Clinical Hemorheology and Microcirculation 34 (2006) 335-340 335
[OS Press

Performances of PEG-modified
hemoglobin-vesicles as artificial oxygen
carriers 1n microcirculation
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Abstract. Hemoglobin-Vesicles (HbV; diameter, 250 nm) are artificial O, carriers encapsulating purified and concentrated
human Hb solution in phospholipid vesicles (liposomes), and their safety and efficacy, as a transfusion alternative, have been
studied. In this paper, we summarized the characteristics of HbV that have been clarified by the microcirculatory observations.
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1. Introduction

Hemoglobin (Hb)-based O, carriers (HBOCSs) have been developed for use as a transfusion alterna-
tive and some of them are now in the process of clinical trials [1]. The advantages of the HBOCs are the
absence of blood-type antigenicity and infectious pathogens, and stability for long-term storage when
compared with the RBC transfusion [2—4]. A phospholipid vesicle or liposome encapsulating concen-
trated human Hb (Hb-vesicle, HbV) has been developed as an O, carrier [2,5-9]. The cellular structure of
the HbV (particle diameter, ca. 250 nm) has characteristics similar to those of natural RBCs, since both
have lipid bilayer membranes that prevent the direct contact of Hb with the components of blood and the
endothelial lining [10]. The reasons for the Hb encapsulation in RBCs should be: (1) a decrease in the
high viscosity of Hb and a high colloidal osmotic pressure; (2) prevention of the removal of hemoglobin
from the blood circulation; and (3) preservation of the chemical environment in the cells such as the con-
centration of phosphates (2,3-DPG, ATP, etc.) and other electrolytes. Moreover, during the long history
of the development of HBOCs, many side effects of molecular Hb have become apparent. These side
effects of molecular Hb would imply the importance of the cellular structure.

Our in vivo studies of HbV have revealed the sufficient O, transporting efficiency comparable to
RBCs [11-14], the safety in terms of blood compatibility [15], and prompt degradation in the reticuloen-
dothelial system [16-19], all of which make us confident about advancing to the further development
of HbV.

In this paper, we focus on the performances of our polyethylene-glycol (PEG)-modified HbV from the
viewpoint of hemorheology and microcirculation.
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Fig. 1. Hemoglobin-vesicles (HbV) encapsulate the ultrapurified and concentrated human Hb solution (35 g/dl) with phospho-
lipid bilayer membrane, and the surface is modified with polyethylene glycol chains. The well-regulated particle size (about
250 nm) was confirmed by TEM. One particle contains about 30,000 Hb molecules and about 1500 PEG chains were fixed on
the surface.

2. Impact of PEG-modification of HbV

The rheological property of an HBOC is important because the infusion amount should be significantly
large and that may affect the blood viscosity and hemodynamics. One HbV contains about 30,000 Hb
molecules so that the suspension of HbV does not have colloid osmotic pressure (COP) (Fig. 1). The
HbV suspended in 5 g/dl human serum albumin (HSA) at [Hb] = 10 g/dl shows comparable COP and
viscosity to the blood.

We tested he function of PEG-modified and unmodified HbV as a blood replacement in the subcuta-
neous microvasculature of awake hamsters during severe hemodilution in which 80% of the red blood
cell mass (70 ml/kg) was substituted with suspensions of the vesicles in 5% HSA solution [20,21]. Both
materials yielded normal mean arterial pressure, heart rate, and blood gas parameters, which could not be
achieved with albumin alone. Subcutaneous microvascular studies showed that PEG-modified HbV/HSA
significantly improved microhemodynamic conditions (flow rate, functional capillary density, vessel di-
ameter, and O, tension) relative to unmodified HbV/HSA. PEG-modified HbV was homogeneously
dispersed in the plasma phase while the unmodified HbV showed aggregation in venules and capillaries.
Even though it was confirmed in vitro that the aggregates dissociated reversibly at higher shear rates,
it is unlikely that they would dissociate in vessels where the flow rate or shear stress was low. Aggre-
gation and decreased flow rate may constitute a vicious circle that reinforces negative effects on blood
flow. PEG reduced vesicular aggregation and viscosity, improving microvascular perfusion relative to
the unmodified type. From this result, PEG modification is important for HbV in microvascular blood
flow.

