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Current Status and Future of Artificial Blood
- Focusing on Red Blood Cell Substitutes
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| Abstract |

lood substitutes, especially red blood cell (RBC) substitutes, have been developed for the

past five decades and have several advantages over allogenic packed RBCs, including a
prolonged half-life, lack of a cross-matching requirement, and minimal infection risk or concerns
about immunologic reactions. There are two main groups in RBC substitutes: perfluorochemicals
and hemoglobin-based oxygen carriers (HBOCs). HBOCs are made of hemoglobins from:
human, bovine or recombinant and undergo three modification types: chemical (intramolecular
cross-linking, polymerization, conjugation to macromolecules and combination of several chem-
ical modifications), genetic, or technological (microencapsulation). The types, side effects, current
status of clinical trials, and the future of HBOCs are described in details.
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Table 1. Artificial O, carriers (9)

Hemoglobin based O, carriers

« Diaspirin cross-linked hemoglobin (DCLHb, HemAssist®)
» Human recombinant hemoglobin version 1.1 (rHb1.1)

» Human recombinant hemoglobin version 2.0 (rHb2.0)

« Polymerized bovine hemoglobin (HBOC-201, Hemopure®)
« Human polymerized hemoglobin (PolyHeme™)

« Hemoglobin raffimer (Hemolink™)

» Maleimide-activated polyethylene glycol-modified
hemoglobin (MP4, Hemospan®)

« Enzyme cross-linked polyhemoglobin
Perfluorocarbon emulsions
Perflubron emulsion (Oxygent™)

Nano-dimension artificial red blood cells
Allosteric modifier (RSR13)

0131‘1]' kS QI8 AT tf-8AIA(Table 1)&= 3A &
2R (HBOC) 9} FHas}ststad
(perﬂuorochemicals)ﬁﬂ 27 A 2RE EREY, F 71
BT A9} Adlsl= SEo] gl o) 7)15A 0 EAJA] ¢F
A3 vz, Aoyt Y AT-E S8l wol 'WHg e
ol ARk o}4] frlolut v i Apkchel ] Azt %
2 AIE IEH6). o] 2ol A39] ARt dRA
ofe] AAES X938k vEA el A2AA (parti-
culate hemoglobin preparations)7} G721 &= 4],
W AL oA B2 AlRte] Fagh e olth(7,8),
BpsisitEd ASow e At Huse
Z(perfluorocarbons) A%< Fluosol-DA, Perflubron
(Oxygent™)} Oxycite 50] JYTH6). FE3etie 38t
9 RS0 2 B (ner)olv], B0l thet o)
Grge] 208 LR 49} ofhkstetAel thslo] 2 -85
S(dissolving capacity)S 7}4 E8|Zog THE o
2 e ST 9 9 ~12), FHESe A
&3} 7 41017 edot el (emulsion) O & RHE0] ARg-s}
=4, o] FErd o= n|@AK particulate) 7} E3FE0]3]7]
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& AFolM Oxygent™= % W& WA (intraope-
S7HAFHTH13).

S, HBOCE @402 ilgo 2 )4 v

rative anemia tolerance)<
ofA= AlA
241 195793 7yt @2 digle] Thomas M. Chang 59l
oJ3) ghtslA A7) Alatske], dA AESlSeHEE B
the HBOGH] Th% B @7} /bl 1551 ok, &
X 44wk vk ol HBOGE o2l 714 715 9 54 7}
AL 8t} HBOCE A&7 tilste] s uleh=
gk o 2 A e W SRt Al o gkrtellA
AYT Y eAAZA AFEE S 93, t51_(sterilizzttion)
AP E & 7] vieol o Abe] oY
whE Al vhelels 5o HukE o} 7he] gl —r’d*é“q
A9S 5 2] 7 1S 9 = 3lok14,15). 28
Aol e 2~6°Ce| WAare|A BHA7|7ke] 35 UIA]
Zojof 420 ERsIARE HBOCE 1d0A Hdigt 3
A7IR %= AL(room temperature) oA HAES 4= 131
(15), HBOCE= 8 AHrecipient) ol =Z o] ABO
#91(ABO antigens)®] ¢8-S 1= thl oL} Bho] )
2} A8 (crossmatching) ¢ HQAdo] gla N} 474]
o] AR 2 QL7] w85 8ol o] 2RI 5
(spot transfusion) ] F-835}c}(14, 15), T3} %Z@]-Eb_
|93 D] HBOCE AW 4k sToie 59& &
i A0 2om0s), Basel Yol Aa7e)
1000%-2] 1 Y= 231, HBOCE A5} 227} E3ta}o]
Fog u] HA(viscosity)o] Sto} 2= o 2 o] IF(per-
fusion) & 7NAAI71E &7} 9o] &3, HEZ AZAA
1 o547 AS(multiple organ failure) ]| Ei‘rzﬂﬁﬁ_
AR Gl A E s 7RI

