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71 F9 R o] dell 7] dREmnle]l B &3k (thiolated) | A& SO ® dt= <1y oAl

A1g e A7l ojA,

0.10 "5te] WEFZZ2H (methemoglobin)/&E FRZERIY HE = AL ERoz 3= AT Jdx,

ATE 1

A7 &1 fdE Akl JRIFREE 7 EZ(torr)(933 Pa) mRre] P50 ztE AL EHoOR FE <

of

A1 =5 A7 oA,

PEG-&| =2 &8 A& A (conjugate) S E&3le] 24T A A543 (autooxidation)ol] thal kA&, A7) WHE
FRFEN/ZE FEIFENY HE 0.10 wgola, 7] PEG-IEIZEH @%Lﬂ](conjllgate)—t— 10 E=2
(torr)(1333 Pa) Wwke] P50S zHs A& 5A 0= &t A3 A,

A7) ARFENE T(horse) AEFEANQ AL EJor dh= E A,

84 3|A A (aqueous diluent) Fol| A1 F= A7) WE ey dAAES FIal= oy dAE ZAE.
A7 16
A5l olA,

A7) HEFERY FEE 0.1 WA 4.0 g/die] AL EFoR stE= F NG AL

A EE FEAL AR PH FEE AL FAOE St AT A,
37Y 18

A7) olg dAA= 9 (trauma), W (ischemia), F N3 (hemodilution), ¥HZF L (septic shock), &
(cancer), THAWIdZ(chronic anemia), AA AT ¥ ZF(sickle-cell anemia), A7&v}H](cardioplegia)
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A2ka%(hypoxia) o] A &S AR oAl Axel AHEE= A
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A7) 1F ddA= Absf 2 <13k FolE2A(loss of blood due to injury), €34 ¥l8€Z=(haemolytic anemia),
A WE8F(equine infectious anemia), LYol ZHFA WIHZ(feline infectious anemia), BFE|E|o} 74
(bacterial infection), <QIAF IV #<Y(factor IV fragmentation), W5 (hypersplenation)¥} W)
(splenomegaly), 7FaFolre &3dZ3(hemorrhagic syndrome in poultry), @524 ®¥1¥ (hypoplastic
anemia), AAEFA W (aplastic anemia), e WS &3 Jef(idiopathic immune haemolytic
condition), A A¥(iron deficiency), WY &34 W EH(isoimmune haemolytic anemia), "|AEHg &
dA W8 (microangiopahtic haemolytic anemia) 3 7] A(parasitism)d 982 AFE 3 kA A%
AFREE AL EAoR a1 QF A4,

Boge do AEe i Aew, wr pAdez: Ak WFHEs} Be AEE AuIENg e x
e R g7) 2R Azse Eel B sl

gole 2ho] GYaF SWstn UL A 2HoRNE AR AASE J5E Brh. Foe
HYT(RBCs = erythrocytes), WAT(BCs) 2 Bdidro] Hfslo] Q= Aoz Fg=o] gk, Ao
e AZ oF 9987t APolm HATY /R JEe £Ao] AhE FWHIL £HOEVE o|sheia
g AA}E Aol 3 e

o AR AAALS E3AY sy AsHE Foke S FzAert, i g
GArot ME ¥EY o] FE doju= B EoJ7Ft}. (A.C.Guyton, "Human Physiology And
Mechanisms Of Disease"(3rd.ed.;W.B.Saunders Co., Philadelphia, Pa.), pp228-229(1982)). 1 o]% K &d
o 2qus Gug Fa gukEe] Ao $AMeR Soled. WEAZeR Sole Weole yFenyy
=xjo) Uk A3 wlaele] havh Aou}, Sole @eldl: Holw e fkx el okrswsl EgHol
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10417k 52k 5.0% oA 5.50% 715190},

o]},

T 72 F 79 PEG/EE FRIZFEZH(PPHP ¥ POR)E FENE 559 Hy FULS e
Zoltk, 7] HESL PHPE W2 &AM A&Esta ®Buh 34 vesth. A, 8 7)7Hsek 2 POE
FENAM o FAFA

= 82 MalPEG-HbE -20ColA 647k, +4ToA 5UZF L AL(24C)olA 10A3F FF A3 H9 A

7ol wpE theksl Akslgo] WaEE yERd Folt.
% 9+ MalPEG-HbE +4TCellA 543 Agst A9 AlZtel] & s8-8 Yepd Aoju,

% 102 MalPEG-HbE A-2olA 10A1%F &t Ae H5- Azt W& Abst&S vehd 3ol

gt o] Aeh g

B oo =o A4 LS VIR E HBOCsE ¥3HeteE o1F dd(blood substitutes)ol] #3F Zojr}, HH

Hgo A, 7] ZAEES AA JrIER FAS A HFEE IR <F dAH ¢ 8807 A

S zZo utsk 4= 9l

Z] o

2 e o] E 7] fste], ¥ WA Al E B2 855 dl|et 2ol g,

'S 224 (hemoglobin) "ot &2 At E el AT AE o] x3tEO e weld S dukygow

stt}, FARIERIY 7} BxbE 49 AMBRY, 2719 a Ad Z 2709 B AUAE THAH, o5 AFA T

Z(tetrametic structure)® wjx¥ o] Qic}. 2z} *12%‘71~ 3ol #(heme) L1EFS XS, AV A aF
1=}

T 1
& Abs9l AgtslE H-3 AE (iron-contating center)o|th. wEhA, ZF JEZFEH A= 49 AHAEA
o} A% 4 Q.
"NAE FEZFEH (modified hemoglobin)"&, o]d] AdE A= o}, By @ A7 wzk ZAdH(intra-
and inter-molecular cross-linking), 4% ZZF(genetic manipulation), & &% (polymerization) L/EE
2 3187 (chemical group)(e.g., S 2355, oA, Zgddd FoF; £ dwzd slgo)=
grestE, 34 8 5 2 OE FUME) S HE 22 shehH nkgd os) WAE dAEIERS xF

=
gtk RAMoR, smIEWel TEH Ex /vd 540 19 FA JuiE wAHIRA ) A2
20 NAE (nodified)” Aol B weld rdmzma At ARE dwma % opie Addel

A Iz 25 wac),

(3

"ol MAE FRIFEN(FEH-71E sEF=EW)(surface-modified hemoglobin)"o]2} $FS €~
e A

G ke Ey Fe gslr)r BEE, Hu dubdo R s FRATd ez HAE oA AFd draEil
S @ty "ol MEE AE sl RZF 2R (surface modified oxygenated hemoglobin)"S ZHo] /fzE= o

"R" AEe] 9= FRIFENS on| s},

"2 | RFER (stroma-free hemoglobin)"& RE AT AFdto] A A

"W E g R ZFEW (methemoglobin)"S 37} o] AH|(ferric state)d] HEAE 310, A& U EA 7%
S 8 4 e dEEEyle] AstE s Wi},

"MalPEG-Hb"E Eeujdo] o9& &43}% PEG(malemidyl-activated PEG)7} A% dEZFEWS D3ttt A7)
MalPEGE= o] kel 5= 9l

e

w1

Hb-(S-Y-R-CH,~CH,[0-CH,~CH.],~0-CH; ),y

X710 A, Hbe AMEEAl dlEE20lS Wetal, S+ ¥W O El27](surface thiol group)olal, Y& Hbe} Mal-PEG
link)olt}. RE &7, oln|=, FMuldolE T+ wd

Abolell e &HAloln = FHAE(succinimido covalent

_7_
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71(AA =] 71U (source) ¥ A FA W] oFEd)olr}.  [0-CH-CHy],2 PEG E] ™| 9= (backbone) <
TS SAldEd fFHoR, 7|4 ne Z¥He Aol(d: Mi=5000)<, 0-CH;x= ¥w "wWSA]7](terminal
methoxy group)S YEFWTE. PHPS} POEE 2719 U}E PEGE /A H & RIFEqlo|tt,

