A&

F6% E45 1998%F12A

"“%ﬂ, ﬁ'ﬁﬁﬁﬁi%‘;ﬁﬁ’(7u7’—~‘¢'/\§§¥ﬁﬁ ........................ %'j‘ﬁ'ﬁ)‘%
m;&o) V?J’El&—é:ﬁ'ﬁ]ﬂlﬂ?{'bﬁ% ........................ H.ggjlé_
IKRNDIRAL S REGOORKEREOESE - BERA

RE JALEF L MTPLT I —ALEESHOYM L BEERESEE
.......................... ’J\H\\%Z
SEETMREFTIRL 2T IIVIFBICH 1 2 ATBRRERG
(NGO Red Cell: NRC) o)ngﬁﬁ ................................. Ex/% %
;}%%t‘; L BT T PO

ARTIFICIAL BLOOD

Vol. 6 No. 4 December, 1998

94

101

106

110

115

Contents

Review: Laboratory Assessment for Erythrocyte Substitutes before

Preliminary Clinical Ugg «-++»++=++tosererreseeceese Masuhiko Takaori

Blood Rheology and Red Cell Substitutes +«++++++--- Koichi Niwa

The Significance of Blood Alternatives from the Viewpoint of

Jehovah's M/itnesses ................................. T0m0n0fi An‘ga
Original Article:

Dioxygen-binding Ability of Recombinant Albumin-heme Hybrid

.......................................................... Teruyuki Komatsu

Evaluation of Oxygen Carrying Capacity of Neo Red Cells
(NRC) in a Bioartificial Liver Module Packed with Rat
Hepatooytes ........................................... H,'roshi Kurosawa

94
101

106

110

115




SRS AR B8 SE , TR EIDEE OPE--SHHHm

R —R fo.—
THROEE BEHBA/ - h¥E[ROOK] NPESLENS - 2K
KHER AT H S N ekeE KIE HHE

BAF+ZD s OXTAMM250 +7HXIAMMS500 7 HXIAMM1000
I 55 43 B 471 REETNT I




BERRABR T/ U7 —9AXZE
Laboratory Assessment for Erythrocyte
Substitutes before Preliminary Clinical Use

T 2

Masuhiko Takaori

AR, HEROBMER B IEEHOBE,S, FL204E
EERFIOHT 2820 5 MEARHORE, BMERTH~NOEZ
PEEoTW5. & FONRABTYRENOEZIIHL, T
122, 30BBTRERRBERICA>TVREb00H5. FL
TEMMDO D DSBHERABANBITL L) ELTwD. Lo LBEEK
BTH)—B, LOL) LG ERBRABREE T/ )7L
BLREPRELTBLILIKYRILETHAH. £LTER
i,

LA, 2.8048H, 3 TERAERDOIEIRITENIRETH
% (Table 1).

1. RAOBRKEMFED G 5 3%

Bitke LCE—IIBELM»S, FAEESIERT N
HHIETHD. Tihbh, FTTHCHYEOMELIEETLE
ETHDH. ANEZOY VESFRAYCLHD), VRV — L ZHEA
E7 0¥ V(LEHD)FRRW TS EOBEELE LTV 52, £LT
BE D@ LRAKZEREPEC) T b ZRMFR T TH T4 2 D
BBEAELTWVAEY, tAAYVIYEF U P IAESOVY >
(thHb:tetramer®) T $4, EEFAES T Y U (CBHD)IZBWTHY
ZOBEF RS> TS, FLTENL KGRI TEEE %
TAHILPLETHLY, TOFIBFHOLATVE, Lil, *
D7=DIIZ TN DOFRRPDEEIERFR I BV TEBRIHR MR
WBEL MR T2EMMENE RN ZEPUETHE, 2L T
FEHMEL Y S RNMETIIEF (axia)FICH B L THAH.
B4 DLEHbIZ TMHEAKMER Y B 2 % o 2BIZIIRMERO EM
MERSHIZELEE LA &R, FETHLEHbD EHME
PEHRNTVEZ LRI IR/, 2 L CCLHb R A L7:-ED
BEEMEMNESHTEECH, XA NS VICHEBELTELE
DRI DA S NT2HM(Fig. 1), WTFRORWEER L%
B CHMBREFTEIE R L, EEMREZR> T0DH I EN
RHLN TV B389 ZhIZK L £OMBEMFEERICB W TIE
RHEANOMEERL TS, T2b5% < OCLHbD ML EEHA
133-4F¥@Ta 1 1@, CBHbT8-198F[H]!12, LEHb T20- 24§ T
b5, A AFRRYOBEY % M P E I £ OBRMS AR
IR BY, AHENRTORMEKERES, ImLkg dy?E

Table 1 Laboratory assessments of erythrocyte substitutes
before preliminary clinical use

1. Effectiveness as Erythrocyte Substitute
sufficient oxygen delivery
good oxygen uptake in the lungs
good oxygen release in the peripheral tissues
axial flow in the arterioles and passage through the capillaries
adequate intravascular retention time
2. Absence of Adverse Effects
no depressant effect on circulatory function
maintaining myocardial contractility
no aggregation of erythrocyte, leukocyte and platelet
no change in distribution of the circulating blood
no vasomortor activity
no immunological reaction
no inhibitory effect on the physiological vital defence system
no hemostatic disorder
no adverse effect on the hepatic, renal and other vital organ
functions
no interaction with other clinical drugs
3. Good Manufacturing
possibility for absolutely chemical synthesis
easy elimination of contaminated substances, if obtained from
natural source
possible mass production
strict homogeneity in product
possibility for long termed storage at room temperature
reasonable cost comparable with the present blood products

B3, FBompEEiEdn & 2436 EE
E2OND. FOZHLEHDT H b ) D L O ERM OMEE HE
ING. FENICHEL THERILEEX D % < & b HMy
5 MEHER, TETKEEH, 2V LI12BEEIZBmaE %
WIRENPLEICHEREL ) 22 EFE T L. 22 L omEE#
FFOME TIILEHDY, PEG-CLHb(Fig.2)& b ICHFMICZFDEXK
AHRELTWALBDLNS.

B R+FmEL> & —,
B 1T19984E9 H 14H.
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Fig. | Changes in functional capillary density following hemodilution or fluid resuscitation with
either dextran, autologous blood, or DCLHb after hemorrhagic shock
(Nolte D, Steinhauser P, Pickelmann S, et al. Effects of diaspirin-cross-linked hemoglobin
(DCLHb) on local tissue oxygen tension in striated skin muscle: An efficacy study in the
hamster. J Lab Clin Med 130:328-38, 1997.)
100 19974E, Przybelski'i3 R BERDETHW LI, BIfEH L
LTFzy 7T REFHZRRL, FOELIIDVWTEORES
ol ABBEICRBIL, REWOFMOREE L. 40, FeXI0
o REXSELL, JECEETHILELL.
= I
E 60 T T pe o / -
) DIEREERE~OLEIZB L T,
5 i (DU~ OB AR LB b s v, L
Swp * * N B L7 & b REMOBSI L ) LA EFBY L L T B RER
8 . Bh%<, b LAMIE & 724 & LaliEsgvans, 21T
@ PEG-CLHb% f\V*7-Migita 5 WD B 4K TIdFig. 3i2A LN 5B & )
I, SEEEOEMAEROLBEEICKEL TS, $4bb
. . Frank-StarlingDFERI SR I N TVWEZ L ERLTWAEDT,
20 0 20 o 60 80 10 120 140 PEG-CLHbD IR 5-HS 0k Re 2 Db DIZIZ L A B L T iy

Minutes

Fig. 2 Changes in the blood volume following PEGHb, alpha-alpha
conjugated Hb or lactated Ringer's solution

Total blood volume after 50% exchange transfusion with
Ringer lactate(A), PEGHb(O), or aotHb(C). Blood volume
rises after exchange transfusion in PEGHb-treated animals but
drops in ccoHb- and Ringer lactate-treated animals. Values are
means * SE; n=5 for each group. *Significant differences
between aotHb- and PEGHb- treated animals(P<0.05). (Migita
R, Gonzales A, Conzales, ML, et al. Blood volume and cardiac
index in rats after exchange transfusion with hemoglobin-based
oxygen carriers. J Appl Physiol 82:1995-2002, 1997.)

2. REMEHERNF E L &)DEH

EWEEH L TEMERZE L 2080, FOEYWORENR
EHOALLT, TORYOFEHEICHRIAZLBHLLITD
B, L7=ho THIEEREM TORE, T2bbBWERTOER
DFMBVTDIDOHEZTTEELTBLIEUEFHETHA
7.

95

boLBEbIS.