3. Interaction with NO and CO

As clinical trials of the chemically modified Hbs are extended to include larger numbers of individuals,
it becomes apparent that the principal side effect consistently reported in the administration of acellu-
lar Hb solutions is hypertension presumably because of vasoconstriction. Hypertension, a well-defined
reaction of the acellular intramolecularly cross-linked Hb (XI.Hb), was proposed to be beneficial in the
treatment of hypotension concomitant to hemorrhagic shock [22]. However, vasoconstriction reduces
blood flow, lowering functional capillary density, and therefore affecting tissue perfusion and oxygena-
tion [23,24]. Nitric oxide (NO) scavenging by Hb due to intrinsic high affinity of NO to Hb is the
mechanism presumed to cause vasoconstriction and hypertension [25,26].
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We analyzed the relationship between the constriction of resistance vessel and hypertension after
administration of acellular Hb and the extent to which the effect is dependent on the size of acel-
lular Hb molecules modified by polymerization, polymer conjugation, and cellular liposome encap-
sulation [8,27]. Conscious Syrian golden hamsters with dorsal skinfold preparation were used. After
the top load infusion of Hb products (7 ml/kg) into arterial catheter into jugular vein, mean arterial
pressure, and heart rate were monitored through jugular arterial catheter, and microvascular responses
were monitored by an intravital microscopy. The Hb products included intra-molecularly crosslinked
Hb (XLHb), PEG-conjugated pyridoxalated Hb (PEG-PLP-Hb), hydroxyethylstarch-conjugated XL.Hb
(HES-XLHb), glutaraldehyde-polymerized XLHb (Poly-XLHb) and HbV. Their molecular diameters
were 7, 22, 68 and 224 nm, respectively. The top load infusion of 7 ml/kg of XLHb (5 g/dl) caused
the immediate increase of MAP, which was 34 + 13 mmHg higher 3 hrs after infusion. There was a
simultaneous decrease in diameter of Ag vessels (79 - 8% of basal value), which caused blood flow
to decrease throughout the microvascular network. The diameter of smaller arterioles did not change
significantly. Infusion of HBOC:s of greater molecular size resulted in lesser vasoconstriction and hyper-
tension with HbV showing the smallest changes. Infusion of HSA was used as control and produced no
microvascular or systemic effects. Constriction of resistance arteries was found to be correlated to the
level of hypertension, and the responses proportional to the molecular dimensions of HBOCs. Since the
results correlate with molecular size it is likely that the effects are related to the diffusion properties of
the different hemoglobin molecules.

The liver is a major organ that detoxifies excess amount of heme by the action of heme oxygenase
(HO). HO decomposes protoheme IX to generate biliberdin-IXa and CO. Under normal conditions,
liver contains at least two OH isozymes for physiologic degradation of the heme: HO-1 and HO-2. One
of the important roles of the HO reaction is to generate CO that serves as an endogenous regulator that
is necessary for maintaining microvascular blood flow [28]. Since Hb strongly binds with CO (about
200 times stronger than O,), it is necessary to confirm the effects of HbV in hepatic microcirculation
in comparison with stroma free Hb solution. Suematsu et al. studied the perfusion of a rat liver with
an acellular Hb solution and HbV, and found out that the Hb solution increased vascular resistance by
30% [29]. The smaller acellular Hb molecules (7 nm) extravasate across the fenestrated endothelium
with a pore size of about 100 nm, and reach to the space of Disse. Heme is excessively metabolized by
hemeoxygenase-2 to produce CO and bilirubin. Even though CO acts as a vasorelaxation factor in the
liver, the excess amount of Hb in the space of Disse rapidly binds CO, resulting in the vasoconstriction
and the increase in vascular resistance. On the other hand, Hb-vesicle (250 nm) is large enough to
maintain in the sinusoid, and the vascular resistance is maintained.

These results indicate the importance of the size of the oxygen carriers, and the size of HbV is appro-
priate for the maintenance of microvascular blood flow.