"HEFQ 272 (perfluorocarbons) " &4 (fluorine) YAE E&sl= A, vEAH EAES 23, o&2

AAH g d2ABr, F, CHI @2AdAAE T, odd Heloa] o5& ¢lg Ao A ey =r,

ol olEo] T Yoy EHU Ful we AAE &d(dissolve)d ¢ AE TEHS IR 7]

o] o},

"8 Z=FA|(plasma expander)"+= A8 (blood loss)E X &3l7] Y&l A #Aad F Y= SNo|r},

"M @WEHF(oxygen carrying capacity)" & FEH3] "AbaE(oxygen capacity)' Mg WkslE dE E

Ao FHoly, AAE EHH(deliver)dts a&4¥ dAHo=m Ay JA= & Fraenle] g o

1.34me9] A7t Ajste Ae=® dexong ) Aka EHbeS dutdo= a]E%i‘ﬂiﬂ FEEEEH AEdEY
FolW AtAaT(mé/de)o] AEdrt. FAEZZER FE

agrg, RIEN FE(g/d)ed AR (factor) 1.345
= 9dAe FAHE c}‘ﬂ, d7dg) B-IARI=ZH X B-Hemoglobin Photometer; HemoCue, Inc.,
Angelholm, Sweden)& ©o]&3te] HHE 4 Aok, FAH, AtasS Ax AA FA(fuel cell instrument)
(of: Lex-0.—Con; Lexington Instruments)®} 22 FX|& o]&3lo] FRIEZR AL L= A AMEZHEH IE

A Ahael Jom £4d 5 Ak

"Ab e 3 (oxygen affinity)"E A EIFERI e AL WAV} A EAF(molecular oxygen)oll A3t
Ate (avidity) & E3ch, o] 5L 2kae] BEH(partial pressure) XF)3 2k} Ao =
228 B2 X3t HAm(YFH)o wigh 4ka HE A (oxygen equilibrium curve)oll o8] A44E 4= gl o]
49l A M (position) Ak EREAZE AbAE WhESH hal f-saturated) Al 71 AbAo] FE9F, 5 P50ol g+
TR (value)oll o FAIFITE. P50 AbA Zstko] whajggitt. &, P500] RHEFF AA steE FU.
AA ML A8 F FRIENH Ze A o] FAAHTE)Y AA e dAC TAE o iy
Eoll 93 542 4 At (Winslow et al., J. Biol. Chem. 252(7):2331-37 (1977)) A RBFEE I A
dHoz FAv=ar = HEMOX™ TM #2437](TCS Scientific Corporation, New Hope, Pennsylvania)& ©]-&3}o]
=45 4 t}(Vandegriff and Shrager in "Methods in Enzymology" (Everse et al., eds.) 232:460
(1994)) .

A (hypertonic)"olg} & A (>¢F 25-27mmHg) ¥ v} & AF%H(colloidal osmotic pressure)(%33k
(oncotic))S 7HAe wd &A4E ou|girt. wd AF¢S fﬂiﬂ 71 Al (Wescor instrument)$} ZS 233l
a4s o] &3ste 544 + Ao

"Aa-21E A F (oxygen—carrying component)"o]gt -2 FHASAIE AA w3 ANA AAE ENsta AT
Ao ARE Ao HAd(deliver)d F A& EZS It wpdR g Ao, A7] A0 RS
HAA e JfEE sEIENY 4 on I E o uygois o]F "IFRIEul 7] XI kA $HHA

(hemoglobin based oxygen carrier)" B+ "HBOC"Z} &3ic).

"g A8 A3 (hemodynamic parameters)"#t > FHLASAE Y, Fe(flow) 2 F3 el (volume
status)E XAt X4EA, 89, AvE%F(cardiac output), &I (right atrial pressure) 3 FAA
7]t (left ventricular end-diastolic pressure)™ #2 X|4E& X gdlt},

"Add(crystalloid)"olg} 2 &, & 2 &4FT8&Aq7 Fe gL FX(EFY 10A ¥¥hHE Hth. W
(colloids)¥= g, AAAL 254 FA3d AE(oncotically active components)S F3He}x| om <=
Allcirculation) 9} 7+2A F7H(interstitial spaces)® Alo]Z w$- w274 H&3kx 71},

"W (colloids)"S, "AAA" MR, 7] D Hdte] o LA we e HIPATE E BEA
(% A 10A B} q ﬂlE}/\E‘rX](pentastarch) 2 3 e} ~E}X] (hetastarch) 9} Z& HE B ol &

wd AF(colloid osmotic pressure)"ole} $h& wS 7t2dE f59 WAAE FYsIA7]17] f8] e
ol 7talizl ¢S weihr).

"2 Akske] thdt oFA(stable to autooxidation)"o|E} 2 AEAksE W £EE {5k HBOCS

o
olr
v
o
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Wtk HBOCE, WHeF WESREFEN/F |ZS 2N H|S(ratio)o] 24TolA 10A1ZF ol 2% R} A% &
W, 24°Col A QdE Aow Rrh o), vl A L5} 0.2k oW, 123
HAET} 5403, A7) HAMET} 7%RT AA i, HBOCE 10A17F B¢F ALoA orAs Aoz 2 5 g},

"HEHRIFEN/ZF JRFEN B]E(methemoglobin/total hemoglobin ratio)"olg} & F s|EFEWe| T3t
2271 A A ¥ (deoxygenated) S E=2H2] B]&S T3ic),

o
et
it

E3HE(mixture)"olgt $2 7} B EAS 24N F AT w9 ARl 27 ot 4ol ¥ £F
d s 9t "&9(solution)"olEt 3 2
solution)"elgt 3H& °of7te] =& Efets &9
at7] f1al skt o] o] o

SRR
(ol 108) wlo] Q= AA $AE L3

2

liquid mixture)E @3}, g8

, A 8 (nulti-component solution)S A
approximately)"o]2} +& T A|E Fx]2] W9

aqueous

(03

g T
ol

o
4 o
H

o
4 85
5
Py

"EZ@olg @l =2l F(polyethylene glycol)"o]&} &2 UukAl H(OCH.CHy) OH(N7]A], ne 40]4) o2 ehfo]A]
= A e 1A FEAE etk XS ALY XA F2 ofH PEG AAE AFEE 4 T}

el AREE gE &oldl tiF oul= FAA Sde] AAE T AH(FEAh R &olatA ol

Hlel 2gHel A14E oldd Bast gt

T = O O% = = Pe] = €] S ] pul RS —/—‘\— R

AR HBE ol FAHE 7Y FE olFste 7[EAH] AAL vl 7]AE =i(discussion)E o dlstE
H =& F 5 v YRk o2 RATIS AAE FFOR ukElE T REAIR AQZEEOA gt
gy, FA7e 2Ae B HEo AT A AlEW(arteriolar) ¥ EAF 4bA E Alolo] A HFE
ol grta AT F, TS FRIENL Al UE I A ko] of 1/3& uketal mA
ol oF 1/3& 2wty Holle AtAE HAUWAE F3 vAeHoR wEHE o2 AZtEofzi.

WA ARE ol§hs gholth dAdd, BUme G APl U £HS Esle] AR xdal]
et el

= ZAE

o]_
perfusion)oll A Apezde] Asts vt wabA, e oo Aba euke] a&4dL A

=, =

ZA3gtoz A 4= Adt(Winslow, et al., in "Advances in Blood Substitutes"

, Birkhauser, ed., Boston, MA, pages 167-183). &A 7|+ thkst oA G&e ALFEESG 5

7bFsstAl stek. SAE V187 E SAHE R de 2F-d g Ak o] 8 &Hxo Aulggtt. o]
dadlo] AT FHo FUtel wel Frista okl o3 FAsIE Ak o]&9 7]FEA(baseline) S
2N == E-O%—i— .

wulo] gk ka4l %, AT Rl Waw e 0 74H Dol Bad tre e A

Nooxl o 1o ol
2L ood o 8 N
3
A
—
Q
=
o
a.
D
=
=
N
Wl
\d

ko
o
[o

S

Ha8 7)|&7)s 2329 Akdk(oxygenation)ol WAl H3c}. ¥ 4=F(vasoconstriction)< AF
thAF(oxygen gradient tissue metabolism)E Z7MA7]1E ¥, 3 A (vasodilation)e 7]&715 #HAh
o 71E717F 255 d3ded o AFREHE AHAT guE AS YEhE v, 718717 & 5 =
AFSE F Qe AT Aoe AES 9ujdit). FYd @42 mAeE 5ok Ul EAsHE HesE oqA

Er
N
o
N
N

3,

o]
AN
Ehi

e

2 Ak FEES 7R HBOCE /HEehs ARl offe AT £l
ASE
a3
5]

-free hemoglobin)& ©]&3F X Ao UF wgS
)
%Y

I} AbA Z13}=2] AA(The Relationship Between Vasoconstriction and Oxygen Affinity)

g A& (alternatives) 24 F
Ak olHE GHEA ZH

Y
K-
[V 1

2
it
rE
o
e

o

a3e GAS oldEA Z3 Y. ol F olvl: I FFS dov|= A st 7
2 glom, Ay d F£H5E& FE3 <zl n¥gerw yElhr|% dch(Amberson, W.,

linical experience with hemoglobin-saline solution,". Science 106:117-117 (1947))(Keipert, P., A.