QB/IMERZ 8 IJHERF L, K& MiicBEr T8
TAHBEDLRMER, HMER, MIMROMELEE, H5VIENE
BEADMHECELTOREFLTBLI LK THAS. Nolteb?
DCLHb TOBE TIICLHbD FHFHCMRPL FF¥ A FF7 v kb |k
RBOGE LI SAHRETMMT LI EHNROL TS, L L
Phillips 5'®, Goins & POLEHb T DET T3 —& % 12 M/MMR A
RILEH THA L(Fig. 4-1), KHEMER, &Y biFhl, FECH
59 FTENBLHENBDH LN T VA (Fig 4-2). LTI hizidk
BT 5 L) ICHBROBENREEN TS,

QERMBEOERANGHIHEE 5L hh L) idv T 12RE
EhTwiy, L LB L Zh sk Rk E5%0.CARED
%Ak, Fcell ratioD %Ak (Table ) LR T 512, LR L b
ROBEOMENGHICE L WELIZEL 2L DO LHE SN L.

@i x ELEHMEOME - [HEESE~OFEICELT, ¥
TIZCLHbIZ BW T EMNE D —BILEF & ORI 6 MEYUHE
BELTIENFEDLNTNVEED, Z L THb% ) RV —LTE
B EI2L ) 2DEABHZ 505 Z & HRudolph 52 &
DD LN TWAFE S). L LIhSoREaER, = F
T R EOBELREINTNT, SBRBEFHOHRE 2> T
5.
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Fig. 3 Changes in cardiac output following PEGHb, alpha-alpha  Fig. 4-1 Changes in the circulating platelet count after LEHb infusion
conjugated Hb or lactated Ringer's solution
CVF:Cobra venom factor

Blood volume and cardiac index immediately after exchange
transfusion(r’=0.66). (Migita R, Gonzales A, Conzales, ML, et
al. Blood volume and cardiac index in rats after exchange

(Goins B, Phillips WT, Klipper R, et al. Role of complement in
rats injected with liposome-encapsulated hemoglobin. J Surg
Res 68:99-105, 1997.)

transfusion with hemoglobin-based oxygen carriers. J Appl
Physiol 82:1995-2002, 1997.)

>
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Fig. 4-2 Accumulation of the circulating platelets in the lung and liver

Fig. A:lung

Fig. B:liver

CVF:Cobra venom factor

(Goins B, Phillips WT, Klipper R, et al. Role of complement in rats injected
with liposome-encapsulated hemoglobin. J Surg Res 68:99-105, 1997.)
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Table 2 Intravascular components after the treatment with LEHb, hydroxyethyl starch or fresh autologous
blood for hemorrhagic (40 mL/kg) shock

Before hemorrhage =~ Hemorrhage and After the second
first infusion infusion

hematocrit NH 36.6£3.2 28.8+29 304£25
) NH  36.2%£35 31.2+2.6 28.9%3.6
AH  37.1x29 349+22 32.8+29

F cell ratio HN  0.93%0.05 0.89+0.05 0.88£0.06

NH 093%£0.06 0.85+0.06 0.91£0.07

AH  091%£0.06 0.88+0.05 0.86+0.06
RCV HN  28.8+23 21.4%2.1 22.6+2.3
mL/kg NH 28.4%22 22.1%+2.1 22.0%23
AH 278%15 249+14 23.9+29
PV HN  547%25 61.9+3.8 62.2+3.1
mL/kg NH 55.8%£25 60.2%3.3 62.01+3.4
AH  56.0%3.0 58.4+3.0 62.313.2
BV HN  835%£26 82.1+2.2 84.5%3.0
mL/kg NH 843%26 824+24 84.0%3.1
AH 845+22 84.0+24 85.9+3.2

% INCREASE IN CONTRACTILE

Fig. 5

HN:20mL/kg HES+20mL/kg NRC, NH:20mL/kg NRC+20mL/kg HES
AH:20mL/kg autologous blood+20mL/kg HES
(B E, BH W FMERR-FMHREE. HAMBEHFES 1996 p26).

Nolte 5 DI FEN TIIF G K 5 B FEM - HAG DY BT
DEHE 2 HARMBEENEROEREORLIZTF R
FTURHEBM L Y SCLHbD FHRR o T 5.
Lo LESOBRETEDORLTIIECM L DB T
LWEEZRZD TV (Fig. 6)». ZhiZx L TCBHb
EHEALBEATEC LA AHECIL Y b BENR TS T
EWHStandl 6N BED LA TWAS., £L T
perflubron % f# L 72Habler DAf323 T3 H C i &
%, H5VEEVENTVEIREEH/TNL. 72
LEHb% Al 72 BIGKF T OB T b 53 % R &
DBEZEFTEOHERENZDOLNTND, ZOEREEE
FHEEIL CLHb TH LEHb TH TS T
Z) 24, 22).

DPLERELE, BIERID, #WAEMEICEAL, CLHb%

oot o ! 10 Fiv:7-Patel 52 DERFRBFZE TILH AR 450 5z

HEMOGLOB‘&%%‘SENTRAHON V3(Fig. 7). % 7-CBHb% A\>7:Standl 52 DAFFTH —

BEICIGCD R Z DA%, 3y ARICIZIEEELC

Modulation of vasoconstrictive reaction with alpha-  Z{p L 7-Z LS HE SN TV A, T2 L TLEHD

alpha conjugated Hb by liposome encapsulation TOREERITDO LN TWE, FO-O/M L7

IMEANOHEBLROONE. L LI OM/MED UG

Concentation-response curves of enhancement of BEESEE L CHERCA I L TBE Ity
electri;:al s;imn;l;lion-induced comract(iio‘t; ampllillulde 1% 5N B(Fig. 4). = UH L Tliposome O #i,

in perfused rabbit ear artery produced by acellular \ : . - N
ao-Hb(@, n=6) and encapsulated cco-Hb (O, n=4) fﬁ{i: Ef;;‘;;’%{:;{lzn?;iiim%%fii? ZZ;; K
. Each point represents mean =+ SE. (Rudolph AS, DENRE SR %&&ﬁgfb%gb:ﬂg = . s

Sulpizio A, Hieble P, et al. Liposome encapsulation " oo J
attenuates hemoglobin-induced vasconstriction in THRBRED SR TR, Sh (& HCBHY,

rabbit arterial segments. J Appl Physiol 82:1826-35, ThHbT%, CLHb, LEHbT b ZOAIZLY A&
1997) MlarzhoORMMERHEL, L hEMsh
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Fig. 6 Tissue oxygen partial pressure after the hemodilution with
stored autologous blood, fresh homologous blood or CBHb

Group 1:stored autologous blood

Group 2:fresh homologous blood

Group 3:CBHb

(Standl T, Horn P, Wilhelm S, et al. Bovine haemoglobin is
more potent than autologous red blood cells in restoring
muscular tissue oxygenation after profound isovolemic
hemodilution in dogs. Can J Anaesth 43:714-23, 1996).

15

Positive to Negative Cut-Off = 1.4

14

Antibody Response Ratio

0.8
Pre-infusion Post-Infusion Post-Infusion
Control and Controf Patlents DCLHD Patients
DCL?b l;nzt)lents (n=159) (n=194)
n=

Fig. 7 Antibody in the plasma after DCLHb infusion

Antibody response in patients exposed to DCLHb or control
solution. Antibody response ratio is the OD ratio of patient
serum applied to DCLHb-coated wells relative to that of patient
serum applied to carbonate buffer-coated wells. (Patel MJ,
Webb EJ, Shelbourn TE, et al. Absence of immunogenicity of
diaspirin cross-linked hemoglobin in humans. Blood 91:710-6,
1998.)
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528, FLTR7u 77—V R EORYLBRERTIEL S
CENREE 2B, [FREICLane b PIIPFCHR 5 R IZ S IR DL
BEFMETTAZE2HRELTWS. #LTHELMRL A
LEHbIZ & 2 HILERD & O E L EHRERRE R, SICEES
DPIRLICE D) RIENEEREE R T2AE LA RRUISH S L IR
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ErhHbIE 5B DEFR L ET S ¥ HFig. )T L v WEL T
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Fig. 8 Effect of rHbl.1 infusion on survival rate in septic(endotoxine
treated) mice

(Zuckerman SH, Evans GF, Bryan N. Interactions of
recombinant hemoglobin(rHb 1.1) and endotoxin in vivo:
Effects on systemic tumor necrosis factor and interlukin-6
levels in lethal and sublethal murine models of endotoxemia. J
Lab Clin Med 130:427-35, 1997.)

4) 1k 1M #ERE~ D BB L TidPhillips 5 9O LEHb D ML /MR~
DFE, Standl 5 POCBHbDEEZ~DERE L L OB H 5
B, ~BEOBRBEIBELHESRTVA.

S, BEE~NOERICEL, wWTFhoRkfe b Z20EEN
B THEILPRESN TV, 2L TTTICHEERBRICE
WTEAHIIZZ OETOREUI RO LN TWAE, L LERL
28 T hoOFRE S BAZNOEENIBOOLNLDT, &
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RIS EN VW E IS TEa 2w, T2bbaEnkL
EIIEFORGEICKRECEESNLZ LIRS ).