4. Oxygen releasing behavior of HbV and oxygen therapeutics

We measured the O, release from HbV perfused through an O, permeable fluorinated ethylenepropy-
lene copolymer tube (inner diameter, 28 um), that was exposed to a deoxygenated environment [30]
(Fig. 2). The addition of HbV to RBC did not influence on the O,-releasing rate. On the other hand,
the addition of 50-vol% acellular Hb solution to RBC significantly enhanced the rate of deoxygenation.
This outstanding difference in the rate of the O, release between the HbV suspension and the acellular
Hb solution should mainly be due to the difference in the particle size (250 vs. 7 nm) that affects their
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Fig. 2. Flow patterns of RBCs mixed with HbVs suspended in human serum albumin in a narrow tube (diameter, 28.6 pm) {30].
RBCs tended to flow in the centerline, while the HbV particles were homogeneously dispersed in a suspension medium. The
individual particles could not be seen at this magnification. However, semitransparent elements were seen in the suspension
medium, indicating the presence of HbV. This experimental model, developed by Maeda et al., was used to analyze the Oy
releasing behavior of HbV and RBC. [Hb] = 10 g/dl; centerline flow velocity, 1 mm/s.

diffusion for the facilitated O, transport. It has been suggested that the faster Oy unloading from the
HBOC:s is advantageous for tissue oxygenation [31]. However, this concept is controversial regarding
the recent findings since an excess O, supply would cause autoregulatory vasoconstriction and microcir-
culatory disorders [24,32]. We confirmed that HbV does not induce vasoconstriction and hypertension,
due to not only the reduced inactivation of NO as an endothelium-derived vasorelaxation factor, but also
possibly the moderate O, releasing rate similar to RBC as confirmed in this study.

One characteristic of HbV is that the O, affinity (Pso) of Hb can be easily regulated by the amount of
coencapsulated allosteric effector, pyridoxal 5'-phosphate [21]. It has been clarified by Erni et al. that
oxygenation of an ischemic skin flap, where one branch of feeding arteriole was ligated, was improved
by infusion of HbV with a high O, affinity (low Psp) {33,34]. To clarify the underlying mechanism
of ischemic tissue oxygenation, we prepared two HbVs with different Psos (8 and 29 mmHg, termed
HbV;g and HbVyy, respectively), and observed their O, releasing behavior from an occluded arteriole in
a hamster skinfold window model [35]. Conscious hamsters received HbVy or HbV,g at the dose rate
of 7 ml/kg bw. In the microscopic view, an arteriole (diameter: 53.0 £+ 6.6 um) was occluded transcu-
taneously by a glass pipette on a manipulator and the reduction of the intra arteriolar O, tension (pO,)
100 pm down from the occlusion was measured by the phosphorescence quenching of pre-infused Pd-
porphyrin. The baseline arteriolar pO, (50-52 mmHg) decreased to about 5 mmHg for all the groups.
Occlusion after HbVy infusion showed slightly slower rate of pO, reduction in comparison with that
after HbVyo infusion. The arteriolar O, content was calculated at each reducing pO, in combination
with the Oy equilibrium curves of HbVs, and it was clarified that HbVy showed significantly slower
rate of O, release in comparison with HbV,9 and was a primary source of O, (maximum fraction, 0.55)
overwhelming RBCs when the pO, was reduced (e.g., <10 mmHg) in spite of a small dosage of HbV.

Accordingly, the result of improved oxygenation of the ischemic skin flap, observed by Erni et al.,
could be explained by low Psq HbVs retaining O, in the upstream vessels and delivering it to the ischemic
tissue via collateral arterioles, even when these may have significantly slower blood flow. Moreover, an
advantage of small HBOCs including HbV is that they are homogeneously dispersed in the plasma phase
and therefore can deliver O, more homogeneously to the periphery than RBCs because microvascular
Hct is heterogeneous particularly in pathological states. In such conditions HbV with a higher O, affinity
(lower Psp) should show a slower O, unloading which would be effective for oxygenating ischemic tis-
sues. This result supports the possible utilization of HBOCs with lower Ps; for oxygenation of ischemic
tissues.
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In summary, observation of microcirculation is important for the development of HBOCs because it
is the site where oxygen is unloaded to the target tissues. From the international collaborative evaluation
studies of HbV, we have clarified the rheological property, advantages of the cellular structure, and the
performances of HbV not only as a transfusion alternative but also for oxygen therapeutics.
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Abstract