T AJoA HBOCE 2874 oo dF 55
BAsh 4= Qlar, WA (colloid osmotic pressure) 3}
7R RRE 5]%/‘] o, 74«] Yollgko] wek Ao
T HAFATH15),
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°g O]—FOV ZZ] Bk olg} ARo] FATH 24

WTh(15). &, HBOCE WAl -9l ollx o] 24k (diffu-
sive) AALDE TWIAA 2HEEE A S 98
8t = 9l Ao E Ho|w(15), %57 S4Kpassive diffu-
sion) Hth= A A2 E3F 282 K(facilitated diffusion)
< Tl 2Fol| g Fsk] w7, 16) AESlSe)
=4 H} Fahgo] A o)y 9 e B8 THA
7}=rh17,18). &, 558

GER7IR A A9 dERREL T
(immunoinflammatory) ¥+-8-& 48 5 3IA¥H HBOC
L g7 RAEe Qo SHHS(systemic

inflammatory response)& At Hu% ot
(19). HBOC®] F<47](perioperative) ARg-ol
Fol e 57 FUoht, B, 43

FedX 5] FEe So7d 9%

e
=)
o,

(noncardiac) 4
T AATH15).

SEARE AR A o] o] 1209 A=ola 8
| HET-o] AYE7ITbo] 349 A=1] ] ¥h) HBOCE 4
o o] F B 1- 2902 v o, Fojel B
27t Aaksl A A (nitric oxide)2} Agste 24 a5
(vasoconstriction) ¥ AP e L F e dlol

ATH(15, 20).

HBOCS| M= 1

HBOCE WHE7] Slair= @» J} o dwkee
2 o]E ffgt MAE R e FEo HITERE
At 72 A= 7]E(recombinant technology)< %
3o mAE B tddlollo](DNA)ATY
animals) 25E A=THS).
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w3, FAA xS o8 daE i, AT
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=
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2721 $he B 02 WEolAl Ao,

A2 AT el B A 270 0k 27)e] B
HE|= A (polypeptide chains)o] Z(iron)& ¥3Fs}aL
& - (heme group)d} Agste] o] Folxl AFGHA
(tetramer) TZS1H], Al1AIH 2] HBOCS] F-71d EM e
A Zeto] A7 H o] 7] el 3 W= Fof=H =
2 A=A (nephrotoxicity) 0] = a-B-018A (e -B-dimer)

Tz9] 270 A9l (subunit) 2 E3HTH6, 9, 16). ©|EA

el AL oRHAIES A Bl v == ], ol
G4 Bk ofe} Ak Faksto] Adlun, gk I
2 o]gA7} Aol Al (osmotic diuretic) 2 2851
2313 g3 8-F(intravascular volume)-& A7 =
ofodars v = Sk, A, A= o] wie- 2]
wjiZoll 227} Pake] A2 3 (intercellular junc-
tion)Z %3 WA E(endothelial cells) 2 EHe|-H=

(extravasation) ¥0] A28} A (nitric oxide)9} AgHgo
24 Wasae Aol BARE grke2), el 24
27k 2HeA 2ag defdl] SlsiiE 2, 3-DPGe)
& Bz cofactor)7} B & FH| 771 dAae o
ERH YA 7] ol B Py (B0 2T
357} 509% < we] kA9 9l 26,7 mmHgE: vile-
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glutaraldehyde®} 22 WxFASA S ARg3le] M40
AHES THEY A7 Alolvh(24, 25). AR wAE
e Ao A NEAL o) A Zasiglon), Ba
WA} EAA-o] Eajeko] Ao} EvhfjulAEEe] At
S5 T RO TH Ba5E) vlRfE o] o}
&= 33s] dob = AdElolm (22, 25), A=A (cardio-

toxicity)& Q.o 71 A - o] UTH7).

