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Utilization of artificial blood for other than
simple supplementation
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DZHIZL Y, 1 XOHUIFH40% 5 H5%IET LIz, —7F,
perfluorochemical DHt( Fct) 139%8FEF CLA TS, FDk, T
& 272174 { O E Dperfluorochemical % - 12 & - TEIULL,
BREEMTIC L o TEBRT 5. MEAFR - A{LFEHRFICL -
TELOEBIRIZLDOD, £ I OBECHI LI ENT
&7

RIZ, FERIBVWTIOHRELIT- TH. Hlz T,
paraquat 150 mgB#E %47 o 72 4 X Dparaquatfl H#EE T &F), 50

ng/ml
60
]

50 4
0.8 mgi.V.

Injection

v

40 4

30 4

20 1

10 1

1
I
1
U
1
1
I
]
1
i
]
1
!
1
I
i
U
I
1
i
1
1

0 L} 1] T L} L) L) T 1 1
Pre 5 (1000 2000 2500) 30 60 120 180
min

T mi |
replacement with PFC retrieval of PFC

Fig. 1. Digoxin removal by normothermic whole body rinse-out using
perfluorochemical.
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10 mg/dLA%1 mg/dLF TET L 72,
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1¥ % #bilirubin D R H1390% LA ETH o /2. perfluorochemical D
mIEIL, 73.5% (EEK) THore. -
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3).
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EL, ThbLEEAIIIL-KFII AL LER, EBR4
FOLFITREER - BEHAHENEORL. 205 5015138
HE%THBIAAE U7z (Table 1), & & \Z48EE 0 H Y 5 3 R HE IR
RAEERICBWT, EBRKXI0IED ) LAFEIBHFRHE, 2480
DIEEFE LG, 6).
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Y 5 RERR T 5 REH A BHERBRFOMENEICHFET
LB & ORBEREZEAIVTIEIRBLENTVS, £2T, A
T % FAV7-2NWBRIZ & » T90%L EomkE (BE) WE
DBEPFTHONEZ EHTh > TWAEDT, HAEREIIHL TE
i (WA

Sy PRV, EVEY bOLBREE BB - KEHREICB
WY AERIZET->T, v POMBHASBETIZR S L 1
PO-Hb-POE% AV /- &M WASTb . ZOKR, MMHIgM,
IgG, IgAIXSHUTOBEIETL, 72, MWEVEY P U
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FH510.45° 00 L 720124 LT, NWBROE 24T o 728 2B
TIEEHAT255 T TOWSEE D (D).

EEH

L LA, N ARIETE, T RAIR, BILARSE, FIESk=, KHEFMX.
EHTE LA IS & 20 M (Fluorocarbon) AN D KA. &
235K 1983;53(suppl):76-8.

2. B, FESk=, LWL, IMRIEDE, KREFIK. & 0508

Table 1. Results of 24 hr liver preservation with PO-Hb-POE solution

ACT Bile Consciousness Long
improvement excretion recovery survival
Group 1 Oxypherol (n=10) 1/10 1/10 0 0
H-C solution (n=10) 4/10 4/10 4/10 0
Group 2 Hb-PLP 1 (n=2) 0 0 0 0
Hb-PLP 2 (n=4) 4/4 4/4 3/4 0
Hb-PLP 3 (n=4) 4/4 4/4 4/4 4/4

Group 1, Fluorocarbon-containing perfusate; Group 2, PO-Hb-POE-containing perfusate; H-C solution,

Hypertonic citrate solution.
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Jehovah's Witnesses and Blood Substitutes
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Fig. 1. Jehovah's Witinesses view on blood and blood fractions.
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ADVANCE MEDICAL DIRECTIVE/RELEASE

I, , make this
advance directive as a formal statement of my wishes. These instructions
reflect my resolute decision.

I direct that no blood transfusions (whole blood, red cells, white
cells, platelets, or blood plasma) be given to me under any circumstances,
even if physicians deem such necessary to preserve my life or health. I
will accept nonblood volume expanders (such as dextran, saline or
Ringer’s solution, or hetastarch) and other nonblood management.

This legal directive is an exercise of my right to accept or to refuse
medical treatment in accord with my deeply held values and convictions.
I am one of Jehovah’s Witnesses, and I make this directive out of
obedience to commands in the Bible, such as: “Keep abstaining . . .
from blood.” (Acts 15:28, 29) This is, and has been, my unwavering
religious stand for years. I am years old.

I also know that there are various dangers associated with blood
transfusions. So | have decided to avoid such dangers and, instead, to

accept whatever risks may seem to be involved in my choice of alternative
nonblood management.

I release physicians, anesthesiologists, and hospitals and their
personnel from liability for any damages that might be caused
by my refusal of blood, despite their otherwise competent care.

I authorize the person(s) named on the reverse to see that my

instructions set forth in this directive are upheld and to answer any
questions about my absolute refusal of blood.

Signature

Address Date
Telephone

Witness

Witness

Fig. 2. "Advance Medical Directive/Release" document.
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REFUSAL OF BLOOD AND RELEASE FROM LIABILITY

To Hospital, doctors, and personnel having to do with the

care of

You are hereby notified that I will not accept blood transfusions (whole blood, red blood
cells, white blood cells, platelets, and plasma) to be used in my treatment. However I will accept the
following treatment(s). — UOalbumin, UOimmune globulin; Oproducts of clotting factors;
Dintraoperative hemodilutional autotransfusion; Uintraoperative blood salvage.

I can accept nonblood volume expanders and other medical treatment.

1, as one of Jehovah’s Witnesses, make this medical and religious directive based on my deep
religious convictions and values. Additionally, I do not want to suffer the harmful and lethal effects
of blood transfusions.

I understand that the attending physicians may feel that the use of a blood transfusion is
essential to save my life. Even if that is the case, I will not accept blood transfusions, and will adhere
to the instructions given in this notice.

1 have carefully considered this matter, after receiving the explanation from the doctors about
the benefits and risks of both blood transfusion therapy and bloodless therapy. These instructions will
not change even if I am unconscious.

I release the hospital, doctors, and other personnel from liability for any damages that might
be caused by my refusal of blood, despite their otherwise competent care. This directive shall be
binding on my legal representatives, heirs, and executors.

Date: , 19
Date of Birth: , 19
Patient
ADDRESS:
Relationship between the patient:
Witness
ADDRESS:
Relationship between the patient:
Witness
ADDRESS:

After full discussion, I have decided to accept the wishes of the above patient. I agree that I
will not use blood transfusions and blood products refused by the patient in any situation.

Attending Doctor: Date: , 19

Anesthesiologist: Date: , 19

(* Prepare two copies. One is to be kept by the hospital, the other by the patient.)

Fig. 3. "Refusal of Blood Release from Liability" form.