6)% L THRZEIZMOEA] & Dinteraction D FH EIZ DWW T DIRES
PERSNS. ERISRY & FERMER S 28y, EROKIZ
BUEZLLEDETIDOWTRHTAZ LIIR#ETHS. Ly
LIFEIERBECEV 0, HAeEhIlEdb R avyrn
BRICUITUISERA SN BER], 7-& 2 i SRHME, ARz EE
Dinteraction= 2V ¥ Tin vitro, invivoTHET L THBL 2 EPPET
H59. TTIPFCIIOWTIIEESERA EEET LI LA
LNTWALM, k MAEZTE U (stroma free hemoglobin) D{EA
& TEEH OB (pharmacokinetics) IZ B RIZTZ L BHIS N
’C\,\éml

S IREETH TNERY

Z D&M E iZpreclinical TRl - TREFMICH BT L LI
RS vy, Ak & SERRIFFRICAD RN L TH(RE
FETH D, 12k 2 TRIRTFEOLM S preclinical 2 REE T3
EDHBERAETHI EHNTETH, BREROBETIILTL
LUREL 2O RVWI ENH DL, L7h > TTable 1IIRR L7235 4
BB CHILTBIEDERSRS,

4. b4
COLHCHRRYEBERTHWS I T, B, Phhowk
FEEIRINTVA. L2 LRI L COEER, 50
BHAEHSOEEHIZC L, FAMHATNEIMECEENR, &
D OUERRDOBTOEERIINL, %L CRMOBRES O
FHECTORMEZMNETLZ L EIZE-T, BEIZE > T
RIEB~NORMBEEZT 2THENH LI L dER LR L .
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Blood Rheology and Red Cell Substitutes

o~

Koichi Niwa

MERIE=2— bV HRAETH Y, BRI & o THEEYEILT 5. MBOMEIIMERR, ~< b7 ) v b, ROROLERLER
LI Eo TR A, ROBABYIMELBELZLICLoTINLDERICHELRIZL, MBOHELEILIEL. FRT
MO % BRT 5 ECLELRENZFORBNHER LB L, ROFAEWHFMBREIIRIZTHRIIOVTEET 2.

The effect of red cell substitutes on blood viscosity has been one of topics in many researchers. Blood is a non-Newtonian fluid, viscosity of which
changes as a function of shear rate. Blood viscosity is determined by several factors such as plasma protein, hematocrit, and erythrocyte aggregation
and deformability. Red cell substitutes have various effects on these factors owing to their chemical structure. To understand blood rheology, basic
knowledge of fluid dynamics is essential. In this paper the author describes the fundamental theory of fluid dynamics and discusses the effect of red

cell substitutes on blood viscosity.—Key words: blood substitutes, rheology, blood viscosity.

1. 13 ®IC

FRIMIACED OB OH T, BEFIITT 238, RiEkE
~NOFE, MBERT~OFEER &4 DEFRBEEIMRGT ST
WBY, FOVLDIMBEDHENDEENHH. MEDOHER
MRS, MBS, MitEER &L 2 ERICHEIh L )HE
BMRTH Y, THEERTLHICIEEOREMFHICET 2 1A
FHY ML EPLETHL. WEOREFEIFICLAT Y~
EVI) BB THEINTE Y, FICMBEORENFEICBET 5%
EAELATTY -0 RETIIEEORENMSMICRE T 2 &8
B 7% FRER & ML D AR owfﬂﬁt,%ﬂﬁﬁ%%ﬁmﬁﬁﬁ
BRI EZEBIZ DOV T

2. READFEMFHEICRIT 5 KRS
2.1 BIBRICH, BIBNRE & HE

TARORE I ERIII > 28 LTHEHBTE LY. iz
AED LY T FHDITS FhRIERITLTEY, BErbECEE
WHKOHHBRLBROO R D, TOEE, FAIKLIYY
T MOIE) PHEDS B NEEZ D, I THEEREENICERT
BRYBHT 5.

Fig. 10 & 912, ZODFATFRA L BOMIZiiZ: Sz ifik%
E25, PHREOE#YIZTI NSV NETH. T I TERA
WZREIED & 9 A @ LT 5L, FRETOBMBEE7 7>
FNT— VAN EOHNIEEICL VAW LANIGBRELTH S
HETBETAL. L ZAPKREDSHN LI - TR HEIL
WE L FEBORAMCTEIEEIIRNERYD, HLHEAPLZDE

TOBRBOMICIIEEDEd/dyPELE. 0L ZAFLIE
RS ) ONESIRIC (T VI, EEQE % BIHT R
(THEE)GCEMY, MEDHBRIIRATET I LA TES.

T= - G (1)
F
|
A -
P ]/
M du
B
Fig.l BUWTHRE & SIRTCH
COMBRE =2 — b OMEERIE VY, BEuA-E, TR

HH SRTHBE & SIKTIC A SIERBIOBIRIZH BifithE =2 — F
Tk &) (Rid). FRBuE NSRRI IR LRY, Zhid
WERL RS 20 THOBRIZE > TETLIDOTH L. HHIE

JLHE KFEETRFEHE
12, West 6, Kita-ku, Sapporo 060-0812, Japan. &% 3% {F199848 H18H.
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DIZHER YL ) DS TH DO Tdynes/om?, STRTEEE 1L BAL
PEEEL - ) OFEENLTHLEDOTsE W HEE2ES. (D
D REREEIBTBTIE D A BIMTEE TR L2 DTH B 55, dynes - s/
cm¥g/em * S)DEM FFL, K7 X[P1H 5 WVIEZ D005 D1 DE
MTHBE L FR7 X[cPITRELT 5.

22 21— brithEFEZ 21— PR

Za— by oEEERT 2b bR BB ERD & XFig.
2D L HIIRENSL, HISDH»5H X D ITBIRLEE & 3L O
BREEETH D, FHEESELL THRHEREDLLTHEIC—
FETHAH. ZDES3IZ=2— b OMEEINIZBW TR EpS—
ETHHWEY = 2~ b v FNewtonian fluid) & R, 7KL
I a— bUREORETHSE. THITHL, HEREL
WG OBMBIERH TR VIS, SV 5 EHEREDH LV
IBUBFIC L U CHENET 5 & ) 2l 2 E=a— b ViR
fK(non-Newtonian fluid) & FER. FE= 2 — b ¥ FARIZRERE ST BT
HEIEKE L TB ) MEREIC Y > TEROENS 2 N AT
D, HALBWEFEICB T LHEL R HELIES, Ry 72
V7 IFRHANEXFIAF N LT - A EESFWE OB
JEma— b UoRETHA, MBEIT—RFIZ=a— b rilkE LTHK
bh s, MERESE2SCEMIEF =2 — b HETH Y (Fig.
2b), MEDOKERMFE LR EDFBFIZL > TRE-THELET
B, FEoa— P UEAARIEO L ) ICSIRTEESKE B LH
EFETT2H0RBICHMT s 00 EBEEHICKIENS
A, TITRFEDbLEW, Za—-brEETHBIYTLFAN
&, FEoa— P UEATHHMBEOREDOERB % Fig. 312 L
7o, MEOIE= 2 — b HEIZIMEERS, MIRES B L UHHFOH
EfEBICHRT 5. RETRMEOKHE L RET Hk4 R ERIC
DWTHEHT 5.
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Fig.3

3. MADKE

£Md 5 EMEREORIEIIZT— > 7L — M#-TPAR)E
H 5V IZMEROEEREE LAV TWS, BETHR
RzEBVMBIETIE= 2 — b L RETH D SIRTER IIKFE L THs
EWENT S, ZOLOFEIrOBEHEREDOS & CHELHIET
5 EHBWREE LD, EERAHEEEHIRR 4 S SIRTEE BT S
MEREEYBEICHET 22 &N TEL, WRFRPEILE, <7
0y a7y CMAE L EXkA R IRRE TSRS L CERREE
EHIEREITIENMONTE Y, MEHENE I IHENICEE
LERPFEO. SMOKEIZITC, BMEE2306CBWTBE
%3.5~4cP, MEREEIL13~14cPTH 5.

M I MERE S AR ET B2 AR Ta s THY, £
ELTROEFRIZL o THENRE S,

ARG
AT b7 Y b
FRIMER D ERE
IRMERDETLRE

MFIRA L BAEOKBRERRTIENTE L. BOEER
WOREIIEOEDORE, 7TF& FTEEBI-T#EY, M
HEATIE 747N =5, 7ar)y, 7V OMEICH
Bl 5 2 2 BPRE V. MRS ISR mERD M ek & b
WHEH N ZNEFROL AT TR D £ D5, E¥ I SHERE
OREVRIMIRDSMBREE R DKELEBERIZT. A< +”
Vo PAYKEL 22 L MBEHEIIER L, SRLEEIIKE Lk
BEOETRbbIE— 12— P o HITKEL 2B,

Mm% BCmBECTHRL CTEMBET CHHET L, KMmzks
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LAEHRLABICHEEI EA LTI vy rEhR L) 28
(rouleax)¥ XK T 5. S LIEMEZ B LEVWESEPEWVIIES

L, SRTHERENER SN S, ROKOESIMBEEATDH
L5747 =4 r2ra7) Y HRMNROBEE BEOE % 345
LI EILEoTHELDLDTH-> T, il L CABAEKICERE
LRMIRTITESIIE L2, ALEBDFTHETFAIT
2Lk FEF I TF VAT —FHES)dbRMEKESZTIERIT.
ARIMEREFEIITTHHTH Y WNDBR N TRV EE L WD,
WIS OBE IS BT A MBEDOMERFHFE =2 — F HIIFST
5. HAFETTIEIRMKBEIMREL TE I EFHLATY
5. RMRGEEOHEHWEREOIABRIN T L, BRRIICIIEE
7z % ML Bk o B 3 B (erythrocyte sedimentation rate, ESR) Y68 D5
BLLTHwLNRS.