AW AE F71AE M AE polyethylene glycol B
+ malemide®} 22 AvEAtel] HFAIA BARRS S7F
AR Z2H AE3E A B oz} Fd vzt
(intravascular half life)E 8|3 35Z0) v X]= 33k
= AR Z0ITH20).

FTHHA L AR LS SRkt A A
(macromolecular chains) & YFH= AHo|th(27). =84S &
A wabd ol At AR oS S T %
F8A| (polymer) o] 2718 A0 2H 4k4s) 2]
shAaele] A 548 AdsA 2AT 7 ATH2s, 28,
29), Hgh, HIAAGE AR SHENAE A8t
PANE 2% v TAAIZ o 24 ool e

2 AT 5 Yok, FHLALZE IRF EE o] B2
£ AM83 AEE] ov], ARRE g R dd e

=
9 2, 3-diphosphoglycerate (2, 3-DPG)E Z Q=2 3}4]
2= A0l )TH(7, 23).

SlollA] ofv] ZHEHS] QI Hhsh o, AAlke] wALA
HS 9J8lA= diaspirin, glutaraldehyde, O-raffinose, 2-
Nor-2-formylpyridoxal-5-phosphate 12]3L Bis (3, 5-
dibromosalicyl) fumarate 52 W2FASHA|(crosslinking
agent) = Q2 3t} 53|, O-raffinose, 2-Nor-2-for-
mylpyridoxal-5-phosphate 183l Bis (3, 5-dibromo-
salicyl) fumarate 59| o]% 7% wx}A%A(dual func-
tion crosslinker)= GMAZS WPASH AlZ10 2 M A4
7F olFHAZ Haf o] U ke i e Zls v
oflel, 2, 3-DPGE] AR AR E 283t pyys 7R3}
© 29 gl

sletA o 2 Wy H e 2A olr] F2 Al e
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Al(reticuloendothelial system)el] &3] A A== o], <=5
ol T W7 I= I AT} oF 25~ 301Kk, A3
A ojit o Al SR A EE N A= o] BT O
2 ig7)E 7HIY, §H4, 2, 3-DPGE] 7158 ZEaL Q)
2| Zgk shehd MM 2, 3-DPG fAREES F7
3o Psy& JNAAIZIAY, 23beHE BaE el (su-
peroxide dismutase, SOD)$} 7F&elo}A(catalase)2} 2

L2 G5 HIEA A Y (incorporation) 30 24 At

2f8]7](oxygen free radicals)Z Q15+ AT-FEA H(re-
perfusion injury)2 B2 4= it}

seba] W ol 9]l iz, AAo] Arksha A A of gt
]/\

U5 WA 3 1A 27142 ol 83
A8k dar} DASHE B2 ofp|iit 291E WekA)Y)
= 5ol 1A 23] oJ5hiE e ko, 15)

B, o)Al Bl Rolg ahge] gl ojut
(capsule) 0.2 ARA] BALE 74 AR 2, 3-DPGE

i

et Utol] Z3AFI 0 2H Py} Abad 2l S

oF FAFEHAl RHE Aolt}, wlA|TerE g FA 4 A At
WoAlE S3l wdd o2 Re] W] AA=E Aol
o} JHnto] 32 XA (submicron lipid membrane)
= polyethylene glycolZ 22 23| (polymer) & A
o2 M FEARMS AIAA B =8 W71 E 2041
olFer A Aot 53] A7 200 WR=E](na-
nometer) P|9ke] AR FEA L (biodegradable
polymer membrane)-& AREHO 24] A7 AR U=
a3 TNAAIZT, gk, wAEetE g A4 HA] Bt
Well 233tshe Et-sstasdl 7hdefolAlol 22 54
8|3l 2, 3-DPGo} 22 BERIAE EFHAIA thas A
Al(multienzyme system)& T5¢02H 2 75

