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conducted a longer period of observation (two weeks) after moderate and
clinically relevant isovolemic exchange transfusion of a 40% estimated
blood volume with HbV suspended in a 5-g/dl rHSA solution [12]. All rats
survived and increased their body weights until their intended sacrifice. We
undertook plasma biochemical, hematological and histopathological
examinations, which showed no irreversible changes.

The ability of HbV to restore systemic conditions after hemorrhagic
shock was evaluated in anesthetized Wistar rats for 6 h after resuscitation
[13]. The HbV was suspended in a 5-g/dl rtHSA solution (HbV/rHSA) at
an Hb concentration of 8.6g/dl. Shock was induced by a 50% blood
withdrawal. The rats showed hypotension and considerable metabolic
acidosis and hyperventilation. After 15min, they received HbV/rHSA,
shed autologous blood (SAB), washed homologous red blood cells
(WRBC) suspended in rHSA (wRBC/rHSA, [Hb] = 8.6g/dl), or rHSA
alone. The HbV/rHSA group restored mean arterial pressure to
93+ 8mm Hg at 1h, similar to the SAB group (92 & 9 mm Hg), which
was markedly higher than that of the rHSA group (74 = 9mm Hg). No
remarkable difference in the blood gas variables pertained between the
resuscitated groups. However, two of eight rats in the rHSA group died
before 6h. After 6h, the rHSA group showed considerable ischemic
changes in the right cerebral hemisphere relating to the ligation of the
right carotid artery followed by cannulation, whereas the HbV /rHSA,
SAB, and wRBC/rHSA groups showed less change. These results
indicate that HbV suspended in albumin provides restoration from
hemorrhagic shock that is comparable to that using shed autologous
blood [13,14]. We are now studying a similar resuscitation study using
beagles, confirming the effectiveness of HbV as a resuscitative fluid.

One characteristic of HbV is that the oxygen affinity of HbV can be
regulated by changing the amount of co-encapsulated allosteric effector
without changing other physicochemical properties. This provides a
unique opportunity to explore new clinical indications: HbV with a high
O, affinity (low Psp) can retain O, at an upper flow in the micro
circulation and release O, at a hypoxic tissue where the blood flow is
significantly reduced [15,16]. Actually, HbV with a high O, affinity
improved oxygenation of an ischemic skin flap [17,18]; the results imply
the possibility of further application of HbV to other ischemic diseases
such as myocardial and brain infarction and stroke.

3. IN VIVO SAFETY OF HsV

We examined the safety profile of HbV with regard to microvascular
responses, pharmacokinetics, influence on RES, influence on clinical
measurements, and daily repeated infusion.
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We observed the responses to the infusion of intra-molecularly cross-
linked Hb (XL.Hb) and HbV into conscious hamsters. The XLHb (7 nm
diameter) showed a significant increase in hypertension equal to
35mmHg with simultaneous resistance caused by vasoconstriction of
the artery equal to 75% of the baseline levels [19]. On the other hand,
HDbYV at 250 nm showed minimal change. The small aceliular XLHDb is dis-
persed homogeneously in the plasma; it diffuses through the endothelium
layer of the vascular wall and reaches the smooth muscle. The XLHb pre-
sumably traps nitric oxide (NO) as an endothelium-derived relaxation
factor. Subsequently, it induces vasoconstriction and hypertension. On
the other hand, the large HbV should stay in the lumen and does not
induce vasoconstriction. Several mechanisms are proposed for Hb-
induced vasoconstriction. These include NO-binding, excess O, supply,
reduced shear stress, and the presence of a Hb recognition site on the
endothelium. However, it is apparent that Hb-encapsulation shields the
side effects of acellular Hbs. _

The vascular wall of the sinusoid in hepatic microcirculation has
many pores, called fenestrations, of ca. 100 nm diameter. The small Hb
molecules with a diameter of only 7nm extravasate through the fen-
estrated endothelium and reach the space of Disse. On the other hand,
HbV particles, which are larger than the pores, do not extravasate. The
heme of extravasated Hb is metabolized excessively by hemeoxygenase-
2 in hepatocyte to produce CO and bilirubin. Even though CO acts as
a vasorelaxation factor in the liver, the excess amount of Hb binds CO
rapidly, engendering vasoconstriction and increased vascular resistance.
On the other hand, HbV (250 nm diameter) is sufficiently large to remain
in the sinusoid; the vascular resistance is maintained [20].

These observations indicate the importance of cellular structure and
particle diameter of HbV from the viewpoint of hemodynamics. How-
ever, the particles in this size range (250 nm) finally distribute to so-called
reticuloendothelial system. Circulation persistence was measured
monitoring the concentration of radioisotope-labeled HbV [21]. The
circulation half-life is dose-dependent; it was 32h in rats when the dose
rate was 14ml/kg. Gamma camera images showed the distribution of
HbV mainly in the liver, spleen and bone marrow, Transmission electron
microscopy (TEM) showed that the spleen 1 day after infusion of HbV
demonstrated the presence of HbV particles in the phagosomes of the
macrophages [22]. However, the HbV structure cannot be observed after
7 days. A pathological technique using anti-human Hb antibody showed
the clearance of human Hb derived from HbV in one week.

One issue of the Hb-based O, carriers is that they have a marked
influence on clinical laboratory tests. They remain in the plasma phase
in hematocrit capillaries after centrifugation of blood samples and
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interfere with colorimetric and turbidimetric measurements. In contrast,
HDbV is easily removable from blood plasma, either by ultracentrifugation
or centrifugation in the presence of a high-molecular-weight dextran to
enhance precipitation of HbV. A clear supernatant is obtained for accu-
rate analyses [23]. This is an advantage of HbV over acellular Hb solu-
tions. Accordingly, we examined the influence on organ functions by
serum clinical laboratory tests after bolus infusion and daily repeated
infusions of HbV [24,25]. Albumin, ALT, AST, and LDH, which reflect
the liver function, were within normal ranges. Concentrations of bilirubin
and ferric ion were maintained at a low level. The lipid concentration
changed transiently, but returned to its original level in 2wk. These
results indicate that the membrane components of HbV, once they
reappear from RES, are metabolized on the physiological pathway.