FRiEKE, 2OREFEUTOEZROEMOELASH IEVIRT S
TERLIFDNB LI, KRELRERREAET S, RILROER
BRI DN, RMIRONIHE, ~NEF/ O Y RATPOEEE
HREBALBERICE>TRED. VIV TLT R FiETRIL
REBIL 2 EHMERICEKE L BEOERTPIREI L 2L
HZ ENS, RMBREFA T ISEHIIMIRICE T 5 MEORKEE
FTHESELTWwAE LEZ LMD, RILKEFREL T3 5 Hikid
WANEH BN, 3HENIESUmDILEFEORY A —KREA— D
& RILERY A T a V@B 5 DICLELRRR, 5wt
ENEBELTH I EDEW,

LBRAELMEL AT Y-l 23 IHI-H 2SRRI
AL

4. FMBRAEY & DAME
41 B#HANES/OE>

ANEZOE U HFIRFOT T THENBREBRIENC L8
FRABUDSIRENZ LR LD, Fea L B8i% L 70 FH59R 10
BRRAEHL LTHWONE., BEOANESOY U KBERITIRED
Bl bl Ema— o RERT LA, RMEABEYL L THY
SN ATYILRTHRDBETII= 2 — b RAETH Y. EHEAEK
IS TGALONEZ T Y Y 2 ED LB ROMEII12P BETH
55D, NEFUY UHFRBHIT S &L o THBROEIIE
boTL A, FIZIDBEERDATIAT Y VERITEE DIEHE
NEZ DY CEBICEASHEAE VDS, FXRA T THAL
TeNETOE Y DOBBISHEIE %59, ERIZEET B0
BEOHBITLVTIVREEMALILIILVERIIEZSLS
EHTE, TRIMBOFRMERARBEY THRETH 5.
ANEZOE U RIBHAE /T Y IIRMROGREICFREFE
EER Doz ERESINTWASY, ROL I ITBHTLI L
THROIKGEISFESZTE, DHESTHEI L/ NEZOY Vi
ESRE{RHEL 729, DFF AT Vi L zAEF O Ytk
BRELRELLY. HEY FFIUMELAEAETOE VI3 MK
DAY 7 TRAAT(EHERFER) TEERFEIRMIRDEEE T BN
L0 HYEY FE U IMELEANEZ O Y 2 4 XIZEHIEL7:
BOMBA S > TARAT T, ROERGEEIEML Tz, 2
DX HIIANETTE VIS OHFIZ L o TIIRMERESE 2121
L, ESMIRICBI 2 MEHEY BT AEedEFo. RERO
BB EBHANESTE L OBRRICETLHREIIEE L VAT, 3
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ERONESOU L LAV TIE, RORERE-EELS
Bhol-ZLPBREENTVEY, LHLERO T & (HESR &
T LT/ O IR MBREEZRET 2 2 L 2 HRIMER
JEREIDTFAAELTCDEEILN, EREICOEEBYS5 X
SRR DH 5.

42 YR —-LABEAEITOE L (LEH)

LEH%Z SOEBIEHE= 2 — F VAT, MO L ) (SIRLERE
MWL 25 EHENERT AHEZRHDY. KEWP OLEHIEE
PR D EHENPERL, FMULEHBEDSHE, 887 AT
Yy ERLEHE R T 5 RV — A OMEIZ X » THB O
Foa— b EIEboTL B, 220 KV — LIIEINGERLC
G U 7-HEEESRE WD, AEFOECRREATAHIETIOD
FEEELII/NEL ) =2 — F VFEEISETS (Y, F7-LEHIZR
AT AHENETUE VBENEL 5 EHENLRT S I LD
HENTWEW, JVRY—LIZIVATFO— V% &% L7-LEHIZ
B8 LTWZRWLEHI A TBIMT 3B I RAE L 72 R b &
{39, BROMEZFNOLDIZ LR T A, LEHOIKEXRTY
R ZF L F) 32— W(PEG) TS 5 &L LEHBHOREAF
SUTIETL, Fhoa— b UriffoE S I EPFREENT
Wa., ZOBZRIIPEGH Y RV —LEILOBRELF DL #E
ZONTWG. EBE, LEHEEEL/NAR Y —OM/IMERY B
83 5L, BEDOLEHTIZMEN CLEHDREIBE S iz,
PEG58f L 7:LEHCIZSREN R SN, BFrMRECSEERME
LPEGIEHET L 7ZLEHO FDSBIF CTH o7z v )9,

LEHDRIMER DERERCEREIIRIZTHBRBLERANLATY
RVAS, REBHZ ML TV AR VWLEHSRMRGEICIIHEE R
& Lol VI WENH L,

4.3 /%= 7 )4 0% 3 H IV (PFC)

PECIZKBEM TIERWOT, U VRELR EICE > TR EL 22
2NV OBREBBE LTINS, PECTVIVY 3 VHTFD
EEZ0.1~02umT, RBY L LTHWOhA I TV Y 3 Vi
A2 — P UK E ENDBHN, ToLTa VRHFOKREER
BEIZL T2 — P UHIKEED 9 5. PRCOMEXIZL -
THRMIRDOEFEEIIN T 2 HEHE) Z L2 RmTHEND 5.
PFC & L Tperfluorotributylamine % & £rOxypherol(Fluosol43) & &
MERBAELTA v Fax— gy LTI, ROLFEFREDK
TAERH LN, L LPFCE L Tperfluorotripropylamine ¥ & ¢
Fluosol-DATIZ Z D & ) 2 EFBROBETRZDON a0 729, 1%
DONMR % BV 728F22C, Oxypherolil & AEFEENE T Iz =<
Va vHFPRIIKBIINE LD A2 AR INT:
19 72 BOxypherol % TR RMEREBAELTA v Fax—-Ta L
TOHEFROETIIRO e d o722 L9 5, Oxypherol 2SR
IRIEICfHE L CRMBREREDET 251 £ TR MEHRA
A EhBEEZ LN TVAD,

PFC(Fluoso ) ARMIKEE LXK T €/ THIMEVH LY.
L L 2 OFHETi20% D M4 % PECTEM L TESRY fiIE L 7=
bDOTHY, M7 17 =7 L BEISKT L7 ERIOEKEE
EBHFERLLIzEEZ SN, PECOEENREN L) MIIEITIRE
vy,

ARTIFICIAL BLOOD Vol. 6, No. 4, 1998




4.4 FRMIREY & hemodilution
DERTEZES12, BES > TV A7 TH RIS
mEFE LAY — I RIZTEBI—RETIEI 2V, & LICEROEE
T3 & £ &E plasmaexpander & BEH SN AWRERD H Y, 20
LEDBEILEEBLER LTI E S RV, RMERAEYIE
LR IC BT TR MABEEORER &\ BIZIT TR <, BRILEK
L7 EORFRERUE D720 DV bW % hemodilution 2 V> 5
NAHIEEESBNI L6, MBEHECRIZTEETDbLLA
OV -WMEHEREMITLREILENGHS. — KIS
hemodilution/3 I FHERE 2 & T L € MEOEME HET L 5D T
b A, FRMBAEWICIIHROCIIMBRESL LR SELHES
HOobDbH20, BROKEBRRIESIIEX OGN, T/-8E
HEREEA A E VT & H ShemodilutionDHRICET 2L R &N
TWwaM,  EE RIEEELZET S EE2 LERRRE MO
W CPFCIZ X AhemodilutionZ /i L 72 & 2 A, RNMEEDSHEM L
MEERSBOHOLNZLWIHEDLH D, 44 HikEmmbs
DEAMREINTWEEDbRS, L2L—F, 7V MIES
TIUNETOV VR EELZEA L, polyvinylpyrrolidone &
BNL CTHEXMEICRO-ER T 8WE L 2HE L TIIRLKE
BIUMHBEEICEIENZ OO Lo T 28 E 2D
5%, FhbbEnET B EHESRIEEDREERICIEZ S
W&V, Intaglietta™ b MEHEE QBT & MHEEE O LA 3 M
EMERETLII L2, BHMEORMKABTYIZLS
hemodilutioni3 44§ L MK DR F KRBT LWV ERBXR, 4%
RIFABY O IMERNOHLBLFHE L REFT HLENH D &
LTw3, FRMFABHEEEL - ERTIIERBREIGE SN
7zEV ) BEH LD, Intaglietta™ DS L TV 5 & B Y UIME
BRI TAEET TRANONRA b DA% L, BMIERRES 2
SEFFLWEEZLZORBETHS Y. FA5REBEHORTHEN
L icmiil A 0o — 252 22 BIZOWT HIREAHa1C
RENTWA LEFSVEE. B4 ORFOFELEENE, tho
WRELBELI-E ZOMWIR, MEOREFE, HITMIMERIIR
T EBLREEELIZALPIC LT LENH 5.
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IHRNDIEAD S RA-BIORKEREEDE
The Significance of Blood Alternatives from
the Viewpoint of Jehovah's Witnesses