S 8B R X
o
AC)

Gonzales, C. Gomez, V. Macdonald, J. Hess, and R. Winslow, "Acute changes in systemic blood pressure

_9_
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and urine output of conscious rats following exchange trasnfusion with diaspirin-crosslinked
hemoglobin  solution,"  Transfusion 33:701-708,  (1993)). H| ~-t] B 2 2] A -Ful g o] E(bis—
dibromosalicyl-fumarate, a allb))Z 7FAi= a A9l Atolo] wAAEHE <zt s|mIFzHlo] AFakreu] =
d2A vFT(U.S. Army)ell oa] AHAo, # 2 AME o Aol AAEA FUHEE Zlo] $HE F
of #H71¥ Atk (Hess, J., V. Macdonald, A. Murray, V. Coppes, and C. Gomez, "Pulmonary and systemic
hypertension after hemoglobin administration," Blood 78: 356A (1991)). “43E 93 AF= #1344 A%
Aglo] Amst o #H7]EHAcH(Winslow, R. M. "a a-Crosslinked hemoglobin: Was failure predicted by
preclinical testing?" Vox sang 79: 1-20 (2000)).

FAE dRaznlel o xed i 5o g 7P drbHola EE A Z1le] WiulAd olgk At
(endothelium—derived relaxing factor)Ql AFs}&A(nitric oxide, NO)&F €A A3ttt Aotk AAZ NO
of w3 s=rt ga"E AxF sEIFEAe] AxHFJew, oL H-2= HE AH(top-load rat
experiments)ollA IS @ o= HAoZ YelHt(Doherty, D. H., M. P. Doyle, S. R. Curry, R. J.
Vali, T. J. Fattor, J. S. Olson, and D. D. Lemon, "Rate of reaction with nitric oxide determines the
hypertensive effect of cell-free hemoglobin," Nature Biotechnology 16: 672-676 (1998))(Lemon, D. D.,
D. H. Doherty, S. R. Curry, A. J. Mathews, M. P. Doyle, T. J. Fattor, and J. S. Olson, "Control of the
nitric oxide-scavenging activity of hemoglobin, " Art Cells, Blood Subs., and Immob. Biotech 24: 378

(1996)). zElvk, NO Aol RI =N &g (vasoactivity)ol gk FYg Aol ofd & rpe= A
Aol vom Q. Egd FUZPEOE AdE ARIEN B4 0o W 2 duIEu w4
gl = BT, nILS

o gE0 N0 AdtEo] S FAEA Ao o albe NO eI =
©7]% F ¥ (hypertensive effect)7} AMES o] 8 EATH(Rohlfs, R. J., E. Bruner, A. Chiu, A.
Gonzales, M. L. Gonzales, D. Magde, M. D. Magde, K. D. Vandegriff, and R. M. Winslow, "Arteial blood
pressure response to cell-free hemoglobin solutions and the reaction with nitric oxide," J Biol Chem
2731 12128-12134 (1998)). t©l=o], & (hemorrhage) ol PEG-S|EEF2ZH S wWIFHE AF30S v A7)
PEG-d|ZZ=Hlo] g9 AxE oAs=d w9 axddo] w3 Att(Winslow, R. M., A. Gonzales, M.
Gonzales, M. Magde, M. McCarthy, R. J. Rohlfs, and K. D. Vandegriff, "Vascular resistance and the
efficacy of red cell substitutes, " J Appl Physiol 85: 993-1003 (1998)).

=
=
o]
=

Aol WA = A wHo] = A7 71%2 3 A5 (hemoglobin-
L

T | & il =
based products)e] AP o|F7F 3 F5IS UeE Fojt. V] A23E TAR st diAE=A 9
9 e 3] o

9 £5, EE PsIE N0 AR GAE AES] A% sbdel AAAT. oW 5% o2 o AW
P AL Q84 gries, slmamie du 84 mie A4 AR TAZ TR dmzmue &
Aol oj@ WY wbgolehn Aztsla ik, olel@ e AF® W ®A® FE(in vitro capillary

Hkg-o) g
system)oll A AldE ol o ZFAE E4F A< (reduced diffusion constant)S 7}A&= PEG-d|EZF2Hlo] HA
AYTF AE} u9 w23 wlo g 0,5 dAEgo] fHEE AT McCarthy, M. R., K. D. Vandegriff, and R. M.

Winslow, "The role of facilitated diffusion in oxygen transport by cell-free hemoglobin; Implications
for the design of hemoglobin-based oxygen carriers, " Biophysical chemistry 92: 103-117 (2001)). 3l
RaERioRRE 37t EslE(saturation)?] W7} FARIEW AA it 7]%7](diffusion
gradient)& AAsteE QRlo|B=, FAdA FHREI=EW g kS FHIA7=d s A= a3 o
st & Zow Zigdy,

rlo
ri‘i
rr

e gy ome] 0, $E

(vascular tone)—% }_Z‘—jfi}}‘f 1?—7]—1—4,?1 O—:],EL—% —‘:;l' ‘/'F EJE}(Lindbom, L., R. Tuma, and K. Arfors, "Influence

n

=S doyjpr  BAXE FERIENY A HzeE g 0HE

A

2~
T

of oxygen on perfusion capillary density and capillary red cell velocity in rabbit skeletal muscle,
Microvasc Res 19: 197-208 (1980)). 3=¥ I 3}A| " (skinfold)ol A 7] W PO,= 20-40 EE(torr)o|H,
o] Wl A4 HIY AEY 2kx HY FHE HU AHAE o]Edi(Intaglietta, M., P. Johnson, and R.
Winslow, "Microvascular and tissue oxygen distribution, " Cardiovasc Res 32: 632-643 (1996)). uje}A|
olZstyor FAEL EFEW P500] HIHUTF e o] (F, ik vt Erh) 2Fw 2d @
(arteriolar regulatory vessels)ollA]l 0,9 W&S Ayl {8l Tosttta & 4 Q).

HpeA g Al A, AbA RREA(S, AFA-ERh AR)2 FEIERS Vx2 § Ab4 WA (hemoglobin-



[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

based oxygen carrier) Hi HBOCO|th. 3JEFENES HAMPHHY & o, EAW T BExZF 323,
FTENE = E)(d: LA SAbol= ° ! 2
A = o, e AxFE F22E ¢ k. Az & 2 E-EEN fAES BF F2YF%eH
A B2 1} (Liebhaber, et al., P. N. A. S. 77: 7054-7058 (1980); Marotta, et al., J. Biol. Chem.
353: 5040-5053 (1977)(MEl-2 =81 cDNA)).  Alvzt, Aoz Aikd B2 /dd draziso]l dA
95014 =dnol7l=(site-directed mutagensis)E ©]&3to] AzH L vk, 2y, ol vdd "W
olA" FEmFENEC] HlEFA] e T Ah WIEE P A glgo] RuFdrk(Nagai, et al., P. N

., 82: 7252-7255 (1985)).