Preclinical tests for liposome encapsulated hemoglobin as a new oxygen carrier are being almost completed. Some companies
have intended to carry it on manufacturing system and then to design its phase I clinical trial in the near future. Accordingly it
is necessary and useful at the present time that safety and efficacy of artificial oxygen carrier as an erythrocyte substitute
should be defined and also its manufacturing process should be proposed from scientific and ethical view point. Recently “The
Scociety of Blood Substitutes, Japan” presented a guidance for its requiring properties and manufacturing system. This review
introduced the guidance and attempted to interpret in its details, such as physicochemical and biological properties of the
liposome-encapsulated hemoglobin, evaluation for influence on vital functions in experimental subjects after its administration,
establishment of consistent processing and qualifying system. This review looked over further clinical use, such as
hemodilutional autologous blood transfusion or treatement for unexpected, massive bleeding, of artificial oxygen carriers at the
first step.
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guidance, artificial oxygen carrier, manufacturing system, ethics, clinical application, qualification, property
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2. BEROMIE, L=, EMFEOME

BEE LT RY — ABHbH TAEERICE - L
TWAIENEEND. b LREPICHEENICERL TV &
5B, BRIRMEHOGIBY 2 B REICCReERy—(tr*
BONDEIES R, Lzl TEERM S, 7L TRERIC
bRy — AMHDR F OB RN TOH—FEIFER TV A
ZENBERSND, FERMEEB, TbbEBRECBY
THNAY —LMHbRFRENES, BETLIZERL, &
MFAMED, PR pBFENTIEH—IHH LT
A ENLEEINS.

JRY — ABIHbR F AT RTCOMERFERT H7201213
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EREESD - L BRCEMMER L @B L2 s ok,
POIZLFREEBTHLIENTEY, ZOWICENTHES
ATl eMboTiiohw, RMEKZEREZHTLO 2
WEE2-3 umDERELZEBT LI ENTESL, LErLYKRY
— LHHbR FIIIERRE R, WhidBETH L. 207z
DAL E LR TEEN L umPl T ThVEEMMER % @8
T&%vwv., FAZ0BRICERNLERECEEL) 22 Lb
EThH5D.

A @IS LS E, MEOmEICKE R ELE D
TmABZ EEFE LRy, ThbbRNRICEE, £645%
X TMEEEL2 ERSE52E0", FHICMBEAR,
MEOFEERTICL ) MEEAET S5 0FF L%
WO e B T8, EROBREHTIEZF oM ERIH
ROz oD, ZOL)RIRETCREROMBERAEEIN
Bz By — LAFIHbE O EEOHBESHENRECTD
EEROMEHEICRELEE T2 8000w, LRV
RERBICZOEEDLDITEAEEFRT LAY, EE
ARUEETLEIEEH->THEELLW. LA THREFD
b OEEEE D A 2 M E ISV 2.0-5.0 cps (50-100/sec +
37C) THHIENLET L.

FoURY - LABHbR T2 MBS LB E
BOMmMWEKS, MEREMREEEmTS. 2L TEHE LTE
MEANTHARZMIBICERESR DY, S CMBREICYRY
— AMHbOBR SV BERB SN CHBIEE % 5 /-7 5
HLHBY., ToLH)HBE HRloBEMOBRIIBVWTY
Y —-LEHbEHOEN, HoWIEFN MM, MiicTiE,
HENTENOOBEBICEE 22 Tid kbl ¥4
LEDEMIZI D ZNOOMEMEYS, HFEBELEDTY
—STAN, BEYFENATA -y —L bl ELZ LI
0, BRREREE LS L) REREEERETLORVIE
VEINE., COBFETI)—-5 VAN, EYRERRATLA -5
— R EOWBEEIZHBTICE LW E W) REEE 2w, LHLER
DEREMBE 2L T EXRFESITARLGR LS.

ANTERFERIKE LCo) By — 2 BIHbK Fo itk 3
BhOLAEMEICOWTEICEINS I L IIBB~OBEDE
i, RN TH S, bbb EFOMEMIME XN T 1A
FLABRET, 745 MEEREH37C, pHA735-745, EEE
SEA$100-200 mmHg TR AR 100 miAT10 mIBA E HEEFE L&
L, R CTERESFEH4O mmHgL TOMNEBOEN» S Z
DEEBEFEDB%LEERE T2 EXEFE L., —REME
FCTORMERE M % FIE T % G ERO MEFHHLIED 6
g/dl (BEEEHE =86 ml/dl) £oTWB™, LidoTI
DRFAREZBULOBRELERT LI LPET NG, 200D
Iml/dlZRERAL T ELEZOND. —F, KHMAMK
TORMER, &5 VI ATEEZERE, S OBER L IZERY
FHICEDERY, SHLUERRICKMTATEEYN DS, T
ThbBRMEMTHAEAH RS LVWRAFRNEESTE
#72+15 mmHg" LT3 0 LRBESEREISHISR
(o ThEFsNA A LIZh s, L LEDE, TetrERE
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TN LEROEREL BISTL2ONEHXTHA ).