ATM# Vol 3, No.3, 1995




ODEADRYRDOZHRITTVWAS, 72&z1E, ZFRNDFEAD
Za—3— s AWELHFI0DZTIRIZ [FAESY L - £ 74
A—=Tary -H-—Y¥R|2HY, TobLiz, FEORR,LL
5 [ZANDEANDERBREERZRS] BEREIA TS, Z
ZHAIZBLWTIR, FEHFHICIOREANZEISNL TS, &k
ATV - A v Tr A=Y ay - -V AIERHOESS LU
AR EMCEAMEEERR AR LTS, 251, A
BEEREIHTEA TN - ALVR - FT7ERTE D HOWY ik
HELT, [BEFHMINV-T] PHEINTNE, B, BE
BEERER AL, EERBREL ZANOEADEE L ORI DR
HBAFREREL, BECERLZERLYETLIENTEHL TS
RSV F47 - TV—7Thd. ELEAFEROTRS L, EFEE
MEKEESIIOVT, [ERDOAL ST, HBILE ORI L%
BT A DOXMEFTRLTVAY RIS, RIOEHEAFET
X2 LA, BELOBELOBEILTING] R Tw
5(18). ¥/, KRAFEEZEREEFHZEOERLDS, [EHIH
TAHRERIHTAEEHEBD, TR NOEANOERBEEER
FERICEBLPEFETAI LI, BRAOBHNERITADO—D
DFETHH] LEEoTWVAHA9). THRNDIEAZ, ZDEH %
WhkO%BELT, BERBAREL OERBBEBEL TV,

6.1>74—LK-at2 b

199442 512 [AAFBRES] IRkoERLESR L LT, [3HH
ERE] OFEIIOWVTSHE 2 BERL72(20). AT, HFHR
THRERBEZERYIILY, SHOKXFRERREWIEORE
FEEVA Y T74—LF -2y boOBEBICKETS R, HBINES
Y REOBCREELAMNEDST, TOBRZEELHELTR
IFEEREL, DIILTVS,

EE, [HRBLEERL VI KERNICHE S TIThh AEFEOH
BIIBWTLERNDFEANTH S ) & hahd ) LBEtlhrot+ok
FHEETo TOERLIES LHA, YREFNEMITTHIL
BTELVDOTH-T, BHMIRIEBORENELONLIFTHRED
EFEITOLRINETLE L2V EBRRTVEH19). TN I,
EERPLFEERIIBOES BEOHOHRER L NEDI), BE
NEBAXHEETLIHMICHA. flzid, BEOHCHREHEOCEE
iz, EHEEHOESORR, BRMIEEOTOT T L LF—
LEFEOFRIEHFRT0EHR 5T TIZR > TWAH T ENHE
ERTWAQL).

7. ¥55 R
[ZANOFANL AT EELT, ATIECEREEH
BANOHFEOKE X, ZOBKRTHYS, BIBEEOBRRRLEZ S
MEOE 2 BRT HRAAEF-THBY), EEERES LU
RINDIFEAR—REDBRBIIL > TEBEL L VEBL L Vo EIZD
WTHRLAZENTE. Z0E) 2HHENEmMOTLT, KA
&, B LTORBEENRDOLNTVE I LADEHY
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Suppression of methemoglobin formation in Artificial Red Cells

BEM) CIEEZFAL - AIFRMLER (ARC) D X MMEIDH]

EgESB Y, FIE T, RERE, SFIRFIE, REAE, 8RR, AL

composed of polymerizable phospholipids

Saori Endoh, Kouji Awai, Yoshihiro Yano, Kazuya Morizawa, Kazuhiro Akama
Yoshio Nakano, Tadashi Satoh

EEMWY VIREERWZYRY —LIIANETOE Y H)ENE Y, yHREHICIVEEEZES S
AT 7RI Ek(Artificial Red Cells: ARC)IZ, 37°CORFF T IC24ksMH% T60% LA LD X MEEEZRT. £2T
EEOIIBBIEEB LUy MBHDSA MEICRIZTREIIODWTRE L7, 7, ARCOBBEESICE
& &N T\ % palmitic acid (PA) % sodium palmitate ¥ 7z iZdimyristoylphosphatidylglycerol sodium salt{Z B3 L
72l A, BAER A MEBEBIRSEAD LN PADA VK F VVEDORIZTHOANDEEN, S YUY
LAEIEZAZEICLVBHEINZEICLBbDEEZLNE, E512, Hbe U EY — 2L L 714,
WEENEDo7-HbEBRET ARy MBE 24T o R, HORERDARCIE LR OEHE T T20% AT
EVH RV X MEKRRLA. y BEBENC L D RBET HBE L T VA VIZ L ZHNEHbOEE, SNKED
Hbliz L W SN A Z MR E . D EDFERED,SL, ARCOMBKRIEESOREEEE+ ) 7 L3512
RAHZE, BV, BEEEDOYRY —LAONKHICHDERFESELILIZLD, AMESOE VDL
AN S N7z ARCEER T 5 Z L W[ RE L 2o 7z,

Artificial Red Cells (ARC) were prepared by encapsulating purified hemoglobin (Hb) with polymerizable
phospholipids in which dipalmitoylphosphatidylcholine, cholesterol and palmitic acid had been used with 1-acyl-2-
(2,4-octadecadienoyl)-phosphatidylcholine. After performing y-ray irradiation, Hbs encapsulated in vesicles were
susceptible to oxidize to form methemoglobin (MetHb). Indeed, 60% of Hb in ARC changed to MetHb after the
following incubation at 37°C for 24 hours. We investigated the effects of lipid composition and y-ray irradiation dose
rate on the MetHb formation of encapsulated Hb. The formation of MetHb decreased to 40% when sodium palmitate
or dimyristoylphosphatidylglycerol sodium salt was used instead of palmitic acid. The results indicated that the
interaction between palmitic acid and Hb might cause denaturation of Hb. Furthermore, the formation of MetHb
significantly decreased when the irradiation was carried out in the presence of the large amount of untrapped Hb
together with Hb in vesicles. The result indicated that Hb outside the vesicles significantly protected the encapsulated
Hb from attack by excess radicals possibly generated during y-ray irradiation. From these findings, the accelaration of
MetHb formation in ARC with y-ray irradiation can be inhibited by using sodium salt instead of fatty acid together
with placing a sufficient amount of Hb outside vesicles. —Key Words: Methemoglobin, Polymerizable
phospholipids, Liposome, y-ray irradiation.