o
1

RIEAE 5 9 Ao EHYH FHE

Ak, 54 AHEAA dEIERIY uhgbA gk 7192 17, & F HAY Aok Aol dEEERS
steh4 3 2 Axd Ves XS o s Bl o Alxd & Adrk. FEIENLS fE FHor
AE ZAE H7KE S Ao, w3, A 4R, vle]aEEE(microballon) EE HEFIY AL WAF
F Ark. B dwe] upg A g AbA- RS FAFolojof stal 54Tt glofof gt

ol EAQ o= W= ES e AAE vk EAok(Hsia)e] W=5F A|4,857,636%; &
t (Walder)®] v=53] #14,600,531%; E&~(Morris) 59 V=53 #14,061,736%; vF=(Mazur)e] V=&
3] A)3,925,34435; EFol(Tye) 59 W|=HE3] A14,529,719%5; 2= (Scannon) ] W ZES] A4,473,49635; K7
(Bocci) &9 mI=53 A4,584,130%; Z5F7(Kluger) &< w=53] #15,250,665%; ZX9H(Hoffman) %<
H= 53 A5,028,588%; P AlZ(Sehgal) 9] HI=E53 A|4,826,8115 % 5,194,590,

oA Qe slmEzule] /19 ofglel, W slmIoe] X we] EABolA] Ak $uk JEozA B of
dol el AT FHHNT. @ oJde AAom PHE Be ol T ANe T ARIENS AT
f S A ol §E F oadvhs dolth, e d71X % oge @ suzEwe X e odF "o
IR 84S A & S 542 et Holn

2}ar

Sci., 19:259-262 (1975)). As-AtstE FHAsslr] 93], Wy Folae HYF AXE &I171 $o F
LA FFEH S AT, ey, B odye 2AHES AFE 7] 98 AHgEe dERIERNe R
Hlo] 7]9do] <Qlzto|iy Tolifel] Agle] Hd B2

& Waw 8% vk

Hep o FHel], # odEEEnle]l Qb SrIEWI thE Ak Hstes 7pAa
7

Mellegrini, et al., Eur. J. Biochem., 268:3313-3320 (20010). “&7] xfo]x-& Izt X Z=ZRIZ}

& oA Az 9t @ FERIENS A¥es As ddskA REEdT. v, B el 24 E
=9d o Ak skme] glojM Izt sEIENS ohfehs Ak ® RS ENS efeks A tel
2 2] (10% Wb 7F §l&ol wEE A

85, HBOCE e 274 S389S o A dqu o &, ugFshAs A4 g9 2
e A HIEE A AY, e dxjadHon AE FRZFZ W (stroma—free hemoglobin, SFH)E.T} ¢

= a ok tizfe] Aol ol lFE el A HBOCZF 10, whEA S AL TR HL& P50S
7HA A = ok, 2] AEjel A, SFHe] P50°] oF 15 EE(torr)¢l whA A o] p5oe of 28
E=Z(torr)olvk.  H|F SFHO| P50HTF W& P50 854 ek=vhal QhAlEo] AAA W, Aba Hst=TF 7T,
= P50l gadwW 2| taddo]l FvbE o dvkar Aol FE AlRbE] gtk (Winslow, et al., in
"Advances in Blood Substitutes" (1997), Birkhauser, ed., Boston, MA, at page 167, 2 u"|=53] A
6,054,427%). o]elg A= QlE FRQomA ARREY] 9 MAEE dRESERe o 9 AbA AseE )
Ao slal, T3k MA| oo 7l7kE P50sE 7hAoF dthal AL Ao ReHE Zoth. a#Ez, B
ATAELS, Fg=s4deolEl E(pyridoxylated) dEFERIo] SFHET ¥ A 4AtAE WESIEE, SFHO P50S
100014 2F 20-2282 Z7A1717] Y3te] vla] =4 A9 0] E(pyridoxyl phosphate)E ©]-&3e] g},

uorl

=0 A4 FHIEE A E HBOCs(Z, SFHETF @& P50s< 7FA|&= HBOCs)E A %3517 Ysto] e thekst =8t
A Aol ATk, AW, B-93 A AHQAF Zo] Ak AL A IS = olnxAt V|E e s

_11_
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NI

—

fQste] F-9 507 FdARo]]
E3] #16,054,427%0] 7|A = o} rt.

o] &l

)y

¢

A77F AaHo] g EE Ar AFEE et FEom xA
A AHEE & QUEHIEES Al5,661,1245). CHE BE

14
e
rlo
=
H]

w2 u-Ast = (Hemoglobin-Associated Toxicity)

EZF2HE 27}(ferrous, Fe%)oﬂ/ﬂ 37Hferric, Fe'') mi= HENEZZH P2 7tgdo=z Wsie o
FTASLE ohe AoRE dEA k. Ao 2 Aol dojd wf, A4 EAk(molecular oxygen)E SAIFE
22R1o 2 RE Hiksl Fol(superoxide anion, 0,-)9 FE|2 sigEct. o]& F-==d E3hA 9 B4
oA 7l Ao F=Hl AQle] MAS Xet). A U P47 ol w2 B HBOCse] A
ZAo dEds sl Ao AlZ®EH(Vandegriff, K. D., Blood Substitutes, Physiological Basis of
Efficacy, pages 105-130, Winslow et al., ed., Birkhauser, Boston, MA (1995)).

S HBOCSOI A ATz 3hmsh slm@zu Ash Abolo] A FEWAZL k. F Bw, Ak A3
o ¥ £F AFRSEES Brh e, Ak AHE 94BN 0 B duEy Ade) &)
Y 5T S i Aol ohth At Ak AREs ABASE o) AH WA oA FHHA
skt

®owge B el PG HEACE e ABASES et dr1A o Grgel B el sk
SN o] FAE AFed @ solor Brh(FH, HeolA Holw 3, nrk viFHSAL Holw 1043t L,
A9 % dmEne] 0.2, wrh WEAeAE 0.19). webd B wwel HCst Fol 2/Aedqe) A%
Febol et 49 5 Ak

uFE2 8 Ao A AA-gHl ARS JiZE FrIdRdloltt.  FRZFERe ntEzE JfEe "mw-si2
(surface-modification)" &, dZIFZH EA} o =& olujiit F(side chain)ol 3877} FHFEATS
2 B&E = o).

rlo

MAL F2 JdRIFEZNY EA4 2715 F7H717] g8 FdEE Aez2A, gii 34 5
polymers), ©3tE, iz S31 -8 FekA|o] Wo]ojEl(polymeric moieties)E FFZA%O
A S, dubdg oz b FIRHA|V) v sl

vk et 3 JAgeAd FEAE, O FAAE 53], EdE® Lo =(polyethylene oxide, (CH,CH0),), &
gz zgdd LAo|=(polypropylene oxide, (CH(CH;)CH,0),) T¥ Zgddd/ZyIzda 2ijol= F33HA)
(copolymer ) ((CHoCHy0),—(CH(CH;)CH,0),) 9F 22 &4 W SAlo]=(polyalkylene oxide)E Xgsity. 1 -
HE AAst|ol Aghet, Z2 A&, ZAUHA AME 9 doj® XFHE FA FHAE o Fokol FAH U
2299 22 sty = ZEdedl Z2F (polyethylene glycol)eln, 1 o]f+ 1
A 84 wEeltk. PEGse= €RbA <l 318H4 H(OCHCH,),0H(1 714, ne dRbHox 4

v lo

stAlolth.  PEGs AAlE F2 259 Hi BAEY dXste 227t ggol 2.
Hat EAFFo] 200011, 190-2109] Hele] ¥AES 7l PEGsE B v HHE A4

Z] dd g glen, dfe Fgolls dgdstEe] da aEa ke r] fo
ol e] v g Ao Fad P I ENlo] Abst(AhAash) H AL "R AElel e o W sfEe]
| o]+ ¥ (conjugation) Aol SRSZHS th7]eh P S o] Frx Fown golsti

QtH(EE kxjaex oz A AlA3l(active oxygenation)E F3T F Utk . A3tE R
A Az FRFEN A HEmr) SrtEn. Be dAFAbEe] Ath HIEE 7
A A% A GAAIE /e wEo|(MFES A5,234,903%), Atz oz Aby] AEe FIF 71F

e FEZ2Z T HPA (e PEG) 1+ A3 (linkage) T F
A oagE 5 ol e A st AAST vad e ¢ o BE
YRS YA AW ol F o wed FAS] APAY Ax W/EE 5L P & 5

g mnl Aol A" 4 = PEGse] = PEGse] A7|el wheh v & vk, 2y, Alxd R )