2 FESHT AR £ 4
HBOC M2 SF2t /i oig
HBOC AA2A] A8 = Q418 BAloIN 3712

=
AL Bha8)E A2 2+ Human Polymerized He-

moglobin (Polyheme®), Polymerized Bovine Hemoglo-
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Table 2. Physico-chemical characteristics of modified hemoglobin solutions

Source Intramolecular Intermolecular Concentrat- Met.Hb Viscosity COP Py, T1/2 Nonpol- Clinical
of Hb  modification cross-linking tion (g/dL) (%) (cP) (mm (mm (h)  ymerized Develop.
Hg) Hg) (%) Phase
DCLHb ODB  diaspirin none 10 <5b.0 1.3 42 32 24 >99 stopped
rHb1.1 Hum. glycine none 5~10 1.9 42 33 2 na stopped
rec.
rHb2.0 Hum. fusion of PEG-based* 10 24 68 31 na stopped
rec. a- chains*
HBOC-201 bovine glutaralde- 137 <50 1.3 17 32~38 24 <5 11l finished
hyde
PolyHeme®ODB  pyridoxal glutaralde- 10 <80 26~30 24 =1 Il finished
phosphate hyde
Hemolink™ ODB  o-raffinose o-raffinose 10 <15.0 34 20 30~40 stopped
MP4 ODB PEG none 4.2? 2 <05 25?20 55?20 10 24 100 I/
conjugation

Hb = hemoglobin, Met Hb = methemoglobin, COP = colloid oncotic pressure, Ps, = 0, partial pressure associated with a 50% hemoglobin

saturation, T1/2 =

intravascular half life (maximal values listed), ODB = outdated donor blood, hum. rec. = human recombinant,

PEG = polyethylene glycol, na = not applicable, *no more precise information was available in June 2004 (6, 9, 85)

DCLHb = HemAssist® =

diaspirin cross-linked hemoglobin (Baxter Healthcare Corp., Deerfield, IL)

rHb1.1 = human recombinant hemoglobin version 1.1 (Somatogen Inc., Boulder, CO, later Baxter Healthcare Corp.)
rHb2.0 = human recombinant hemoglobin version 2.0 (Baxter Healthcare Corp.)

HBOC-201= Hemopure® = polymerized bovine hemoglobin (Biopure Corp., Cambridge, MA)

PolyHeme® = human polymerized hemoglobin (Northfield Laboratories Inc., Evanston, IL)

Hemolink™ = hemoglobin raffimer (Hemosol Inc., Toronto, Ontario, Canada)

MP4 = Hemospan® = Maleimide-activated polyethylene glycol- modified hemoglobin (Sangart Inc., San Diego, CA)

binbased Oxygen Carrier (HBOC-201, Hemopure®),
Hemoglobin Raffimer (HemoLink™), Diaspirin Cross-
linked Hemoglobin (HemAssist®), Human Recombinant
Hemoglobin (rHb), Enzyme Cross-linked Poly-
hemoglobin, Maleimide-activated Polyethylene - glycol
Modified Hemoglobin (MP4, Hemospan®™), Zero-
linked Hemoglobin (ZL-HbBv) Z1&]3l Recombinant
Hybrid of Human-alpha-chains and Bovine-beta-
chains S| ItHTable 2)(6).

o] Foll=
field, Illinois, USA)<] HemAssist®9} Hemosol AHHe-

Baxter A}H(Baxter Healthcare Corp., Deer-

mosol Inc,, Toronto, Ontario, Canada)$] HemoLink™
o} o] 7itto] ol Fehe AERE o, vhrA] Al
£ Foll= 37](phase III) AFAIEES P53 A% k. o
9 FA7EA] ofE AAE FHolut nls B AurtelA]

g AT

sl

D

5

of

Q& WA=

X3 Adeoltt.