4. SUMMARY

Results showing the safety and efficacy of HbV have encouraged us to
move forward. The joint collaboration partnership of academia (Waseda
and Keio Universities), a biotech venture company (Oxygenix, Co. Ltd.,
Tokyo) and one corporation (Nipro Corp., Osaka) are striving to achieve
clinical trials of HbV within a few years. Considerable efforts have been
undertaken to produce HbV with a facility of GMP standard, and to
start preclinical and, ultimately, clinical trials.
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Poly(ethylene glycol)-Conjugated Albumin-Heme: Solution
Properties and Functions as O,-Carrying Plasma Expander
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MMz FIETAT I (HSA) WF S (07 I R7x=) BAT 40U o8k (FedPE7-1dFe3P) A8 LET
NT I ~LEEE (HSA-FeXP) i3, AHEH T CHBRL HNIESRE CE28H~2EAETHA. Feiztn
FFREILFRY (=F L7V a—n) (PEG) HEaXLERKETCEALLEF LWL ATBREERS “PEGEMHSA-FeXP”
BERL, TOHE, DB TIEY, BEAAE SRANBEMREOEMEF SN L. KBTI, PEGEMT L
TIVANLOBEHOFEEERIN Lz, PEGEOEAE, VL rDoT7 I/ EE2243I7F 45 IMT) TFAF—n
Bk, FZ~a-<vb A I F oA M¥UPEG [PEGy, %% 2 kDa (PEG,) E£7135 kDa (PEGw) ] #Fi&€5
FiE, bL<Fa-RT7 A3 Rw-A b%IPEG [PEGsy, #FE 2kDa (PEGs) F7-135 kDa (PEGg)] # YU v d
T EALEERISSEDFIECLVITo~. MALDI-TOF MSIZIIBIRER S FA & B — 2 BB, FOEEE»D
PEGH DR G A A WIE Liz. PEG,, (HSA-FeXP) D, BETITFA—LEOTEEN S L EHPECHEARKINEH
T& 5. PEG (2 kDa) TEMi L7-HSA FeXP@EE (U VEEBHABAEAK, [HSA]: 5 g/dL) DBEWKE, =wa Fg
FEIREMIE L HETH o703, PEG (5 kDa) EMiEDEITEFITHE A L. PEGHOEAIFeXPOBRERAEE %
BTS2 —F, BEHEEOREES2M LS. T v MPEG,, (HSA-FeXP) Wik a5 L1-#% DFeXP Dl 51w
MIX13—16 hrTh o7, £i-, Ty bl a v 7 EF V2B OWEEERR TIE, HSABRSSREEC~N, ATRMER,
MEIRIEEREG R/ NT A —F —, MBEEESE, METART A—F ZEEDENR b, HSA-FeXPD4 F3#E % PEGE
TIEHIT 5 &, in vitro, in vivolZ B} AEERBRENKEIND T EBH LN E R -T2, PEG,, (HSA-FeXP) ik,
FEPEF I TTAE R B E b M AEI B & L TR S 5.

Abstract

Albumin-heme hybrid composed of human serum albumin (HSA) incorporating tetrakis (o-amidophenyl) porphinatoiron (II)
(Fe4P or Fe3P) (HSA-FeXP) is a unique artificial hemoprotein which can reversibly bind and release oxygen (Q,) under
physiological conditions. We have introduced poly {ethylene glycol) (PEG) chains into the molecular surface of albumin-heme by
covalently bond to produce a new artificial O,-carrier "PEG conjugated albumin-heme®, and clarified its structure,
physicochemical properties, O,binding properties and O transporting ability in vivo. This review describes the latest results
from our research on PEG conjugated HSA-FeXP. The HSA-FeXP has been modified by maleimide- or succinimide-terminated
PEG. 2-Iminothiolane reacted with the amino groups of Lys to create active thiol groups, which bind to ormaleimide- w -methoxy
PEG [Mw: 2-kDa (PEG,q), 5-kDa (PEG,;)] On the other hand, a-succinimidyl- w -methoxy PEG [Mw: 2-kDa (PEGy,), 5-kDa (PEGs;)]
directly binds to Lys residues. MALDI-TOF MS of the PEG conjugated HSA-FeXP showed distinct molecular ion peaks, which
provide an accurate number of the PEG chains. In the case of PEG,,(HSA-FeXP), the spectroscopic assay of the thiol groups
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also provided mean of the binding numbers of the polymers. The viscosity and colloid osmotic pressures of the 2-kDa PEG-
conjugates (phosphate buffered saline solution, [HSA] = 5 g di.") were almost the same as that of the non-modified one, whereas
the 5-kDa PEG binding increased the rheological parameters. The presence of flexible polymers on the HSA surface retarded
the association reaction of O, to FeXP, and stabilized the oxygenated complex. Furthermore, PEG,,,(HSA-FeXP) exhibited a
long circulation lifetime of FeXP in rats (13—16 h). The physiological responses to an exchange transfusion with PEG,,(HSA-
Fed4P) into an acute anemia rat mode! showed siginificant recovery effects on survival time, circulation parameters, blood
parameters and muscle tissue oxygen partial pressure. On the basis of these results, it can be concluded that the surface
modification of HSA-FeXP by PEG has improved its comprehensive O transporting ability. In particular the PEG,,(HSA-FeXP)

solution could be a promising material for entirely synthetic O,carrying plasma expander as a red cell substitute.

Keywords

Poly (ethylene glycol), human serum albumin, albumin-heme, oxygen-carrier, plasma expander, red cell substitute

1. ZLC®IZ

RY (=F 7Y a—n) (PEG) X, *FF R, BRE,
FEFE, U UBBENC I VOREENAIE LT RICAHBE
, HefMNEEE2E25Z EBMON TS, M EES
DR, FURMEOE#MOZ LG, HEWE I 5 TaEg
T 2 BEOMN SR om LR ERNHH . ANTEEE
JEERA S L TOPEGEMi~FE 2 u 'y (Hb) OB Gk
NTRLY, BE, BELSNZEANC OV TEERBR S ET
LTWaA, 15, b MLEZAT I (HSA) 13, miEPics
BE (4—5 g/dl) KEFETIEHERAETHEY. Kol
FThr7 (0-TIRT7x=) RAT74 U8 (1) FEk
(Fe4P & 7=13Fe3P, Chart 1) ZHSAWEEI T LT I -
~LEAE (HSA-FeXP) 28, 4H&MHT (pH 74, 37C) T
B EFFHMICRREE CTEHL L ERAHLY, Bl s v/ F
FNT oy b~OBEERNL, HSA-FedPD % e & AEENEE
FHEREFP LI L TETWVDY, HSA-FeXPIBE &N =M
—DRBIL, FeXPRHSAOBKA Y v MIELHERA TOE
INTWAHESD FHEEHK 10°—10° MY, M~ 54+23 &
BHEBHOOEELENZ L2 B, RRD~L (Fa bR
W74 ) IX (FePPIX) £) LHSARERVIAENRDD (KE
IFeXPD10P—10MF & w2, MBI R Cik2.5— 360
BRI CHSAD BBERL S 3. £ Z TH4 L, HSA-FeXPD4y
TRE A PEGHE TIEMTILUE, FeXPOMBENIS S, BE
B ESNSRESEI LN TEZOTRARAVMEE X
7o, HSAMEEAEE: LTHELIDLHESATHE HLO0,
PEGIEMOILZIZ DN TRHE DS TV, fEx Dy
PHSAK BEINTHEABRETIZ L RAMOEETH DY,
PEGESHIZ X WHSAICHEA L-EHom PREL 3 Fa—n
THIEPTENL, BOREOENG L RKEF R FIERI
259,

AFETIX, PEGIESFHSA-FeXP [PEG (HSA-FeXP)] D##
&, WA ENSE, BREEAE EENEBIEHIEICETS
EEFLCOREORREFEHR TS, PECHIC X ARE BT,
HSA-FeXPOEHHEE, oA FigEFE (COP), BAEHAS
B3 L O FeXPO M PRI K& 2R E %2 RITT. PEGE
SHSA-FeXPid, BEERFIM ATRE/ R MERAEY £ - 2B 5
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Chart 1. Structures of Opadduct complexes of tetrakis (o-amidophenyl)
porphinatoiron (II).

R LTxbDTHRREAL LTHRINS.

2. PEGEB#i7ILII U-ALORR S 45E
HSA-FeXPiX i Bz iEME 2B T 5 v LA 2 FPEGE I
R4 2 FPEGIR &Y, B|ETHBEICREEMNT 52 &0
TED., IMTHREEBNIZY 0T 3 7 E L UiEETF 4—
NEERLER, Thla-<wlbA I Fo-A FFIPEG (PEG,%
72iEPEGys) & BUGT 5 (Fig 1). Z 02 BRI EBR MR
B, BlERB LRV, —F, oA A I Fow-A FFy
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Fig. 1. Two-step reaction schemes of IMT and maleimide-PEG (PEGyy)
with HSA-FeXP.