_12_
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BaERle] B2 37]% ¥ske w7(half-life)o] =23 F AESF MG o AAE= AL 9T 5 9
S AER FESHA Aok gttt EFuzHCS T A7 A7]7F 84,000 A o]delojol ghrhal stk
(Blumenstein, et al., in "Blood Substitutes and Plasma Expanders," Alan R. Liss, editors, New York,
New York, pages 205-212 (1978)). 7] @A Axs theFst EaFe 92Ed] Ra=nls AR
58 ARIENCEAE 64,0000 % G=EF(EATE 20,000)9] HFATE SO mEE AAE] A A
AFE BT A= FAE v st ey EAEFe] 84,000 olFo® SR AL Al =S4l
clearence curves)E WHAIZIA Fdrt. wepx, EFd2ER] Fo] A4 vkl o], HBOCE 84,000 ©]
S 2= Aol npgrA st

o2 3
5

o

?Q e Mo
ol
Lo,

&4 Aol A, HBOC= "MalPEG"olw, ol= Zelvjdol] ofa) &AJste PEGe] slma=rle] At A
}7] MalPEG= sb7]19] shekad == gl

o

Hb-(S-Y-R-CH,~CH,~[0-CH,~CH, 1,-0—-CH; ), 3leha] 1

714 b AFEA|(tetrameric) 3|E=24WS 23lar, S& EW El&7|(surface thiol group)e]al, Y& Ib
¢} Mal-PEG Alolel]l d+= S4loln®= FF-ZAg(succinimido covalent link)e]tl. RE &4, ofuj=, J}uld o]
E e Ad7(dARS 719 (source)d} sshA A ol oj&dh)oltt.  [0-CHy-CHpl, PEG Z@|™e] W&

(backbone)S A= Al EH FRoR | 7|4 ne ZE e Zdol(d: Mi=500)& veld Holar, 0-Clz=
etk W E A 7] (terminal methoxy group)©]th.

A7 A A (Crystalloid Component)

2 dge] o AAldeA, lFgdAe AAHAZRE o]Fofd 4 rh. AV 2AA v dFdEY %
AEo FHelA AFdAS "3 (hypertonic)"E 4= JEF 800 mOsm/ ¢ HU} 2 AFLS 2t AgHo]

% -
g oj= Aolgtx vy, AT HAo|A HHe A U FEZE olE W, 3% NaCl, 7% NaCl, 7.5%
Edd gaixo] A& 7.5% NaClo] EstdEtr, <L vpgbdsiAlE, AFd A2 800 A 2400
o Az Wil 98 AAE I 300-800 mOsm/ £ &) AHFEHE AW FRo|m(da

Fa PR ko FEFad
g/dl o] ®E= 4 g/d
AL F7te Zdkeb gl Adgel
AE Huh 984 AR Al&e 35
£ 59, 1-10 ml/kg) #lojd
o)Al olels Alg&rh(Przybelski,R
hemoglobin——good or bad?" In Winslow,R. M., K.D.Vandegriff, and M.Intaglietta, eds. Advances in Blood
Substitutes. Industrial Opportunities and Medical Challengens. Boston, Birkhauser (1997), 71-85). g+
A, 23 AR g9 dEorE RS W A4 $ubo] FE g X]= =tH(D.Prough, et al., "Effects
of hypertonic saline versus Ringer's solution on cerebral oxygen transport during resuscitation from
hemorrhagic shock," J. Neurosurg. 64:627-32 (1986)).

ol

[
o
o 7
P
s
>
oo
i
rlr
ol
3l
ull
il
i
1o,
off
[
N
o
O
v
o
EN

T %O

o,

2 o 12 MY ro

oo
i
X
o
2
il

., E.K.Daily and M. L.Birnbaum, "The pressor effect of

A

2 ol g Hdet A g/ A SNk 2 g2 TR e A Egtew
A oAFdE 5= Aok, A We A $ubAe] FRE O Abge uel 53], ulEE e AAdo A o dE=
Fo] % (post-administration) 3|A Aol mel thgalAIvt, e A ek @ X5 g945 AFTshe 2 2o
24%9 08 5YoR dte] ANHoR ik WAL 6 g/d ool BRIA Fom 0.1 A 4 g/dee]
7 wrgA st

A4 ANA(Z, AW FAES 98 Ao 88 + Je e vy, Jund, Gy o
& TR F2ol= FoA s (intra alia)s Xt 4719 dAlE o= SAg AAE Algstaat
S omk ohinh, mekA, 7] FMAET SR, TE FRE TRt wL ThE FHY u-ia 2w
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[0107]

[0108]
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N
No

[0109]

3 A US 6,054,4275.5
o}

RES
1ot

1

A" M (whole blood) 2]

s

&l

2] (Trauma) .

[0110]

e

oy

Y A o]F(fluid shift)

Wel M2l 0,

e

ATt

5)8 A&7 "AF(starved)"H o

W18 (Ischemia).

(infarcts)z}ar &&= 7]
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[0112]

I AAE zp7rdoe] A

3]

9

el

A

st AlEe] &
HgZ & (Septic Shock).

=
K3

o] s olA, o

[0113]

Sl

o} o.
H

B9, ArskEAN0) o] AL E

155

171wl o] gt ghate] %

HA Nooll A ¢ts

= =)
5 ©°

F2R2 0,9 o

FF golele A

o}(Cancer).

[0114]

N
No

=0

= H

il

71 AA

=

3]
T

il P50 v Stotof Firt.

3]

=K

FAEel A, ELEAY tiAkE

ki

o] 2]

WA ¥18 2 (Chronic anemia).

[0115]

(Sickle cell anemia).

4z

9]

A4 49T

[0116]

HeE Ak 0,

by

@A s<t

AF

ke

o))

"

RICE]

S

3} Bxe] AL A

ol
ol

3

Z

d

o4, 574

o
A

o

2=
=

gol 954 A

A &
=

A #Zuld] (Cardioplegia) .

[0117]

I

o

Aol A= AbgrE R A

ol 917] Mol 0, Fe] AAsE AL ALTh Ukt 47] 2aE 0

F2~Z (Hypoxia) .

2k
RICEIEEEZR
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[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

=

71% #H(Organ Perfusion). 7]3o] AA 2 (ex-vivo)dlA FAHE= Bt 0, 3o FA= T+27
9 Mxdgo= et AEE BESIL A P ES FAser] fE dedelry. dFdE AL et 22 V)
#HE 3 0, 8T7FS FAAZL Ao AsdEY

%4 (Hematopoiesis). SledAL 2N ¢ H2& razils st AH8s= P do

71dezA Aed 5 .

B. o]t A&
gk, 2 dge Q17te] ofd FEIAALE AMEE 4 Utk 2 uwe Wy 24EL VLS 9 Rke SE(dE
o], A, agel, 4, A, FFH) I 22 ASFEER AUFsSH, T, dSrEH 2 FES V1EE T
Aol e & AFEE F Uth. 2 U A3, 884 RESF o Qe e E4AS A e A
S5 2 HFEEY SFARAAY F8G0] US FAORE ARET. AE Fo], & Y o HAdE @
A4 W8 ZF(equine infectious anemia), L Yo] A WHZF(feline infectious anemia), se=4d 9 T}
2 FF9 B9 240 o3 94 WdZ(hemolytic anemia), HrElZ]o} 7, <Ak IV ¥H(Factor IV

fragmentation), H|%& H]dlF(hypersplenation)® H|Ed|(splenomegaly), 7taFAASY &3 T3
(hemorrhagic syndrome in poultry), 5714 W (hypoplastic anemia), AABEZFA R (aplastic
anemia), ¥EjA W<l &3 Abef(idiopathic immune hemolytic conditions), @ ZAJ, TFHY &£d4 wd
(isoimmune hemolytic anemia), WAZ#A &3 W (microangiopathic hemolytic), 7|14 (parasitism) &
7 2L gHeA 1 F8Ael TREHAY. 5], B Iy dAsy] JE g7 2/EE T TE g

g ATAZ F 83

g A o
AA 1

EA A (Stroma-Free) | ZZFZEHIo] A

SA-l-wasle] Qe 4T Aol s

B 9 = A M|¥EE Ao i(San Diego) N3y T |3 P= & ~(Red Cross) 2
2 FAAQ EHRRE S5, vtEZsH, BaEo Jde AR FHACRRY 459 ol dE X &
2 AS k. FF AT (pRBCs) v F7MR JFEEWA] 4£2ToAA BAIYHI-7Y). EE FHRES
vholej 2 7Hedo] isl) AABIGIAL AFE8H7] Hell At HAEE FaEkqlt.