r.,
fllo

1. HemAssist® (Diaspirin Cross-linked Hemoglobin,

DCLHDb)

Baxter AF2] HemAssist® (DCLHb)E @A 9] a-Ath
A+ diaspiring AHEIA WAFEFAIA a-p-0IFA =
of FalE TaL Ak sk S AR A0 2 (30,31), 4
A wE A g W Seld FEe) £US

A7 onk32, 24), 19961 TIE FDARRE 37] 94
ABE SR I F S ez o
5) AS cqm—.o_
A9 AUE TN < BE QRel T
TH24, 33, 34). o]2i@ APEE 57 BRFFOR Q1T
gkl <Js] o] of sl MEL2 FHH}
(33,34). ©] 9]dlli= DCLHbS] Fof= F&, A9l 12a
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B =7 F] S FEEFI(6), Schubert F(35)0]

7k Ee] Ay A, A AS (leus) T AFE 59 Y
#A F2g, opdlglolA|(amylase), W] FH (bilirubin),
oln] = o] & Ax(transaminases), FF R 2& A (blood
urea nitrogen) 23 I o} EAFETI| LA (creatine

phosphokinase) 4]¢] A<, &< (jaundice) 2121 &
A 4= (hemoglobinuria) 5-2] F2H-8-5 YERITH

2. HemoLink™ (Hemoglobin Raffimer)
Hemosol AF] HemoLink™+ O-raffinoseol] 2
20| g-AREES WAMETAIA AR AFGHA
a1, 9| opn kS Adtate] A F=9t
2 AR S e FAA FEEYe

AEH(36~38). 22Ut HBOC AlAle] dwk=|Q
o, A BA 9] St e FRle] &7

=
2 H
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3. Hemospan®(Maleimide-activated Polyethylene gly-
col Modified Haemoglobin, MP4)

Sangart AHSangart Inc., San Diego, California, USA)
of ofaf 7idd FAd M aolat AFFHEA (plasma ex-
pander)¢] Hemospan®(MP4)-& #747|gko] At ¢17k¢]
P45 maleimide-activated polyethylene glycolol &
Z¥H(surface conjugation)A]H &2l Z7|E =7 vt
A1k, o[%A #Ale] 2712 FUAIT) B HBOC
A} i) Fhgel TRkE B2 Slek A2
dl, ol Wgkido] Wl olgh AAs Aol o
ST ek o) ohzt 2% Wareriole)olxle] 3}
ok Ak sjeel] whE aAAESE e (au-
toregulation)& F&ete] Bar5-3 72 5 o= 7t
Aol ZA% Aelvh(39, 40). F, Abaote] Hsteo] A
A4 Ak A7 S5 A4 Sk da 9

1)

TH41~43), T2} MP4o] Fof Follie ko] o] 3
ZEQA= U, o) th-29] v HBOCA|AIE 0] 457 9]
F2o 71913 bl ) uksl Mp42] A= MP4 A}
Aol wAA EA(colloidal properties) 02 15+ Aut=
F S7tell 71R18k= Ao 8 FAErh(44), AR thde
23+ 17] AR CIA o] 9] v HBOCA A9}t e
MP4E QP02 olelgle mastolt AR B

= HolA] eigtom(45), add e W 9078 9] 1%

o

1275
= gdozst 27] PINHAINE TS 21S B
AtH46). o] AlF oA MP4= B3] 41213 Hakg-S Ho

- —=

7] exsk=t, opdetolA|e} A dwal &l (lipase) L2|aL gk
B A9 nokel a2 SAH SR ofn|7t IlaL, vt
Aldo] o] A= U= 43S B oH40) o)2fgt $kxf
EollM & Mol p-AptA|e} 22 oF=o| AM-HE AT
o gk FE= & = gloieh. A Mpd= )8R 2A]
fraelxlE 371, vlserie 27] AR Tl aL, 29
dlof| A= AZ18F AFA] &8 (critical limb ischemia)-S- ]38+
27] AAAIE Fol] 9l 0 H(47), T =2 (moderate) &84

