL 12~ 14 12~ 14 4.2 10
Methemoglobin/ % <10% <5% <5% <10%
Psy/kPa 5.07 2.40~2.93 0.72 4.53
Hill coefficient 1.3 1.3 1.2 1
pH 7.6~7.9 7.4 7.5
Endotoxin/ EU/mL <0.5 <0.5 <0.06
Colloid osmotic pressure/kPa 2.4 2.67~3.33 6.53 3.20
32kD < 5%
Molecular weight 130 ~ 500 64 ~400 Number average 9% 64kD 33+10%
distribution/kD molecular weight 150kD 128 ~600kD 63 + 12%
> 600kD <3%
Half-life in humans 24 ~ 36h 24h 18 ~ 20h
2 ve:
Shelf life years at room 1 year refrigerated 1 year refrigerated
temperature
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