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Vascular Effects of Hemoglobin-based Oxygen Carriers

Pt FE D, AR —FE?, Jb&E B2

Kunihiko Nakai ", Ichiro Sakuma 2, Akira Kitabatake 2

ANEZOV VH)RETEREICL Y, MELFRHEHEEEHRERT L CBAORERANERSINAZEFHL P L o7, O
2212 13HbIZ & A nitric oxideNO)YDRIER LA H B I D EFREND. AT —EHOERN L, DFED/ S ZHoBHEIMESN I
BHL, MENTNOERNERL LN 2MEMNBEESEEZRTEEZ TS, ThETIIXMTHRE SN T35 20Mo mEINFER
FOBBIIOVWTTEDLHEE DI, HDRBZERENDTEEIIOWTEET S,

Acellular hemoglobin (Hb)-based oxygen carriers (HBOCs) have been shown to induce several undesired reactions such as hypertension and motor
dysfunctions of digestive tracts. Hb-induced scavenging of nitric oxides might be responsible for the backgrounds of these reactions. Based on
several in vitro experiments, we propose a hypothesis that acellular Hb derivatives having smaller molecular masses have increased endothelial
permeabilities and therefore induce more potent vasoconstriction as a result of abluminal nitric oxide scavenging. We also review other possible
factors responsible for Hb-induced hypertensive reaction. More detailed understanding of the underlying mechanism(s) of these undesired reactions
is essential to ensure the safety of HBOCs.

1. 1L I 5 CHOABEERE I L 0 .LOERE, BRIGR ESERSN
HbidRIMERAICSHEEGC mM)THEEL, BEERF T I0HY A2 L3HLIERY, FOBRFEOBBLEERESIIIFIA T
T4, ZOHbRRIMERE Wi, BAOBHLBLBEEER 59 AR TRHICLA2MERTICONWT, HLD7F—5EL D
KE LTEHT 2RA LIV 7)) —Ho REEF EMK(HD-Based IR EZEHL, SHROBELXBE LV, 2B, BEER
Oxygen Carrier: HBOC) TH 5. ZOREFTIIKEOHMERTEIE  HREMKB X Upolyethylene glycol(PEG)IE#iHb(BR D E %7€ {LHb)
ATEHLY 19894ENorthfielditiz & 2 S IMBERABRL BV IZ LA LMBEREIIDWTIZEICAE,» S FREFRELVWES
BE L OBERIZEIITON TV AEEOBMIZOWTIIIEY PRI Tw5
BIXUBBNNA AWWW(Table NDSEEIZR 5). LrL, #0O—

Table 1 Recent news of cell-free Hb derivatives appeared in Nikkei Biotech WWW

Apex Biosciencett 97/3/19 PBP(:’*&)%PEG%%H& rHWERMEREI B EMEOESHRE LT —-X
L/ TR,

Eli Lilly#t 97/3/2 Somatogentt [rHbl.1| (2 X 2B FER TOERABE L 1. _

Northfield Laboratoriestt ~ 97/4/2 BAMEE D60% YT 2 ESHD [PolyHeme™ | % EIEAHRS T 5 7 x — X1lIEEn
#FDA & V) Bli%.

Somatogenitt 97/4/29 [Optro®] (rHbL.DIZ & % L/ S 1 7S A T4 7 = — XA,

Baxter Healthcarett 97/5/6 Lol S A PSR FEAIZ BT A FIREILE D O B8 2 @ LT, 5 FREEEHD

[HemAssist™ | PH3 (L30T % WS 87 1 I 38
Biopure#t 98/2/2 %ﬁEr’] T 5L rOxlxgloban DEYEEMAZ IR, ALERERK L L THRH.
4 X EMiEENE
Baxter Healthcarett 98/2/25 Somatogentt % BN, ALMEEE%#1L.

A#/X4 4 7 7  http://biotech.nikkeibp.co.jp/BIO.shtml & ) .
*97/1237E. FEIIBFIBARE TIKIE. Baxterthido8EHIZHHRFOE M.

WEILKFRFRES AN F ISR 85 %55, Environmental Health Sciences, Tohoku University Graduate School of Medicine, 2)3t #ii8 K K2k
EERFEEEREFARLF, Department of Cardiovascular Medicine, Hokkaido University School of Medicine.

B KFERFBREE AR IRIERERES T, T980-8575 (LT H XX EHT2-1, Environmental Health Sciences, Tohoku University Graduate School
of Medicine, Seiryo-cho 2-1, Aoba-ku, Sendai, 980-8575, Japan.
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2.7 —AFEFAOEY I BEHES
21. LT U —AFETOELDER

FRMEREMOMEEE L THIL 7 —HbBE % AV B3R A IEH
LW DTk, 1868fENaunynid 2mL O B M % EERENY
~EEL, 8MDIC, [[MfEilkE#HE Lods, TP HERRS D
BAORLEE ShTWw5b9, ¢ MESHITIE, 18984 Von Stark'!
I2E B HbBE A AV BMGEEORANH L. £0HK, &K
MERVA MBS 43 4 BRTH T3 AstromaBIEA ORIA & 328 &
N, 19164 Sellards & Minot'2A%stromaiB B FZHbB W IZ L 5 #0
ToOe M5 EREITo /.

FRMERSLE N 7 ) —HbOEZEIZ oW T, BREEREL R
WZEEBB L 72D, 1934%E Amberson 5 90 R 2D 7 ¥ HbiE W
WEERTHL. 7 HUIEBERMMEHbTH Y, roo( 4+
BT7ORAT) v JREFELTEEY, KEEHbOIKE T+ %K
FEREELTRT. 23, ¥VY, Y¥, YAHbLEU KR
PBAMHLIZETY. —7, ¥ MHbIIAR S 5 EEEEBAMEHD
7T x5 v 7 RFE L T23-diphosphoglycerate(DPG) & &K
L, DPGIEFFFET T3 EMAMEY $pyridoxalatione &'12 & A EEFH
BAGHIHILECTH S0, SHEEHMMEHICIIERE, 1 X,
7%, v, ELOEREHW)EI N5,

—%, et EREESMIIOVTIRI6EMRICKE L% EH
¥z 5H, FOLBOEELRB.OLE, BEMN, DIC, [LIMER
JeTdH A, DICIZR b A I E A I EEEE 1 LstromanS R K & &
1, 1967 Rabiner 5 ¥ A stromaff F2 i % L #E L CTStroma-Free
Hemoglobin (SFH) % HEX. LIZIZMRR L2 & &b, BHERIIERE
EFHbD B R ERE D O Fkil & RE BRI L BEELEZ LN,
19694EBunn 5 '9ASHbIZ 5 F ARG % B A L& 5 O OBk A3 [0l %
TEBLILERL, HDEL 7 —HuEEEOFEEITFET &
Nz, LaL, HHEBIZL A LMERICIIRZEZETH Y, &
WIE RIS, HILSERCOPRESNAZ L b HE SN, Hblsf
KOEEMIIRBROEEE LTEBEINTWAD, 0L %
RO ME OB fEstroma’s EIFHOR FICERT 5 DA D
2, HbFDLDIZEBDDHDH, REZIERIIBOATWE
V\l)‘

V7Y —HbRE(LD ETHRABR O, RERIFEKREEL
BEHEHEBYO—HMIES THREAEIBEFREL LTH
L, I 3IXI3EEEERNKLE L THF 23407 Derythrocruorin & +¥
H, ¥ VLVIIB0FTDOERTFERAT A2, —Fh, FHH
WIREEFERAE L L CHBEMEHbGRILEK) 2R H T 5. 19224
Barcroft (SHbASRMERIZEHA SR TV 28R ME LT, 3041
FEBES L UHMER, RE Y v/ SAOHbRLEH, MEn
pHR A ) VB CILFERREMSR, O=mZ2®AL T5.
BT BHLI, V7Y —HO X BERFEEOE T SIS
FEHABEFOLDOETETH Y, £ 7)) —HVEEEORFTIE
HEILERE TRIBAEAN & Z{L L HbiZ oW T, BUSEMRMEOT]
BEMEZM) DDOLEHBINTHBHLUTL H 59,

22, LMERIGICEAY 380k

XA TR b U < ITHBERHbE RIS & 5 & [UHE A
19204 Bayliss? 3 X UF19274E Phemister & Handy?'1Z & - THIH T
WE SN TS, 1934fEAmberson 5 MK MFIA L R THEIZE]

26

HIERRL, ROTIMIEREEZ ML U EEIZL DER L
72 VHbBH R 4B DO BE S, HEELOE LR & AR
Ta#E L72®. 19514EMiller & McDonald? iZHb B i3k 5-# 12 R
LML EWEBERERY, Z7LT7F= 20750 ARk
Bt k0o, MEIARIIE S BEEOTEES % BT
W5, BEEOstromafZFidS-10%2E L REO L TWw AR,

19604E, Rabiner5 24 WSFHAMHEN SN 55T, 19784
Savitsky 5BIISFHAMKIR & LT F CAEER &Kk ELT
5T EEBER LTS, SFHIREIZ L ) BRI NS EKRRITIE,
BEMEIRE LCHER, WEFHEARE, £EFHRCE L TR
Ik, MELRE, REET, 2L 7F=02077 > RAETF,
APTTIEE, HbJR, TH YB3, SFHDstromab%fF130.2-1%FEE &
REONED, HEBEHEICLARERDEIZOEIREI X,
19864F-Vogel & VA3 .U C R IEEFHb S & UMEHIHbIZ X 5 M IX
MERAMPRONAZ L2 YWOTRL, LIERTCEEEN & 3M
VLAEELRECHLILEAHERLE. ZORBEROMES
b= F2YSFHIZFEE T 5 FEHL M IS IS K F D E % R0
L, > TSFH%Z &L IR L SHMBESFHE T 2055 2 FIB L 7-
36 1990 ITHERISFHE FH & L-HbEEEICL V5720
TLMERIGOFMATT b Nz A5, ERIZHVBEEICL > TR
RAEMERL, 5FHEERTH %BaxteritDCLHbT1320-
30mmHefEE % LR & 32 1MF LA PR S, —F, PEG
EAHLO B & EAHL 2 TR MBI T 713 MmE ERITEEHS
bLARRILEWEWIEENS ., MFE LR OERIZMEIR
HEEEZONTWAD, MEPHERT & L TIZAIRD L (Ho
i EFEHbR AR SN THB Y, AiEIL S 5 IZEDRFAEMILE &
FOMOBFICEE SRS,