F)RY-LICHNBENLHbOBEBRME, P, EIRIC
DWTHRABDOI ENEZONDL. DXk NTEEEERE
EHEATAIEMN TR —BICBERAOELE RoTWa. L
Mo TP BB VHbZ A L TH Mo B 2BHE T+
FEBIbhA. FLTEBICBITAERRUAEIRE
D, —HP D LEAECHb R EH L T LERORMEHEMIC
BULBABHRANBESIED L THNIHOBOEBEZRHEIT
bbb, 1P E, TbbBEREIES 2HbEE
B LSS IIEEMMmE VAV DR OMENIR L NV T
RKEOBEYRBL, Zo-0MBROIGE 27-L, MM
EMREOWL % E/-THREESH DY, —HPMEVHb%
FRTLHAIIIIOL ) RSP R kb, SOILEE
WAL TEZWGIRILT TS, FAMICBY 5 MR
BTLAL) REETOHOBEN TR 2 5.

HbZFH L ATBREZFERAETIEHbOA PAETTE ¥
(methemoglobin : metHb) ~O&EL (X bb) OMEIEEE
METHL. —HICTHICERL SN RECIIHDEREC
AMNEZOUEVICRITL, BREEREIZHET L. £40
ARILERPAmetHbiZ RMIKMRAOBRTCEZOEHICIIEDY
HbilBmahs., NLEZREREELTD)REY—LHAK
COBTEEYESHSTLI L IFEMMICEL DOFIBE S
B, FHALELELTOREICHLL TEFORIEZLS.
oA MEEEZEAEOBESE, BECBESNL. £IT
YRV~ AHbWATEREREFE LTHY LM A7201T4T,
HE XN BHMmMEHEME, T4 5100-200 mmHgDEFESIE,
JTCHBBET TEOEAGERE () 2474 &b 12U
ETHoTeHEENS. S E RS L EENICERSL
TGE ) Ry — AR FOMBEAELEE & RHRICEMERRT
DOHAMEIETT A L& sd (R TOANTEEER
AR L ZDEEDHER).

3. HEOREME, #HE

HITH, SRoHEE, {LE, EYWEHEEIZB VTR
ANLERFGEMEOEEICIIZR, H5WIE—REGERETIC
BWTARCEL TEMEEMLZVEREEVLZING. B
ORFEBNO—DEBEREEERLRESLET TR, EA,
PO ERICERREL, LEICEDLTEDICERTS
HIEldHDH. FERAMREBE LK GHFAT S
TELALHBBEMECREOLNLEBTLHLOT, AME
HHMPEVLOTHo Tde bk, Tl # amdk
B, BEr L b 1 FBMEELLLZVI EPRENS.
BAIPE L % 5Hb, TheNETHY VIEE, 612
RV — LABHbH F O HFT LR T F L7 T —
Wi CRERRBIIBVTHESDEMBZLEE TS, £LT
BRBERREC I NS OREMBMEFRE LTV EICEC
NETRMEE L TRAETS. L2LEE£Z) AR Y - 40
HbO A AR Y WT I EWEATERTHS., §abbINs0RK
FRMBE ORI Shi v, L LEnSEERIIEER,
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AR RS A VEEOREICIASL T LIRS E
T, FNUCES LA LEARIL S LELETH L.

BEIREERITH D, iAo TEOMBN, FHdid AR
RUTICHEIR L 2 I BRERTE, T N b U SERIE IS CRERR
BIENBETHS.

DLE R - deett, Ret, REM, MBEZ T <Tin
vitrolZ TAREET 2 & E A TTRETH 5. KOBM, Thbbhk
i, M, BWRY) TORER (n vivoRtE) BIICLTH
1T, HBALTHBREHETHS.