PEG,s(HSA-Fed4P) ({LiAZtk : [IMT]/[HSA-Fe4P]=15/1
(mol/mol)) ®MALDI-TOF MS#%#IE$ 5 &, 85 90, 95, 101,
106 kDalZ 5 DD/ v — 7 BNz (Fig 2.A). RGO
HSA-FedPl3FERT, SFEEHDENS25 kDaffilRTH S Z
L, HSA-FedPIZPEG AHEEW RS EFREELTEY,
FNEFNROY— 7138 72 HPEGHEAAS % H T HPEG,,; (HSA-
FedP) OLFA A ICHYT D EEZLNZ. ZZTHEERL
RINE R bRNnI LiE, FEERICFeAPOSFENEZEN
L E 5 THB. HSA-FedPOMALDI-TOF MSHIE TIZ,
HSAHERDE—7 (665 kDa) DOHBPEBI S, HSAICEES
N=FedPlE, £ A MLOBRF TEHENT O GREBELTLE
52 Mo TVS (10a). Fxit, HSA-FeXPIizBif 5
PEGEE DTV HIFE A A AHSA L FA—NVEOEESHT I LEH
TEHEERRES L. —i%IiC, HSAEEIT280 nmDOWIEE,
TRETELI LY =T Y= ERICE VIRETE DR, £
b OFEIIPEGEH TREEE LIZHA, PRnbdHESN
5HL0LFHEENE. £I T, HSABEDEEIZCDANY K
NMBAEEFIA L7z, HSARHK & PEGIEAFTHSAIEIRDCD A~
MLBHELIZEZ A, HSAEHIEDENAFEAE (ehb=19X
10* deg cm’ dmol") BPEGHFE S DRIE TEDL LRV L2 R
HL7. 2%V, PEGEMHSA-FeXPOHSAEREIX, 208 nm
IZBITACDMENDERIZRETEHDOTHD. —FH, BH
B LoFA—VEIF22-DTPEZ BV VALT 4 RRBKIET
EEBETHIENTERY., Zhb 200 EEHARDZ LI
XY, HSA-FeXPiz BT HF T — LV EBOBEHNTFEEE 2o T2,
IMT & &its ([IMTJ/[HSA-Fed4P] = 15 (mol/mol)) Z®7=E
#OHSA 15 FY4 720 OF A — VEEHKIZ6.7TTH B0,
PEGs & D IG#% ([PEG]/[HSA-Fe4P] = 20 (mol/mol)) &
06(Z3D L7 (Table 1.). 2%V, FEHEIEDF A —/LEN
PEGM5ERIGLTWA Z LICi2 D, MSOE— 7 B8ENSEH
L 7=PEG,; (HSA-FedP) OFEEELK (95 kDa) M HPEGHH 6
AoDSTE (5 kDax6 = 30 kDa) #2ZL53I< £65 kDak 72
D, ZTHRHSAEBOSFEIZEZE LY. UEOBEREML,
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MALDI-TOF MSTHHE sN/cmFA A =7 ITiZFeXPD
STFEBEIEETNRVI ERbhrol. LT, 4 FFREIZS kDa
D=1 A I RPEGHFH 6 KifEA LI2HSA-FedPZPEG 4,
(HSA-FedP) &HEECLT 5.
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Fig. 2. MALDI-TOF MS of (A) HSA and PEGy;ss(HSA-Fe4P) and (B)
PEG,;(HSA-Fe4P) prepared in different [IMT]/[HSA-Fe4P]
ratios of 15 (red), 20 (blue) and 30 (green) (mol/mol).
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Table 1. The mean of thiol groups per HSA-Fe4P molecule and binding number of the PEG chains.

PEG [IMT]/ [HSA-Fe4P] Thiol groups Thiol groups Decreased thiol ~ Averaged
mol/mol per HSA after  per HSA after  groups(B)—(A) PEG number
IMT addition PEG binding from MS
(A) (B)
PEGw, 10 5.6 0.5 5.1 4.6
15 6.6 0.9 5.7 5.7
20 8.3 1.1 4:2 6.6
PEGys 15 6.7 0.6 6.1 58
20 8.0 0.9 7.1 7.2
30 9.3 1.1 82 83

This number corresponds to the binding numbers of PEG,,, on the protein surface.

HSA-FedPlZ %3 A PEG,DiE &AL, HSA-FedP & IMT
DHRABHIZ I VA TES. IMTEZENIE IRV,
PEG,; (HSA-FedP) OB AD T A A E— 7 1 ZEE &ER95
— 101 = 107 kDa~&BIT L2, 2o —o % — (4
FEBLAR) WCEERR LNV LRV (Fig 2B). 4
FAF =7 BMENLHE LIZHSAY Y OPEGHA AL,
FA—NEDOEENPLEH LIZHEL L< —F L7 (Table 1.).

—75, PEG,,(HSA-FedP) D4, PECIEMfiEIZH~E Y
— 7 EEROENNEWED, B—To—RKe—7 & LTEH
N3, ZOBAELLAAFIMTEDEIMZLY, ZRKE—7
NEBITEEEHMA~LBIT Lz (Fig. 3, Table 1.).

e - |
#ik K B S o i Ik 144G

10 Wass (Charge)

Fig. 3. MALDI-TOF MS of PEGy,(HSA-Fe4P) prepared in different
[IMT]/[HSA-Fe4P] ratios of 10 (blue), 15 (red) and 20 (green)
(mol/mol).

27 v A I RPEGTEHM L7PEGs, (HSA-Fe4P) @
MALDI-TOF MS%, PEG,, (HSA-Fe4P) LEERARE—2 "4
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—y %7 L7=. PEG (5 kDa) MfLiA&th 2 #E09 L ([PEGs]/
[HSA-Fe4P] = 10, 20, 30 (mol/mol)), EHE X Y OPEGF
HiEAAT4->5-6 & EH L7z CEHBEAEAREIIMSOFE
BEEEDOHSAO S TER#Z LS|, PEGOSFETERRLE
& L7). L2 L, PEGsy(2 kDa) OHA, {HiAHE
([PEGs,] /[HSA-FedP] = 10—20 (mol/mol)) (ZEMRAR L, #%
BAREKITEIZ6 Tholz., ZHIERTZ A I FEO—EAK
FCHIASEL CND 70 EHAlEN S, SFREIC2 kDa?
2w A I RPEGHERI6AFE S LIZHSA-FedP%ZPEGq,,
(HSA-FedP) LHEFET 5.

72, CDALY MAMBBLEELEZHSAIB LT, ICPHLE
B L7-[FeXP]DfEN S, PEGIEATDRIH THSA/FeXP OE /L
4 (mol/mol) MEbLLRWT & 2R LT-.