3. HbiZ & % MENHE
3.1. &K R K E4EE F (EDRF)

I8 R AR AR 0 Il B b AR 13 P R R Skt 4% (X F-(EDRF), MR
F3k &5t & (EDHF), prostacyclin(prostaglandin I, PGL)D =
HIZL o THBEIN TV 29, EDHFOEKITV FRBHTH
L7, EDRFOREEIINOD L  IINOHMHHE TH 5 Z L 2
LI EN TV A9, NOidhemel SV BAMEA AL, - T
HbiZ & YB3, RiEMILEh, 2O OHbEARKEROME
AR 2 J0H L IMEIUEE & LTERL) 2EEXbR AW, &
ORFIL, HbBHEIC & 5 FH RIS EDRFEAHEHR Th HL-NO-
nitro-L-arginine methylesterNAME)IZ X W BT & A Z k9%, B
FHAME L 2 TNOFAIM: % #0H L 72438 2 Hb(rHb)id i B L&
ERAVNE VW&o, o b FHEh D,

L2 L%DS, HblZ X 2RERICOHFHIIED TLEDHMIX
5TREAILTHY, HET v F TDCLHbRSE125mg/kg T
RAKEEREHRON, HEEX SLIIHMEETHME EFIL
AL WS, ZOBOMF LI 7)) —HbiRE X b T H0.16g/
dLEELEESINS. —F, KHMIZIZRMERHbL 15g/dLAFTE
LTHEY, BOTHEO L 7)) —HoFEMERMEELT 52
IZARMERHb E £V 7 ) —HbiZ X BEDRFAEMALIZIZ R & BB
BHHELDEFHINS.
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3.2. HblZ & 3 EDRFAREEAL

FILH LN IER

EDRFRFZIZB T, EDRF=NOTH 5 Z L DFERD1D & L
TANT N ZAEBRTHZELESNAHLIZ X A2MENBEEAIH
B2, Fig 1LIZANVF Y INREIZL B 7 FRERERTONKE
RESMARE EHbIC L 5 FOMEE R 2%, HbIZBEREMEIC
acethylcholine(ACh){Z & A SR {EMA 2 MMl 3 5. FA X OME
ILHETE R % FE 4 OHbRERFE MR (Fig. 2.) THE L 725,

Isometric contraction

A —
1 Organ bath (37°C}

Ex. 1. s

Tissue
Hepes soiution + Hb

B
%Inhibition = i x 100 A s
[}
—
r Hb
PE
ACh Ach
Ex 2. ! T
A, B c ID
awinhibition = 27 100 1
B/A Hb or PBS w
\

]

b N

£ Hb. 30 min e

Fig.l. Organ bath assays using rabbit aortic strips. PE, phenylephrine
1uM; ACh, acethylcholine 1uM; W, wash-out; PBS,

phosphate-buffered saline.

Acellular Hemogiobins

o5

3
' L-I:;t;gl:bin-bovine Hb

MW: >150,000 da
a MetHb: 1.0%
Pso: <1.8 mmHg

Unmodified bovine Hb
MW: 64,500 da
MetHb: 1.2%
Ps0: 25.2 mmHg

Pyridoxalated human Hb
MW: 64,500 da.
MetHb: 1.8%
P30: 20.3 mmHg

Crosslinked human Hbr
MW: 64,500 da

MetHb: 1.5%

@ Pso: Not determined.

PEG-Hb (PHP, Ajinomoto)
MW: >30.000 da
. Methb: 9.8%
Ps0: 22.6 mmHg

p Human RBC, fixed with
giutaraldehyde

)

Cellular Hemoglobins

Liposome-Hb (NRC, Terumo) B
Size: 180-240 nm i Yy
Methb: 3.4%
Ps0: 51.0 mmHg

Size: <8.5 um
Mathb: <1%
P£50: 2.6 mmHg

@

Fig. 2. Characteristics of Hb solutions used in the present study.

7)) —HbIZ X AMEBERELICIEFOSFH A X, BEH

AEDOEVIZH 20 b 5 TR — 08— G ## % R ¥ (Fig.
3.). PEGHfiHbTIIETHIZBET 545, ZOHEHImetHbiEE
HE <, metHhENOE OBFIBIME LT LIZERT 2 & FES
na. —k), VEV-LBIUVRNROE - KICHRIZEhEN
ELIAEFABEL, MEBEIFEEENFVIEERLE. ZOKE
IIMEREEIZ BT S|V 7 ) —Hb & Ml HHD & DEDRFAEMAL

ARTIFICIAL BLOOD Vol. 6, No. 2, 1998

WHENDEZRTODTH DY, HOiRE1%L ETIImHbDOR -2
DERD LN, $#Eo TinvivollBlT 5L 7)) —HbDE S 2 &
IHEER % + 9 I3 T X 2\,

150

100 |

% Inhibition

10 9 8 7 6 5
Hemoglobin concentration [-log {M)}

Fig. 3. Inhibition of ACh-induced relaxation in rabbit aortic strips by
unmodified Hb (open circle), pyridoxalated Hb (open inverted
triangles), PEG-Hb(open diamonds), Hp-Hb (open triangles),
bovine Hb (open squares), metHb (checkered squares),
liposome Hb (Artificial Red Cells, solid squares), or fixed
human red cells (solid circles) as performed by the Ex. 1
protocol. Mean = SE of 7-10 experiments.

CDFNT P NAERTR—MEERL R ELHVEE,
KAISHTHD 2 300 L 72 ER T LE DOAChIIN T 2 RICHFET T %
DR L, MLEL 7Y —HbTHPEG-HbTIIBHRA (MBRIE
PEONBHENPR SN/, I TFig 1.MEx. 2.1ZRT 712 b
I—=IZTRDEEE%1T- 7. Fig. 4.\ Hbi&E0.01%TBESN S
AR L —A%RT. REHHbTH L 2307 RE L ER
AN A 2 N AR DOHb % BB 2% D AChIZ & 5 3R 43 < 1
575, ZOMOHEEIETIZAChIEAR 2 HEFE X 15 (Fig. 5A.).
RIBEFHD I & A AChRICHIENC 38 — IGHEERED b, F7-
MR SRR RS AR & ICHBET A L LR L RRT
Hot:. FELERE2% BSAB X U FEHHF&73,000 Dad2%
dextranfFfE F CAT - 72354, MESFITHLIC & 2 8% % 8
LA IZEER L7 (Fig. 5B.). LLEOKED S, RIEHHbIZ L 2ACh
RGO L L THbAYT O 2 OMF CMEER I A
n, EBEANICTNORHEET A WRESREEIN, BSABL Y
dextran& W\ o 722 7 U45FIZHPEL W AA R HET 5 & FHE XN
AN

SUENENTERER

FNH L NAEBROR EIIHO A MEN R OM 7% S FILEY)
B L CmEN2L DETLIETHY, FZTITHLEF
NW7FEZED Ty MOEBRERETo 2. KBRS & 084t
ERBAERERLZOEBREZE=F—F DL EDHIZ,
bradykinin(BK) % A& B A% 5. L B R R K FEHE O MR RC % 2
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$%L7-. F7-EDRFAERLOES ZIRFET 52 BT, NOGHME
EHTHANAMEZ ERBEIZHRML 20X E % R/, Fig. 6.1378
T X 9 IZRBEEHLE L UPEG-HbIZEERFEICERESY LH &
¥, Hbi#E0.1%(Img/mL) THRAMEIZEL /2. Lk, #EiiHbR
FE0.1% & LR % 1To /2. BKRH DI LI, HOIEF0.1%
BEMERICB I ARKME LEMNE SN HHbERE®IZIZIZE L
vy,

ACh ACh

Control i \

Unmodified Hb Jﬂ\)& N \

©.1mgml) [} o
s 3
Aeh ACh
w w
PEG-Hb f W "
e N2 Y
c 8
ACh ACn
]
w
w
Hp-Hb
o W]
[‘9 A}
1
PE PE

w
w
Liposome-Hb
|. B o
i
A —

Fixed RBCs

Fig. 4. Typical tracings showing inhibition of ACh-induced relaxation
by several Hb preparations as performed by the Ex. 2 protocol
(Hb at 0.01%).

%Helaxation

Fig. 5. Inhibition of ACh-induced relaxation by Hbs. A, Inhibitory
effect of several Hb preparations (Hb at 0.01%). B, Unmodified
Hb-induced inhibition in the presence of 2% BSA or 2%
dextran. Means*=SE of 5-12 experiments. *p<0.01 as
compared with unmodified Hb.
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20 |

%lncrease in CPP

0 1 1
8 7 6
Hemoglobin [-log(M)]

e

4

Fig. 6. Changes in coronary perfusion pressure (CPP) by unmodified
bovine Hb (open circles), PEG-Hb (closed circles) or liposome
Hb (Neo Red Cells, closed squares) of rat perfused hearts. Mean
=+ SE of 8-10 experiments.

BRI L — A%Fig 712, ERER{L%Fig. 8AlZfhEh
AT, V7Y —HbUI L AERTIN T MBENGEZFES
BHS, )EY— L TIIRE L-HbigE 1% TIE RS IIBREL
Nz, FEROBRIIESH RV —LTHAHARCTHEESR
5%, NAMERINIZERE Y LR 3 €59, RUEE B XL UHbE
VTN OETHONAMERNEOEREIZIZIZF LAV T
Holz.

NAME alone a &
.o a,n //_,.‘.v/ * *J/..
S it i
£ k¥ B’.‘/ '
§0 f/ij
10 f_‘ NAME
Unmodified Hb o
160 x ax ;/"-‘\Vf"
[y o
m—': ; Unmodofied Hb
PEG-Hb "
- Yanhle
: ¥ ¥ / i
2o [ U 4 NAME
8 i / PEG-HD
wo |/ v
Haptoglobin-Hb compiex I
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[ L 9 TV
o« o« [T T
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Liposome-Hb L
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. w
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TV /a
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Fig. 7. Typical tracings showing Hb (0.1%)-induced vasoconstriction.
BK, bradykinin 10 pmol in 4 uL; NAME, - NC-nitro-L-arginine
methylester 100 pM.
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%Ilncrease in CPP

os]

%Change in amplitude

%Change in T1/2

S T O
& & & Q@o X‘g‘* < x\;\"‘
g i

¥ e R

o K &
QQ/
yoé)

Fig. 8. Effects of Hb preparations on CPP and BK-induced relaxation.
A, Changes in CPP. B, Changes in amplitude and half-life (T,)
of the duration of BK-induced relaxation. *p<0.05, **¥p<0.01 as
compared with control.