888 5 Sl W9l el Fahg-g HolFal Jltk(T),

4. Hemopure®(HBOC-201, Polymerized Bovine He-
moglobin-based Oxygen Carrier)

Biopure AKBiopure Corp., Cambridge, Massachu-
setts, USA) 2] Hemopure® (HBOC-201)E Zoj|x] 223}k
HAWAE glutaraldehyde-lysine S o]-83) F33E 2oz
F71Q1 AF(filration) HHFE S8l THEA| b2 ARt
Al BALE AAT Aoleh28, 48). FF =}, ¢t 12|x
A Fad e S e 8 A7ellA HBOC-
2019] Fof= 59%9] SatellA] FFP N FHG A
o, a5, obdefolA|oh A B R G A o] s
I} o] A7 A3he A s 279 B B, A
@H(dysphagia), T%(nausea), 2¥7 A4S (oliguria), T7]
o] Yeh}= W ESEFEHE F(methemoglobinemia)
4 FHBOC-201 HHEFZEYG (antiHBOC-201 1gG) <]
8 5o B28-5 JERITH16, 49~53). 3HAITF HBOC-
2012 A3 2as) BRtegdes e S-S



A A2 A glo] AREE ARe] 9lem(16, 50, 54),
Jahr 5(55)& HBOC-2010] SEg M o] 83 9LH3] o
A& 7= glARE 2zo] agh A7 FkAtollx] Ad
77} ZW*PEVM TN FHol] ks AR
A 4 glokar 8F9ieh. HBOC-201 (Hemopure™

37] AR ¢kl v FDARTE = o}2] Al

Fu

s WrW

°lg Ax| %é‘lxl‘ﬂ, 2001 Folz gj7teilA =3
glell = 4] SEAfoll M o] At ARE-S 2l wekth
(13, 56)

5. Polyheme®(Human Polymerized Hemoglobin)
Northfield Laboratories AF(Northfield Laboratories
Inc., Evanston, Illinois, USA)¢] Polyheme™& #4717k
o] A} 7]
AskES 7124417]7] 9130 pyridoxylationA]7] 3 gluta-
raldehydeE o] &3] &35t = Ho|th48, 57, 58).
Polyheme™ & FEAEY o1 4 SFFES %‘1 M)
TN FFEH | TS A F e, vis-
82 & (hematocrit) el ollA = Yo gk )% -%
(29,57,59), el opetopA| o] S7} o] 9o
53]

= o17ke] AAEZHE] Ao QAMAE A

— U4t 2T1=

4
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M do mk 32 net
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2 A FAES wolA] dgkon], 53] uEgkE fE
3 o Aol FrlFaL FEEHO). $FFES W
17188 o2 3 AFor] vte HFT 2482 717
A= o0|7A Polyheme®<] o T k53t 28-S HYO

1, o]xe] B2 HBOC AA1E AHE-5F

HAeE -44S Ho|R|= &Shh(17).

2 “Polyheme Urban Ambulance Trial’ & 53l 2]43kx}

£ e 37] PINES gustgov 371 ddAE

E%(design)ﬂ]/ﬂﬂ s ke
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= 5fo] ool thek &A1 vk WAL Qlek60). o]
F &2l A ol ml=e] Aok (Food and
Drug Administration, FDA)©¢| Northfield Laboratories
Aol AJFSEA ) Polyheme®e] Folol thate] 8ha} S0
$H FoIE W A4S 4D 5 AT WA B8
o] Bk 223l Aol theh ofieie A)7] = ATH60).
AT o)A 8 (preliminary safety study) oA Poly-
heme®e ZA7} € Axo] A7bet A4S Uo7
1sko v oel Aaesl BAE vehiA] ekgho of
= Aot TS T g e A3r Honj(17, 29), wie}
] Polyhemeo| thet S22l =2
A&7l YsErh el vlellx o] 284 23] Amo
71491 AL AR E Ao 7o),
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o

2}o] }_}JQ_,—/_ 01)\]-1-1 o]