3. BEM%

PEG (2 kDa) T{&#fiL7-PEG,,(HSA-FeXP), PEG,(HSA-
FedP) (PBSI&HE, [HSAL: 5 g/dL, pH 7.4) OIRIEK:E & COP
IIPEGHOREAAKICEBR L, REMEALIZZIRACETH-
72. ZHIZX LPEG (5 kDa) TEffi L72PEG,;(HSA-FeXP),
PEGs; (HSA-Fe4P) (PBSK, [HSAL: 5 g/dL, pH 7.4) I,
HSASCHSA FeXPIZH~EHEE (2.30—2.34 (0 &EE230s1),
#COP{E (45—65 mmHg) #RL7=. BIARZEzHAE Lz
24, COPiZE MIKIZZE LW EREE LV, MFEHEER
CLTOBRABATAOITE, EHBAKEIVESEN
COPIZT B I & LA THA D", MIRFEEOHERENHUIMER
RICBI D TVRIORRBICEERREEZR LTSI L LR
EENTWEY, EIRAE & COPOENREIZEAT HPEGH
D4>F & (2 kDa, 5 kDa) THIEI T 288, PEGESH
HSAFeXPOKREZRFIATHSD.

4. BREEEEE

EEFER FIZB T BPEG,, (HSA-FedP) DRI FIARILIN A
AU RVEE, A 441, 537, 563 nmZz R L (Fig. 4.), Ziud
FedP2-AFNA I ZV VN EESTFREALA LT, Fe ID) 5
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Table 2. Solution properties of PEG-conjugated HSA-FeXP solutions at 37°C (pH 74,

[FeXP]l= 3 mM).

PEG Density(g/cm”) Viscosity (cP) COP(mmHg)
PEGy.s (HSA-FedP) 1.01 1.08 22
PEGps (HSA-FedP) 1.01 1.14 27
PEGyy.; (HSA-Fe4P) 1.01 1.17 28
PEG¢ (HSA-Fe3P) 1.01 1.14 26
PEGus¢ (HSA-FedP) 1.01 2.34 65
PEGq;.s (HSA-Fe4P) 1.01 1.14 22
PEGss. (HSA-FedP) 1.01 2.30 45
HSA-Fe4P 1.01 1.05 21
HSA 1.01 1.00 21

Absorbance

¥ ¥

¥ T 7 ¥ 1
3300 due D S0 3R BB 63

Wiavabangth {nm}

Fig. 4. UV-vis. absorption spectral change of PEGy,(HSA-FedP) in PBS
solution (pH 7.4).

B A AR L TWA T L ERLTWS (10bc19).
ANOBRORNEE L LTI, ~ESryy, 347007
A VBIZHE TSN, AT AR — R (434,
557 nm)® BEZ L0, FHEFLTHERLT 4 ) OEK
WERRRBI-DTHD. TI~BEEZBRTDHE, A7k
NTHPDIZEERE R ~BITL (L. 424, 550 nm)
(10b,c,20), BB GMMEIBMRELEICEE L THEMNIC &R
L. £, —BLRFEEZEERTDE, PEG,(HSA-FeP) i1
HER—FLRBEEREER LI (4. 425, 535 nm). &2TD
PEGIESFHSA-FeXPIEIRIZ A2 A X7 M L &R L.
L—H—TF v ak b ) ABOENEE{NS, PEGE
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HSA-FeXPOBERRFBAEEREEL (k) ZHEFE LD, HSA-
FeXPDEFEE A RKISIIFeXPIRBEON THRE (72 /BB
LB AEEREMoOEME) ICHELTITAKR, BHVBE
(S EHEEHL,, (fast)) LBVIRE (FAHEEHL, (slow))
D2EHPOAEREND (10ce). ZOHSAFeXPIZR 6N 3
¥, PEGIEMIR L LD T L4, 2 TOEBEKABRERIL
THEORISE LTEM SR, EHIREWZ &2, PEGESM
HSA-FeXP®Dk,,(fast) &, x4 BHSA-FeXPD1/1.9—1/33
BVMEZ R L7, HSARME OFRKBRPEGHED, BFRD 7O
EHZTNWAEDEEZLNS.
PEGIESFHSA-FeXPDOP,,[K(0,)"] 1%, O/NFEIZL 2%
AR A MV L BEE LT (Table 3). PEGIERR
HSA-FeXPDP, flHiL, b & DOREMIKELFALETHY, FeXPD
BRREL I PEGHICEE R Z T RV I b o7z, HE
WENZIE, BBEORGHE LHBEERESVTRLEL LTS
e EHBHTESD (10c). —F, PEGIEMIZ L Y FeXO8htkm
7o b B RS S, BRFREEONRM [, (0)] 13T
BENiz. &V biF, PEG,(HSA-FedP)O, 08 bEV> 1,,(0,)
(16 hr, 37C) %L, ZOHERERA~NLEAETHEIAS
B (12hr, pH7, 37C) OfEZ L EE -7,

5. maFHEER (Svb)

PEGuv.s (HSA-FeXP) ¥ & UPEGyy(HSA-FedP) BiEx T v
bt (0% BBRMIEEFY) L, FeXPom iRzl
E L7 (Fig 5). PEGy (HSA-FeXP) #51% OFeXPOWH
BT WIS, R IEPECO o 75, FeXPO#H
B 57129158 hrk Ebho 7%, PEGHIZ L 5 FREE
523, FAEBY FeXPOMEHELIHI L T A0 LRSS,

i, PEGs (HSA-FedP) 5% OFedPDRE ML 4
HERL, 1. E15—21 hrlcE8E-7. I bEEEOE
WiE, REERBS LUPECHAMNEBEOMZEICLZLDLELD
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Table 3. O,Binding parameters of PEG-conjugated HSA-FeXP solution at 25°C (pH 7.4).

System koo (UM7S™) Ko (ms™) Py z,,z(ho)
fast slow fast slow (Torr) at37°C
PEGy..s (HSA-FedP) 1 5.8 0.16 0.08 11(38) 13
PEGy,.s (HSA-Fe4P) 12 4.6 0.17 0.07 11(32) 12
PEGy,., (HSA-FedP) 9.3 4.7 0.16 0.08 13(35) 12
PEG.s (HSA-Fe3P) 15 4.2 0.52 0.14 26(41) 8
PEGys.s (HSA-FedP) 12 6.2 0.17 0.09 11(31) 16
PEGs,; (HSA-FedP) 10 4.3 0.14 0.06 11(36) 13
PEGs;s.5 (HSA-FedP) 12 5.5 0.25 0.11 16(32) 18
HSA-Fe4P 31 7.3 0.53 0.13 13(34) 9
HSA-Fe3P 29 4.4 1.1 0.16 22(45) 4

2The numbers in parenthesis are P,, (Torr) at 37°C.

10 -,,
" i Py o HEAF 4P
¥ 8 PEG,, (HEAFed
33:& o | PEG, AHESF e
' i PEGy, {HE8-FaiR)
&“‘F b e PEG,, JHEAE RIS

R A

Porsiglencs in sarm (%)

Hi oy

Fig. 5. Persistence of FeXP in serum after administration of PEG
conjugated HSA-FeXP into Wistar rats. All values are mean =
SD. (n=4).

n5. BIE, FeXP%& 7 PECGEMHSAD L PiHEEMz
BAT 278, BHLRNEEREL TW5.