BK UGBTI EE T O K E & (amplitude) & FR T AL ETE
F BT, )25 THRHT % 4T - 72(Fig. 8B). AmplitudeZSkid v
FTHOBETOHURMO L EIIRD S5 N, NAMERM®E b &4
MTELdorz. —H, T dKEMHbTHEISHL L, PEG-
Hbd PEE R L2AY, NRCTRENMIZR O e d o7, L
L, NAMEZII& TR EHMICERGEOONT, T, KR
EZEE IZIZABOEME V2 5. BKIZ X 5 Mg RIEIX
EDHF L EDRFOAHIE & & 2 S, EDHFASEEDOE Vg%,
EDRFEAS BRI SRR 2 T 259, - T, BKRIE®
amplitude!d ¥ (CEDHFB:E D, T, ,I3EDRFEIE DR % KLY 5
LEROND. AEBRTIIHbOEBIIT ICH BN,
NAMERNZICHb DB & D HERERILIIEN L WEEL S
b¥E 2 5L, HOMENHEERIZEDREMEMILIC & - T
THETH D, EDHFRFHOMZICHVIZEB L 2V LGRS h
5. EB, BaxterBEIHbZBiIc#%5 L7354, HEfs£530F
DERELBIZ, B, L, BEZEO—ROBITIRSEO M A
s Bsesn, Tk RIEEFOMERIZEDRFIZ T LEDHFEZ T
B E%Ez b (Sakuma L etal., KFEXK 7 — %), HblZ X HEDRF
MERCLOBEPHA NN S EFMBOBRESICL 0 ML
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T 5720 L WEEND, 58, PGL, V' EE 2 MNEF
M T HHbIZ & 5 ML 22 s,

FINH O NREERFRE, REBRTHERBEICBSAR MR D
BLEEZ L. Fig 9.l T#@), RKEREL(LIIBSADEE
b oF—ETHo72h, BSAREKREN IZHbIC L 2M0%
P BET 2SR SN, BOFH HbD MR 1 Ak
THEPMICIGIL 20 LBRENE, 7, BRERTELA
ZEROERD LRI RY — AHOTIRMBIEEER SRS R
BREWVHIERTHY, HbOMEEADR AN MBI & i
THHEVH)RALZE THFT 5.

BSA free

4
n

°
b

N
B

CPP (mmHg) @) CPP (mmHg) D CPP (mmMg) &% CPP (mmHg)
£

Fig. 9. Unmodified Hb-induced vasoconstriction in the presence of
BSA (0 to 2%) in the perfusate. Hb at 0.1%.

MEREEEAEER

EHRERD S MEBE~OHLVE Y AL D MEINHEE BHETH 5
EHP SN, HDRBFREMREOMENREEEM ¥ EHILET 5
Z & ZEH LFig 10121 Tin vitto BB EB 1T - 7. 7 kKH
IREBRMERN IR 25 -4 714 0% — FICHBREEL, K
BMEMEEICHbE X AREEEEAU~BE T 2Hb 2 RIET 2 b
DTH5H. KRERTHE L 72BSADZEBERE I CEAICD & —
BL®0, F/:Table2ll/RT@EY FFEDOKE &2 TEBY
AL 7.

Luminal side

Hb /

1

/ Endothelial cells

~4————— 0.4-um pore collagen filter
(Transwell-collagen)
Abluminal side

Fig. 10. Permeability measurement using cultured bovine endothelial
cell monolayer.
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Table 2 Endothelial permeability characteristics of proteins having
different molecular weight (Mw.)

Molecule Mw. Permeability coefficient n
(Da) (x 10 cm/sec)"

Cytochrome ¢ 12,000 19.73+2.09 3
Peroxidase 44,000 10.25£0.65 3
Bovine serum albumin 66,000 3.82+0.11 3
Bovine Hb (HbBv) 64,500 5.80%+0.33 7
Lactoperoxidase 84,000 2.87+£0.23 3
Hp-HbBv complex >150,000 0.35+0.02 6
'Mean + SEM.

Hb4T FRIIBSAICIZIZE LV as, BIE & M7kEHHb D&

W IIBSADHUETH o 72(Fig. 11.). HNDDTFHER/IZE D
BRBEBRELLSHLLIETT22BSAL ) ERE LTS
{, HbDOFEE B Idimer~DBEBEEIZL B HDTIE LR L, FF
FIRRPHENKRELSFEBLTWE EFEEN L0, —F, HbS
FE22 A SYLPEGHEAT D L < (Xhaptoglobinfs & 13 £ @M % B
ZICHZTBY, NS HMEMKIZ EEEMDE < LB
TAHIEERLTWA. &8, PEG-HMEEITIZ 7 I 7 Ei5H61
LB -OWMBEIEDLL EFHEEN, F7-PEG-Hbid 7 )V A:8HPLC
TIWVRELDFELLTEHTALI LI bhIo>THE DD, PEG-
HbDEBEZRT AL Y EALBASLETH D,
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Fig. 11. Permeability characteristics of several Hb preparations in
untreated, LPS (1 pg/mL, 10 hr)-treated or IL-6 (100 ng/mL,
21 hr)-treated monolayers.

MR 7—fdELs DA ML ARETETT 52 & 554
Lo AT PSS ORRAERT A A A L THAIL-6IZLY
I P Rz BB AR L M D o B SNB AT T 5. Hb%
BEEERAEN C DL ) RIREABFE T CHEHINLZ L 22T
IEE, NEMREESS D UDHIL-6PLPSTILHE L B L2 ER %

FTo7:. #EFRIEEIL 7)) —HbDOEBMITE L <ML, $HICLPS
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WM THEETH - 2(Fig. 11.). —F, VEV—sidnwThoftt
THEBHIIBOTRESNZDNDTHY, MK THAI LD
—DODEHEEZONS,

DEDOER,»S, HbIZ L 2 MERHEOBT & LT, HbFF2°
MBI ZALPORTIMYATNEZEILETHY), O
DRI L DDTFH A ZIKRE LIRS T3 SIS UEER
b L ATRIE &N (Fig 12). EB, kS &h-5FA
HAEFIHbIEE R A ) VS IZHILL®, HhRRBEDOSFH 4 X1
FLUTAENN) 732 L 22 ) 242 5. £
7z, BFNEAERTH HDCLHD & RASHHbIZIZIZE U & IUE
ER %R L®, DCLHb~DPEGISHHIZ & ) REMERIIBRT S
. 35612, M X UK &Rl carboxypeptidase 2 & 1) HbasHC
KimD141F B Arg% Y0 ) B & N 7zdes-a Argl41 Hbiddimer~ D&
BEASTLHET 545, T v MEH.GCERERTIIMEIEEE S EE
fiHb & D b\, 0L R, MBEIUGEEN L MERNE
ERUDPIHFETHIEFHEITBLTWAS,

HYZFAMEBEREICRAT BB OV TIIHETIZ 2 Vs,
Hb A IS MR O—HIC A Y AL Z LIIRFEEHICL D
RFECTBICHRE SN TE YD, NEHEY O EREBERMICEL S
HHESEVwEEZILNS.

e Celiular Hb £R Cell-free Hb

® Ligand

Basal membrane

cGMF Hyperpolanzauon\ o

e f5x P »~flﬁ”

: Smooth muscie cells
el Relaxation== * ...

Fig. 12. Possible mechanism of acellular Hb-induced vasoconstriction
as a result of abluminal EDRF scavenging.

3.3. HbiZ & 3 MEUNHE— EDRFAREMAL LIS D RTHEM

V7Y —Hb R ERa-ZHEERDOH T I— VT I v BEZH %1
MESEFAERCEERLSELUREESH D™, AL"HHbIZL S
b PRARER B L URIHBERNOERAZRIRL TV 5. TO#
FlilowTHFLVWHETH ISR Twi W,

RIE CHbO MLESHRH % iR 7-4%, [E8E CTHbidhemesk % I
L, @fhemedr’—BEIIESREEEL EET S URENS
DOIFFEEIC L DIRIE E N TV 5™, Hsiald BaxterEHbMS it 12
& 5 MELHEHSODH B X WeatalasekfscavengerfER 12 & D%
THI LD, HOAS BRI CIEMBEE L A0 LNEHEHN
FEIN, TORBRLLTLEIEIEESINOBEBEREL T
\» % (personal communication). 7277 UBaxterfH i3 iEHEEEE K £
Db DIEEN LB E 077, HoARBEZREREKGICLLF
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BECOMRMIEMIERANDOEEII L™, MENEEEY LT
LEFH D F .

4. JEHDME M B UUHE A F DR

HbBWIC & 2 B ATEHDEAF TH D L T 5 RADHA
3, SFHELEFEIZ L ) MEIEEESR LS &) BEIZED
{. SFH#% ATP-agarose 7 7 4 =7 4 — 270 b7 77 4=} L
IEBE A A U BRHPLCY THERLY 2 & M B INREIE S L
T5. 7220, BAF URRBEIRREEOEIRI Ve T AR
H#bH 5. Gilroy 5™id2.8 M) » BHEE K THig{LS %S DeVenuto
LODSFH%E ER E L TESHbEER L7254, MBI % #iH
TELIELHFRVHELTWA, —F, SFHOLME KICiE
pyridoxalation®, EATALIERL, FEEATLERO, 7 TRV LB T
BERLZV. DEod@BE»S, EEERF L LT, Hok
KELEHEE—ICT 2RI GFOL V) HFESEI SN
. ZOBME LT, el RMREHR) L IREREHO—D
TdH Y, WPEEM % F T Slysophosphatidylcholine(LysoPC)HSFH
IZFFFE L, SFH X D) $liH L 7-LysoPCHAMEKA MR RIC & —@
MEVZHIRIS A Z & 7R L7280, MacDonald 513 %D Tpeptidedi
FRELTEY, OS5V =710k WRMRBEICHFET 2H 58
Dhigh molecular weight aspartic endopeptidase®? 2SBEME STy &
HbB$H DI RAGEHTLINT 21TV, TEIIR A L MBS A
T 5B Epeptide 2 E AT 52 L b bho TV EH™, SFH
CBUTLIREE . 2uv b7 4 —REHRIEHRO
carboxypeptidase ¥ & ®peptidasesffF & W BIE AR T D D2 D
Hhiwv, 28, BEOZ7OY 57 4 =12 L AHbBE S
DIBAE LT, #lzidHemosol#t Tid, HbBEW X FEA o+ VR T
WA & > KRR 5 & THLEE LHbAOD A F# 1) S ¥ B HiE%
AL THH, SFHD S OHbAoKER THIEIIRLL L & ik & 1
TWAHDD ) i d FHEICHFET HHbD FHEIZHbAOT H
b, HMHEHLIZ D B EE&IEB L Z290%).