4. FRBEICE BT OB, T2l

ANLEEZEMAEEERT 2 B0EBERCOERTH 5. EHR
B—BRRE, FEBTEL P EaRRE LTRSS, L2 L
ZORNCAERRRRE L TamhezdRe LT LTEESR
ANTRRFZERABOREM, B LME L CBrRitiudn
bigu,

B & & L CHHAB RS Tk B, BEAkE Lo,
NE (R, Ty ) FRAVWTREETE-oTH, KE
FETIEHREY, KB THREETabRITERLR2w., &5
B, BHEO—EICOVWTIHEREZHEAL TR TA S
EVDLETH L. TLEEHEWEIIOVWTHEFENICEEENSE
LN BENEIC TRRET SRR ITIUIER SR,

FRMEREFEOREURBAOLOOEMRBE LU CHEE
5, ZLPIIRERS2THI) IEVPREENTNS. EED
BRDBTIRIALIBREZERES 1-2ml/kg minDEARET
BETHLONRAEBLND. LA CHIFBRRER TR Z0
2-3OFERE, Thbb3-5mi/kg minDEETIEALTE
EHEHEIOTBL I EPEE Ly, BROBICBWCidim
T RMEE L CALBRFEEREYET A0, Fo%kl
BN LTERE, b LI 13BERkETHLELR S,
L2 LRTERIR AR CH RS (top loading) ¥ A 3HA1T1410-
20 ml/kgh BRRER A I, D& ) LBEWNRERIIER TOBH
RERTOREUERLLTH>TIRVWEELNSE. 2L
bLINUEOBERHE T2 LIMERENEZAN TSI L
by, VRV -LBHENEFOEBME DI OBE R LK
Bz Bl L, Lo TELIlKBORERRADE
FIRMEAERIITHRITIRETH L. ThbbEEO—EE
OMEEEEL, BED) RV —L8HE2RETLHAE
RRATRETHSH., SO TLTOMBETIRENE L L IEE
(20 ml/kgBl k) 1243y Ky — ABHWKIZH A SHDOBERD
EMT BT ENLETHL. EASNALY Ry —LBHMIE
LImEAL»HLHEE LBV, BETHLERRERIIESL Y
WCIESHCET L, BROEE, 0V TERLEEORD &
7oL, BRASICKATREMAH S, F7/-0I210 ml/kgfEE
NETHERESGTIUEY RY —LOMENEEVFEL, 20
7o MEOMEI, MEKED LA, SERAEE &9
BEDH 2. RERS TOFERROBICL +4RE5HH %
BWek 57, 7ok 21310-20 ml/kg: week® 3 - 4 H% G,
HBHVIE0204 mli‘kg-dayD14F BB G 2 K okEs g%
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BIRTRELERD.

ERBRENORE, SHICETIRE - BEEEE oYX
V—LEHbOFENEEETAE LB, — RN FEBERT
DREFEHEZ S E 2 TCHEFE (L), Table 1. (5i#p.111) »
5. 3) ICRESNBH20EEL L TOMFANLE TN,

HEEATOANLIBREEREOMEL LT, 53hi) Ry
— LEIObHEFIC TR LEES, to—Ba AWM INMERAT
B L, HBOBERHTEE, H50IEMETHZ LK
HCTHAH. TORBE, H503HABOBRZEIEITSHLE,
fedic L o CTEL B, HAEMBNRELL > TVWAY Ry —24
BHbD X HIHbZEFEMYWE L T A0 ED, AHEORMHA
WCHRERB 2RI S L2 VWRAFHIRNEEZESE U EoBE
TR TH 5.

EROBPAZERE SN ) Ry - LBIHbH T2 EY L 32
HBLTEFROREART S, ZO-0MiPoy Ry —AEHb
BFIEREISHIL, Ty P20 mVkgB 2S5 LABETY
—EEBICE ) Ry — ABHb F AR ED SRk R
B F bbb Iy bTOZEOWPRILEEI L L T16-18hr
EHESNTWA, ZOF—9 %2 FOZFNIZEZ LB,
CORWAAE30 heLA B E B EFEENLT. THEHELTS
BERTOANTLEZENRAOFEH, THECTHFEINS FHHO
12 hrlAb®##z A2 ERD, BENYRY = LEHOIAL
BEEREE LTI EF0OBER T I LIl R 5.