1. #8

EE O, HBEYLe MEERMERD ORMIRELBREL, H#
BB IUBELIZA I -7 —AEF T Y ¥ (SFHb) % F\?,
VUBREERERTE LR —LIIZE DA T ME&E AL
FRIM EK(Artificial Red Cells: ARC)DBREZ1To T b, VKRV —
LEIANTARMERIGBBERERL 20, FEEEIRL, BN
TTOHDEBREDITETHY, TORAT) v 7 BFFEDR
B AR ) SRR AT, T300-26 2 < ATHRE45-10, Tsukuba Research

Laboratory, NOF Corporation, Tokodai 5-10, Tsukuba 300-26, Japan.
W% 19954F6 A28 H, %2 H 19954£7 A30H.
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I OE AN TTEETH HHEOF HHH 5(1,2). ARCIE, V) VIEE
D7 UVHICEANXTEAL, yRESICLIVESRILEET
Va0, MPREERPTRERERICENZZYRY —-LEIA
THRIMERTDH 5(3-5).

KHRRMERD SR L7-ANEFOY Y Hb) AV ALEEE
BAEOHEIZRAIITOR TV A(6-10045, TER X HHph B LR
Dmethemoglobin (MetHb) IZE L LR T Ve W) HERDH o
2. RIMIKAIICBVTIE, Fig HIR L2 &) 2 MetHbiE TBEHR
RN T VWD 72D IIMetHbE X 1L TICHEI ST 5,

ARCOEH TH LSFHbER L AU T 2BE, 7TEHSTE
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cytochrome b5 (oxidized form)l

NADH

NADH-cytochrome b5
reductase

NAD+

hemoglobin

(cytochrome b5 (reduced form)

methemoglobin

Fig. 1. Methemoglobin reduction system.

10,0000 RN FEBEE HVTWE DI, BTEBEROTFE
33,000 NADH-cytchrome b5 reductase 8 £ N5+ &16,0000
cytchrome b5id, BREINTICHRFTHZ &L 2 AL T 5 (data
not shown). - TARCIERDER, SFHbiE#H IINADHZ RN L
TFig. 1 IR L7-MetHbBTTER AT L2562 LIk
D, MetHbDEZIHITE B LEZ BNA. #Z TNADHEM
HMetHbAE B RIZTHEZARCIZTHIET 5 & &£ 12, ARCO
BRIEE B £ Uy BB MetHbAERICRIZT BRI L2,

2. KBAE
2.1.ARCE®i%
SFHbBA DA

WREI M e MBEERMERD SHERE1L, 1) & ) EMR %7
%, #0538 & U'BMM (Benbehrug Microporous Membrane, 3
FL#E3S5 nm, JBALER) REZITV, ROKEZRELL. 20
%, STABRNGEEL AWTA F VBERE, SEHERERB X
Vig#ExZiTo72. ARCIERIF D X MEBFILD 72012, Boh/z
SFHb% —BILIRFE(CO)TER L%, * MLIHOETHBESR
Td HANADHB X UBREBRMUFEHF TH %pyridoxal-5'-
phosphate(PLP), & & ZNaCl% #&i0 L CiB/E SFHbE R % £ 7-(Hb
& BE34 g/dL, pH7.3).

MESFHLBEARD ) K — Lit

RAPEEICIZESMY ¥ I8E TH 5 1-acyl-2-(2 4-octadecadienoyl)-
phosphatidylcholine (AODPC, H4~/#iB§), dipalmitoylphosphatidylcholine
(DPPC, HAJHilg), cholesterol (Chol, F1£#%E)$ & Upalmitic acid
(PA, BAHEE) 2 W —RA(ENH3.53572) Lz b DE AW,

BRAHEE L SFHVBW #{BA& LT/ L, Extruder(H Y K
V=)L 03.0um2 502 umE TCORBE L IERER S, K
EEHW GERD) L. WE &N Lo -SFHbE ST —T7 7 4
s3—(Plasmaflo AP-02, JE X 74 A W)z BV THRFE L2k, 4°Cic
Ty MBS} (°Co, 5kGy/, 1hr) TAHZ LI L WV RE-HTELYE
AL72(13,14). BEFVAICEYVCOXBHBEL 2, su—774
W= HWTHE LBHEZITVARCEBR L 187,

HiBR{L# % &4& T HARCIZ, AODPC, DPPC, Chol® & U'PA
|2 a-tocopherol & % > {3 butylated hydroxytoluene (BHT) % “E )V it
3.5:3.5:7:2:03NE A TEAE LD RH—IZEAS L THER L.
¥/, EBXL— MRIEEET HARCIE, 3 mMDedetate
disodium (EDTA) % SFHbiAHIZH H A LR L TER L 7-.

PA-Na3 X U'DMPG-Na%x &8 T 5ARCIZ, BEABEIC
AODPC:DPPC:Chol:PA-Na, & % \*iZDMPG-Na% E L }3.5:3.5:
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T20EATRELZDDEY—ITEE L TERL .

y MEBHOBRERZ R L - ERCTIIREEE1-5KkGyhT T
LETEESLZITV, ARCER/:. ¥ REHEEOIEEBREICOWN
THRE L-EBRTIX, BEHBOREREY2, 5, 108L015y
dLE L &R TEALT.

NAKAHDIFE T Ty MRS L /- EBR T3, SFHbE RAIRE %
AKHL, AEENL o HbERESTICIEEERE2% T THR
LTy BB EITo 72, FIKHHDIBRES0.5, 1.0 g/dLORIZE L
T, BRBEE LRI, &4 OBREOHDIEE % MK ST
mu y MBS 21To 72, ¢ MBEE, F2—-T7 74 1N—2BVT
WE SNk o7-SFHb Y B L CARCET # R LML /-,

2.2. ARCD * MEEBIEZE

A RS TEBLL 7ZZARCE3T°CIZARIEL, 0, 12, 24, 36,
48 BFRIICE 225 mLIREL L, Hbi&REA100 mg/mLiZ% 5 &
JIRFRLZ, RECTAVITUVHRACENAFIAESOVY U %
TAFYANES TV (DeoxyHb) T L & &, SN THSELEE
i (BESUERTE, UV-240) % V> T430nm®D DeoxyHb D ¥
BRAVEPL X MEEERD -,

LRERBSUER
Fig. 2ICEAARC, KEAARCE & USFHbIE M #37°CTIRFEL

FED A MEEORISHZ(CRTR L. ARCHHDIS X U'SFHb
100
g
£
£
L}
[=J
(<]
E
£
3

0 10 20 30 40 50
Time (hr)

Fig. 2. Accumulation of methemoglobin in ARC in vitro at 37°C after
the y-ray irradiation. @, irradiated ARC; O, unirradiated ARC;
A, unirradiated SFHb solution.