MEREICEL D A E NHbD RIS & 20 ) BN 5500 %1l
BIHEYE T HendothelinS i S N5 &\ ) W0 )E £ o
THEY, ¥ ilinvivo CORHH 22 ME £ 5 12 IZendothelin S EE T
EDRFAREWLDOBE E D2 v & oI 2T % 25,
endothelinBd 52 BE T 2L P LMRNTEB N HEN TIT %
V. HO®ERIZ & A MENEREROBO THVWHEETH ), 4
2 & 2 DILFEME T Dendothelin D 513 e v & B 59,

Hb & arachidonic acidiZ 2V T, Hbidcyclooxygenasel&E% A L
PGE23 & UPGF2o% BEAET 50, £ 72, NOIdheme& BHIEN D
Dheme &R IEEOMETICH 53 5 (Rifkind, A.B., personal
communication). Prostaglandin H synthase({INOIZ X D J&EMEIL L
prostacyclin® £ 'thromboxane(TX) &K % 1R T 5.
Cytochrome P-450 % arachidonic acidf U RE % A& Lo, MEAR M
PRI T Acytochrome P-450° 8 Z - v 3 — & L CTE & /T
BEF SIS U T & Ut arachidonic acidft ##20-HETE% &
BLMRHAEGZHE) L DRFED » 5%, HbIZ X HENOKRER
arachidonic acidf CHMIELEDEE 2+ /L CIERRE LG T 52
bLnZv, EE Fv MERE TIESFHARPTX W JI#
LIMEEILEMICF ST 5 L OWmENH 5%, 72720, v+ XiE
TAERIZ BT 5 MEIHE X cyclooxygenasefH E #ldiclofenac T
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{E€§, SFHIZ X ATXEA b RILIKER % & CHoE R CHE
THHL0D, EMESFHD L { EMHHLbTIIBE LN TS
Doson TXEEABEIIES HTIER V. 8- T, HOEHIZL B
Il % X4 C Darachidonic acid X B O 5-3 F 2B TIZ 2.

REIZ, Rt D MY & BT D Intagliettad 7'V — 7 OHF
FEFEE SN TWA. 201 FERIC L 2 BEZCHREIN TI3mH
T MAE R L EERER O HE T 545, R T mER
FEVZME <0, FEMEATE V3 B shear stressiZ & ) MBI E 2 5 Dt
BEFHRELFET -0 LI THS, FE2EREL
7Y —HbIC b HIfF s h, HEEROBRAH, LRI FTbhDD
H Y, MEPGETIE) MELFEDORIRNLHEL EOMEOHE
RAFEIFRING.

5. MENHE % K 3 RHE

MBS CRET LME LR REFEBNTHLL00, LADRE
BIZROI TV, fEoC, MENEErERL ALY, FELD
HEARICE R B PIIBROKMAH 510, BaxterBIHMEHAT
& ADCLHbIZMEIMEATEE CH 5%, RIS 3 v 71281
HMEBBII L TEHICEAEZEZ SN TV A10H0, Sepsis T
LB ERINOAKEERIZ L W EA SN A BRINOIC X VIRME L %
% 7%, DCLHb*$ X U'PEG-Hb'™“IIEDRFHEE1ER 12 L 1) 1§IBE)
BROBBICHENADOLND., 2512, KEBTIIELSHY®S
S U'DCLHb' ™ 5.12 & 2 MEIHEIIRO b, HERLTE
B LD L IdBic#my 5 v ). BEIZEDHFZE & Ml
W—WBEMOFEEL ZE 2 5N b)Y, BIMMEERREZERL /-
HEERIC AR SN TWAFRUTH 50, —F, MELH
ISHEIR DM IRFE IS RET 2720, KRBELHETIEM
MBENOMFEARD LR ER AL T A2 TRES DI I h TW
B2, MEINFRILIMAEPIE S 7 — D520 1% { EDRFEZ D
MERTEEFTH 5 L THE, 2FMBEOBFRSOKREEELC
ERTAHLENSH LS, 3512, BEERKTERT oRMEER
SEHETTIEMENE NN 7B T LTV 5, RERICBNT
bIEBMZE | AR T — BBPIOBR T 2V iZEE 2 512, &
V7Y —HbIZ L AMENEERA RIS E LTRAT A A1 K
BEREEAH N2 SO0, MBIUHEE OB & mEIEETD 72
STHRIIOVTHALAIEING.

HOBE O H A R EMES IR TDH h®, FHM4 0% Hb
BEHARERORAKOBRE TH - 729, HIE, HoEHEIZL 285
PRBEHREDO LNV ONW RER X INERGASHICE
BLRIZT I LML BEANOREENTEIBR S
NIERTIR 2V, B, NOL BHfe L DB EM TR & h, %
AP MR 2B X OV X 7 LB YHNOEERELY A L,
B MR IR ST 52 EATRE R, NOASRER
&AM, Mk, »8FEICEEBTLEEILNTHEW, K2
FEIEI3 72 VA5, HbiZ & A EREEOBMELREE & NOKRE I 1T 5 2
DEEMYH 555 Lk, BIZRW CIENEMR SR 2
fenestration¥i& % FEO IR b Hh OEMIREE D —DOTHh 5705, JFE
BRIZBIT 5552 K T 1dcarbon monooxide(COY & &9, COIZNO
L AR IZHb & FAMAH Y HbIZ X A MBFIEAHE 5 L #ig &
nTtws,

U N TORKRAEBRIZE D, HMESMEICE 2BBEPEEBENT
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Wh. % XGFHEERIHDIC X 2R CBE S h0, HEk
B9 ErHb L L AE RO O #IHY, AERE IO TT
D, PREIE A5 22§ . EAHb T HHemolink™ b i
FINfEE EEETLELXER L, L-argininel3ENTH 5 H°
nitroglycerin CIEPUAIER 359, NOIWISET ML) BB
) B EAREERIER IS BT ARERE L EI LN TS

hio | fEgE R E O LEHEIRIZHDIC X ANORIEMLAYR K & f8
FEEINTWBUD, 7272 LPEGIESET 7 Y Hb T LERR DO Mk K&
UEB~ DRI %\,

%2, Hbll X 2 M EIUEIJEDREAEM L, endothelinii,
ENEEES, WTRICLTHHOMERREEIERICHL DD
BN, MEAEICET 5 MENE Y HO R ADEMNHEES
ELTLTETAILEHPERLE DN LS. HEMEDFEDE
@m,mMamwﬁ?m%%ﬂmmxégaﬁ@ﬂiﬁul6
EIANPREVD, NENY T — % ZEBLHMESEOS
FHEEZIBE, LV RELSSTERISRKOOLNS. a%w
EHOMA GNEREYZE L CTRSFE30/H5Da, ¥4 X30nm
FIRIBLTWA, FitiZ% - T, Baxterthbd & UFSomatogenttid

SFREBRHbOES FILAEE L, hENPEGHEICA L
DFEIOHEEDEALRIHD!Y, tetramery REIZHE —SHEZEA
L 7zrtHb % FIH ¥ 5 E A PentaHb(ERRII3 2 LI DHb D & 72 5)120
FERLTEY, & ICMERMEHOBRRIEE SN TN
ZOMOEEHLTII KM IZMENFEIR OBV, Z2057
FESMAIIEERLVEEA LRIWOT» 5605 THh B, Biopure
#HIZEAHDIC & 5 b FERRABRICHE LS FHOE S OHERR 2 &
DREHE AT > TV A (k b FHESHbHBOC-201 X BREEFRIR AER T
AwvS TV HHBOC-301 & Y &S TEGH D & { FHHFED
FO5KRE). V7 ) —HoEEHEROREDFEIX $ SRR
DREELEZARETHA.

TED

Ho R EEZER A O R IIAMERHMA L% BER L TR S
N, DCLHbiZ BN LEF AR O3 MEER 2 B85 12 R M
I [1] 8 % endpoint & L TN CEERPFT AEMETIEL
7o, MEIME: CRMER # B ERILICEBRN R E L 20
b7, MBERMHEEZSIFAT28BLE5THY, Winslow'®
BHRMAZOL ( PEBM R RBTHL LML TS, iR
EROOIISETE L AR L BT L T, MENHEZ
CHYESEROBITER OBFE 2 B L 20127 2 XEMRESENN S
EBbND. 7o, 1997 D KETORRK R IZBI P 2 meeting
(IBC's 5th Annual Conference) Tid, 4 DEFFER B I ZEME & BER
Wre s ORBRBRBHSLALBHA SN TV, —208lE L TR
E,AHLl%HWm%@EMﬁ\ﬂmhﬁﬁﬁﬁ&wﬁ%ﬁ%
A2 AZTIZ & B &Ml itheme AR EE IZRRE Lhemetr 5 05F %)
T4, rHbldll 2 PEEAAE CIBEAEMIIEBES 2 NH D0,
rHb% hemefft481E & A % % O 13F L W ERERICAASITRE L BATE S 1
5. BHETHMBERRYHEIIEEREMEILD2TEL LT
AEITHLNTEY 2, HbREEERBIIEOSEDOERIH

fFah by, EELBERDE L ORFEMENIEKROLNTNS
d Lk,
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Blood Program and the Possibility of Applying Red Cell

Substitutes in Indonesia
Melani Wikanta

Introduction

Indonesia consists of 13,667 islands with 5 big islands namely Java,
Sumatera, Kalimantan, Sulawesi and Irian Jaya, which are separated
and surrounded by the Indian and North Pacific Ocean. Itis divided into
27 provinces, 306 districts/municipalities and more than 60,000
villages.