6. Human Recombinant Hemoglobin (rHb)
Human Recombinant Haemoglobin (rHb)2 tht
(Escherichia coli) ol 72 B3 E 217t MAE ofn)
=AH S HskAA ke AlAl2A4 (61, 62), ol2gh
Ho| S E3) AbAo)e] 25l AlEAdS 7HAaA| AT Ak
shEA AAR Ig darE3 o]of W 4] (systemic)
9 5] 2L ri1be] F2he Fol hfoled, oletolAls)
Apslasel S vk A3 vlAERel FolE %
k= A ofn|Ehh(63). o] F rHbe] 2d W (rHb

2,002 53 olek da vHe-& BHEHAIL(22, 64), 7Het
Fol 2zelr a3t Sl= Aoz ATHIA21H63, 65),
A H o) de] Tl Sk defoltt.

7. Enzyme Cross-linked PolyHemoglobin

Enzyme Cross-linked Polyhemoglobin& %841

of 7hetetolA|e} 23 IsHE Bt TSt a s WA
Ao g &#% slo]ZIAM (hypoxanthine)3 AF-FA|
o A= TFHe AT AT I A EE A
WAEE7] A A OIEH06). FEAF A ABF S 22N Y
ol 135 g3}l Af7] AlA EI7F AFSEHIARHG6, 67),
Wy H8e JHME U Be FE 2 94 97t e
S

R
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8. Zero-linked Hemoglobin (ZL-HbBv)

Zero-linked Hemoglobin (ZL-HbBv)-& Z <ol 1<tk
2 de] fle & A FHARA, F4ke] 271
7} AN Bk 9] fFo] A Ak A8k e o] 54
o|th(21, 68). oF2] 77} o] X1 A] ero} Fardt vkl
QA7 2} Qi Aok,

©:
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0|EXe HBOC x|

1. Hemoglobin Containing Liposomes (Neo Red Cells)
AAE A AE 2L 97](0.1~0.3 um) &) 2E(vesicle)
Z 78 Aoz Axute] Az ¢1x4& (phospholi-
pids), ZFd 28| Z(cholesterol) 181 a-EFH|E(a-
tocopherol)o] ARE-ETHG9). o|FA LS 2¥ 2 T
A= B4 daLe] ) vl E S,
B8-S 71204719, 2,3-DPG B v ES| mFEn]
& ~(methemoglobin-reductase) Z-& 83 522
Yate] DA Ao] Aka st s 2kl vE RS R
S HA717] $17kelrh(48, 69,70). o] flel|= 7heket
opAlol IS Bt Esladet 4 BAE AFYd
AU 2 ARFEFS T T AT, A
olgfgt M2 HET AA7} A&3tE77HA = B AR

o] Aastele} 42er,
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2. Polymersome Encapsulated Hemoglobin (PEH)
Z0] A AE polyethylene-glycol (PEG)E o]Fo{7]
Z A 2~ E(polymersome) 2 74 A0 2 PEGE AES}
2o ESA FHARAM A Folrlole gHdat,
oSG AAl(drug delivery system)ol] ©]-8-F|3L THS).
PEGE FAILE L] Hhof vl gl AHF 524 (osmotic
property)< F-ofgte] &35k 91 A8 d(mechanical resis-
tance) g 7FA 1 F3A (permeability)S Z23H0 24 At
ot Apolef] eJgh EAIES A= AT T o,
|

Rhe= AL 758l FTH6). Ak
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« Perflubron (Oxygent™)

Perflubron (perfluoro-octyl bromide, Oxygent™)-&
g o] I AgU Al oJal FF== Hl, perflubron
of el Wizl = Folgkel os A E BE 5 ARE
A o|th(72~75). Perflubron YAR= AlgUlT] Aol &
=, ol o ERE Bl & F3l MiE (72,
73). YBAE 53 T LR perflubrone 7] 7]
g AT ExxA Y AastE FEAZIE H
(76~78), o] A2 perflubron Y7} AbAE 23] & 2fst
< EE ATl Hig) 277} vl Zobr ofF F7u A
Aof= 7] el das A= s e 5 A
7] WiEo 2 FHHEHG). Perflubron 217+ tho g
g ATollM FFEA ] FEE =FU A A
o14(74,75,79~81), o|#gt A= th-&-FollM H& 5
SFATH79). A Fakg-2 e A edgter, 2553
nEs T 877 (flw) o} AR S8 Fe &
3~7d) Do) of 15% A FAFe= F2480] By
o, ket AR el g 3ol o
ghtke dgke §ISItks82). 200140l A 4=
Fo R g 37] I A7 Fakgo] Bal