6. BEHEAORESFELTOHE

oy ML s v 7 BTFAERNT, PEGy (HSA-FedP)
DERNEBEEGEELITM U, HERMEEDE5%EHSAT
L, SHII30%EEVM, FEOPEG (HSA-FedP) B
RERMRAER LS LT, 2% E ToOAMERE, WRBRBERS
T A—F—, HMEBEEESIE, MEH AT A—F 2 RE LY.
SHRBITHSAR BB L s RimER (HoBE 5 g/dL : FedPD~
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LPRBEHNE) WAL L. BMRTH, THLE, 08
B, U, MEBEEST (BRERUCIERE), PaCOk
LUPVOMMET L, Pa0, pHEUIEBEBEOLFRRDOLA
7z. HSADHEE LT T, ThbOBEbESHFETDI Lk,
BEH TR s FlefnEe L (Fig 6.A). 5,
PR AR ST 5 &, £TOREMN ISR MAEC E <
HL, 5HEFANEEHKRTI20NEE TAERF L. PEGus
(HSA-FedP) 0L T, BEKTHRICTFHME, AL,
MRS, SMERMEEERE, PaO, PaCO, PvO,# & OVELEE
BENBLOLATEE CEE L (Fig 6B-D). ®RE# THI205
FTISHIRMMNETL, BEGEELF T IMBEEEA L L
TOMRPELES NI

7. FED

B~ LBEHEHSA FeXPD4 TR #PEGHE (5 F& : 2
kDa F£72045 kDa) TEFT D L, in vitro, in vivollEiT 3
EE RS REN LTINS, PEGIEMIIBERAEREZE TS
AWM, FRAWELEMET 5720, BEMKOREEFHAS
¥5. 5 kDa PEGIC L BB TiL, BWIHE, COPH LA T2
Lo, 2 kDa PEGOBE, T LOEICKERELIIRGA
20y, FeXPO e, PEGHOMARRIZKE <K
L. ¥ICPEGy (HSA-FeXP) OB MAIZPEG (HSA-
FeXP) {2tb_B L 6 —8FICEEINZ. £, B a vy
JEFNERAOEBRERRNS, PEGy (HSA-FeXP) BN
B mEER E U CHRAREAI L 20 BDZ 2 LRSI
7-.

43 T < i, PEGuw (HSA-FeXP) &% 7 AMIZH
TL, KEERIELL, REFHEENGELNDZ L2 R
Liz. ZOEBIERFEHEK FTFe (D) SBEIHEAE K
(FAXUE) 2BHEL, ZRP~HTEBERZTLHICERE
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Fig. 6. Effect of PEGy(HSA-Fe4P) solution in anesthetized rats subjected to hemodilution and hemorrhage; (A) the changes of
their survived numbers, (B) MAP, (C) PvO,, and (D) pH. In (A), solid line; PEGyys(HSA-Fe4P) group, broken and dotted
line; RBC group, and dotted line; HSA group. In (B), (C), (D), each value represents the mean * SD. of 5 rats [@;
PEGy(HSA-Fe4P) group, O; RBC group, and A; HSA groupl. The yellow, blue, and pink areas indicate the periods of
65% hemodilution, 30% bleeding, and sample infusion, respectively. °p<0.05 versus HSA group (Tukey-Kramer test).

ELT. BOKICHERLARY MVBERITY &, HBIEICTS
BEREL LI ICERHEANEVER LB S, PEGESM
HSA-FeXPid7 4 Vb & LTHRTE - RO TE 5 NLTEERIER
REp 5.

W, AETEMNLENRPSEARBOHMCONTIE, B85
TEICELVOTELLE2ZRETIIEZENTHD.
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ANEJOEVINGFE (HbV)-UAVEF Y RV ZERBERICKD
40% 3ZIREFI : S5 v MEREA HoV (XE&EMICEET 3 2 B nERR"

BH RK WEZAEAY ik
miT #HEY H OERY M R

fE KT RE EAY

(FR) wmmftEe LTHBEIShIZAE S0 VK (HbV, FifE251+81nm) I22WT, BREREBIZLD
ZOBFRERBESHLO PSRN TE L L2 LESHOPEMNZREEE, HICHBENERICEITS HHV 05
BEERMIOVTRTTLERERBE SN TV Do/ (B Wistar 25 » b (&, 600E) 2H\, HbV % 5g/
dLBEOYV 2 ;Y M7 T I VER ((HSA) A8 SEE8E (HbV/rHSA), 5 v MEERIEK % rHSA
B S 2B (sRBC/rHSA), B3 rHSA BB T, HRIMEED 0% »2EKTHB L. FOREE 14
HEOMmMBEFER, MEAELFENEN, BLOHERESORETZERLZ. (BER)HbV/rHSA Bk rHSA BT,
MPEARBRBZIET LA b2 Y v ME (Het, #26%) 4%, 7 BBICESHRBTOME (43%) I THEEL-. m+
I ATRLS VRER, @FTERLL. HICHSAB Tl HRACR DB WEZ R L (321+1231U/L), &Lk
ERMLEEZ bz (HbV/rHSA, 153+22; sRBC/rHSA, 637 ; baseline, 21+3). $7-, FEICLBE TR
BERE K % 520 72 (HbV/rHSA >rHSA >sRBC/rHSA). MBS EED S, MEICHES N HbV 2 14 B UK
WCEREIHEELE LarL, ~NEYFY V&I HbV/rHSA #EB X OF sRBC/rHSA #IcED bz, $7-, rHSA
B L HbV/rHSA BORMBICZ BEORFERIFELE L. GER) 40% ZHREIMIC BT, BEs 2RI ERASHE A K
FRCHRSE IS ABNER L ABORSEZET, HoV HIRAB SN 88SFHEINS. $/-, SliEo
FoHE L D Het 257 BRI LI EE HET A L 2R L.

F—U—F . ATl#, ATERREHRE, ATHRILEK VAV -4, RBEMEH

TRBYAAE, Transfusion EEHEES & UF Blackwell Publishing #t D& D % &, Transfusion #546% 35 339 E-347 H.
2006 FERANIBIR S N/ HETEEB L2 D D TH S (This article is based on a study first reported in the paper : Sakai H, Hor-
inouchi H, Yamamoto M, Ikeda E, Takeoka S, Takaori M, Tsuchida E, Kobayashi K : Acute 40 percent exchange-transfusion with
hemoglobin-vesicles (HbV) suspended in recombinant human serum albumin solution : degradation of HbV and erythropoiesis in a rat
spleen for 2 weeks. Transfusion. 46 (3) : 339-347, 2006)

8 53 H B ABIFZRBESHEB R

1. % g FEhTws, fizE DREEOBIMEY sy 20

~NEZOY Y (Hb) 2FH Uz ALEESE#E (Hb-

based O, carriers, HBOCs) DRFZEAM i FREBUR TER
L, BRRABR OB H 2 BAI L EoPHMON TV S,
HBOC oFjgiid, MEELSENC L, KEAZEEI
PErcE& A2 &, 7, FRMBRCHEL TEHHORK
TR C & Th DY, M FFE R A IRMERIC B
LT2~3HEEVLODY, Br 2ERHEOREIH

BARE LT, BME COBREELTORES, 2) #F
MOMmMPAHR, HrhoBmicd+ %512y, &l
DOEE, BULEImEE S L FEY, 3) LEFHOR
AT AHRAMERRBOMARLE LTOMA, 498
FWBFEA L LT, BIEERER CRTRKBERED
WEEE LTORE, 2EhH 5%

EEOLDPHBLAES O Y VMK (HDV) i,

1) BiREASETEHZET

2) BRESRRFEETNH

3) BERBRFEEMHBEEN

4) BREREETEMR

5) WERE L)k

(%ftH 20064 10 A5 H, ¥#H 12006412 A 12 H)
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BIRREINARIMERD SR LB SIBEE L b Hb B
TIRERE CHE L - g %E L Tw 59 jRizk
EEBOMBHEECL Y, ARBEELE T L5 FIRHD
& ME MR & OEBERBEA O BLEATRE & 72 5199,
M ic#s & hi: HbV i3, BFEERBEE R L%
BRI MBI % (RES, Reticuloendothelial system)
< 7u7 7 — VIR SBEhL I LIANERESR
BALHELPIIE o TWAY™ ZhE T2, HbV
e VHEOTAVTI VEIRYIYEF Y T
73 VEWCHSA) S, ERILEE O 80~90%
% AT B O MR RERER, 50% Biic X 2 i
WY ay 77T H2BAERRSE T SEHICE
VWURIMER & S OB BRI E S T & 292,
LaL, BREBEBRHOBZEICETI->TBY), FEY
RIRBEEIETICRShTuikhol.