Total population is 200 millions. Around 60% of them live in Java
island, while others are scattered within the other islands.

It is no doubt and proved by the statistical data that tremendous
improvements including those in health sector have been reached, along
with the economical development.

History of blood program

Blood services are derived from Bloedtransfoesi Dienst of NERKAI
(Netherland Rode Kruis afdeling Indie), because Indonesia was under
Dutch until 1945. In 1969, Indonesian Red Cross established Central
Blood Transfusion Services to coordinate the blood program within the
country, by improving the system. In 1969, 28,265 donations were
found, 75% of which came from paid donors and 25% from
replacements. The total number of donation was equivalent to around
0.028% of total population. The policy had been set up to increase the
donation rate and encourage voluntary non-remunerated blood
donation. Detailed information on improvement in health care is listed
in Table 1.

Table 1 Improvement in health care

1965-1970

1990-1995

Around 100 million population

60% of people were living below the poverty line

Infant Mortality Rate 145/1,000 live births
Life expectancy 45.7 years

Health Centers were 1,227, no sub Health Centers
Around 100 hospitals

10 Blood Transfusion Services, no Central BTS
until 1969

No statistical data of Maternal Mortality Rate

Traffic accident: demand of blood

Almost 200 million population

13.7% of people(1993) were living below the poverty
line

Infant Mortality Rate 58/1,000 live births
Life expectancy 61.5 years

Health Centers were 6,277(1992), 18,946 sub-Health
Center, Integrated Health Services in villages

1,011 hospitals : 337 public hospitals divided into 4
type A, 37 type B, 167 type C and 129 type D

1 Central BTS, 2 Provincial BTS, 152 District BTS

Maternal Mortality Rate 450/100,000 in 1986,
decreased to 420/100,000 in 1994

Traffic accident >> due to the increasing

number of population, fast growing income —
increasing amount of vehicles are not followed

by adequate road facility — demand of blood >>>

It was a difficult effort to combat the blood commercialization,
however, this effort had been backed up by the government. A
National Blood Policy namely Government Regulation No. 18
had been decreed in 1980. The important points of Government
Regulation No. 18, 1980 are as follows:

1. Indonesian Red Cross was assigned to run Blood

Transfusion Services as a single executioner.

Director of Indonesian Red Cross Central Blood Transfusion Services, Jakarta,
7, Jalan Joe Lenteng Agung, 12610, Indonesia.
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2. Blood procurement shall be done voluntarily without any
compensation in any form whatsoever.

3. Prohibition of blood trading, except for scientific research
purposes and/or in the framework of cooperation between
Indonesian Red Cross Society and the other Red Cross or other
agencies which are not commercial in nature subject to prior
approval of the minister, and other purposes at the discretion of the
minister.

4. Blood Transfusion Service must be performed in conformity with
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the need in supporting health service.

S. A service charge could be drawn to
cover the processing expenses.

6. The government may grant subsidy,
regulated by the minister.

7. The Indonesian Red Cross may issue
certificate of award to blood donors.

This regulation followed with Minister of
Health's Decree and Guidelines from
Directorate General of Medical Care.

Organization Structure

The organizational structure showing the
coordination between Department of Health
and Indonesian Red Cross Society, as well the
organizational chart of Indonesian Red Cross
Blood Transfusion Services are shown in Fig.
1 and Fig. 2.

IRC MOH NBC
-BTD - DGMC - MOH
-CBTS -CbC - Experts
-FDC * Epidemiologist
A -CHD * Transfusion
* Center for Medic. Specialist
Health Lab * Clinician
-IRC
A - Others
Eunction
1. Advisory to MOH
» Policy
« Standards
- Financing
2. Accreditation
- BTS
v ) - HBB
Teachmg 3. Monitoring Evaluation
P-BTS Hospital « Controlling
HBB
A
DGMC= Directorate General of
Medical Care
- District CDC= girectora.te a(;engral of
P-BTS < Hospital Cgmgrmc e Disease
HBB FDC= Directorate General of
Food and Drug Control
CHD= Directorate General of

Community Health
Development

Fig. 1 The coordinated function of blood transfusion
services between Department of Health and
Indonesian Red Cross Society

Gov't Reg
No.18, 1980

Ministry of Health

DGMC
DGCDC
CHL

A

Provincial MOH

MOH Decree
>

Indonesian Red Cross
DTD
CBTS

A 4

IRC Regional Board
Provincial BTS

A

Hosp. | Hosp. | Hosp.
[BB| [BB| [BB
District MOH >
Hosp. | Hosp.
[BB] _ [BB|

IRC Branch Board
District BTS

DGMC-= Directorate General of Medical Care

CDC=
CHL=
DTD=

CBTS= Central Blood Transfusion Service

BTS=

Blood Transfusion Service

Directorate General of Communicable Disease Control
Central Health Laboratory
Division of Biood Transfusion

Fig. 2 Organizational chart of Indonesian Red Cross Society
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Job Description:
[IDivision of Blood Transfusion(Headquarters):
- Monitoring, supervision and evaluation of BTS inadministrative
aspect.
- Coordination of overall BTS.
[CICentral Blood Transfusion Service:
- Technical guideline to all BTS.
- Top referral for laboratory screening and testing overall BTS.
- Quality assurance of the whole processing of all BTS.
+ Data center.
- Logistic services to all BTS.
+ Production of some reagents.
[Provincial BTS(Jakarta and Denpasar):
- Donor recruitment and retention.
+ Donor selection.
- Blood screening, processing, storage.
- Blood distribution and compatibility testing.
+ Referral for technical problem of BTS in the province.
- Supervision to BTS in the province.
- Report to IRC Regional and Division of Blood Transfusion for
administrative aspect, and to Central BTS for technical aspect.
[JOther Provinces where there are no Provincial BTS, the

responsibility to supervise has been taken by Blood Department of
the Indonesian Red Cross Regional Chapter.
[District BTS:

- Donor recruitment and retention.

- Donor selection.

- Blood screening, processing, storage.

+ Blood distribution and compatibility testing.

- Report to Indonesian Red Cross Branch, Regional and Division of
Blood.

- Transfusion for administrative aspect, to Central BTS for technical
aspect.

Overall there are 1 Central BTS, 2 Provincial BTS, 152 District BTS,
25 pre-BTS, however, the figure of Hospital Blood Banks are only 5%
of the total Hospitals in the country, mostly in big cities.

Distribution of BTS is in conformity with health services, of which
56% are located in Java island, while in the very remote area, there are
still no BTS due to the incapability of Red Cross Branch to establish the
inefficient small BTS, while the locations are quite far from the nearest
BTS.

Distribution of BTS is described in Fig. 3.

Fig. 3 Distribution of BTS in Indonesia
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Donor recruitment and retention:

Donor recruitment and retention have been done by BTS altogether
with Indonesian Red Cross Branch & Regional Chapter, along with the
Indonesian Blood Donor Association. Lack of blood due to increasing
demand, enforced us to enhance the recruitment activity, and create
better coordination with:

- Local government by bringing the activity of blood collection
upward. For example, top leaders have a chance to donate their
blood.

- Top leaders of religion to include the topic of blood donation as
one good deed, in their religion activity.

- University and school institutions, since blood campaign targeting
youth is the most essential part to retain the blood collection.

- Various private and public institutions.

The donation rate has increased, from 0.028% to 0.43% in 1996/97,

however, our target rate is at least 1% by the year 2000. The figure of
blood donation is also converted. 75% of donation was from paid and

25% from replacement in 1969, whereas 77% of donation was from
voluntary and 23% from replacement that come from family in 1996/97,
with total donation 853,398 units.

Volume of collected blood are 250 mL and 350 mL, and blood
containers are single, double, triple and quadruple bags. Apheresis
collections are rarely done in Central BTS due to the high cost.

Blood screening
Bloods are screened towards transmissible diseases. Kinds of
screening tests and introductory year are listed below.
1972: syphilis by WR, VDRL, RPR
1985: Hepatitis B(HBsAg) by RPHA, Macro and Micro ELISA.
1992: Anti-HIV by Macro and Micro ELISA, Agglutination and Dot
Blot technique, according to the amount of daily blood
collection.
1995: Anti-HCV screening in big cities(due to the financial
limitation).

Table 2 Data of blood screening in Indonesia

Blood Screening Year Reagents Results Total Blood Collection
towards RPHA  ELISA IR(+)* RR(+)" WB™*
Hepatitis B (HBsAg) 1995/96 + 1-10%

+ 3-12.8% 835,821
SyphilisCVDRL/RPR)"!  1995/96 0.2-0.6% 835,821
HIV(Anti-HIV1-2)? 1992-97 Dipstick + 1965 607 53 3,800,439

cumulative (0.057%) (0.018%) (0.0014%)

Hepatitis C(Anti-HCV)™ 1995-97 Dipstick 0.9-1.9% 352,657

+ 1.2-2.5% 101,773

Note:
*1: Not all BTS do the VDRL/RPR

*2: HIV screening have been done by using ELISA(45 big centres=70% donation) and aggulutination/simple
test using Serodia Fujirebio, and HIV Spot Genelabs. From early 1996 some centres started to use Dipstick

Entebe.
*3: Hepatitis C screening have been taken in:

-Jakarta(since 1995)

-Surabaya(since April 1996)
-Denpasar(since April 1996)
-Bandung(since May 1996)
-Banyuwangi(since January 1996)
The sum of blood collection from those centres reach around 220,000/year==>=40% donation.

*4: Initial reactive positive(IR(+)) means that if blood was positive in the first examination, the blood was discarded, while

the test was continued.

*5: Repeated positive(RR(+)) from blood sample which was found initially positive, done by Central BTS as Referral

Centre for blood testing from BTS.

*6: Western Blot positive(WB(+)), final confirmation was done by National Reference Lab.
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Blood donors have been informed for the testing that would be done,
excluding HIV, due to the unlinked anonymous method implemented
toward HIV testing. Pilot Project for confidential HIV Screening with
pre and post counseling has been taken in Jakarta -BTS since April
1997.

Blood processing

There are 15 big BTS performing the component preparation by
refrigerated centrifugation, while others can only perform Packed Red
Cells by manual sedimentation and gravitation. National figure of
components processing is 33%, while Jakarta BTS have already
prepared 90% of components, Surabaya has done 63%.