e i |
wo] Aol FerEiglont, oleld NS Hakgol

32

=

31 Ah48). A o] Al ol thek F5igh 7 222 B

o)A g1 ek,
HBOCS| 22X = siZ=4

HBOC®] Q1734 2 <
WA ==, olof st AloRe FAE A
(cell free hemoglobin) 9] AL 32 st A<,
ekl A (hemoprotein) 2] AFsAF8Hautoxidation) 2 ¢l
3 HEFRIZN A, Tl Ak AE |2 (oxidative
stress) S L07)= A7) A4 S0l ZFETHS3). ool
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=& @A A o
3 3 Mg Fiehe vHA
23 ol 7hdetobAle}l 23 tshE Buestas 5o o
a4 AAl(multienzyme system)E T-53 L}7H0 24 3
EEERE)

§H, Kao 5(84)2 F&olu o 121 H&EF 84
ol HBOC/ ApHEish A2 4s] wh1E 274 ack
31 3}¢a1, Natonson 5(85)% U4t Alglo] AAH 5714
Yol -84, = Baxter AFe] HemAssist™, Biopure AR
® Hemosol AF2] HemoLink™, Northfield
Laboratory A}¢] Polyheme®,
< o= Alge WEREM (meta-analysis) oA o]&
HBOC AAES Folike @XPEPJ Aol ti 2T St
EXH30% A = 2_7].01. /\lxl- wkzlo] =7} 2 7v)
Z7Fskdtka B 139de}. Natonson 5(85)2 o]2gh 2
7} HBOC AA o] @4 A7} dabshadeof Adtsto]
e FHA71L ERE A7, AA9SA (pro-

inflammatory mediators)9} Z83F d @424 (vaso-

Hemopure

Sangart AFe] Hemospan®™

constrictors)& Felatal, By B2/J3Hinactivation)
7159 2218 Suksle] Aol 71El A7)e] ditel &
S (thrombosis) & Ao7]= Ao 7]RI8k= A og 4
et 3HAYF Natonson 5(85)2] 7= 2 7HA] EAI &
Wzt Y=, AA, A5FF ol lojA ] Algidoz
913} 3% HBOC AAIS ]| thet mE }?f% TR ©f
#9)th= A, S4), ZF HBOC A4 7tol

£ A1l Aol7h felrhusht Pag0 2 ols) 9
Alo] o]1] FEHE HBOC AMISE thaol EFIL gl
A e, A, vzl AR AL AR, 5

rnft

do), APFA 502 hefstol vl K 4 ol

AT Ate] 8ol oL AR,
HBOCS LI dEZst

ARk @ik B WA age F9 S
231, of7] o FhdEfolA o &

A 2~(polyhemoglobin)< THe
IsHE EEstaLsE AFAA awt 7153 3

Current Status and Future of Artificial Blood = o

A2AGT2 AATE= 715 3HATHS86). 37
PALIRTE )\] T2 Y29 (nanodimension) 2] Q1&
ol M AE H|ESHA QIRte] AT Wil EAle=
= FLES ¥ @—a}ﬁ i AAE TSk Aot
(86). ©] 2lollw FFP e} 4] %gmbrmogen)& 4
FAIA ARt B o AL V)5S B3|
3= 5 th7 s (multifunctional) A4 Zﬂﬂ]%ﬂ 7iato]

AlZ=H AL JTH(86).
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Polyheme®, Hemopure®, Hemospan® £o] g3t
HBOC A2 AElo] A1 ol 7t s it
AlEE R 3L gxlol o] A 282 913k Hr1E el
ik, 99, WAZAle) e b 7)ol 24
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