HE KA

Tomonori Ariga

IANDFENEHEREEAYICLTEY, ROUANOBEOERY A TEIANS. Lzh o T, @MLOMRBHEL TR/ OFE
AL TEEREREZED. TANOEAFGBOLUAOESREL BIRT L2013 F L L TEEEOBBIZL 275, FERC, @i
£ DEFMERERIBATVLIESFHANEEL 2o Twh. Lo T, ALMEEESTARBEOHELERBIE, Tk 0
FADALE LT, TRTCOBEICEEL DL TREEZENI L THALEZS., 72, ) L-HEOP, RERRPT [EEH
MEE7ary s L2 Rl PENLTWE, BEVPEHLEOBHRATHN, BEFLOBRATHNI, HMIZFEELLZVEES, SO
REPEIERELBE LR TILILD. &6, BEOHCREHYEET A I LOLERIIOWVWTIE, RANFEHBICL-T
HEMFONTWES, WM EREPEET L2 LNz, BEEOMESLEEL -2 ANEEIRDONTWAHE, BENE
CEIRBE 2 T2 LW ) 5T, BRETEN AT 0B OMARBEONS - BRI, TANOFEAZIF TR, §XRTO
BEICLoTEITITREREREAFIOILIILALEZONS. COSBIIBIIAEMPHEZEOEHRIECERST L LI, &
BOERSCHEELKVICHFLV.

Jehovah's Witnesses greatly cherish life and health. They therefore willingly accept quality nonblood medicine. Blood alternatives are also of great
significance to them. They choose medical treatment without blood mainly because of religious reasons. At the same time, it is well known that
blood entails various medical risks. Therefore, the study and development of blood alternatives will no doubt bring benefits not only to Jehovah's
Witnesses, but also to all patients. In this background, hospitals with bloodless treatment programs are increasing in the world. When a patient does
not consent to the use of blood for religious or medical reasons, blood alternatives have an important role. Also, recent court cases emphasized the
necessity to respect the patient's right to self-determination. In addition to avoiding blood risks, many people today are requesting holistic medical
treatment. Therefore, the study and development of safe and effective alternatives will increase in significance, for it enlarges the options for
patients. We deeply appreciate the efforts that have been made in this regard by doctors and researchers, and hope for further success.— Keywords:
Jehovah's Witnesses, Blood Alternatives, Patient's right to self-determination
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Dioxygen-binding Ability of Recombinant Aloumin-heme Hybrid

Teruyuki Komatsu, Kazuyoshi Hamamatsu, Yasuko Matsukawa,
Jian Wu, Eishun Tsuchida*

Vay¥F b FIETVT I VEHSAIZTF T 7 22 VRIVT 4 U k(IDFERFeP) 2 HIE S TH-)V I EF Y TS
IV —ANLBEEEGHSA-FeP), £BHEGTEH74,37°0) THRFZLZTHMICHEEHRM TEIH L VABEANLBHEL DI LEE
3EL7:. FePidrHSAY7: ) B K85 T % TEATE %, rHSA-FePBW(THSAL: Sg/dL) DK, BERERE, 84, RUHSAOTK
BB dFPOESBICE LT —ETHo72. L MM LRA LB ATHRENERIIZL, NEEAELS. BEOBBRIME
WHERPICEESEBERL, TOBERMEEL KB T < L AT PVEIEWVFe-0,): 560 cm ) SHER L. 72, BESMK
(P,,: 33 Torr, n: 1.0), BERAS S MARERREE Bk 2.5x107 (M's™), k. 5.6x10% (s") % € L, rHSA-FeP#E A A TRERHIR(AR MERA
BYHE LTOBEYETHAIEEHLMIIL .

Incorporation of tetraphenylporphyrinato-iron(II) derivatives (FeP) into recombinant human serum albumin (tHSA) provides a new type of
artificial hemoprotein (tHSA-FeP), that binds and releases dioxygen reversibly under physiological conditions (in aqueous media, pH 7.4, 37°C).
The rHSA host adsorbs a maximal eight FeP molecules. The viscosity, colloid osmotic pressure, surface charge distribution, and second-order
structure of the rHSA-FeP hybrid ([rHSA]: 5 g/dL, FeP/HSA = 1~8 (mol/mol)) are constant and independent of the binding numbers of FePs.
Furthermore, the obtained solution showed good blood compatibility. The O,-coordination structure of FeP embedded into certain hydrophobic
domains of the albumin was confirmed by resonance Raman spectroscopy (v(Fe-0,): 560 cm™). The O,-binding affinity (P, 2+ 33 Torr, n: 1.0) and
i 3-6x102 (s1)) are also determined. These results show that rHSA-FeP
hybrid has an ability to act as synthetic O,-infusion (red cell substitute). —Key Words: Tetraphenylporphyrinato-iron(Il) derivative, Recombinant

0,-association and -dissociation rate constants (k_: 2.5x107 (M''s™), k

human serum albumin, Heme, Dioxygen-binding, Artificial hemoprotein, O,-infusion, Blood substitute.

1. %E

v MIiET VT I S (HSA, Mw: 66.5 kD) M E R E D#160%
250, MEOBEEETHIFOIID, BeDEYT IIRBE
WEIEERMNIIES LARNOBNER~ERT 22 EOE L L
TOEEZRZL TV, ZOERERNESFHAE~DOEL
X, REICE-THSA DHTFREICHT S FELEELTE
730, F 7z, 19894F IZITHSADXARAE RS S h, Dwic
FONBHEEDEBENFHL I &N, HSAREREZONT
Wi EBHETIE R, EZARBISEV Y — FRI(IE: 8 nm, I &:
3Inm)THo7z. VEON—TEIMEDT AN T 4 FiEED» LHBK
ENB3DD AL (I~ 64RY), EHIZFOKLIT2DDH
TEALABIIFTONE, AEFOE U HPLEBL A

N7 MRV T 1) CHEUDERIZY 7 N A4 VIB~TAICES
LIFIIEIIN 5. HEEEBE)IZI0~10 M) EHREEN TS
NEO WhWBERLVT 1Y) Y EEERTHINLABHAL R HK
THE, RIDTIVT IV —~I VHEAEROBEICHIZOWT
B ENBUIITE AL h o=, Feld, MBAICHTFRE -

B LIEERAM IV VUL EZETAEF IS 7L EL
7 4 ) Y ER(DFEK(FeP, Fig. 1) HSADBK FA 4 >~
hE, RELGNLEER(T VT I ¥ —~L(HSA-FeP) 55
NHZEXHLPIZLTWALY, FePOFESYA ML, 7 F A
1 VIB, IIA, MIBMIASHEE SN TEBY, HSAL- W ERASSFET
DFePHBHEEINEY, ELIZZDEBEANLEHEIZ, €/
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5.
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Fig. 1 Tetraphenylporphyrinato-iron(Il) derivative with a covalently
bound axial imidazole (FeP).

2. EBRAE
2.1 rtHSA-FeP&& DA
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FINEEEFRART D ETHEINA XY P viddeoxyBINEAT
L, BEOREAHIIEVE FoxyBINE - 72,

HSADEBIXTOEZ LY — AT ) — L IZE ABEERET

111

VT IV FARTa—, FMIXEN L VITo70.