Blood storage and distribution

Blood has been kept in single, double, triple and quadruple bags with
CPD-A and stored in 4°C for red cells, for 35 days, 22°C for platelets,
for 5 days, and -35°C for FFP and Cryoprecipitate for 1 year.

Blood compatibility testing has been done in form of three phases
crossmatching, referral screening and identification of antibody by
CBTS for incompatibility cases.

Financial resources
Service costs have been drawn from the patient on average USD 5-10
per single bag.

Statement of problem
- Lack of blood especially in the very remote area is the very
important point to be solved, for diminishing the Maternal
Mortality due to post delivery bleeding, as well as for overcoming
the acute emergency cases.
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- Lack of blood storage in the hospital makes another difficult
situation to make the availability and accessibility of blood
demand.

- Incomplete blood screening especially for Hepatitis C in the
remote areas due to financial limitation is another constraint to
provide safe blood.

Problem solving
- The most important point is increasing awareness of every
institution involved that we should overcome the problem
together, and it is not the sole Red Cross problem.

- Availability and accessibility of blood should be initiated by all
institutions concerned, especially Department of Health.

- The use of artificial oxygen carriers to prevent bleeding <1,200 ml
will be very helpful for temporary remedies in the remote areas
where there is no blood storage, while for larger amount of
hemorrhage, oxygen carriers can be combined with other
indicated blood products.

- Itis also important to consider the price, especially for low income
people; however, private hospitals can still consider to use it for
certain people.

Conclusion
- Blood Program in Indonesia, as developing country, has already
developed despie of certain difficulties due to the financial
limitation.

- The use of artificial blood can be considered especially in private
hospitals in big cities. While it is important to be used in remote
areas as temporary remedies, it should be carefully selected due to
the high unaffordable price for low income people.
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pH-control of Hemoglobin Solution by CO, Gas and Hemoglobin
Oxidation of Hemoglobin Vesicles

Sung Ick Park, Masaomi Hamasaki, Tomokazu Kobayashi,
Shinji Takeoka, Hiroyuki Nishide, Eishun Tsuchida*

BREOBEUAET/ OV HL)E ) VIREZOTFEANEER IS ST TV L /NEEMHLY) OBESRLELED L7017,
Ho VAR R 12 B\ THOE R OpH 2 7.0 57 L THONEHEL BO, BFERAEL L TS Y2 & 2 IIMKHpH% 741255 LHb
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In order to improve the oxygen transporting ability of Hemoglobin Vesicles (HbV), which encapsulate the concentrated Hb with phospholipid
bilayer membrane, the pH of HbV was adjusted to 7.0 to increase the Hb encapsulation efficiency, and then the pH of the HbV was adjusted to 7.4
when it functions as an oxygen carrier. This pH control was achieved by utilizing the relationship between the CO, partial pressure and the pH value
of the Hb solution and the high permeability of CO, through the bilayer membrane. The pH value of 7.4 in the Hb solution was decreased to 7.0 by
dissolving CO,, and HbV was prepared using the Hb solution. The pH value of the interior of the HbV was returned to 7.4 by removing the
dissolving CO,. The resulting pH-controlled HbV showed an [Hb]/[Lipid] ratio as high as 1.9 and the increase of metHb percentage was 10% after

12hr at 37°C and 36% in vivo. test.

1.8

FFEEETHIANE7TE VEKRHLVIE, ) CREZS
FHERE, ) YIRS T—HbSFH OMEEMR % K#EOpH, 14
VESE, BELREERIETAILICL o THRBEENSLY, HOVD
BEERKEOMEICE, 1VMEEANEANESOE VBEEZHEK
4, FLAREEBRT A - oTERKRERBRLIELILICE
DIREEISHTAANESTY L E(Hb)/[Lipidllh) 2 AK€ 5,
2HYNENET DY Y DILFHRE, ThbH, AESOE Y
DBRALELT 2 MEEBOHIG], 3)INET DU Y OFBEEFMEIL
FRMERIHEM S C27 TorrTE IR TAZ L VEE L 42 5.

1)IZB L TIdHbAE W ISR 2 A & ¥ TRz R T 2
B, B OpHEHbOEESAIT(7.02D7.01 KT 5 2 LA

*To whom all correspondence should be addressed.
ERERFHIEREMA L ¥ -85 FLFHEZ, T169-8555H K
MHEBEBXRAALR 3-4-1, Department of Polymer Chemistry, ARISE, Waseda
University, Ohkubo 3-4-1, Shinjuku-ku, Tokyo 169-8555, Japan.

R F199863H48, FH1998F6H4H.
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WL ahy, F72, 2NIBELTUIpHIMEL 24 & 70 b U B{LIC
LD AMEPEINFL L A-DpHIIEVHEILE L., F/-
SHIE L TldpHAMRWREANEZ OV OREZEHMEIIETLT
BIEEBIM LA 2HDT, £ENpHTH ApHTANEL L E %
L7z, o T, HoVIAREROHbBEROpHIZ7.0, BFEEMIE L
L THEAE &8 B BRIIZAARME OpH % 7.4 Hlf T X AUXREE E#
BEOKBLMENRAFNRS. Lr Lo s —KREI/NEEDR
KHEDpHIZSNKAHDpHE KL S BT TRFATE v, &
HIIANATEAIEE T TV B ZHFED A F v EBEIMEV /-0
ThHb. BlziE, HHEOHDEBHREKIZ14X10%em/sTH ) 1 +
YOEBFRELE L TIIERICKREVETH A4, NatlCDEE
IR £ 108cm/s & 10 em/sFEE I £ 52, - T, H*, OH-

DZFFEOEBENEBHEVHETD, HOMT =4 %

OH D /1 FF » DFEBREAK DT A A &M@ & % pHiH
IHREETH 5.

—7%, COI3—EREIZBVTAY Y —HIZL HCO,5FEI ]
BILTKIZERL, pHEET &¥ 5. FBHFCOXMERRT
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TUSpHIZCO, BRI DEIZR 5. 2T, pH74I258E7 L 7:HbE
WAZCO, % MR & TpHR 70T T L& IREETHOV % FHH
L, Z0%CO, % MEBLAL TpHETAIZRT HEEIc LY, ki
DEMIEREN D EEZ LN,

A TIHbBEHOpH 2 CO, B EI & D HliE§ 5 ik e ML
B L3I, MO CO, THRETEHZ L ZHRAL T,
[HbYILipid1 A8 < A MEAEBEAME VB HREHDV 2 AT 52 &
FEME L7

2. EBRAE
2.1. /\fatk KA DOpHBEITE FiE

CO,i2 & HHbVPIKA DpHRHI 2 HEE T 2700, HAMHTH
% ¥ 5 =~ (8-hydroxy-1,3,6-pyrenetrisulfonate) % pHf§7R¥E & L T
Awi. ) UEBREHEEBAEAPBS)IHLEST = 205mME
RABLIBMRL, CNICHABILHEOREEE LY — 4
PPG-1 (1,2-V 8V P vsn-7") U3 KA T 7F )Y
v, ALAFa—ib, 1,2V 803 b A Jb-sn-2" ) LT3 K R
T FINTY Y —=5/5/1, ENH)IZIRAE L(Lipid]=1.5 g/
dL), ¥ = yNa/MELrRBEL:. €= vEEART ML
5 AKHpHE B H L 7-.

2.2. CO, % Fiv» TpHAAM L 7-HbVD RS

FE B HbCOA i ([Hb]=38 g/dL, [Pyridoxal-5,-phosphate]=18mM,
[Homocysteine]=SmM)*DpH % [KEEF b 1) 7 A TTAIZFHRE L,
HRAT Vv —%BWTHE L 72Pco,=130 Torr®CO,/N,iRE 4
A HOBHICHEMEE, 4CICTHEBRDpHET.0IZHE L 72,
HbVORERE S5 ICE, BAMILHEO L v — 4PPG-1 fEE &
09mol%® o- b I 7 = T — ) (Mercktt, KE) 2IEE L THW .
pH% AT L 7Z-Ho#E P ISR AIRE 2 i S ¢ TNtk 2 TERL &
&7:%, pHEZTACHE LACTKRI%E4To72. 7 AMLV—T 3
I TpH%E 7.0IZ#EFR L 2 05 S /NAERDFIE % #9250nm 12/l L
720, BIEBRMETHBFFCO,ZBrF L TpHETAIIR L, BE LM
(50,000 X g, 40min)!Z CRNETOHbERRE L7, KV FL V7
1) 2 — V(PEG)$H D 53T = HHIS000TdH A PEGHRE (1,2-7 /%
VI FMlsn-Z Y03 FRAT77FINLY ) — LT 3 V.NCE
1) TF L ¥ &) 3 —))) (PEG-DPPE, Avanti ft, 2KE) 0.16mM7k
B ANREB I L T0.37Tmol% 2 % A B L ZHbV 3B W0
L, COEH&A T37CIZ T30 B % 1T > TPEG-DPPE%X HbV
DHNKREIEA L7389, FKEADOPEGHRE 13#8:% (5 8E(50,000 X
2 40min)l2 & ) EEEFBRE L%, BEERAT COTHERST
2 X YHBCOZ HLO, & L, V) v EE#EE AR KIZHE & EHbV
SRR R 70,

2.3. in vitro. & in vivo. TOHoVD X MMEFERIE

invitro.\Z B} B A MEEOHRE L, HbV([Hb]=10 g/dL, pH 7.4)
Z3TCIZTHEL, THRANRZ FVOELLE D ElE L2,
Wistersk 7 v b (360+13g) % AV>72in vivo. COHLBVD * kLR
ETI, £M(58mL/kg)D20% A% T HHbVE T v b OERHIRA
IZ¥% 5 L 72([Hb]=10 g/dL, pH 7.4in PBS). T D F v F» L FEF
Rz~ ey » VTRILETY, A< b7 1) v FEIZER
L7 ZOMBIC 2V TEOEEQ,900 X g, Smin) 24TV, EER
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WCHEIET AHOVOD X MEEERIE L.