7 ZCTABFE T, HbV % rHSA o s ¢/
B v, BRIICEE 3N D 40% OMBEZERE I v
FEFNVERWTTW, 20# 2 BBIICELBE+1To
7o MBAELERE, MEFHRE, MSREENR
EE2ITV, FFITRESIZBIT 2 HbV o EHE Het ©F
BRBICOWTHEH L7z, BEIAMNERS, BIREAR
RS OBIZIE, FHEL) DBBOBRRKFEETDH
pwen e R ER MR CHREAB SN D
ZEFMOLENTWADOT?, FRFFEETIE, BllEF NV E
L CRERIREZHS LIBEOERL, BE~0E
% ERE L.

2. ¥H# - Bk

2-1. rHSA (LS8 ¥ /- HbV OB

HbV IZEE AT, BERICHE - TR L 2229,
Mk  Hb B8, HARFFh 5 RE 2 21074
BRtph e PARMERL Y R L 72 HbV & 38g/dL @ Hb
BHEEABLTWS, 7X57Y v 7HAFE LT pyri-
doxal 5-phosphate (PLP) #&& %% (Sigma-Aldrich
Co., St. Louis, MO, PLP : Hb =25 : 1 by mol). HbV
DIBEMIZIE, 1,2-dipalmitoyl-sn-glycero-3-phosphatid-
ylcholine, cholesterol, 1,5-O-dihexadecyl-N-succinyl-L-
glutamate (H 4484k, KB, B &£ U°12-distearoylsn-
glycero-3-phosphatidylethanolamine-N-PEGsuo ( H AS7H
Bg, BE) 2% 5/5/1/0033 DEATHEELTWE, =
YEMNEVUVERIZ ) ANVAEOEREIZIY 01EU/
mLEUTCHB I & ZRERAL/D, WBELEN/ ST X —
e LT, BREHNE (Pw) H%27Torr, #fE 25181
nm, metHb & &1X3% LT Tdh o 72. HbV 5 5
([Hb] =10g/dL) 86mL % rHSA & (25g/dL) 14
mL EREL, HbV 2358 L T 558D rHSA B
% 5g/dL ICHAEI L7z, #E> T, &5 h/z HbV/rHSA
® Hb KL 86g/dL 1=10g/dLx86/(86+14)} 17
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5. 2Dk XBEEBEEFEIE 20Torr, ¥5EE 20c¢P 1272 5.
2-2. yHSAICABIE ¥ ATy MRAELOBES
L—F VBT, Wistar 25 v bOTKRERILE

WML L7 9 v MIE10mLAICH L, MmERA# (CPDA-

1, NIEfesas) 2 ImLinz, BHLTLCIZTI

ERSHEELS BEcINE 1L ERRRELES v

FRIMBROMEEIMI, & PRMBRE F4MC 4 BER

FLAbD LRSI, RER HO58 (4000

g, 10min) LCHiiE & AMEREKREL, BEAHEAE

KEFSRMZ TEOHEEST H2BELZ ZRHYEL.

RWT 5g/dL @ rHSA 2 L THAB S &, BEA

D EEL T EB A% BRI L, rHSA %70 LT Hb

% 86g/dL ICFHE L7- (sRBC/rHSA).

2-3. MAZHRFERE 2 BEOHRE

Wistar 27 v b 65 L& Wz (&, 223+20g). *
v 7% — v (Abbot Laboratories, North Chicago, IL)
RS LU (ImL/kg) HEREE L, SEBRICR
VL VA F—F 0V (SP31) 2 AL 1mL/30
sec DI & FE&ORFHERFE G 2V ELTH0% D
M % 254 L7z, AEHETIE, HbV/rHSA (HbV #,
n=20), sRBC/rHSA (sRBC #, n=20), B XU rHSA
HoWHs (n=20) Thb. R—A5—=VDEZMS
2%, 5IEOT y 2R L.

TR R L 56mL/kg RE L HERE LY, Zhi iR
LahbmBascis s L IREL, ERICHER HbV
D OREEE L2 1.0mL i & %k 5 24
NELLZERET B L, 40% OMPRBITKRATRE
nas.

40% =100 x {1 - [(0.056 x k& ~ 1.0) /(0.056 x $k &) ]"}

(1 )

WG R, nx10(ml) LEHETES®. {kE 220

gDIy FOBE, LERIZ60mLICES.

MPERBRTH, A7 —FNEHNL, BEIHRE
%%, UBMERA L. Ty MEEOB, F—-VICA
Nk 14 AREFS S &E5%1, 3, 7, HHEKR
BENPOSERINL, 15% R 7V VIR ABRERT
RBEIRE D 24G-F B4 (=7 o8 28 L TRl
(150uLl) L, AN~ bz Yy b EMERBMEZTo 2
(Model KX-21, Y A XA v 7 A, fF). BELTTFXKE
RAGRIML, MEECEREOKGEL Lz, 208
BEHIHSZHB L, 10% Svey i) VEER
WRERBEEL, 5974 YEB L 4um EQHRFIC
DWT, AT MFVY - VY (H/E) Heta, N
VYTt BRI, FAFRBEERL:.

Bifn# (% 6mL) %05 (5000, 104) L,
Mm#E %4572, HbV PSR ICRFELTWAEE4 (1, 3
H#) i3, EioE&E L8 (50000g, 204%) 12k b
ChELRESEEL, EH2MEBZNERELL, I
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400 2 08
Body weight 9\;
S 300 :i'z 0.6 [ ] Baseline
5 5 B HovirHSA
2 200 2 04 H
= _§ rHSA
3 100 2 o2 X SsRBCHHSA
0 & 00
60 250 2007 57
501 200
- ~ 150
407 = 3
2 G 150 RS
=30f - = 100
L = 100 =
201 Q H
i 50
10} = 50
0 0 0

B 1 3 7 14

Days

1 40% s RBEo4E BEERL BLUDIRKOEIL *p <001 vs baseline ; #lp < 001 vs. rHSA #
#25 = 00288 vs. sSRBC/THSA ; #3,p = 00353 vs. sSRBC/rHSA. B * baseline. (From : Sakai et al, Transfusion 2006 ;

46 : 339347, Blackwell Publishing, Oxford, UK)

* ] Baseline
4001~ [ HbV/rHSA

Days

H2 40% mgXEEompr) A0RLIF Y ORER
k. *p < 001 vs baseline ; #1p = 00222 vs. rHSA ; #2,
p = 00195 vs. rHSA. B : baseline. (From : Salkai et al,
Transfusion 2006 : 46 : 339 — 347, Blackwell Publishing,
Oxford, UK)

WAL BT 5 HbV O TSR 2 ¥R L7227,
BN EBELMEIZIE Hh 2385 T 13, HbV OFl
AN L BR L, MERAFIIREE T-80T T
BEERAELL. WEEBE, R ERESeS T Kk
T2 BEOBREFEBOIEH,, =) A RLF ¥ (EPO),
B XU HbV O RIEEE KM 5 L E2 ShDREK
Gr, VUMY Y, EESEE L BMLH). Fv

FD EPO I, ¥ b® EPO & OMFEHENEVOT, H
t + EPO HR COMMD T RETH o 729,

B EBIEREFRRFEFRYWERERE DK
FEBTEML%Z. 72, Guide for the Care and Use
of Laboratory Animal D38tz 7%,

2-4. HRETALEE .