5. BLETHE, SKEEHE

BIFERRERIZTHEE, »DLINHWF— 5 21850
HEOH—EPBCBOLRNTVAIEDNTARTHE. GAHA
BRI THERTAEZICEIOZ ENE VL BRSNS, &
DD —BEOS 2 HUETELMUL T E T & EFEEIC
BROBEEB AT LAPELSNTHE Z EDPLEATH L.
LAARBAOREE, HEWELEDBAND> Tidh bk
V. FOROICIEHBEBECERISNABET CRES T
ok, COETH ERO—ENESIBETRIAYTHD
VETHL., SHICHBOREYIRE, MBRTIIELELL
TEBLIEMUETHA. ThbbEEIRA-HATEZTy b
BIBRESINTNIE R S,

6. RIBAVERE

BBOER L Z5HbITE MIEHALO LD THE. LA
o TELE OEEIZ D BRI I EM A, 705 IR0
PN AHEL BT e bR TR, FHFUsiEDb 5T
BOGEREEN+SFARTVD Y, BRL, 158 &1
HHEBLYHBT L L NLETHL. FHWERE 5
1 EWORICB T HE, %5 IS SIERE D 7S
HECEIML THT L2 R 6. S0k, BEfr s
(CHOTHBEERMEH LTI RS R0,

7. FMWERR TOANTEBREEMBER & £ OHEEE
ALBREEBREORFEIZHY, €O ALTHEEEREIHER
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TEDOILIHZHMAESNE»H O LOBELTE I LipE
Thsb. BEICH~ALTE CATBRIGERER O B fidikn
PO/ ONMIMAMEOEFE, €L CEHERE, Rk
Rl R BRYWOERTH 5. RMBREM % T 1o %%
THALBEZEREORBIIRABNTIEIH AN, FII255E
THLEHENILEZ D, TLTHERMEZRL WS,
FFHRE s R Y — A BIHbR T O 8 BRI 7 i 2 R
HboD A MEIEZ EOMBETH S, Lidvz ATEREERKE
DRE~NODHEWIRFFIEIRE L, »OBRETHE. F00b
METOHIKE S FE X TTable 20283 & 9 2 EERIGH 2 45
OEMETHIEERB LAV, $CICTable 2128175 1),
2) ~OERAEO A LERZEREL HWCTHBKR T 2o T
WaH"E F L TMEOBEEERBRELRONHHTCOIAT
BEERETRET L4206, A8 FORMIEETAEEREIC &
LHIERARIMEREOEEAE LW, BN Ew, 550
IFEIR T A LA EEE 0B, &5 iZTable 2.0 3) ~DILHA
WHRERBEEL LTOERIKE L, LICEEEBR (out of
hospital) T/$F A FA4 HMIZ L B HEHICEENP T LN,
L2PLZDE) 2B ~OANLEREEREAOERHICOVWTH S
MPLOZODNHEREMEREL TBLLRE TRV EERLS,
ZDO—DE DO NTEFEREOEMBREAETH S, ¥
bbb KRy - LB HbE ABAEKIORESEHATEE
CBEEBEA L, Lo THIMMICH LTIk
ELTLEEDYRY —ABHbWAZEFEALLES, IIEE, ¥
GZhbMENHERFITZbOTEBEICLEEL. FOLDH
EFTOE OEBHERBITRICIE TV T I Ve )Ry -4
BHGEICHALTWAS., s ABEEREICLBER, 7NV
TIVOHHAPLEELRS ). L2 LERRENZE»SIET
NTIVHRICROL ) ALBERAHER T2 2 LRI A A
ALBEROEREEIIZAEOIMEE~DEE L HEEL T—
AXAYIZ20-30 ml/kg& T HHIRYEH B, Fhol-z 7V Ty
WEeEHTELTHLHRBERTOFRD SITIFFEEOMHE
RELLBTHAIN. LMo TALEREERE (VRY—
LEIHD) OEFAZIE—EMIC2030 mikglc b EE 2L 0EE
hbhs.