77




BEAICIE, SmMONADHASRINE TV 5, 4B D A b
LR IISFHOIE T T2%, REAARCTI15%, EAARCTIZ60%LL
LFERL7. TOL ST, HOEW L LB L TARCH OHbIIEE
ICMetHbiZZE L LBV 2 & 205, NADHZ®INT 5 721 TiXARC
DA MLEETIVLILIITERWEEHEL, £2T, 20
PR BR T 57012, BBIERB L Uy MEBEIARCOHLD
AMEIZEDE D) 2B ERIZT IOV THBLRE 2 1T-
AR

ARCHEBUIEE HICIZEAM VIEE T 5 AODPCH22E LV %
BEINTVE, ZOZ Lo EANY VIREOIRE BB A
MEERRESIETWB(15)EE 2, FBE{LHI T3 % a-tocopherol B
L UBHT#HBIEE HI2&H &€, ARCO * MEEOREZELL
e LA, 72, HoP O SER L CIlRE 0By FET
516,11 b EZLN-DT, €BFL— MAITHHEDTAY
SFHbEM IR L TARCEER L, I A MEEZREL
7z(Fig. 3). FDFER, PIBLANIC X B X MEOMFIRIRIZED S
Mol 361, FBICRERNOARCOIRE % it LA
fefzRE L2 s, EELZ ERBEFED SN 2o /2 (data
not shown)Z &5, * MUEEOFERIZEEARLICLZ2DD
TV eHR L. T/, EDTAZRILARIZBWTIEH®IZ
A MEMEE XN B EANFED SN, ZOERD»SEDTAD S
WARF DV VEDS, HbIZER L THbORERICHEBX RIZL-0
T Ez, S5ICARCOIREREICHAAN TV LR
B% HEDTA & [FARICHBIC/EA L T4 MEZ{REL TV A TTREM D
Zzbhi:.

BERABEEDHbD A MUEFFET 2 L) E 213, SzebeniH(18)I2
FoTHLHMEXINTVA., ARCOMEIEERICIATNEDE &
LTPAD IRSEL B EINTWAET20D, JEHHERD A MUBEICKR
IZTEBIIOVWTHRE L. BRIEEPOPARF ) AT
& HPA-NaZ 713, DMPG-NalZ{B# L TARCER/EH L, 37°Ciz
BT 52 MEEOERHEL L HIE L7-(Fig. 4). PAX B3R
DARCIZ24BE % TH60% D A MMEEERL-DIZx L, PA-Na
B X UDMPG-Na% F\V: 72 R 12 BV TIZ24BF R £ TH#940% L PAD
FEHB L THHE R A MUK REIBD SNz, PAREET

100

50

Methemoglobin (%)

0 10 20 30
Time (hr)
Fig. 3. Methemoglobin formation in unirradiated ARC in vitro at 37°C in the

presence of antioxidant or metal chelator. @, ARC with a-tocopherol;
B, ARC with BHT; A, ARC with EDTA; O, ARC control.
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LREEELpH 1T40BBEWELRE LI2HE, ROpHIEHST T
BT 525, pH74OHVEWR L IRA L7255 &813pH 7.2-7318E £
TOKT LHER® 5 N7\ (data not shown). PA% V7235413
HbA'pHE #EFFT 57O OREHI L LTEALTHY, PALHD
D7 I EDPHENER L TMetHbIZEIL LB W & D Zefs 1oL
LTwaeEz oML, —F, F by aiEdBEVEAIEHH
INTVED, KEGHBETHFLTVLLERLE. 2hs
DRERDPS, PAOANLEXF I NVEDORIZTTHONDEEH, PA-
NaF 7zIIDMPG-NalZ BT A LIck W EHEN-Z L0k B
bDEEZLNS.

Ry BBHHC L 2EBIIOVWTRIT L. 8F L LTORE
HERDO7D, ARCTIZy MEESXIT) T & IC L Y IREBEZ541L
LTwas., LALLM, B L72L ) ICESARCIIRES
ARCE LB L T37°CIZBIT 5 X MLOETHEETH L. 2

100

Methemoglobin (%)
3

0 : : : :
0 10 20 30 40 50
Time (hr)
Fig. 4. The effect of lipid composition on the methemoglobin formation in
ARC in vitroat 37°C. I, palmitic acid; @, sodium palmitate (PA-Na);
A, dimyristoylphosphatidylglycerol sodium salt; O, PA-Na,
unirradiated.

100

Methemoglobin (%)

(1] 10 20 30 40 50
Time (hr)

Fig. 5. Methemoglobin formation in ARC in vitro at 37°C after the y-ray
irradiation for 1 hr at different dose rate. Lipid composition, AODPC/
DPPC/Chol / DMPG-Na; @, 1 kGy/h; B, 2 kGy/h; A, 3kGy/h; @,
4kGy/h; O, 5 kGy/h; [, unirradiated.
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TEAICLAEBRFMCTARDL 72012, ¢ REBSEEORIRE
E % ARCIREEIZOWTIRE L 72,

ARCTI35kGy/hT1EHI D y MEBEH % 4T o TV 525, MEFES
BEITHE7OIHER A MEROERSFROLNLDTII W
PEEZ, 1-5kGyhDREFETE 4 1FEHES L 72ARCDIT°CIC
BT B2 MEROERHEIL L I L7-(Fig. 5). £D#ER, HE
RIKE L TA MEES LR T HEMSERD O, L LEH
5, 18 L U2 kGyhTHRE L 72ARCiZMetHb D & IR IIHIH] & 1L
b0, BEEFEIZ60-70% LK o7, 3kGy/hll LOREFET
X MEERICIZEAEEDNRDLNY, EEEL80%L LER
L7, CORKRED»S, RERZETSEEA MERETICE
HbEVWEARIETTHI b ol ELITHERDEVR
THRESARCE BT 5 & 4 MEEEDRESTOOLNLZ &
2o, y MBI ZEALHOD A MEAOEBIIFRICES
LT ENTRBEEN, REROREDOATIEA MEEHIHIT X LW

100
g
c
£
L
o
°
E
]
2
0 10 20 30 40 50
Time (hr)

Fig. 6. The influence of lipid concentration during the y-ray irradiation on the
methemoglobin formation in ARC in vitro at 37°C. The
concentrations of lipid examined were: @, 2%; A, 5%; W, 10%; @,
15%; O, unirradiated.

100
3
c
:g
2 ! —e
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Fig. 7. Suppression of methemoglobin formation in ARC in vitroat 37°C by

the presence of outer hemoglobin (Hb) during the Yy-ray irradiation.
The Hb concentrations outside ARC were: ll, 0.5 g/dL; &, 1.0 g/dL;
@, 6.0 g/dL; @, no outer Hb; O, unirradiated.
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ZEARENT.