2.2 MIB{LSRTE

% E H B X KE) X Phastsystem (Pharmacia), CDAXZ k)L i3H
TS IEET-T20W JASCOY & BV CHl5E L 729, rHSA-FeP(5g/
dLyp 2 A FiEERE, RUHEL, &4a04 FEEE 4420
COLLOID OSMOMETER (WESCOR), ¥+ Y5 —#5Est
DCS300 (Anton Paar )* IV CHRE L2, & MEMHIZEDTA%
EURMETRIL, FAENHSA-FePBEHREBRELHE, T<
IR L, 72, BT~ AR PVITHBT <~
FFEREEET NRS-2000 JASCO) % AV, oxyfF, deoxyfkizowT
i L2z (Bh#2ik : 457.9 nm (Arr 4 4 > L —H —))4,

23 BFEMMYE, RUBEEAHMEETHORE

tHSA-FePi{E i ([FeP): 15uM)IZR G 2BEDEOME EEIR
EHAEREASL, ETOROTHRRINA 7 P VED L, BEE
BAMEP )2 RE L7z, BEEEGRICOBIIF/8T 2 — ¥ (AH,
AS)id van'tHoff 72 v ML EH L, BEEOKEMEREEHK
Kk, k )RV —=F =795y 227+ b2 RFHEBTSP-601
(UNISOKU) % WV THRE L 72", BRESERLEM(t ) idoxyfk
(552 nm)DEFEDOEREILP OHEE L7,

1/2

LHERBLUEE

A DrHSA-FeP([rHSA): 5 g/dL)I3 386 » A % @°CIRHE) T b ik
BREEIIDOLNT, EhLDTRELRBRTH L. THIIXR
N7 PIVIZET 5427 nm DR IR & FePoF OE VREHB IS
5, tHSAICIXRASTF I COFPVEATELI EFHL M
L7z, THIEHERDHSA-FePROBFE L FEETH D, FePDEX
PEERIE K100 M)~K: 100 MHEBEEZEZ b b,

—IRIZT N T I A FEEER 2 EPEE LIRS, BREE
FALLFERENSED. L L, rHSA-FePODCDAXRY b L/ —
¥, RUZDHEISHSARMOGE L FKT, (0, 0E,LE
HL7-o-helix&E 25 #60% Th o7, 7, HE L/ FePiZ &
BHFECDOD 400 nmfHT BBl S N e o722 &5, tHSAN
DFePH+F DR AAA FBEKEAHEIERAOA I L B b D LHEEE
nhas.

tHSA-FePOEE f(pl), 201 FREFEX, FePOFEEA~8)
2B & 34.8(Fig. 2), 18 mmHg([rHSA]: 5 g/dL)T& b, rHSAD
ELESETHo 7. ThHOLFPOEEIE) XKEBHOLEILI
L, SNEBTVTIVEEOARRET HAHHBREREELHAE
PMFEEEER)IELR VI L2 EK TS, 512, rHSA-
FePBHOMERBII—2— P HTH Y, BET Y EEHBEO
~350 sHPUZ T—EDIEHEEE(1.1 cP) 2R L 72(Fig. 3). & b2l
WEREL THBRERCHEBOERIIRON o7z, ELILRA
BRL RFHEMETHE L)Y, ROROBRIZEEIEL
<, BVIMBEESWERHES H & %2 5 72(Fig. 4).

tHSA-FePDdeoxyFF R ICBE L BRT 5 &, TIHRRIIA~RY
FIV(N,, 443, 542, 567 nm) 13 L I ZoxyED AT PIVA
426,552 nm)~FBAT L, T OBEFSESHHEIZ T HETH o 72 (Fig.
5). BVWT—BRILKEZBRT 5 & KE Zcarbony KA 1427,
539 nm) & LR L 72, BRSO F-E(T ,)id, 8hr(25°C), 2hr
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Fig. 2 IEF patterns of rHSA and rHSA-FeP. Lane 1: markers, lane 2:
HSA, lane 3: HSA-FeP (8) from the left.

2 e s

15
—O0— rHSA 20 pm
124 e y N— rHSA-FeP(8)
RN - AP i -
% g Ie:llnl(;(ﬂlurren:lf bi?(?dA FeP Fig. 4 Optical microscopic observation of (a) rHSA + human whole
< blood and (b) rHSA-FeP(8) + human whole blood.
*g ----0--- Human blood
=]
2
s
{‘ s CATDONY]
it
0 ¥ ¥ 1 1 I ¥ 1 5
0 50 100 150 200 250 300 350 f
?
!
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Fig. 3 Change in the viscosity of rHSA-FeP at various shear rates.

Absorbance

BG7POTH Y, WEROHSA-FPRERFTH -2, 201 ,DfE /
122V, invivo TRECERT AL\ ) BRD HEROBT
V520,

RNT, ®BT AR PVHIER S, FePOBIHEE, A
NEEDOETIKE LML L 72(Fig. 6). deoxyBID A7 FIVIZR
LNB198em'DE— 713, 43I F /= VEINDFHER L 75E
LB R ¥ Y Fe(ID#EAE Dv(Fe-Ne) IS T 520, BEEOBESILE
V3, F7ZI2v(Fe-0,) IR OWINAS60 cm ™ IZHIIR L7z Z & 425, BR  Fig. S Visible absorption spectral changes of rHSA-FeP in phosphate
FERMEBEOERFHO N L 2o/, ZREINEIOE LRI F buffer (pH 7.4) at 25°C.

FOUE Y THRASNAZELREELTE), BEFFIVDY S
end-onFI TH.LEIZEAS L TWABEL R+ 423, &56,(2,

T T T T T 1
350 400 450 500 550 600 650 700
Wavelength (nm)
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BT 40 CPRIZEDEHREOMHMBERE(v,, v» Wb &4
1346, 370cm (BEZHET)H S, 1364, 39%4cm* (BEZFHEAT)
WZBATL, deoxyfEd HoxyE~DEWARL 7.

370 Vg

>
£ v(Fe-Ne)
§ 198
S
Oxy
560

650 550 450 350 250 170
Raman shift (cm)

Fig. 6 Resonance Raman spectra of rHSA-FeP solution at 25°C.

rHSA-FePOBE M A BB MR Fig. NH LEBEERMGLEH L
72(P,,: 33~37Torr). NEZTE DL RMEHEOW IR
RS N WHIlBR I 1.0)25, Hfi(Po,: 110Torr) — KAHHLEK(Po,:
40Torn)FlIC BT AR EEMMNFIL2% T, RIMERDMER23%) 12T
BT AT LEBEERXRENEET S, T/, tHSA-FePOBRFEKE
BIIBITBBANFEINT XA — % (AH, AS)IX, &4 -61kJ/mol,
114 JK - mol T, NEF OV Y OB [F% T 7= (Table 1).

Table 1 O,-binding parameters of THSA-FeP at 25C

P, 10%, 10%, AH AS

(To) (M's') (s)  (kJ/mol) (J/K-mol)
rHSA-FeP(4) 13 (37) 1.9 43 -61 -114
rHSA-FeP(8) 13 (33) 2.5 5.6 -61 -115
Red blood cell 9 (27) 0.0011  0.0016 — —
Hb(T-state)o. 40 029 18 .57 — 65 -116 — -113

b at 37°C in parenthesis.

113

100

rHSA-FeP(8)

O: Binding (%)

lungs

100 150

Po, (Torr)

Fig. 7 O,-binding equilibrium curve of rHSA-FeP(8) at 37°C.

L—H—75v a7+ b)Y RENLEE L 7ZrHSA-FePD
MFEECHMEEER K, k)NIMBEDEL D H10EKRE <,
BEYAEIIRHEETELIENHELIER5/2(Table 1). Th
LR, tHSA-FePiIANEZ OV v LR L BETHRESTF
ZHRAELTBY, TR BBESEL L COLERNLRAE
ZATWAEEZLND, BT invivo BEE X REOFMI TON
TWw5iih, LY EEEOEEGXYHEL(SETLTI Y
—~NLFROEHDET LTS,

4. ¥E5E

FePlIrHSA IR A8 F ¥ TR SN, B 5 N/rHSA-FePHEA
HOBERPHIIHSABF EED LR\, ZNIIFePOHSAND
EAPBAMHEERICLA-DEEZ LD, HSA-FePE R
FEVmEEAEERL. SENRG T CIEMICBRELESR
BTX2, BMERMEEIANEZOV L RIF O LREL
end-onBl TH L LHEESIN., BEKEEG/NT A7, BEHED
KITARMEK & B8 L CHE % {, rHSA-FePHEEEEHHE LTO
B BT AL LR ERLS.

B F
K O—WIIELEREMARBME(EREERERMAEE
(ALRMLENIZE WiTbhl. DL THETERTS.
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SEATHRAFTELUAEFIVFRICE T3 ATEREME
(Neo Red Cell: NRC) ¥4

RE T, AMERY, MAFRY, REHE

Evaluation of Oxygen Carrying Capacity of Neo Red Cells (NRC)
in a Bioartificial Liver Module Packed with Rat Hepatocytes

Hiroshi Kurosawa?, Tetsuhiro Kimura®, Yoshitaka Ogata®, Yoshifumi Amano"

AT EEFZERAE(Neo Red Cell: NRODOBEFR MRS, EFVIFRE LTOANTHFRE BRELEBL LTOATLHE 2 MAEbET
VR RIHRARS R IS BV CER L 72, A THFIRIC T L 7Pl OB I32.5 X 107 cells/cm* (S FAIAEEB X 107 cells) Th o 72. = OHIF
BEAZHAVT, EFVHFROAORVCEOCBT 2BRFRREL JE L7z, @EE#(Williams' E medium) % fE5 L 7235 &1, ALDHE
DEEFESE(PO,,)20% 24 L CHORIOBEFE S E(pO, )i31.5%(11.4mmHg) & & o 72, T OHOMOBESE LB BEREHFRE
BB (pO,3%) & 1 b EVOT, IFRMLIIBESROKRETH > /. ERILEZ3%-Hb NRCIZE) D %2 5 &, pO, 13#96%(45.6mmHg)iZ
TTEBEL, FHBRNOBREMEAEIIME SN ZORpO, 1$19%~20% TEE L TV iz, BESEDN19%D 56% 2% 5 &
Z123%-Hb NRCO L U SN /-BE R 1L, BEEMEEMAR L V09Smmol/LE RED b/, ZOEILBEBERBOBAEEMFIETH D
0.217Tmmol/LIZHA~UMEL LN DTH o7z, BMIEREZ MM 2B 28R 5 CROBRERIITRE SN720%, pO, Ak
K< o>TLEV, BEX LRI 2MBBEENBRS SN, TR L INRCIIZEDBEZRET A5, N7 R OBETF
BEEBEIEROT, MB~OBEA ML AIREEL 25 % o7, NRCOEN-BEFEERIEL, SHOBREZRRTHTHIIE
HMEINBEZEIRENT:.