SA-2-w ko] 9l F o] EF¥ (pooling)

HaE 8719 ZF(pooling) 3. == AFTL =
Z2Y T2 Aodxoz A1LEE F-2AHE(co-oxymeter) HE Fiole] A F o} HIHS ALL

AT 4a(E, WATY ADE PuA s Agsel SRS, o WA EES HUEs
7 glstel, 27 @ AF WAT AHLES sl

SA-4-AE Pl W AT A

HYTE 0.9 BSHEF 6 AT olg3tel ANIAG. o] WAL 4x2
ol AANRSE HAs] A3l A7) AHE AL RN BPRAAPoR BAY
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[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]
[0147]
[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

o &dles AR 2delA Theste] RS RNS AAs. A7) 7hee &dES 0.16m WEHIS
SHA o2 Fastlth. AAE HARIFENE 3 Z4l(pyrogen) o] AAE Hit &7l FRsAT. o] 7}
S BE A= 4£2ToA 2330

THA|-6-nfo] g = A7

nlol#) 2 A AE 4+2CoA o]l (ultrafiltration)o] &J3] =&},

GA-7-5% 2 8] W3 (solvent exchange)
S3l=7
lactate, RL) =&
AREE HE =
kel ALY, o

ot

tojof a2ty gAd RIFEVE 10 kD PEAAS AMgete] YA Z4k(Ringer's
Ab-ehE Aa(PBS, pHl 7.4 WSt 1 vg Y] AESENE ST HReAdE
1715 mM(AFEA] WellM)ol Hm5s EHskgith. RL 4= PBS 10 WA 12 95 &
7FE AL 4£2ClA FABAY. RLE AlxE &40 pHE 7.0-7.622 AT

o

— =

SA-g-uF olz}

s}8tA 71d wh§(chemical modification reaction)& F33}7] Hell PBS H= ®A ZLHRL)WC] 3l
E%itﬂ’% 0.45 =+ 0.2 (m Q—Q— "JE1 7”*; /\]-_g_fs}oi‘ UEﬂ-H— 05‘34—0} 4+ Coﬂ/ﬂ }5]—‘?_1_'—8} Tj[-

FARFERNS AAEr] Y3 the UHELS A FTAF] k. Tme, AE &3] T AE-tkaE
WA 7] %8 QA E B, SFEES e U8 £79 BHE IF d94) 9 AHEL dutyor FdQ3)
=] ok
ERER
TAA drgdzuie] fd
@ A-1-E] 2 3} (Thiolation)
EE&3l= | EZFERNY 10 vi7F g B x9 ouxELd(iminothiolane)S AFg3te] A& o=z w

A 1E2CAA AT B FAFA.

[e] .
Whg 27

ko)

-RL(pH 7.0-7.5) == PBS(pH 7.4)l fd s 229 (AFEA]) 1 mM
“RL(pH 7.0-7.5) %= PBS(pH 7.4)°l ¥ oln|:=El<d 10 mM

1:109] SFH:o]v]a=E] £7le] W& whg AI7He PEGEH(PRGylated)® B 7]e] +8 Hujsheln 4+g o]
WS ArsES AASHUH

GA-2-El2-3l% S EF=H PEG3}

Mal-PEG(ZZ HAZE 71H)E AEA X

mgey 27055 2007 i B¥ED Agste] sty
Ases) gal 7] AmEEne Uz BYAR.

A RFERS PEGEsITE. AAZE Y] dRIEHS
WSS A&H o2 WHbSHHA 4+£2TolA 2417 B2t 33353t}
Hhg 23

“RL %= PBS(pH 7.4)°l ¥ HE3E dEFZR 1 mM
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[0154]

[0155]

[0156]

[0157]

[0158]

[0159]
[0160]
[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

SS90l 10-0964604

“RL 3= PBS(pH 7.4)°l 3 Mal-PEG 20 mM

FJ o] whgahAl G2 AloF = FRIFENS A Al 70 kD WBRUQlS o]&3te] PEGSHE HhE
Zhestdlth. WheakA] @ Aloke] AAE gRlsly] flste] 20 Fo] oxkE Fdst3laL, 540nm B 280nmel A
A7]-8 Al A=ZvtE 1T (size-exclusion chromatography)el 9J3] EUEIITE. 7] @¥ld FEe 4 g/dl
®= 5483k, pHi IN NaOHE AHE-38he] 7.3+0.30% A3l

SHA-3-H et o]

#E MalPEG-Hb AHES 0.2 ym B 438 N&ES AFESt A ATsta 24l AAE EH &7]
of 42Tl 3T

H

THAl-4-MalPEG-Hbo| A% 3}

PEGSIEl HbE 4 g/d¢ RLE S]A3bal pHE 7.4+0.22 233},
A -5 et X

A7) HAF QTN 2AHES Hi-o]381aL(0.2 m) B F2 wlolde] T o8 Fsisic.
ZA ol DEA|(crimped seals)9} $HA| B% 15 viylE dAustar, AFESE w7hA] -80TC ol A

o~

o
4

[
i
ol

-

32 o
_ﬂr:u

A A6l 3
MalPEG-Hbe] A2 sl she] 24

MalPEG-Hb Q1gdoe] w#AQ7 Bat a71% AA Azt L0 s #Asdh. LC 418
PEGSlE slZa2dle] A uks-5k#] k& Mal-PEGS] AA AxE F4s7] Y3l AH8-sFsitl.  540nmel A 2]
FRwE 93 94 g ArFRs = HS-5lx] ke FlFERlowRE PEGSE dRIFEWS B
2387 el Abgakdth. 280mmel A9 F3FEE 2 Mal-PEGERE PEG3IE SRS BA3l7] 98] Al
3L, MalPEGe ol el =2 Qs &AL (V) ~HAEGqA o5 FFgir).

f

g EA e o) dAREFER Fet v ESEEZ ] (nethemoglobin) W8S #43t7] flste] &
st ~FEHS 43 (Soret)T} 7FAl 4 4H ﬂﬁﬁfﬁéﬁﬁhﬁqlgEoﬁﬂ]E%%EﬂmﬂmnMw2w0E%
Hewlett Packard Model 8453)E o]&3}o] =338} th(Vandegriff,K.D., and R.E.,Shrager. Evaluation of
oxygen equilibrium binding to hemoglobin by rapid-scanning spectrophotometry and singular value
decomposition. Meth. Enzymol. 232:460-485(1994)).

MalPEG-Ib Tx¢} WEFEZ 2] WSS F-2 A0 (co-oxymeter) S ARE3Fo] AASAY. A%
= 427 H (Rheometer) S AHg8te] FA4s o, wd A
|3t SAsGIT. AR AF Axe 4

AEPel 2T v

=

A=
e = R
2 WY RHoey

pul

I1

HAE il i
FEEeEn FE(g/dl) 4.240.2
W E G2 ZFZ0 (%) <10
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[0172]

[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

SS90l 10-0964604

pH 7.440.4
A= S (mS/cm) 1244
W52 (EU/nL) <0.5
FPLC P8 X ZHE) 43+3
Al Zo]o A FPLC 3] Yo (&) 62
A (cPs) 2.541.0
COP(mmHg) 50 £ 20
P50(torr) 6+2
3 W (Hill number, P50°14) 1.240.5
T 2

MalPEG-Hbol A PEGEHE Apo]Ee] %

o

Hb-(S-Y-R-CH,~CH,~[0-CH,-CH,],-0-CH; ),

A7 e AR dlske,

assay)(Ampulski,R., V.Ayers, and S.Morell.

proteins with 4,4'-dipyridinesdisulde.