ARCD y BBEEEOIREBREII2%TH 255, REBRENLA
TUHbEE RN 72D, yBICELEEBEZTIRTVOTIER
Wik EZ, v REEEEOARCOIREBRES2, 5, 108 X U15%
EBRALEHIBEDITCIZBIT 5 2 MEROBENZELZREL
72(Fig.6). ZOD#ER, y MIBHEFICARCHEEETHHITL, 2
MEEBIZET 3 2@EMID b, IREBREISRDRTII248
% T20% F TA MERIMET LT/, ARCHVRIBENZT
X, —EREDy BICL DAL HOBFEZT2HOHEHE
K BIEEZERIIANLE, KOy BRICEIBFGMBICE>TEL
57 VANNKEE L TWAIREENRE SN, COME,S,
HIKAICBEI R 7 TN R HRT 2WEIFET T, ARCIZH
AENTVIHNDEBIIRR T EEL LN,

ZITHMOBIZNALIN R o Hb 2 fERIIBREL TV
2, BRERTIHAMICHOASFE LT Ty MBH LRI
DWTHRE L7z, EHEOIFEIREEIZI0%TH 545, #ERETIR
y MBEOBOREIREII2% TH D L ERICAN, EHE

FHIRE2%F THR LR (Z OBOSKHEHbEEI36.0 g/dLE
25) IZ2WTA MEROBRRHRILEHIE L. T/, v HRE
S8BT 29 KM OHbERE O R ST 5 72 05K DHb
BEX0.5, 1.0gdL LIET &4, FRRICHRET L72(Fig. 7). 0%
R, BHAHbZBREETIC, EEBE2%E THRL Ty MBS
7o 72 RICDVTIE, 37°CIRIF T 24BF IR T A MEEDT15% %
AL, REAARCLFERETH -7z, £72, 1.0g/dLORE B
T 5 EEFIINE DS, SO HbEEO.5 g/dLIZBWTH A b
{LEEII RO SN, tEo T, SR HbIL L BH S R
THA MLEEZETEELZ E0bhol. TRLOERE,
5, FLKMOHbAY y BREBEHC X 2N EHANDHEELYERL TV
DT EMTAMENT. ¥ BIBFHC L ZARCH X MEIIZS VAV
PS5 LTBY, BELZZBEOT TV H IV ESNKEOHbA IR
LTwa R END.

DEDRRDPS, ARCOBBIEEF O EWE 2 PAL HPA-
Na¥ 7:1IDMPG-NallEB# L, y MBHEEOSKHMIZ HoR A &
FHTEITEY, 3T°CIRAFE T 24 BIZBVWTARCO X MEE
F%UTETETREALZIENTE. 4%, HIKHEIZS VA
VIR Z I LD LT 24 OKEBHLEMERMLT, * Mt
EEL OME %R, ARCO A MURBED A I =X LIZDWTH#E
HILFETH 5.
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Hiromi Sakai!, Yotaro Izumi?, Takeshi Yamahata?, Kenichi Hamada!, Shinji Takeoka!, Hiroyuki Nishide!,

WFHEAKY, REERER?, 1M 2, EHgE—, REER, mHEZ!
ANRFE—2, THR?

Evaluation of oxygen transport of hemoglobin vesicles by
exchange transfusion in rats

Koichi Kobayashi?, Eishun Tsuchida’

ANEZ7OY VBBV ZREBET 7 v MCH40KRELL, REEBICILOIBRERETERFYBIRE
(MAP), MY AGHEOHE T 5 v MG RIMERIRS OBE L E L THEERE 2 3HME L 7-. HbVoREI3251
+87nmiZHiZ 5N THB Y, HoiBFEIZ10 g/dL, BEFEHAEP50)I332mmHgTH B2, b M E FEOBRERL
EGHE) %>, HOVIREEEIMRV 72 DR Q2.6 cPQ30s) 2R Y. MKRERTIHEL) FEERTHEL
ANBOLNLY, MERNTIRIINE Y X)) FZEITEL 22O TERERR TR ICHEIIEY. HhVRSEICHL,
)RR EA AL KPBS)R S, 5 v bk RIMER(atRBC, [Hb):10 g/dL)#% 5-8, HbVAIDHbE X ML &7
HbV(metHbV) D 5B 43R L L THEE L 72, HhVEETIIIMBEMAPIZE T L7725 O OTMATD74+12%128 F Y,
ratRBCEE L 1 HIZFMETH B DI L, PBSEERmetHbVEETIZH £34+14%, 36:8% T TR T L7, EBRERESE
I3, PBSEETIIATHRT D45+13%, metHbVEEIZ43 £5%2F TRT, LA L, HbVEE ClidratRBCEE(8419%) & [EIHE I
75+12% & HLERROES < fR7-I T\ /-, HbVEEDMIEH A8 A — % HRBCEE L RISICHR, MBSO RELTD
Lotz ¥#e LT, HoVISMEERE L L CratRBCLES 2T 2 L HK L 72,

The oxygen transporting behavior of hemoglobin-vesicles (HbV) was evaluated in comparison with red blood cells (RBCs) by
observing the response to the exchange transfusion of HbV in anesthetized rats, monitoring the oxygen tension of renal cortex
(Pto2), mean arterial blood pressure (MAP) and blood gas parameters. The diameter of the HbV and the Hb concentration were
251487 nm and 10 g/dL, respectively. Oxygen affinity; P50 was 32 mmHg, and the oxygen transporting efficiency (the difference
in O2 saturation between 40 mmHg and 110 mmHg) was 38%. The mixture of HbV and blood showed an increase in viscosity at
lower shear rate (< 46 s!), whereas this level of viscosity increase would not be so serious in this experiment since the shear rates
in blood stream are high (>30 s). After 40% exchange transfusion with HbV, MAP changed to 74+12% of the initial value,
which was almost the same with the ratRBC group (8419%), while the exchange transfusion with phosphate buffered saline
(PBS) and metHbV decreased MAP down to 341+14% and 3618%, respectively. After the exchange transfusion with HbV, Pto:
changed to 75+12% of the initial value, which was close to the ratRBC group (84+9%). The PBS and metHbV groups showed as
low as 45+13% and 4315%, respectively. Blood gas parameters of the HbV group showed the same profiles as those of the
ratRBC group. No abnormality was observed for the number of platelet. These results indicate that the HbV has almost the same
oxygen transporting ability as RBC. —Key Words: Hemoglobin, Hemoglobin-Vesicles, Red Cell Substitues, Oxygen
Transport, Exchange Transfusion, Tissue Oxygen Tension.