L RRRUER
3.1. HbVO AT ([Hb)/[Lipid]), * ht&pHDRSE

R ZpHOHLBEE > SHOVEFRREL, B oM /-HoVOHEEL
pHE DEIRZRETT 5720, HHIEBFFHbCOEI(Hb]=38 g/dL,
[PLP]=18mM, [Hcyl=SmM) DpH% EEEF k1) 7 LD
£D680HL74IHRE L, REREL ZoBRICHEBRE .. &
LRANARGEE T2 A PV —Y a Y EEF AW TH250 nmil
FELHE L, X5I08E L5 8(50,000X g, 40min) TRAL D
HoxBrEL, BMEKM T CHRKES 21TV, AEHbCO%:
HbO,& L7z, HbVIdY) > BRARM A B AR K I THOMRE A 10g/dL
&R B EHIIAEREE. HIIHbVO[HbY[Lipidllt, 37CTH
A MUEE, BMEBE L EHEpHE OBBRERT.

(a

[Hb)[Lipid]

dimetHb)/at (%/hr)

Fig. 1 Influence of pH of the Hb solution on (a) P, of the HbV, (b)
[Hb]/[Lipid] ratio of the HbV, and (c) metHb formation rate of
the HbV.

pH 7.0 HbE T 5 & S L 7-HbV TIZ[Hb)/[Lipid]ttiX1.9TH
D, pH74D13L BB L TED o 72(K1(b)). I NIZHbEEDpH
PHbDEE S (pl=7.02,25C) L W EW/®, T2bLHVD &
NARII L EHBEHLR DTS TERE L Hb L OFFEREHN
K& A28, HOIFREBENI KRB bDEEB SRS,
F 7-HOE L OpHAME W & KR I2 — 4 FIERE M OB E R A
BLT 5D, ZHFHEOHENRI DI LBILNLEE
RE/Nfafk & 72 o TIHb)/[LipidJt »METI 2 bDEFEZ b b0,
—7J, HoVOD X MEEBEIINAMOpHAT.0L H pH 7.40F A
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KD o 7(F1(c)). - T, pHTOTHb R IEE 0 FREICHE X
H, NREEEEPH 741 CE ISRV A MEEELEW
[Hb)/[Lipid]tt % BF €3 DHbVASR O 5.,

3.2. CO, N EHIMIC & 2 KM DpHEIH

0.5mMD Y Z = ¥ Z/MatkoMAMIZNL E ¥, —ENCO,5%
EDCON,BRESBEBMIEILI D, €T DWHpANRY
FOVIZBEREICRIL L, BOBRAEL S S B L RKAHpHTE I E
HEOpHEBTHIE L 72/ KA OpHIE & By —E % 7R L 72(X2).

7.0
T B
Q
6.0
5.0 . . '
0 200 400 600 800
Pco, (Torr)

Fig. 2 Influence of Pco, on the inner or outer phase pH of the vesicle.
(Oy:inner phase pH measured by using pyranine, ((J): the outer
phase pH which measured by a pH electrode.

b7, INERGEEEZRML CHKHEOpHEZ 735 55.8F TRT
SETHNARMOpHIZIRMEH#I126.9F TRTF L2k, 128R#%
BV TLELRIBOLN o7z, #€-T, Qo 4+ i
MRS FEEA EB LIS WD, CO,M L) RBHFREIZEH
WEBTHILHNTE, COTERZRILSEIREDBERIZLY
MNAKHMpHA BB ICHIH TEX 2 Z L o WL 72,

3.3. CO, % A\ 1=HbE & DpH I
pHIZX L TREEA % 7R & 2 WK LA B EIEKIZBIT 5C0,
SHEEpHE DERII37TIZB VT

pH = 4.9 - 0.5log(Pco,) D

TEbENS.

L2 L7%A5, HhEETIE, COBMIC L HpHIET IO L TR
FHERERTEZD, 50 LOHBENRELYARTBLLE
DHb. EEOHLREIZS T 5CO,5E L HHE M OpH & DRI
BG1T» SR ERD 7.

pH =7.94 + 0.36log[Hb] - (0.856 - 0.148log[Hb]log(Pco,)  (F:2)
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RIS, RE(C)DEBERRS7:012, HbilE %38 g/dLIZE
€ LSRRI H T HHbE W OpH & CO, & DR E KD, K3
EJOVAN
pH = (20.4 - 0.0251) - (0.85 - 0.005)log(Pco,) &3)

UEDREHWCTHEEDIRE L HOEEIZB T AHWEHEOpH %
COFEITRETEALI LAMEEE ko7,

3.4 HoVOMME & X MERDHE

F1IZ, pHTADHLEMIZCO,% 5k S ¢ CTpHET.OIFHRE L T
PR L 7ZHbV(HbV-)DH4EE %, pH7.4 (HbV-2)d 5\ idpHT.0
(HbV-3)OHbEE A HFS L 7-HbV & LL#Z L 7-. HbV-1D[HbY/
[Lipid]}iZ1.9C, HbV-3D[Hb)/[Lipid]lt & FfE% A L, HbV-20D
E13&L VB ERRLA. £/, BREBMEP,)IIHbV2LF L
fExRL7:.

Table 1 Characteristics of HbVs

the inner aqueous phase pH

parameter HbV-1P HbV-22  HbV-3
diameter(nm) 266+90 243+71 26180
[Hb}(g/dL) 10.0 10.0 10.0
[Hb}/[Lipid] 1.9 1.3 1.9
[metHb}(%) 3.0 22 24
P, (Torr) 25 24 32
OTE(%) 28 27 35
Hill coefficient 2.0 2.0 2.1
the inner aqueous 7.4 7.4 7.0
pHB7TC)

the outer aqueous 74 7.4 74
pH(37TC)

1) pH7.4 of Hb solution was decreased to pH7.0 by dissolving CO,, and HbV
was prepared.
2) pH7.4 of Hb solution was used, and HbV was prepared.

% 7z, HbV-1&HbV-30D 2 MEEE % in vitro. & in vivo. THIE L
72([43). HbV-1TIE, invitro A TDH X MEEOHEBIZ 128
TI12%& 7% 1), HoV-3(12K B CHI24%) D sl s hre, &
72, BEBRIEVZ & \Zin vivo R Tldin vitro i & ) b 2 MEEE X
KELZY, HOV-12 T v FEIRICTEA L 12B5RE O 2 MMERIE
36%T, HbV-3TIL8EEHITSO%LL L, o7z, invivolZBlT 5
A MEREDHKRIIEERMENRE) TRLE LNORHESEEIZ
LHFBOMEEIEZEZ LN, TNODEEROKFANLEL
Bbhi.
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50 [~

metHb (%)
8

10

Time (hr)

Fig. 3 Time courses of metHb formation in HbV.
in vitro. at PO,=149Torr,37°C: (l):HbV-1. ((J):HbV-3,
invivo.: (@):HbV-1. (O): HbV-3.

4. #55R

CO,IZ THO#E W DpH % 7.01Z 7R L THo Ak AL, 25
ICAAKMEOpHZTAICAS T2 L I2X Y EVHORN AR Z A
L, »oBERMERME, KX MEROHVMAKEIE LR
AR

HE

FBFFEDO—8RIZ, FERFAFEH MBS R R m R SE %
(NTIMERBEHESTE)IC Lo TiTbh 7z, RBLTHELRT
5.
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BArHM L L-BEEEMEERIZIE
XDEH) BRI EBRKDOLNLTWE, BE
BIC X ARDF & B ERBE & MR ISR
Rz, CALREFMICOARICFEHRT
&, MEEEME - WEAEREEI % <,
EHRETR R L2 ETHE. T
TIHRE SN TE /T BHIERNES O
Ery(nwbwhrAta—<7)—~ErND
ENNTIROERERLEEEZ LW DD
DEERNPED LN TWAE., £ TSN
B~ ESY o THDLHuman
polymerized hemoglobin (Poly SFH-P)?D
WLEOEHMZ AL -OFDADEKFT %
BCERRS I, SRR To 7.

Material and Methods

Description of Hemoglobin Solution

Poly SFH-PiZ & MEMFAE/OVY L %
TV — LT LFE FIZX W ESGEE/:
bOTRETRE, Fk FBHERAEET
»Y, HoiE10g/dL, P, 28~30Torr, I
FERAARHICRE IR TY S, £01
HAT1350gDPoly SFH-P%* & L 72500mL
DEWTH 5.

Experimental Protocol

185 Ll LB camHisE £ 7213 F
HHPOEMIZEZAEZTE VKT, IX
FEHAIM FE K T (100mmHg L F) % %7 L%
BEWMAVEEHE S NTHEFZ SR E

BERR KFEFIIF, T160-8582 HETERH
TE[X 15 #®HT 35, Department of Surgery, School of
Medicine, Keio University, 35-Shinanomachi,
Shinjuku-ku, Tokyo 160-8582, Japan.
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BEEZRBAZEEZIIIF

L7:. GEEAMBIER], 1F487% L3R L
7z, BRRRAOIZEIM AT L KM & i
HCREmMEIM D4 Y iZPoly SFH-P% #%
5 L7, ZAD1060iZ1 B4 DPoly SFH-P
2 RD2061I338A T TEREDIFII6H
METEFHALL. LICRLABRKER
S5#%ELECHNITEEMBHI % 1T -
7z,

Measurements

M > 7N 2 %58, Z5EHE, 12
BEfIf%, 1H#%, 28, 3H&ZICRML
2. NAZAFACDOF v DM, BF
BEEMRZ(AST, ALT, ¥V EY), B
BRECLVLTFUIUTIVA, JL
TFZ), NThTUv b, BAESO
Y UBEE, RIOIRANET OV VEE, M
BANESOY VEERREL:. $72,
Poly SFH-P#k5-# 1280k, #IR & v RM
L, BEEELRLEEHL.

Results
399ER, BE28%, HELIF, FE#19
A 5835 ZPoly SFH-PZ %5 L7-. 116l
35, 17803 KEIRE, ke LD
NBIBEELEWFEFHENTH -
7-.

Poly SFH-P Infusion

FBEEBEISEF OREM IS U TIEA
17550 L6 BA200D#BE L % o 7:.
Poly SFH-PD#%5-B 13 | Hifi7 1451, 28ifi2
Bl, 3EAL156], 6HA8BITH -7z, 36
TMEDENE, HEREEEZFZ 25 O

A

&l

EHRE T OmMBERAZSHTLE
BOFRZHBH 72, Poly SFH-PIZBEE L7
BIEREBS hThho 7.