BREETEY 2 E#RFE (SD) L LTl =
yiho—VEELBHOBOEFEEREICE, Fisher's
protected least significance difference test 3 & Uf one
way ANOVA & vz, pEMXOOLUTOE ZIZE
BhEEHELL.

3. & B

3-1. FE, BRER NE¥HBREORER

SEEH 40% BT 2, BB S¢S TER
L7-. Zhid, 5g/dL @ rHSA EHBOMREICE Y, B
BRBE EERNFEY —2ICRBELMEAREIT-
S ZEAEERELTETEZ OIS, FEG 2239 1k
14 B3 300g BEICECRELA (B1). LFER
EOREDERIBED O od.

BEECNTBRBEROELTIE, HbV/THSA BT
B2, 1, SEBARICEAL TV, 14 BHEIIX
EEMICHE L7 rHSA BTl 1 BRICIIBIZEVDS,
3HECABICHEAL, FOBETLTI4 BAICIZE
EMEIZHE L7 sSRBCEIZ HbV B & h 3BEIREYD
OD1EHENPS 7 BB T THREBEANR SR
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2500 200
Amylase Lipase
2000
T __150f [ Baseline
=) <
= 1500 5 B HovirHSA
3 o 100
= 1000 4 B misa
< 500 g 50 Y sRBCHHS A
0 0
A120 — 40 50
- Total i Free =5 HDL-cholesterol
g 100+ cholesterol | 2 a0l cholesterol | E 4ot
£ a0 £ E
g 60 g g3
B *%' 201 %
S 40 ° 5 20
2 © 10 S
g 20 g al 10
- TN I
0 0
200 150 5

TG

-
o
Q

Beta-lipoprotein (mg/dL)
a S
(o] o

FFA

200

—_ )

=1 e}

K} 5 0871
2,150 o 0

e £ 06
2100 5

'§ § 04r
& 50 8 |
g S 02

0 0

Fe3* (ug/dL)

B3 40% M RBEOMBAELEREOKRE. *p < 001 vs. baseline. Triglyceride, TG : free fatty acid, FFA ; base-
line, B. (From : Sakai et al, Transfusion 2006 ; 46 : 339—347, Blackwell Publishing, Oxford, UK)

Het fH13, MIEZHENE 43% Td - 7275 HbV/rHSA
BB X UV rHSA B, mEsciesk Het M5 26% 1C/ETF
L7z, 7 HRZIIBAOME (43%) 2HL, Hic 14
BEIZIE 46% 1272 Y, BRI OME % 2 72. sSRBC/rHSA
BTl EBOBEIIE VY, 7, 4HBTR O R
HBLTEDOEER L. EHRABFANEI OV
Y& (MCH), F¥RmBRAR MCV), FEHRimik~
EZTVY VBE (MCHC) KREZZDL A o7 8
L, HbV/rHSA BT, 1, 3 B4 I2 M # &\ HbV
PRAELTWAB 2D, JIEAREETH > 72. sSRBC/rHSA
BT, 1 H#% 0 MCH $ X U MCHC T& T 254

L7z, Het fH & 3 BRI, /MR X OB ek
i, BELAER2#EB LA HbV Hko Mm% d b
BEENL, MBCSRER I 44g/dL EEESh, D1,
1, 3, 7H#I218=01, 1.1=01, 0g/dL & TF L7

3-2. MAHEZRE

mr EPO i, &L, KEEFRE A bL2%2K
My A2HEETHY, MBSEHFD21+3IU/LA, 1 H
FBICrHSABENT321 £ 1231U/L 2R L, ZHIZHbV/rHSA
B (153%22), sRBC/rHSA B (63+7) X h b EET
Holz (M2). LH»L3HERIETEAICHY, 7
HEIIZLEROMBICEL 72
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4 HbV/rHSA BB LU rHSA H#oMBY R oX A9 EE%. (2).(),(c) %, HbV/rHSA
Bo 1,37 HEORE. HIRSh HbV dHEa0HER (BRH)  RIFRBIBFROM
Mok LCHEREND GREH). HbVIZ7 HEWKIITRY RT3, (d) HbV/rHSA B0
4 HEORIEE. HbV IE&ICHEE LA (o) tHSAEO 3 HEOME. REREISE
woHhE DHLV/HSAENIBEHOBHIC L BFRORFRIFLET L. EDAEY b
PEETZHRIFEEREEZ SRS, Ay — 43— 50um. (From : Sakai et al,
Transfusion 2006 ; 46 : 339~347, Blackwell Publishing, Oxford, UK)

ZOh, ASTEA1 HEWZETO LR ERNEZRL
A% (HbV/rHSA, 70+5U/L ; rHSA, 69=12; sRBC/
rHSA, 72+9; IEH{E, 60=7), 3 HERIIZEFMEIZE
L7z, ALT iz bidEdL o7z, ALPB L Uy
GTP I3 E VP DEEIHNH o 72, CPK IFEEL T,
EFIIOoVT, 2V TF oy, REIEEGEREZRL
7z, 73— BIETEEIERSNA2(K3), HbV/
rHSA BED &K, W —EDLH2BD72%8, 7 I
EHEHECEL 2 RERSBEICDOWTIE, HbV/rHSA
BChE0BILAF0—), BHEILATT—LO
TEM 3 HBRICR OGN, 7 BRI IEREICEL .
B-) REH, BEEVREHI VAT U — )ik, MER

BBIIFIC rHSA BECIR TP H o2, P T &
U ML ERETIRTEMICH D, 552 HbV/rHSA BT 1,
SHBICHETH -2, T, ML BELTHE L7
BicaEsnizz b —HFEEZ N U VIREIR
SR TEMIRTEMICS - 72 BEIRHER 14 B
WCHEIMERICH o 72, €YV E ViR (<01mg/dL) it
FIREZHER L. BESREETERCS 2
A%, 14 BRI MB SRR oE B L 4.