Hb PEG3} Fo Hb AFA(tetramer)e] o

SFH: o) "] :=E]-&d (iminothiolane) ®]-&olA SFH«] E]%ﬁ} =,
PEG3} L

= st 2 UA 6 HE=2 S7tsklh

tE e ved
Determination of the reactive sulfhydryl
Biochem. Biophys. Acta 163-169, 1969)S& Al&ste] E] &3 #E 9
Bevle £ S99
qaowﬂ uho ©)3) shelg,
S dEeddy wee
1.30% 7239

o]&g— Z,: Q=

MalPEG-Hbell 4-5 PEGS}El Alo]EVE dtt= AL vekdt.

MalPEG-Hb vs.

SFHS] =Z7]-wiA] A2vulE 2y 4

A

FPLCE & MalPEG-Hb AHES] #41&
SFHO] &

ZrtEIRE & 1o YEhfSIT.
oAt

MalPEG-Hbe] A2l 9l s}st4] EA

Azke.

FU NEE fgke], LRk [l "m"e] e FEEE

] )

1

CEIE T

oF 57H.0]9)

E M (dithiopyridine

%“ E]%ﬂ TE

T

MAF A 2 SFHeE ¥l ngh N
Ok MalPEG-Hbe] ™5 AJ7hE oF 443

MalPEG-Hbe] Az2ld EAS dd 9 AAEA ke 1zt sZFZRI(SF) 9} Blsle] 7] &
el STt
%2
ER SFH MalPEG-Hb

P50 (torr) 28 15 5

N50 (& dn]) 2.9 2.9 1.2

1ol &3(ALog P50/ ApH) - -0.46 -0.20
A% (cPs)! 4.0 0.9 2.5
COP (mm Hg)1 21 16 50
W (kD) N/A 65 90
A -7 (nm) 4000 3 92 9
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[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

SS90 10-0964604

" AA8 A (whole blood)e 15 g/dl, S|mZ=ul Gale ok 4 g/dilo A =HE.

’ COP 243} FPLCO <8 A3,

b4 k=

Framv-te BE 23 F4L Fddd sied wHel osf SAsklth(Vandergriff K.D.,
R.K.Rohlfs, M.D.Magde, and R.M. Winslow. Hemoglobinoxygen equilibrium cures measured during enzymatic
oxygen consumption. Anal. Biochem. 256:107-116, 1998). MalPEG-Hb: =& AkA Z13}=(P50=5 mmHg) 9} w&
H5 A (cooperativity)(n50=1.0-1.4)S YeEHY. = 2& FX A s ZZZRI(SFI) I} MalPEG-Hb &8-S W]k
Fe e Holt,

Z(ﬂLL:‘__

’47] MalPEG-Hbe] & 542 Zelddedl )& AJY v & a2 A}OH Ae eAgel 71g
Aolt}. o] 27}A] o|frollA lFdde] Fad EAow AZtE I k1) ¥ HEE PEG-Hb Ak &
= E3A4 g E 7)A fs 229 gl AeE AN, 2) 58 HEE 144-4 Hol ok g 55
At 2EY 2SS ZF7MA]7] BFE(vasoconstriction)S Walels 3344 (vasodilators) s H&ES %

st} 3 2¢0] YeERA ule} Zo], MalPEG-Hb €] AxE 2.5 cPso|t}.

MAA g2, Ex 2 223 Wik A8E, B PEG-RU-2E dEFENe e dRIEd
&) (0P ol5e] A &9 S-S AAsty]l 9s FAsklth(Vandegriff K.D., R.J.Rohlfs, and
R.M.Wislow. Colloid osmotic effects of hemoglobin-based oxygen carriers. In Winslow,R.M.,
K.D.Vandegriff and M.Intaglia, eds, Advances in Blood Substitutes Industrial Opportunities and Medical
Challenges. Boston, Birkhauser, pp.207-232 (1997)). A}A] | =ZWS o]AZ 2l g AElE vield vt
W, PEG A ARIENE fFoHow ¢ H2 ud AFEAHS MW vl-ol A o R vt
(Vandegriff, K.D., M.Mcarthy, R.J.Rohls and R.M.Winslow. Colloid osmotic properties of modified
hemoglobins: chemically cross—linked versus polyethylene glycol surface-conjugated. Biophys. Chem.

69:23-30 (1997)). 3 201 e Hle} ZFo], MalPEG-Hb §-9)°] COP¥ 50|t}
oFA] A
PEG-#W-2%Hd slxaznle ¥dgete Ry 899 g Asitstes S4dors 24

sk, & 59 UERd HEel o] A-2o A MalPEG-HbY AEAFstE= 10417 E<t ¢k 5% MetHbel A 5.5% MetHb
2 Z71eth. MalPEG-Hbe] AsAksl&& Az 0.05%ATh.

Ao 4
o P50 7H AMEE slEgEwe] Hla

ZESANERA(POE) ol AEFEoZH MEE JAEFZRS o] &3 FAX 20l Fadel 9l
FAztEo] A3t 53] AP A Zo EAo] fFa4d AT #A-bo] drh. o]9AlER} T19] TR E
el A7) NES(Ajisaka,K. and Y.Iwashita, "Modification of human hemoglobin with
polyethylene glycol: A new candidate for blood substitute, BBRC 97:1076-1081 (1980))(Iwasaki, K.,
K.Ajisaka, and Y.Iwashita, "Modification of humna hemoglobin with polyoxyethylene glycol: A new
candidate for blood subtitutes", Biochem Biophys Res Comm 97:1076-1981 (1980)), 8<%} &3= X3y
HEZF 2] Az wlg F&Fo] LAHUT. V] AEY] AXE S dFFoR2A, Po0S A A
TABES P50S ASA7I7] 8 SR IERNS I 5E-5-0HPLP) I WAz, whebA, PLPE -0
(prior-modification)® A3} PLPZ H-7|& A && F FTFH PE-/NAE E==ER &9 Az &
ATk 7] &R P50S ALlstal B A A FU3S At 28(dd F39 60%)S st HES A

SIRIES

O:
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[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]
[0209]

[0210]

[0211]

SS90 10-0964604

"PHP"E @At 918 PLP JHEE e MEHA & MEE dReRN &S 7] AAld 19 7]

A ek o] AzaArt,

oy

B A3E 93 ¢4 AZeta-th-d o) E”E(Sprague—Daney rats) & AT &7 ) &
A7 d¢k, HAd 2 FHA dEE AFEE 8 44 EUEEG L s HHMAP)S 7] 4" +1/3(5
7] 4E-2247] o45)ol dp/dte= 72} &= AtolEdl uigk Hdl FAd 71E&7](slope) ZH-E ALttt
Autsa, F&71%, 471, Ha 59, W 9 dP/dte v F(minute)] A3 Hitolr),

s pH, PCO, B PO,E dlutele]l Ae]¥ (heparinized) do} A& 100 ptE AREste] d 7px £417]

A FAsGE. Ak Za BAUE ARl el S48t & (0, EE FEAAU0; ) 2

7e) 7] (base excess, BE)2 o]Fel 7|&H duEES AMHESIY PCO,, pH 2 dE=2ZW 2 HE A4Sl
TH(Winslow,R., "A model for red cell O yae,". Int J Clin Monit Comput 2:81-93 (1985)). % JE==EW

2 4 FRI 2R AP og o]grEd V7E AMSSte] 44 SASTh. dvtE AR E(Hematocrit) =
n QAo o oF 50 e FUH ANBE ALEste] SAH e

k]
g FEe FYHE A 0] 50ask FUAW S99 FHIE o 0.5 /min®] HEE FAsAT

dol w3 65 ni/kgo 2 AL, 9B FxE AY Bdol FYNE A% A $UD SR Yool

AARNEE AEARE, AR g FQ Aol 37T FEolN mEsUn FYs BetlupatA F45

ek,

=9

8 ZTREFL =y ¢olE nds 7Ex® &9 AREsltH(Hannon, J.C. Wade, C.Bossone,
M.Hunt, R.Coppes, and J.Loveday, "Blood gas and acid-base status of conscious pigs subjected to fixed-
volume hemorrhage and resuscitated with hypertonic sali dextran," Circ Shock 32:19-29 (1990). &d&
60%7kA Fo ¥-3e] 60%E AASY] flE 0.5 m/min®] =R EF FHoRNE FUIS AT wEd)
S A 9 B8 Syl A §of sgol AAAAT. Uh ARO.3 a0F Aok % A Sk @
He fa 108 BAem ARGA

2 3719 ® 3 71AEY Y. F HEIFEN =, A= 2 wF %%Mwm°;4m
A3l Aoz yebtk. PHPY P50(19.7 Torr)& POES P50(12.2 Torr)XE.
AFE, mE F 7Y 90 FIA YERRT.