Hemoglobin Data

147 OPoly SFH-P#%5-12 & ) M#FEH D
ANETFOE VBEIIHIgdLERE LTS
y, RMEBANE7OE VBEMETIZDH
RO OLTHEAESOE Y OETIZHLT
NTho7z.

Oxygen Utility
Poly SFH-P# 5-# 088 RN EESE

ZIIRMERIZL B H D2.7£2.2%, Poly
SFH-PIZX b D12+09%T, BEFE
R(BHRORE S EBE/BROBRES
BN FNFN2TL16%, 37£13%TH Y
Poly SFH-PIZ & % b OAEEIIHEML T
72 (p<0.05).

Safety
B5%30 B $ TR, FHEIRE,
D, 7VTFZ 0TI ALK
ERZEIE % < Poly SFH-PIZ & EB) ML
AbNiol., F0OM, 5HIBBEIC
ASTOEE PR 5HI33£29U/L, &5
#%1HH60£39U/L), #&E5HIBETOY
VY ED ERFR5-810.7+0.8mg/dL,
%5 %38 H2.9+54mg/dL) A b7z,

Blood Utilization

Poly SFH-P#%5-# 02485 ] ¢ [=]#& (i #6 n.
BUEL L do 72013305 52351(59%)
THEENBMETE CZOFERAEILI A
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160, 286360, 3BAI3F, SHALB, 6
HArof), 6B 6B TH - 7.

Discussion

ZOLR— MIBWEIMEDB L OFH
BFioBTomMEEYEL Lo FES
NEZOY Y OREREARME % 0O TEE
fliL7=bDTHA.

CNETCIIRERS 574 7= 123 ¥
5 1HALOPoly SFH-PIX 5 TR, BE
£, FREE, mENHELREORER R
WZEERE LA SHEOBEKRARBRTIX
D & % FEB 6B F T DPoly SFH-P
RS LCFRERERO b b o
2. NEFUEVGTEEAL, B
NTOVRVAERGFERELZEDE
WMTHolbEZ TS,

BEOL Z»MBEREWEOENNES
it A HEICOWTHELE#IZ L
W, NIHPRT IR HATIE, &2k
MMM OB BEBEANEIOE
FE7g/dLLTFTH Y, 10gdLLAETi3 ¢
Wi 2\, 7~ 10g/dL T ERRAY (2B L
DK% F i L BE ORIRIZIE U THRE
FTRETHDHELTWAE, KFFRIZBW
THI DI+ ¥ RZHT XPoly SFH-
PORSZITWANM LML 7. BFEE
Bkl LTOERMBIEEE L TBERY
HER LB 5BNIEARTRTH %95,
FREBRORZEEE, BFROEES
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ENE, BEFHFELL TEENIIET
ZEATES, MFEFDPoly SFH-PIZ £
PORELDMT S LIE D RIMLERE 1T
MCEEMICEMASTAEETHY, LED
BEZENEREEL 2. 1BALOPoly
SFH-PIZ 52X Y B X Z1g/dLO~NE T T
UL LA 7, HILEBLTHK
MEDANE7TE VIEKIBICTRELL
7%, Poly SFH-PONEZ T Y VX DA
EOVY VBREIERALNTW, Poly
SFH-POBFEFIHFE L ROMIKOFALRL Y
FECLBETH Y EBENICHEDICEREL
TwWwhrkEz oML, T/, 24ERELUA
\ZPoly SFH-PD & % #2 5- L 72 EBIH359% &
h, BHEHROBOFRENHDZ RS &
W) BERTERS ThHolz &L,

F LB &, Poly SFH-Pid 2P HiIm |2 B

LCRIMIKI A bo THHAEZTE >

REZMFLTBY, FHICBRELE
#ix, ML TwA, £ L CREmHNE
ERITHIENTELIEDS, BE
BICAR 2 MBREmE V2 5.

REOIA L A

40, LIRS ATIBEER
KOBRIBBIZOVWTOREDNDH 7D
TEYHIFTH., ZOLFRE— MMk
REHLLTOL VEEGANEIOE L %
HOSMEHIER LERNICZOER
BERLEZDDTHE. INFTIITN

FAH—FKRAPT—T 7)) —AFS
DY OBRKRHOEAFRES LTV
A, VbW 5Modified Hemoglobin @ ik
RERE LTEBROOLE— +TH Y iEH

SN 5. 394 Dnonrandomized study T 5
B, BE Dcriteria CHMLAYLE & 72 - 7283
HTR FEEANEFOVE U ABEL, #
D9 559% DIEF] T 248 - LA o [ # 1 &4y
MARETHo 2 LMy E L
TOEHEERLIZENVZ 5.

—7%, BMEHLLT, FEHFHIZIZ
nonrandomized study Td 5 = &, Bj##IRIL
BRECERE, BEAHFL L YEHT
AR ABRL T2 < RAYEIRMI X b
AN TV EAVTwEI LR Y
BhiFohns, Fiz, HME24ERLURA
OFEMBIMERIZ 2V TOLEME R
TWwaZE, HE5#ABBLUBROREDIK
B, FRIZOWTHMhLhThwinZ E
LEDHMBELHD. BE, KEILBNVT
BEELBREXI10BMLE LAKRESL
randomized controlled study A 47 & D =
ETEDHRVPBESNDLOEFL
v,

BEDEZ A, bOEETIIALRERE
BEDERERIIITDATHW RV, bis
EMBICHERERTWE Y Ky — L EIm
BAEY 2 EANEVR®R, BEROETH
HATEAZLRHFEL TV,
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iR, mMEAEWRBHEICERKT
A, METLER FREENLD
DER, FRERCFLHBT 528, ¥
R I EDLTRIEH LBBELIEL %
£DHLH., RENOBRBERIRELKEBT
HHLEZENET LA, BEPAZET S
BIHTHIRBIAZI LKL, B
BROREEIREZERIVRETS. R
ERLIIOWT, fEECBRBRD 5T
BEDORTIZERL 2.

HEHRTE

DTP (Macintosh)iZ & A $RE/EEIZL -

THEHET B0, 7—7a02fAw7ay

V-l pHBEEAE TS, 720

FEEIERICIZHEBRTORIIFIT 5.

BRXZIZL BHMEEHRLT 5.

1) ERiE7—70%xBVTERL, &
ALy b rEx@EBLTI7OY
E—IlX W RET A L. 2O,
N—Fa¥—28ERAARB LI [&H
o, [RHE], [EE] S8R
352 L. Macintosh A2 W5 L
2, FERAP 7 7ANERTHE
FLRHTHZ L.

2) ERiAdROKRE 2L, FEHIZZ
RE, KUKRE, TER, 2FFW
B, EXEER, EXR, 2T
FHEFEOMEM, EXERELAT
5. FEEAEROBEIIBSIK, 147
20F, 20T ¥ 5.

¥ {E#E Short Version

3) B, EE, BLUgEHIconT
i3, F2ELBEICAICIPER. Keywords
CEXTOERERE) 2. ZKRET
3B ICEXWGEEFITAZ L.
EXWHFEIEXT—- T2 HNT,
B [ABSTRACT] 7740 & LT
N—Fa¥—L &b IZI-RBLTOLE
b,

4) mEEIRar=( ) EYF R HET

5.

XHDHEFEL, Times, Helvetica, Cou-

rier, Ssymbol 7 + ~ P2 FAIE L, %

XHEEIXFLET D, 2L, XHE

BIUEELFIAXFETEEIZL

HHT L.

BFERI77E7HFELZME, BEEH

DOEAfLiEm, ¢cm, mm, pm, L,

mL, pL, mol,g, mg, ug, ng, pg,

fg, N10% EEHWA,

Figure & Table : 51 HIRICE N EFhF

FEftiysz L. KE, #HH, KX

FXFERETELLTHI L. A

N—Fa¥— LICEAERTEHET

%5Z k. FigureldEHEA 7€ v MEKI

EF 5. TableldWEHICTADLE

Hedas.

XH A AL AR ES

iy, XHTiF2), 3-5), 1,46)% L

ETAH., XBOoREHETthe

Vancouver stylelZfE) . £E&%. /[

XER. By WERITE . B

5)

6)

7)

8)

H~H. &L, #a04B3EEH
JHtaE E 7213 Index Medicus (ZHEHL T
5, BITADORGIeEEL. &
%, mEER. H4. BTH R
BE £5 H~H. DMLY 5.

1. KEfik BHEER: TR EX0dH0 A
1993;164:442-6.

2. BERE= 5% % )V EV-L0FN
BEEL BFEE= HEE=& VK
V=& RE: BILE, 1988;21-40.

3. Fowler SA, Andracki M, Hurst G, Honkan
VA, Walder J, Casteel DA. Prolongation of
the intravascular retention of hemoglobin
modified with a long-chain fatty acid de-
rivative. Artif Cells Blood Substit Immobil
Biotechnol 1994;22:27-42.

4. Reichert CM, Kelly VL, Macher AM.
Pathologic features of AIDS. In: DeVita VT
Jr, Hellman S, Rosenberg SA, eds. AIDS.
Philadelphia: Lippincott, 1985;111-60.

RIXFOMIE I OBRICERE L 2
wZ &,

1) ERRORE, £0M4%51H, &R
THHAEIE, Hoh UOMNERE
EORTLBHZ L. 17, BRA
LOBMRISAE LIRS 5.

9)

BREGERL L, B, B,
E, BESICOWTIIBIR Y305+ HE
T5. TREBLATIZOVWTORAIL
EEORBVETH(BIFIEI00M). #
F-BEB® - 7T MEFLELEOBE
32, FEOERAWL TS,

mEZAES

Ot (zRR) , W ¥, RMER, KHEEX, AHEZ, ZERFH, LNE—, EIEMe

HERMBAREWES &

WET BAmBERSYE

&K - SIfF (AT

WER #X&1 =L

=t
(=55
o
=

ALMA& vol.6(2)
T169-8555 HREERHEX KAMR3

19985683 0B8R

BRBAEETEREMAEL » ¥ — 55587015
TEL (03)5286-3120 FAX (03)3205-4740

mEZRS

T063-0002 ALRHHEXILIOF252T B

tEERTFI#EE Y ¥ —H

TEL (011)613-6615

FAX (011)613-4131

T113-0034 HEEHXRRERITH1FHRIZS

TEL (03)3253-5311

FAX (03)3251-5339

kS i