Oxygen supply efficiency of artificial oxygen carrier (Neo Red Cell: NRC) was evaluated in a perfusion culture system composed of an oxygenator
and a model liver device (bioartificial liver). Rat hepatocytes were immobilized in the model liver device at the cell density of 2.5 x 107 cells/cm?
(total 8 x 107 cells) . Dissolved oxygen (oxygen partial pressure: pO,) was measured in inlet (pO,, ) and outlet (p0O,,,) of the model liver. In the
perfusion of normal medium (Williams' E medium), dissolved oxygen concentration was decreased from 20%-pO,, to 1.5%-p0O,_ . Since the 1.5%-
pO
perfusing liquid from the medium to 3%-Hb NRC, pO,  was markedly increased from 1.5% to 6.0% while pO, was constant at 19%. The amount

50w Was lower than critical oxygen concentration (pO, 3%), hepatocytes were supposed to be under oxygen-deficient condition. Changing the
of oxygen released from 3%-Hb NRC between 19%-pO, and 6%-pO, was estimated at 0.95 mmol/L based on the oxygen equilibrium curve, which
was more than four times that in the medium alone. When oxygen-enriched medium was perfused to the model liver, oxygen deficiency was
removed, but hepatocytes immobilized near inlet of the model liver were exposed to the stress of hyper-tension oxygen. In the perfusion of NRC,
reasonable pO, level was maintained for culturing hepatocytes throughout the model liver device. The NRC delivered outstanding performance in

the perfusion culture system. —Keywords: Oxygen, Oxygen carrier, Artificial blood, Hemoglobin, Bioartificial liver, Hepatocyte.

1. Lo EAEB IR TV, AFFE T, MBEEEEIZL Yin vitolZ#
Neo Red CellNROIEFRMERHARANE 7D E v 2 U RY — 41 UMAESKZEBE L AT LA2HEL T, ThENRCOFMIZ

AL VEOROFRAEY ThH Y, ALEEERERE LTE FHTLI xR A, HEERERIZE T ANRCOEMRERIL,

IS X R4 PR R U T O T A, ZhE  BEENRCERS L TREBT LD, BETFAHEEEZD

T, NRCIZHT 2B L FEMIR L NRCOEHWEANTOEE LLVWEFMRTHILLEEILNS.

HEREOPRINIIED DN TV A, MIRSERTORERIZIZ il EEREOSVEMlEO—>TH Y, FKIIERE

DILFK S T8 K & 6y LFFF, Department of Applied Chemistry and Biotechnology, Faculty of Engineering, Yamanashi University,

2)7 NV ERAKHAFEFE L > ¥ —, Terumo Corporation R & D Center.

WFRFE TFEEY A & & LF R, T400-8511 (IS BFRFHT 3 H4-3-11, Department of Applied Chemistry and Biotechnology, Faculty of Engineering, Yamanashi

University, 4-3-11 Takeda, Kofu-shi, Yamanashi 400-8511, Japan.
RWET98EI0A 288, HEI8E11H300.
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DRZIIIFEFIZT[OEETH L L ENTWS, invitoDEET
SBENRZT D LB OBEAE MBI S h, gt R D
NBZEFHONTWSS, $7-, MBI ERTREET
BB L, BEAPLVRAIZIDVEER SIS EFHEL IS
RoTWh, ZTOLI ICIFRIZBEEICHELZTIRPT VT
HHI Lrb, KFRTIIFMRE AV ALIFEEZERL, &
NEEFUVIRE LTRIAT A2 L2 X YNRCOBEEMAREDEE
fiz47-7-. ‘

2. 5&

21, AIBFRERS

AERCTHEH L ATEZEREI, 7VEHEDNeo Red
Cell: NRCT, NEF TV Y (Hb)iEE6%, pHT.6, FHE#E
286nm, P, fE47.6 mmHg, I R¥1.16THo7z. ZONRCE
FEREE TR L Z-Williams' EWE)SE i THIR L T, HbiEEH3%
ROSwE B X527,

2.2, FFiEka

7150~ 170g) DWistarsz 7 v F(#E)H» 5, Seglen®D 3 54
F-CEREICL ), FEEMREARL:. r) T8
FHERIEIZE YD, 90%LL LT 2 E T LI ERBRICEE L
7.

2.3. E7 VAT (A LHTHR)

R)TVLy CBOBTVERR | BEE30mm, 5 &6mm, L
ROD) % TTAF v ZROKRN T —123E, BERXS0%IZFHEL
TR LY VEOBEEZ32cmde Lz, B L - FEEM

fai BREL, WIMERE20X105cellsymLOKIEBR /AL
72, T OBEBEAOMLE ) ¥ UK 2 7 (Terumo, STC-523)% v
T, WHEEISmL/minTHL ¥ —HIZIEAL, % FEEL /-,
EAMBLDI9%B LA EASRY 7 L & VIR EN-Z e 00, &
M OMBLHERE132.5X 107 cells/cm?, £RAKIEIZ8X 107 cells& % -
7-.

24 AEPF -7 X2@AHEESR
125mLBEDAEY F—7 5 X T IZWEREH X I125%-Hb NRC%
60mLAN, 37C, 100pmOIEHT, ity EEISRA T Z(95% air
+5%CO)E B L7z, BHFRFRESTEIEL 2L 25 TER
ZAFIEL, T ZICEEL - RTHIRL % 55N T OB BE £5108
cellssmL& %2 LX) ICHEL:. BEERY» S DEPOBRERE
REDERIL % BFEEM(YSI Co. Inc., Model 5300) THIEL, F¥—
i N > 3 DA

25, EFIVEIRERIZEER

EFVEE L TOALIFREUNRCE BBEE(LT 570D A
Thii% & CIERR®EFg DEER L. RROBRIEEIZ80mL,
R SmL/min& L7z, WER K UNRCOBBELIX, po,
20% DA 7 A (95% air + 5% CO,) % ATHi(RY 70 ¥ L > §ih
Ze5%, PIE250um, E &10cm, 2004, EEREHK160cm2) iz
300mL/min CHART 5 2 & TiTo 7. BHEEFZEEOE(LIE, A
THFRERET# 12 BV TEEFE BEME(YSI Co. Inc., Model 5300)% v T
WE L7z, T, WESHLIZB WIS T 2 T ABOBESTE
%p0,95%, p0,57%& LIZHEIDVW T 4To72. BIERDER
BEI3TCIREF L7,

Sml/min

@)
@)

gy

i oxygen monitor

pO, in M __ &t~ :
2 electrode :
bioartificial
liver
pO, out FSEA BFr------- -
electrode
1d
WE medium |: pump
or
3%-Hb NRC

resorvoir

(5

recorder

Fig. 1 Schematic diagram of a perfusion culture system for the evaluation of oxygen transport efficiency of NRC.
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3. R

3.1. AEF — 7 5 XA 2 MERAEERIC H(F BNRCOBRFEHASHE
A¥F =75 AN ML B L - EED S OB OB R

FikEOELEFig 210K L7z, WESHLIZ B W MR I34.75

0.30

0.05

Dissolved oxygen; C {mmol/I]

0.00 +
0 10 20 30 40 50

Time [min]

Fig. 2 Time courses of oxygen consumption by hepatocytes in WE
medium (@) and 3%-Hb NRC (O) in a spinner vessel without

aeration. Cell density is 10° cells/mL.

TIHZEEHFREFEO.215mmol/L) % THE L7-. WERSHIZ BT HBR
FHBESAOERRS LY, BRHEEAREIZ2 T mmol/L/hE BH
A7, RROIFHILEREIL1X10° cells/LTH 5D T, FFAifLL
18 IR S5 B (i A L PR BEQo,) 1 4492.7 X 10° mmol/eell/h & BAR
bohrz. Fi, MHREEIERTL, BHFERFESOEREIL
bNBERE & 2 EFBRFRECRFEFRERE: Cinidb L £
0.035mmol/L(BEF# 53EpO, 3% I HH) TH - 7.