3-3. HEEURIEZNRE

ERICBVTH, O BESCEELED L,
7. HbV/rHSA B TIX 1, 3 BB CHED 7 v 3 —Hill,
BHO<T 707 7 — VIS HbV PBESh
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5 HbV/rHSABB LU sRBC/rHSABO 4 HEOHEBMFONLY ¥ 7 — et il
HbV/rHSA 8o (a) B, (b) FE, BXU (o) B8 BEEIFBICATIFTY V258
L7z (d) sRBC/rHSA BEOBBIC b ~NEYFY VA &, X — b 3= 50um.
(From : Sakai et al, Transfusion 2006 ; 46 : 339347, Blackwell Publishing, Oxford, UK)

PREIZRA L, 14 HEIIEZWHEE L2, HbV/rHSA
HTiE 3 HRICmApP Y S— ¥ D ERAPRD SR,
WS ZE RS H o 72, HbV/rHSA B 0
DF L FHAE T, 1, 3 HRICHRBBISHR S hiz HbV
PECROLNZ LarL 7 HERICERAL, 14 BH
WREERL W (R4). EBM %@L TMERCRK
FIERB LURIRFROE (£E) PEHFEL, FI
3, THRTHE TH 7. BOBEH, S, HHELHS
EMAMA 2 72 tHSA BT 3 HEBIARFREL L (R
Wiz BRMTOM®MS HbV/rHSA B CHER S Lz N
WY 7N —Fe®iZ L), HbV/rHSA BT 7 HizlCh
JEiZAE 7)) Y AMENICEBII S N, 14 HERICHEICH
FElzo7 (A5). EPICHEO 7 v s—Hifgic b3
B HNTZA, BREICIZED 572, sSRBC/rHSA BT,
14 BRICBEICAE Y 7) VikENBR sz,

4. £ B

AU BT AEFE 2 A, HbV/rHSA B L Y
40% M SN CIET L7z Het A5, 7 HigZiZE
EICABELAEZ L, £/, 4 BETICRES ICHiER M
72 HbV 2M3THE L /-2 & Th 4. HbV B MEEmA
i, REEEE~O HbV O L, EPO S L TH
WEMERIZ X ) iRFEREIBRIECERET LI
BETLEZEZON: L2 LEBEBERIZ 14 BRI

SEEICEEL TWi.

IhFE TOREHME S~V Lz HbV OENEIREORTZ
75, HbV I3 BARRYIZ RES ICBATT 5 2 L 2% - T
BV BERAO—FIE, R4»585L 912, HbV
PREFEICHIR SN B Z L TH B, 14 HEICIZHEE
T45 BEJHBEFIFCOMPFILAFO—LOBRH
% bR, F72 HbV 2Nl Tl L 2 WEER 5, HbV
PBRESOV 707 7 —VDORMTHEMEENLTHS
IVATO—VHAMPIERE L2 D EEZ bR,
BE#Rko HbV B 5 RBOBE TR, BEE) KEH
JVAFa-ib, BYURER, U VIBEOWRS, B
B LTRSS AP L L, 4E O 40% 5%
BismABRTIZ, Thootb®gRRoNT, L LAK
T3 2EmD H o7 o TREDMBA HbV/rHSA
TEESINEEICE, HV ORERS PR TER)
FASN, BMCHRRICERSNZTERENS 5.

HbV SKEICHRE S h, 205 HEBR TALSKRR
VI 4 DGR THBEE) IVE U FAREICEET
LBl L0 mMPBEOLAZI4HEMECA
bhdo7z Hb B EhiaAsid, Y v /t—
M, B~ 07 7 - VOBERINL S F V5P —
Y1 DBEEMEEZT, CUNMVE VIERTE99 &
BOEERD S, HhV OREHRSIELTHEY VE ¥
BB ORI L o THgah, BT E %o THElE S
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haZ e, FREHEHRMERCEENREN LE
Zbhi XY TN —-E T, 14 BEOFR S
BEIZAE YT ViIRENRD LRz BE, ~NAH
RO 7TV F L ELTELONSY, HEELVS
A BBENEVFY R D, 72V FVINEYT
VU bEAF U EBEREL, BR{IbKELEOTVPY
FUSICE ) OH 9 VA VEEAL, ZhMIEEREL
#BETHBSNDH 5. Lo LILEHICE, REtit
BELEANEVF)OFP 72 )F L) SARERT
HHEORFLH AP, —EICHEHm T HEZT 5 8E
T, BRERMERD MR 7290 RES TR
BN, NEVFY UBELROLND. KK T,
SRBC #THRIBETIEH WMWK EANETTY ik
EVFD N, BEDTCEELRIERD X 9 ISR
ROEFREAMET LIRIS & 2 0, M E R <
Y B CHE, SMEhAZ L ERO—DEER
S5ha® ZhonZ bhs, HbV HRD AL DL
BLUHOFEE, AHENFAGHENTDHD, KE%
FAERMERDBE & RO R M6 - A BRI
IVFbRTws I ERFRETELD.
FRIEWEZ, BRI HbV/rHSA #8 X U'sRBC/
rHSA B2 T% <, rHSA T3 HBICEEE TH o 12
XEIC LB L, Ty MIEEBERRBICORSIhSE, B
L3 M AS RS TR 12 2 2% 4 D EBTIE, rHSA
BCHIC3HBICKEBORFREOFELRE L T
%. L.rHSA OFNEREICE T 5 CH» 5%, rHSA
PEBEOE L UCREICHERNICHIE S h s
KL, BEEXREOBBRIENEEZONS. o
T rHSA B#ORER KR, EPO iz & o THiSE
mAEEbEInBEEZ N

Bl 55w S h b EPO &, Bl RES 5 KMt
T 509 rHSA BETIES 1 BEICER DBV EPOEER
L, BEEHEREOKETICE Y EMREIRLEP o7
ZENFEAD. T HbV/rHSA BASEEZ R L.
ZHid HbV oI EWF &, BFRERRED
v metHb OFEFWRT AT LIERLTWSY.
% 72, sSRBC/rHSA B CH MEASHIAZIC Hat 2MET LT
Wh 7z, EPOEORZELR AR SN o T
HbV/rHSA # X UF sRBC/rHSA BHOEBEIEAD D 5 —
DOOERE LT, BMBERICBILRFIREDOFIED
HY, ThAHet %2 1 BRI CTEESEZEEHNITH S
LEZOND. EKREWEC, rHSA B, HbV/rHSA
B 14 H1%D Het {12 46% & 7% 1), SRBC BEDIE(43%)
% o Tz, Zhiud EPO 4B A% rHSA #, HbV
BEXSRBCE L Y HEL, BEIATTESI N0 over-
shooting L7=® %% L. MCH, MCV, MCHC
FEETHoZ d, BlERICEENEN L%
FEHELTWVD.
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MFAEACFRE T, BV BSREICHE 2 v 2 s—51
FRCRATT A LT, FICHBRICEE N EN
EERBE L HOV DG Lo T R—¥ D LA
BHROAFTHRSEBLIEOEILRDOLNTWE. Th
X, HbV OGS THAIREIC L o T, U S—Y O 5k
PICE L 72D d Lt ome, '

B UCHBERTO HDV OfHEZBELZS v b
OG5 HER (40% MWRHR) CBEL, Iv bMxehl
PEFL, MEAHAFICE VKT L7z Het i 7 BUPNC
L7z, —BUOMBREXENETTY VA
BENTH, RELGEA 4 Y OBERIFED N Lo
72. HbV 12 MEE8 2 RAE R I ER D34 & RRE O 4 BRIHE
BIZE Y, MIEAERCTHERB SN, BRESIX
BEd < BRI BRI S h a8 FR SN T2
THEORELHHH, HbV 2 8mE s UCERT 55
EOREWIIOVTOHMRERAZ LN TE.

HWEE BRI RN Lo SRR, BT (R
HA%), MSHEENRTICRE LGy LMK (5
JESMAFFESHMHBENE), FAERLEIHELHEETLE
FIAREIE (BEHRBAZESRELRS), &5 I BlHE
(BREFBAFESRERRERS) R L EFEy. vz
YEFVITATI V=T Ok hREE T Ao —
i, EABMEEMARMDS (FES - BRRSSEL¥25
R =Y A L ABRERIRTE), HRERRES REmERE
B4 (B16300162), HAATIEES#4 JSAO-Grant 1= & b i &
Nz, F72, B XY Vs AOKBEY ST, RLTH
BEETS.
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