1. 5

ANEZ O Y (Hb)F AW RIERASEY ORE T, 5
HbZRU 2 ¥F ¥ FHbR E, WHhWAEOHbVY AV AR T
RABIEATVAHEIRTHA1-3). LA LEKRTIZHbIZAE

R A THEE DT FHEE, Department of Polymer Chemistry,
Waseda University, 2 BICHE KZEE¥ 4%, Department of Surgery,
School of Medicine, Keio University.
EMBRFHEIERTITFMRER, T169 REBMHFBERX KALKRS,
Department of Polymer Chemistry, Waseda University, Tokyo 169, Japan.
AT 199546 A23H, 3 199548 A5 B.
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BRETHEINTEY), COEBZENERICHEELMESLE
WINTVWAH@). —F CTHRILER & S % FoRMER Y .
NEZ T Y /NMIEHbV)DOMRER LD/ 0, BAIZUTOIA%:
TEMIED SRE L TE/(5-8). [11BRE(7 1)V ¥ JLEB)TTHE
REAET, TELLETPEOIRE» SRS I/ etk i EiR
EOHb A EUHE®VALHRVEETH ), ARRBTOR
B FREOBENHEEERC, MRS TFOESEORMICL h 4
BMENEDOONZOQ). 21 7UATY v 7RFRMC X 28FE
BHEHRHT, BEERDNELBOLI L2 TR L. T,
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(31 4 DSBS L -HoMEBNE T, RILFkF OHb % —B L s
RHbCO)IZ L 721, MBLIRIZ TRMBEOR B8 ®RE, A
N2 ERET H0T, BiIZEA—REOBMEHbZ MRS 2
EDTESDU0). LAL, metHbBETTEERDHELIZ L YHbIZEE
FFAYIC X ME L TERRFERESRADT 505, ZHUGETHRINC
LG TH H(11). SEIZEDERBIEE % %4 L 7-HbV
HWTEYHRSREBEEITo 7-.

AROERACERY & 13, KM ER T 2 RILEROBEAEI LR
WTHsH, IhEERCHELMBRLIIHET L0, ThIT
IZEODPOFHEESRE SN T A, H{SEOBIIRM & BA#IK
MOEMEEFEDEL AL BLEOR» LBENREYRES
HER12,13), BRREHROBE L BILRZEOFTEE,» OBEER
HEBEZBEHRTA2HEINREPHSNTWALOD, ks
TORFERME/NT Y A2 BHEER L BB LW, 42, Th
% TIZHbV Din vivo REFERIE  HE SN TV 59514-16), #
no OWHEMHLIRE, BEBRME, » MLXR, HEROPHKEE
PoEZDLE, BEERON & EAMITRLFIIL 2V, K
BFZECIZHDVAV 7R EE T 5 v P OB R % T\, BEE
BEBFEECRAL CHESEYBEREL:. BEEHRZAVWTE
BE OMBEEEFR S E % % L 7261iE, Nelimarkka® (17)R %8 5
ALV MESINTVAE., RFRTIEBEICMEBEY A RME D [
RRIZHE L, U vBREEERIERPBS) L, 7 v MG RMER
(ratRBC), 3 & UBEEHEAE* 722V metHbV & DB H 5 B8
FE R R &SP L 2.

2. /5

2.1. HoVD AR
HbVIZBERICHEV T 010 TRABL L 72(8-11, 19). HbDFEHR

13, —ERMIREHF & U CTRE L2 RILERN OHb % — B Lk &

fEL7:%%, AHEAILEE, IHALIE, BT, BErECRERE

HHbCOWEHE(40 g/dL) % 1372(10). T #LiZpL-homocysteine (Hey,

Aldrich)% 15 mM, pyridoxal 5'-phosphate (PLP, Merck) % Hb{Zxt L

T3EmolimN L 72, BEES IS, 1,2-dipalmitoyl-sn-glycero-3-
phosphatidylcholine (DPPC), cholesterol, 1,2-dipalmitoyl-sn-
glycero-3-phosphatidylglycerol (DPPG) (H & #1t), B & Ua-
tocopherol (a-Toc, Merck) % A \V», #LE L % DPPC/cholesterol/
DPPG/a-Toc=10/10/2/0.2 (B V)& L7, Z DiRAFEE % HbCO
BRSO L TEONZSER/INAKRE L7 A MV — a3 VS
SO RBREIZIE0 2 ymD T 4 L ¥ — % HB S ¥ THEY I
L7z, SR OHb % BB 5%, BELM THOVITRT 5
BECATHERET T 5 Z &2 & ) HbCO% HbO212 % #: L(19), PBS
(pH 7.4,37°C) 1238 & & THOIRBEE % 10 g/dLIZFET L /2. HbV %
ACDfNt b#F&EN (Het: 50%), MM%E, 5% albumin (Albumin cutter,
Bayer Co.), ¥ bBEERIMER(HD): 15 g/dL)EBE L2 & X D¥EEE
%, HEEHEEEEH(VS-AK, 2T A F LML D37°C ICTHIE L
7-.

2.2, SR MIE, metHOVDHE

iR M EER O3t HE L T & 5 Bh R MR ratRBC) D T 5L,
A YISy B % PBS T2 5 LHbIERE %10 g/dLIZ A
BiL7z, 7, RXABRICIVEEMNRI L2V LR RIAL
72. metHbVid, —BRILEFRNO)¥EEHb (HONO)* O2DFEE T
metHbIZERBQO) S ¥ THE L /2. HoVoEEN2THREA L 7-
#%, NOTHbNOL T 2. HEN TREINOLHEAE, O2& Bt X
HTmetHb& L7z, B % PBSIZ T#ed %, HbiEE%10 g/dLiz
FRE L7, metHbVORZE EHEIL, HOVOEE A% TH - 7-.

2.3. XHnpmEER

Wistari 7 v b (H, KE374+16 )i, pentobarbital sodium
(Nembutal) % JEREPNESH(1 mL/kg) L T2 HMEEFMICEE, A
B IR AR L EABIRIC Y 7 — 7 V(PE-20, F4E0.5 mm x &F
FOSmm) AL, VIA VY RIERL7z(Fig. 1). T-E 65
EHEAMICEIB, FH A X0hF—F NV EERNEBRICEALA
T4 MR, MERIEREE Polygraph system, HAYGE)IZHAR

Bleeding,
1. Wistar rats (male, 374 + 16 g). Polygraph system
2. Anesthetization with Injection
intraperitoneal injection of pentobarbital. S

3. Cannulation into jugular vein and carotid artery.

HbV, metHbV, PBS, or ratRBC. Rei
6. Monitoring of Pto,, MAP, blood gas parameters, electrode

and PLT numbers.

4. Abdominal incision and insertion of

needle type Os-electrode into renal cortex.

5. 40% Exchange transfusion (1 mi/min) with

platinum
polyuretan coating
epoxy coating

Woam ]

O, permeable membrane

Polarographic needle type O,-electrode
(Intermedical Co.)