5%-Hb NRCIZBW TIIBEHR IBR 22 bDE %), &
FBEIVHEE SNDDOIZH405 %2 B L 72, NRCEMRICBWTE
HEBEVHIOEERE CHEFENDE, 5%-HbDSWESEHBO 105 &
DEBEFXFEFEL TV EI O, FhEHELOL7D
12, NRCOED D ICHbEFRR L W) Ry — A=Y B)ERmL
TRABOEREIT- 7. ZOKE, WEFHORGE L IZIZFEED
BEENBEBNEONZZ EH» S, NRCERIMLZRT D MR
BREOEETHRELEBLTVAEEZ LN, Lo T,
NRCIIWERH L W b Z{ DEEREXEAL TAHI &Il 5. L
2L, NRCOVVL 7 BHOEFBRFIREL, SMAMOBREIEL
FHFIRFEICH ), DROBHFBRFREIIWES L L IZIZFL LA
AN VAT (G AYAS

3.2. TFIVEFEIC & ANRCOBEF{HAREE

Fig. UWIRLZZBERAIIBWT, FIOWERMABRIETER
REDPB LN & Z A THERBE3%-HO NRCIZEI W B2, £0
BOETFIVIFBOAL - OB A2 BEFREZRELZHEL T

117

Fr— MEEICERE L 72, BERE(LIZALMIZPO,20%D # A %
T 52 L TITo 1.

EFMFEOALBOBESEE, BRETDIEZTHHE
ZALHR S NP0, 19~20%(152~ 144 mmHg) % #EFF L T 7z,
IR L TEF VRO OEI T, SEMEREIIFg 3
RLAEFY—bOXHICEL L7, WESSIAZRIRL 255613,

Lo o - gt i =37
- § S Sl Wity
- ) __.‘;t" e,
£ ——— s gL ]
N’ e A —
L g —
=
(,8 :——..——-t e - ——urar—ay -
Q ""_.__..‘1 MR i
o I— Fi g
- L ?f PR | A
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=
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Fig. 3 Change in the oxygen partial pressure in the outlet of the

bioartificial liver when the circulating liquid was switched from
WE medium to 3%-Hb NRC. Chart speed was 10mm/min. The
liquid circulating rate was 5.0 mL/min.

HO® DO, 131.5%(11.4mmHg) Td - 72%°, &R % 3%-Hb
NRCIZIN B2 5 LHZE P ORRLD R BEHBREO LAVED L
1, po,,, t13#16%(45.6mmHg)i= X THEE L 7-.

WEN i OB R CIIBEEEILOF X 5FE % p0, 57% K& U°p0,95%
RO IFHEIIOVT O ERZITo 72, pO, 57%D H A @5
p0,, 54%, pO,,, 19.5%TH > 7z. p0, 95% N # X @TEEIXpO,,
95%, pO,,, 40% Td - 7=(Table 1). ZHh 5p0,, £p0, P7T— % %

Table 1 Dissolved oxygen concentrations in inlet and outlet of
the bioartificial liver and evaluation of oxygen consumption
to the bioartificial liver.

Medium Mixed gas pO,,, pO,,,,  Oxygenconsumption
NRC  pO,(%) (%) (mmHg) (%) (mmHg) (mmol/L)
20 20.0 152 1.5 114 0.20
Medium 57 54.0 410 19.5 148 0.37
. 95 95.0 722 40.0 304 0.60
NRC 20 190 144 60 456 095

HiZ, FRFNOZETETVHBRNTHB SN - BEES K
O, FNEYBEHEEBEEL L CTable 1iZEbHE TR L. WEEH
TH, p0,, &p0, PHEZEPS, T VIFRANOHEBERILY
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O OBENBELHE L. HEILEI3ICIIBITAKIIHT S
EEE DB RE DOFEIE T H 5 Henry % ££(920.5atm/L/mol-0,) & F
720, p0,20%D H A EAKE, pO,, A°152mmHgTH % DT,

(152X 1000) / (760X 920.5) = 0.217 mmol/L (1)

Z DEpO, 13 11.4mmHgTH % DT,

(11.4X1000) / (760X 920.5) = 0.016 mmol/L. (2)
(HQDPEL Y, BEEHEEIZ020mmol/LE 2 5. I, 57%
RU95% 7 AR OBEHEEEX, £ £10.37,0.60 mmol/L
LB &N, NRCTIIHbE EEF O BBEMMB(Fig. %2 EIZL
T, EFVIFRACNRCY SR S A BEEE, NE/UE Y
13 FIARFOREEIRETHLIRELTEHEL. 3%-HbHD
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Fig. 4 Oxygen equilibrium curve of NRC. A 43% of the binding
oxygen of NRC was released when the oxygen partial pressure

varied between 144 mmHg and 45.6 mmHg.

NEFTOV Y DELVREIZ, ANEFOVECOHFEM450L Y
3%Hb = 30g-Hb/L = 0.465 mmol-Hb/L

ThHb. Lo THABIINRCOEE LTV IEBERR
0.465X 4 = 1.86 mmol-O,/L

&7 5. p0,19%—p0,6%DTEREILT, NRCH O FMEY 5%

BEAIEDOBRTH - 72DT, ZOBROBERHKEIR
1.86X0.43 = 0.80 mmol-O,/L

CEHMENS. Lo T, BHFEZOELIZE DSV HErs

B SN 7B FEO0.15Smmol/LEZER T 5 &, 3%-HbEERS €72

BRICIEE T VITIBRC BV T EFH0.9Smmol/LOBERTHB 1A S

AR N/
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4. EE

— RN DIPIHEEE & BB RIRE DB IZMonodBID AT
RENb, BHBRFREVEREFRFZBRECoinfEL ) dHW
& EITIE, MRIERADOMSEGERE % R $ A5, BFREL Coritfl &
DRGSR, WRERISEFRFREICKELTET TS, ¥
O HCerELL T DOEFERFZREN S & TR+ 19k %
TABVEBERZOREIILDEEZOLNS.

ET VL AV -KBRICBWT, p0,20%0 7 A TEEEL
2TV OOWER I Z TER L 723561, HORBRES (PO, )&
1.5% & o7z, THIBARERDZAE S —7 5 22 TR 72fHHil
DCcirtfli(p0, 3%) & V) bV 72012, FHAERLIZEERZ DIREEI
BoTwaheEzbh, T LT, BHRIE%3%-Hb NRC
28D B R A 13p0, 136.0%E 2 ), Coritfi® EE o7, L
75T, 3%-Hb NRCE{ER L 7235813, p0,20%D i A THER
FETo TIBERARCMA Z L Az EETXR T L
WIRENTZ.

WEHBESRRIZBVTYH, BREILOT AFE%pO,57% R
p0,95%\ %% 5 L pO,  # CortfELl LIZHERET 5 Z &3 TE 2.
L2 L, pO, PERELANVIEBOTHVIDIZZ>TLEW, #
RS R b L APEE &Nz, NRCIEREF 3O, 19%,
p0,, 6% TH Y, AOFTOEEA b L ARUCHOMTOERER
ZREEE Lo,

ETNVIFRTOBREHEEDOHEBEHER(Table 1) X V), WESH#
TIIHBRELD T AGE%p0,20%,57%, RU95% & L7-HE 08
FZHE 213 % 1 #F10.20mmol/L, 0.37mmol/L, & U70.60mmol/L T
Ho 7z, FEROFFHREO R K HIFREREQo, = 2.7 X 10° mmol/cell/
h% £IZEFVIFRAOHMBOBENEREC  FEtET L,

C....=Qo, X (V/F) = 0.72 (mmol/L)
&b HL, X=MREE, V=7 VFEOEE, F=1ER
WAEETH 5. Table IR LABREEIVTHRIC, OEIY D
INEWZ s, WERSBTRBRSELB LAV ATESEE
fEL T ETFVHIBOBEER LMt ed ozt X LA,
2, BERELOVAFEDPO,57% K U95%TIE, pO, (&R
NH A HO LTI RBREMEITbheh o7, Thid
BHMEREIILDZIANL AL VEBESALAOBEE X
B, ETVIFRATOWEBE AR & Nz ICBEEA IR
AR EN oD TERVRLEEbRS, THISHLT
NRC%A#EER L 7235 12130.95mmol/LOBENSHE ShizZ L il
%Y, RO 2BIEMEIITOR LD LHER SIS,

5. #5548

NRCIZAFH~ OB EERMAR L L CHEN LA L, K%
HREAN DR LBEREEIITR 2 Edhhol. ZOZ LT
NRCH A LIFEA~OBEZ &Mk & L THFIHTRETH S Z & %R
BT230THH. AIHFEBORREICBEVT, EBOFEL L
Y87 MEE BB KOS TBY, T2 - VIIKET S
HBDOE L2 5 BB ER L RTNELS2WIRIRICH D, &
BREICTHE SN MBL IR R & A3 5 I3 RER OB R MR ET
BATATHY, TOL) ZELBIT 52 —FEE LTINRCE
FIATAZL3BOTHEYNTHLLBbNA.
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F105%£3831H)
[TON Xt
BE *% B"E £

BB S 2,896,409 AR E 2,912,029
ES8S 1,020,000 £45 - Z854% 1,605,284
HBhS 848 2,600,000 EPEa#Bh£ 1,000,000
HIFES® 6,000,000 ¥V HEESM 1,395,294

BESES 96,000 EBALR 3,282,860
LER - #IRA 277,930 =R 666,752
=30 A 850,000 RipigHe 2,900,517
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