F ERe golo] FPLC AR % 30] e whst k. AWEA 2 AmIEue d3ss e

o
g A

o
o
mﬂi
oft

o,

o

=

o ™
o
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[0212]
[0213]

[0214]

[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

SS90l 10-0964604

37 el Eoto] gk FrFadlo] MAFA Fe FJRIFIZH(SFHRT Fodoz o WA &9
o|AAQl A MEolA LPEPME}. ¥ E7Y PEG-/IAR snZEvle] sjye JAHow FAsIT.
3
g g9 BA
PHP POE
Hb, g/dl 8.0 8.3
A% (cP) 2.8 2.8
COP, mm Hg 62.7 56.5
a(x10) 1568 —
(%10 9.680 21.070
(X107 0.752 46.500
"a(x107) 1.537 8.766
P50 19.7 12.2
n50 1.48 1.49
# 37°C, pll 7.4°914 FAHHE A4 3=,
POES] Aba HBhes= PHP Hoh fejHom s/ Yepkth(= 4). &, F &7 257 o420 de4
(cooperativity)< YEFNA] &tt}.
E% A &
TE AYE F 4o 2oFF] vk, t4re] FEo] POE(11) KR Y PHP(18)E 4=d weka PHP 559 ¥

T+ A% POE

] =

V| 2=
L

AEg Aatelr
itk agel® BehL,

a5 vlE] fFodew &
7} 65 mé/kgelefal 7FA st &3
2fo] 7}

=

Ao 2 YERGHH(P<0.001).

AV HF A7He POE &

3}

RSAN EA)

A7) AFe) Aole %
weHA. wed, ws 83 289 AR A
2(116% )l w3 PHP

EE(93%)0]

B
gl B3

SRED

2 A et olgg Aol FATHoR f9 —.°]°ﬂq(P<0 02). =Y A& ¥ 12087k A& 7|3 5
ot &80 AEdUH, sEES 7}43} oo} AFE A (Kaplan-Meier survival analysis)® Z2S 93] "4
< (censored)"©] E‘%Q =

x4
WT(g) EEEEIC =859 (ml) =8 59(%) AFEAI ()
PHP n 18 18 18 18 18
PHP 291 18.89 11.10 58.79 93
sd 24 1.59 0.90 0.35 29
POE n 11 11 11 11 11
POE 334 21.74 12.78 58.77 116
sd 41 2.65 1.60 0.39 12
P 0.001 0.001 0.001 0.915 0.020
¥ 2 A By 65 ml/kgE 7|2E .
golst ol A-9d7] 24
%(post—ET) 2 =38 F(post-hemorrhage)(60%) 7|4 FHS X 59 Yerd vle} 2o, FvlE
EJ'_E]E(hematocrlt)J T2 PHP s&ol Hls] POEAA <kzF =4 vebdo. 8y, w3k 8 Fo A7)
;e T awe] vYE Agi etttk &8 7|7te] TR =Y, POE FE9] SvtEIZE B PP &
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[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

of wlal vl oFFF xobxtk. POE s&o] R AlE® EJIECNA oRE A debtal & I =N glhell A
ARSI ER 7 g Abelzh gidlent wEk 7|3t - POE EE ol

A A Aolst wARAY. B A
!

A frelHos A et
Fule] ZAF = B e BE WA A PHP FEo HE| POE7E foF o g =A vebgth. 3
7] (base excess) Fk< POE 1F-oll vlal] PHP7} @Al YEls oy 7 L& Atelddl §9%<l Aol §ldth. Y
ol7}, PHP E&9] 7|54 3H(10.24 mEq/1)7Fe] Aoli= POE #E(7.01 mEq/D)ol vl&) =2 Aoz velyt),
%5
n PHP sem n POE sem P
HCT Akl 17 39.80 0.57 10 43.15 0.23 0.0032
ET & 17 17.89 0.43 10 19.25 0.62 0.3568
605 15 13.29 0.47 10 15.85 0.14 0.0015
HB Akl 17 13.59 0.22 10 15.08 0.17 0.0057
ET & 17 8.70 0.18 10 9.74 0.07 0.0007
60 15 6.34 0.21 10 7.38 0.06 0.0016
PLHB Al 16 0.00 0.00 10 0.00 0.00
ET 3 16 2.86 0.07 10 2.99 0.09 0.6785
605 15 1.93 0.07 10 2.47 0.02 0.0001
LACT Akl 9 0.70 0.06 7 2.68 0.16 0.0001
ET ¥ 9 1.59 0.10 7 4.21 0.24 0.0004
60 9 10.62 0.89 7 17.27 1.18 0.0360
BE Akl 17 6.22 1.28 9 5.41 0.08 0.6530
ET & 17 6.20 1.41 5 5.60 0.13 0.8101
605 15 -4.02 1.60 6 -1.60 0.53 0.4678

5 % Bol A ZA] Qolukil POE TLFelA = ATk, ol
A ghom BAHA egort PP FROA MAPE AA 2 L 7 gl E JEH @
=3, PP BRI, 27k mE oA Jenloix: dolee] AxEk

=

of
12
dr
=)

o

(o))

R

fr
dr

, i)
pec)

(m

u

f

lof
prL
rir

I oF
— i
2
=

prL
2
O

] O T
Ot g Lo

2 o
2

e

WY FEFE BVl A8 AE"E e dATFelAd disd §4E Ml A2 gllvh(Sakai H.,
Hara,H., Tsai,A.G., Tsuchida,E., Johson,P.C., and Intaglietta,M., "Change in resistance vessels during
hemorrhagic shock and resuscitation in conscious hamster model", Am J Physiol 276(45), H563-H571.
(1999), Sakai,H., H.Hara, M.Yuasa, A.Tsai, S.Takeoka, E.Tsuchida, and M.Intaglietta, "Molecular
dimensions of Hb-based 0, carriers determine constriction of resistance arteries and hypertension", Am
J Physiol 279:H908-H915, (2000)). 7] A¥ Ay 24 e &8 Fejx o= zpo]7t 9l= P50l
gk shubel WigErte 2 nlwd = S dEhle 3AWA drje|tt,

POEE e 189 HEEL FriEadE, £ JEZFEN 2 I3 FEFEN £Fo] thih FoF
o2 A yeRsth. gy, olEdk Ao|rt Ade] Ay e dMS AWE 4 gtk "WEsHAE, = 49



[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

[0243]

[0244]

SS90l 10-0964604

SR Hhsh go] T ERO §olo] the $HoR Agel 9P ok FY AWM, Ao JF& £
=Rl ohel FYHE SO} SHOR AF slolth, " WS POE ol wla PHPAE  Fich,

280 JEL oo Ago] AAG vieh ol AwZeu gale] W 5T P
Hol qlt}. ol Y] JF AAY AR PHP F&o| Hlsl] POE s&Eo] o & A&(E ¢ 22 7|E
o AADSE] wiEoltk.  Przybelski,R.J., E.K.Daily, and M.L.Birnbaum, "The pressor effect of
hemoglobin——good or bad?" In Winslow,R.M., K.D.Vandegriff, and M.Intaglietta, eds. Advances in Blood
Substitutes. Industrial Opportunities and Medical Challenges. Boston, Birkhauser (1997), 71-85& il
= &}
7] AIEL P500] EEFEH AtA SRHARA FAE FRERR o ARgo] feldithe TS A A
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