7

Needle type
Oy-electrode,

[
w9
{
{

P

Fig. 1. Schematic representation of the experimental model.
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L7, B L CAEEEE IS EClarkA Bk E EMR(POE-10N,
Intermedical) * B ABE, Pt e L72. ProfENRTE L 728
TATA I DImLEOBRMHEVT A~ L)1 mL3 o3RS
THEEZ9- 11 VR L, BIMTEES6 mLkg)D#40% % 3
L7z, PBSIZ X 23T TIX40% D TR L £ 2, &R L M
LB THE T HZ LT L7 72, HREmAT, B, 305%
D M /" A 5 #7 (Corning 170 pH/blood gas analyzer, Corning
Medical), B ML/MREPLT) D HIZE(Systemex E-400, Toa Medical
Electronic Co., Lid.) ¥ Efi L 7. HbVEE@=7)IZ3F L, *JEREEEL L
TPBS#(n=10), metHbVE (=B & T v M EERIMERIE5H
(ratRBCEE, n=6)% 5%\J T 217 7=

2.4. BUEMRAT

MPED S DLk KBER THET 5720, MAP, Pio:, BB
I 5 FE(Paoo) (2B L CTIZAIEAfE % 100% & L 7-BEDZ{bE L
T, ¥7-, pH, HHEAFBE), PLTICEAL T, PHMES,SDE
fbEE LTRRELZ., $AREERTRTEYLERRFEL L
2. BERBOAEEREICZ, TEHSITEANOVA, analysis of
variance)3 & UFisher®PLSDF X b % flv:a7z. HEKERERE
5%E L7-.

LBR
3.1. Ho/NBa ik D43

185 N-HbVOE# A Table 112 & © 7. #1F13251£87 nmiE
FECHIB S N TV, metHbiBEEIZ3% LT, HbCORREIZ2%LL
TThot. FEEMNETHE L THyZBMT A L12LD,
MO * MEEEIX1ADMEE ICHR SNz, TRIXFY v
s HF & L TPLPEZHbIH L C3fmoliiind A2 &2k Y, BEHK
HANEE(Ps0)1332 mmHgIC B T & 72, T v MRILEROPsoIE35
mmHgT® Y (21), HbVEFETH 5. HbEEX10gdLE LT
PR R 136.2 g/dL TATEHE122.6 P30 sHICE F 1), MMED
HEG4cP) LY BBV,

MERS EHVORELE BRI THELRE LIERE

Table 1. Characteristics of HbV and human RBC

Parameters HbV RBC
Diameter (nm) 251487 8000
Hb (g/dL) 10 15
Pso (mmHg) 32 28
Hill number 2.2 2.5
OTE (%)* 38 28
O2 release (mL/dL) 6.2 7.0¢
MetHb (%) <3 <0.5
HbCO (%) <2 <5
pH (at 37°C) 7.4 7.4°
I (mmHg) ca. 0 ca. 25¢
Viscosity (cP at 230 s!) 2.6 4.4¢

* oxygen transporting efficiency (the difference in oxygen
saturation between 40 and 110 mmHg), ® oncotic pressure, ¢ for

human blood.

ARTIFICIAL BLOOD Vol. 3, No. 3, 1995

Fig. 2iIcF & ®7z. FEMEBE L7HE, 40%DIIRBITTH
BoBAIFZEDONT. L) EEIM6 LT NSRBI
PEVEEEEDTIE K L 72, BREORMERE DR S TR L HE LR
F—Ro S5, Mg DRETIIHLVIB0%RD L Z AT
HEOBAKERL7:.

3.2. HbVO X mRERIC & 1 3 T & K EBFES T DB
Fig. 3ICPBSB L UHbVA &5 L7/ A DMES L UEEK D
Po: DAL D#EBIZR LIz, $72, RROFHLAE 21T 7
MR %EFig daPB L P4bIIR L7z, &%, FEMERT TOMEIZ150
mmHgRBE % R T 7%, BHET Ti3#100- 120 mmHg TR IC %2 -
7z. HbVEETIIRHE, MEEMBMATO73£12%F TRTL
7z%5, ratRBCEEH82+28% X CTHET L, HbVEELASTH o7,
—7%, BREDP0:317 - 25 mmHg T & - 72 A B -Hb VIR 5- D K
BTG LI 4 1B, ZCREIMATDT5£12%I2 7% 272, 40%%K

12 T T T T
10

Viscosity (cP)

0 20 40 60 80 100
Volume of HbV suspension (%)

Fig. 2. Viscosity of the mixture of HbV with (a) human blood
containing ACD, (b) human washed red blood cells and (c)
human plasma (37°C).
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PBS HbV
30T 1120
251 r
{ i :l:a
) E
E 200 - E
£
- -1 &
& 15l i 2
g 15 \
8 4°£ : i ‘°E : { 30
10 g gzo '\\ g %2
i &8 o
5 . : y y . 0
0 10 20 30 40 50 0 10 20 30 40 50
Time (min)

Fig. 3. Typical examples of the time courses of mean arterial pressure (MAP) and renal cortical oxygen tension (Ptoz)
during and after the isovolemic exchange transfusion with HbV and PBS. After ca. SO min, all the rats were
saclificed, and the MAP and the Ptoz began to drastically drop down.

IR SR THIODEBLTD, TOMIIIIZHFTINTY.
ratRBCH b IO EE RO S5 N/2. —F, PBSELPmetHbVE
TIX, MEITRBERIZECERLIET, &434£14%, 36 8%
ITEL, HHVELOFEEZIDONON, $7220LE, B
BEANE L CTEBRICE Y REICIIEROEIBE SN, Pl
SMEE & HIET L FNFNA5£13%, 43+5% 123 L, HbVEEL
DEBENSRDONT. RREIONEBT 5 AL IZEET 2D
DD, 0%REEICEE -7,

33 MBEAHRINT A —4%

MAET ZPETIE, L D ITMBEICBEDKT, Pand L5
B L N7z H3(Fig. 4c-e), HbVEE & ratRBCEE TldPao2D L H 13
B TdH o 7. metHbHE TIIFIMEGM %305 12%F L\ pH, BED
(=R SN R (WAl

3.4. M/MREBOHE

e, £8ICBVTI/MREBREIRE.S - 1x10° fE/uL) 0
20 - 30% DR HIRD S 72 (Fig. 4f). 3053 I EEBEMRICH -
7z,

4. ER

HbV®DPs0id32 mmHg (=& T &, HbVOEEFEEHLFE(OTE,
B2 %5 110 mmHg & 40 mmHg TOREFEEIFIE DE)NI8RBIT 2 5
(Table 1). WNEIED/$5 A — % ThHLHb JREDEEH[HbY
[Lipid]li31.61TH D HERFR L ) b EV(8,9). HbiEEA'10 g/dLT
HHDT, OTERLEBE SN 2MEHRHE 6.2 mL/100mL i3, Ef
# bk bII#Pso 28 mmHg, OTE 28%, [Hb] 15 g/dL) DR E 7.0
mL/100mL &A% TH 5.