Table 2.
Clinical Application of Artificial Oxygen Carrier at the First Step
1) Replacement fluid for normovolemic hemodilution
2 ) Priming solution of cardiopulmonary bypass circuit
3) Alternative red blood cell transfusion for acute,massive
bleeding before arrival of matched blood

FEZILI 0L HRMERAEDORSHOER, BREEO
METHL, Pl bb)HEy—ABHbIE— SR, BEE
ke LORLERICA b AER 22T S L 3HETHS. L
L ZOMORMERFERIZIEM L T, F-8BY L LTEF
AT WP THE, LIdo TRk E FEICE CER
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MEFIICHEET A& FBLAZIN ARV, Pageb® 1AL
BRI 6 PR AR E OB TR E MR AE & BIE T ILLERAR A9
BTaTEuhr bl Twns, ébtcﬂ&,tbbwfm
BORBWE LT—REBROBICBWT, KEH, Ho0IE

@ﬂc@Eﬁé@&meﬁ%éhé EHRERTNE m
B EL12EMBRE I OB HET L D t7b=‘”’i7hé@f
%2255 H.

BhYIZ

PLE, BRERGERICE L7- ATERZEMEO/ER, BEllon
T, TN, YWHE, 2L TEYWFENLESMSE, LILE
Pin vitro, in vivoTOrett, WMEEMOm» S DOREFFER
LIZon Tl _TE, Z2LTINbR AT 2 TEORELRE,
ROV HENEEOEERICOVWTHEELE. A
TEFEMRAROMIR, BEEIoN L TERE N5 £MFERTH
WREBH LI ANV, FLMARICETAMNWER, #ETE
EOWTORBEES BBEICEBTIRY %<, EEHT
DINENIFEBICE L 225 TL 5. ZO7OMKRER DR
WENZELS. LA LATBRIEERKORME, REESED
VEOEHR, HRILE-TELESBEEMETH L. TO
&biﬁﬂi’f"j’éﬁiﬂi’éé LB OREM, HEElEr AEICIEEL,
ZTNBEESETBRICAOHENTE TEMETRELER
Z) %L’C«Hﬂziﬁ‘rt&ﬁﬁm% s, SHICERATERE

EREPBONTCHATIIZORKEROSEELILRTE L
EX5. :

CONTEZEMEERICBT 2 HRNAEFE () OfF
BUCIIE A B EFFE (BEER - E#ﬁ%%&% L¥as b

—*1'41/7\¥a‘/\43}f7u$¥) = NIARILEk D&M m EICBE$
HME=MEEXOHMPEEDOTIZIZL D] 7§c7b7hf:. ZzL
THF XCWEBL:L%R@E?FHMMJC**%i IZBWTHRERSN

2. hBIOHXOVEREICH ) FEEIER, SECHET A8
BHEEZ L DEROTHIE, THELZ WPV FT oL
T L& =R EHOINERLKIZLD O DORRBEIETS.
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Clhemical science
2

A modified version of human serum
albumin (HSA) that binds oxygen
has been created by British and
Japanese researchers. The work
marks a first step towards a new
form of artificial blood.

HSA isthe most abundant
plasma protein in human blood. It
naturally binds with haem, an iron-
containing porphyrin group thatisa
central component of haemoglobin,
to produce a complex that can be
oxidised. Chemists and structural
biologists from Waseda University,
Tokyo, and Imperial College
London have developed a version of
this HSA-haem complex that can
reversibly bind oxygen, rather than
react with it.

After studying the crystal
structure of the complex, the
researchers experimented with
different versions produced by
introducing modified plasmids into
the yeast Pichia pastoris. Replacing
a specific tyrosine residue in
the HSA-haem complex witha

' Human plasma protein modified to bind oxygen reversibly

Artificial blood based
o HSA-haem will
not induce high bloed
pressure

hydrophobic amino acid such
asleucine or phenylalanine and
introducing histidine as a proximal
base led to effective oxygen binding.
This modified complex could

reversibly bind oxygen with an

-affinity only one order of magnitude

less than that of haemoglobin.

Previous candidates for artificial
blood are based on haemoglobin and
liable to induce high blood pressure.
This would not happen with an
artificial blood hased on the HISA-
haem complex, say the researchers,
because of an electrostatic repulsion
between HSA and blood vessel
walls.

Much work remains, admits
Stephen Curry, reader in structural
biology at Imperial. “The lifetime of
oxygen binding at the HSA-haem
complex is still too short for
practical use,” he told Chemistry
World. ‘At present we are trying
to engineer additional mutations
in the protein in order to enhance
the oxygen binding properties still
further’ '

Jon Evans

T Komatsu e al, J. Am. Chem. Soc., 2005, 127,
15933

Chemistry World, December 2005, p. 18 (Royal Society of Chemistry)
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