HbV & Fritill & IRE L 72358 (Fig. 2)ICI3HEOBAMRD b
720, BRGARILIRE DRATIIFRNZEE LRI —YRD LN
§, TLMBEDORETIIMEOBAELR L. SRMEk:
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HoVORNIZAHEIER BN OT, FEEm LB L& X0kE
ERE, TATIVAEMEEAEEHVEOREERIZLY
HbVSRET AL —~HTHAI EFREL TS, Lol
BEROX) EZ30sBLE, B2 ITKEIRTFY40 s, FTATRENR
T80 5!, EMIMEFHS530s1TH 2N TQR2), KX HEHER
TOZDREOHE LA RIATRBMARICIEETII Ve E
z 7=, # 1) THERepolyoxyethylene |l TEEISA+ 2 & BEIHIH
SNBIEPHONT VA, RERRTIIREBM L TV ixw
B zHo Makx Fv7-.
BRIMLKECS VMK TH Y, KR 2 \IZEBRAE
KEESROMT & At E L BREBESTILERT 5 2 L0
HINTWA(17,18). KIEOBEHAEIL, MBOMESEE
EOHEEICHAIT 20T, BRILEOMER T4V CIAHES
BTT5LERANOMKEIIET, BEREBREFTERIETT
(17, 18). AZGHREIMAER T LEBEIZAE L Tw i vwes, IE
B LAEIbE LTWwhEEZONE, MEEPBSTRIRL 7
%E, BERELEOEKTICL W RECERNERIRST 5. [
RICMEOBESERIMET T 5 D THREHENOBEEHREE D
BT$5. Cho0BBICL ) HHEERETL, MENETFHS
FlERZ &nD. ZOREDD, BRoOMmEIZIEEL CILE%
MRFLED ETL0T, BREBEFEOVETHG 258N 5L
ZxoNh5b, ZoZ i, ERICERIUGEL TEBBICRZNE
HIZBEEOBEFRE SN RIS bIHEIN L, AERRAT
MAEREFZRML TR DI, MEEEHX B EIBREECR
T HEOSHOV OB EROFME BT A TR D H B L E
2725 ThAH. HoVEE, ratRBCEETIE, BEBREENETIZE
DEROBERIIETTL2L00, HHOFEIZL WBESHEIL
MFEINTVEDOTPRBELBIoTWVLLEEEEINS.
metHbVEF IS ER AR 2 /o720, PBSE LRSI T TK
Tl —%, HoVEETIRMMERER 2R L T 2wz dbis
THLREOEVPEFERFTE L0, BRBAREBL*ET
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REHEBANOBRERB IR THEPLEEILNS.

ZD L) IHEFEREBEN OB ER Y HHRER L 61 LT,
polyoxyethylene#&&Hb% V> TXREEGM L 72358 O IREEESE
? %24t % phosphorescence imaging|Z TEIZE L 7= RV |E ST
W5(23,24). /AR RIZE L Tid, Rabinovicid (15)h5EEE!
BEBBRLZAVLBIZHELTWA, L LR OBRERED
HEHHETIIRZ L, TABREERSREIGEH I N TS LI
IXFEA Vv, RERRTIE, MIEEEHZRML 2 VEHLZR
T, HbVE FHbEED T v M k#RIMERSL, HbV & FAEOER
P THRELER L 2\ metHbVEE, PBSEEL BT A LTk
D, WHbRE, BELBEREL CHOVORRIC L 55k
FEREE BEWIIRT I ENTELLDEELIOND.

T ADAIIBNT, KE~NOBEMRIET T 2 & EER
FLEB 2 ORI E VEEEFESThAAHET I F-T R
2 DpHIMET 5. ThxfETImRBERIEAL, &
REBCO 2RO X EARBEHT VA T—V ALY, FEEICPao
PHART S, TOLH IRERECIER CRRET 5720, KRE
BOPpHOEALII A RV EHE I NS, ratRBCEE, HOVE L b,
{2 IPane D LA DED SN D D DD, PBSEE & metHbVERIZ I
LTEMTHS. HIA305%FAT 5 &, PBSH EmetHbVEEIC
TpHOE LWETFTHFREH L7275, HhVETIEZORE K

8

(@)

g

-O-Hbv
[ -@-metHbV
| -C-retRBC
~~-PBS

Change of MAP (%)
8 8 8 8

(-]

120
(b)
100 |

Change of Pto, (%)

1o} ©

140 -

:
)

r—— ¥
Exchange inl
transfusion 30 min later

Change of Pao, (%)

100 |

{, Pac, pH& b ICRBCEEIIE\VMEARERE & /2. ratRBCEE,
HbVEEE b IZHETF DY 3 v JRKEBIIR o TWAES, ZhIZBRER
BEEOETICEADDLEZLNS. L2 LEEOHRIZIZIZE
£Thy, MBEFAFHH 5, HoVIRBCEFE IR L TW
AZEWDLRAS.

AEBRR TR EOREGHIIBVTH, IIMUERICREIIZED S
Naholz. L L—FTIX, KikKEphosphatidylcholine % &
THbVEEH,2.8 mLkgT v MIEERS L7 #IC—EBMii/»
BEDE LRI HmE ENTWAHQ25,26). &2 AHHHMEO
1,2-distearoyl-sn-glycero-3-phosphatidylcholine /NN % 5 D 354
%, Fluosol-DAD % THER L Alo-Tock M L 72 HE 1T IERE S
RADOONRNI EHFRE LN TVEDOTQ, MAMREA 128
BItWHHES LTV AT L EEZ LN, ThbDZE
ERLT, IEBRSICEBEMNE) VERLaTock AV, B
Zi3 A ME2HIZ 272D IZHCORfEH L TR A2 2 X P L—
Va VEICE D BRI WAERIR SO ER, nARBICERE
VRO NLholbEZ LN,

ERFELREA % B9 & L7-AEERR T, HOVICKRESSEI L T
WhWE EIERT AMBEIFICRD Ok d oz, L2 LSHE,
BEREEZRZ DEBRRICBWT, MBS & OHEIERE
TR B TREFHRONT, REBHOMHEIRFINS.

o.1

(@)

Change of pH

ol ©

Change of BE (mM)

g

L (D

(-]
T T T

S

i

Change of PLT (x10%/uL)

g T

Exchange A
Exchange
transfusion 30 min later

Fig. 4. Statistical results of changes in (a) mean arterial pressure (MAP) , (b) renal cortical oxygen tension (Ptoz) , (c) arterial oxygen tension (Paoz), (d) pH
(e) base excess (BE), and (f) number of platelet (PLT) during the isovolemic exchange transfusion with HbV(n=7), metHbV(n=4), ratRBC
(n=6) and PBS(n=10), and 30 min after the exchange transfusion. All values represent means+SD for (n) number of experiments.
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5. ¥&:%

AEEDH250 nmiZHIH S 4L, HbIEREAT10 g/dL & & <  7-Pso 32
mmHgDBFEHFE L EF T 2HVOBEEFE L /2. HbV & MK
ERET D LEX) FHEEBRTREL THED> ITHED LR ATD
SN7z. HBVT T v MI40%AHHIN % LT 2 OB EMRLAES 3
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