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RO EYDERRICHZSH T LT
Development of Erythrocyte Substitute and its Practical
Use

BT E
Masuhiko Takaori, M.D.

Abstract

Development of erythrocyte substitute ( RCS ) and its clinical use is strongly desired from social and medical needs. The RCS is promised to
give us many benefits in clinical practice. The RCS may avoid several immunological adverse effects associated with homologous blood
transfusion, such as alloimmunization and GVHD, and also transfusion related infection, such as AIDS and viral C hepatitis. Furthermore the
RCS can be used as an universal blood without any blood type screening and be storaged for long period on shelf. For its clinical use, it is
required obviously strict examination and solid guarantee upon safety and efficacy. Up to date two type products have been candidated for its
trial. One of them is colloid fromed RCS, such as DCLHb ( Baxter Co. ) and Perfubron ( Alliance Co. ), and another is cellular formed, such as
NRC ( Terumo Co. ). The cellular formed RCS, in my opinion, seems more superior to the other from several reasons as followed ; 1)
Capability for inclusion of some substances for sufficient oxygen transport, 2 ) More physiological flow pattern in the microcirculation as
similar as the natural erythrocytes, 3 ) More long persistence in the circulation, 4 ) I cap. indirect contact of oxygen carrying substance with
surrounding tissues and cells. Selection of oxygen carrying substance is also important. Full synthetized compound should be ideal while the
present situation it has to be obtained from natural sources, as human or bovine hemoglobin. Recently, however, lipid heme or albumin heme has
been synthetized in Waseda University. These are now being tested in preclinical studies and are expected for practical use in the future .

Key Words
erythrocyte substitute, artificial blood, clinical trial design, cell form, non-cell form, microcirculation, circulatory persistent time, half life,

social benefit, medical benefit, product check point

BU I 1. FOFRKBYOEZR, HSWRE (Tab-1)
BB TR T CIRMERA S I L COBRKREEBRY S FOH—21%
b Twad, —%, bPEICBWTOEFMNEEAL2) 1) MERBHER2VLEL LL2VWHFIEROBE, T+4bb

EATWS, L2 LBEKREEBEBI LI EFTICE> TRy, universal blood PHEFTH 5. BMERIIBITA2EHKTL -
EIVZHES N ERIEBREBI 2> ThFENLIIED EDLEVLOIIMBERHZENEY TH B2, $/2b LM
WIELTWS, HEZLE3F0ReMEmHt L IcoVnTE WHEHEALELYY, REHMAHBITTES42561T,
HIREEPIHE- T EIEEDLR S, Lo LARMERAEYIC WMICEd ) RERBIIEHEINh, EESEDHEN % &
MTAEFN, HENELZIIH, BETOEDIZERERIC R0 L Db FLTFRIZEN D LB TIEENES
BORETRZV2ELEDRS, L CEBRICRMOIKAEY ML &ehs, &5 EAMBABE L
PEERICFEH SR L, BAnBE»HZ4IZ5E2H2 L MEROEHIZIIKRELBETH 5.

~—

REHBFEAPBOEENIBONLZ L THH. BEOK
M EREH OF FABIZRM 2 S 21 BR&E ZoTWwa, &0
$BENFERABBODICEETREROFEHERE L
PHPLLTWE, #0702 b XS ICEHBORENTEE

PRI TS, 2

BARTFL#EE > & —. T700-0012 BILTH V9 HAT3%FH36%, Japan Red Cross, Okayama Blood Transfusion Service Center, 3-36 Izumi-chou,
Okayama City, 700-0012 Japan
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REWOREILEEINS. Ll & bKLDHIRKRME
TR, BBRLRNKAEYRMLTIE, EEL2IBLD D
B2 ICERE, bbby A, HEEROKEIIER
IBIENRBOLNT VS,
3) FLTCATEEYTH LAY TIIE 4 DEMLEREAEDT
BEASATRET, BRETHA. Ik bAEZTOE Y (Hb)
YEEEEREE LTEALAZELTH, ZOREBRICS
WT, I, OV AL ARIBITTEIER, AEL
FTHIENTRETHL. UAHAFRS R MEFOH IR
IIELEBRETHER SN A DT, GVHD ( Graft vs. Host
Disease ) DFEHAITEED Sy,
Redman 5 DSEMEAMICEIM % ST - BETHRELIE S
%, MEREREORBERIENRD 84 % Thorzl ).
BAEOHMM TIE /- & AMEOHMITEEIIT b Twi
ELTH, REAEEAICLY, BEORKIIARER
TEEAILL TS, THIIKL AT ZRmMERAZRY T
i ARNRKERAR D &2 oMERENEORE
HEOBBREFE LRV, TOZEIRETOERBEINTCE
FIEVADEGETHL LN L.
5) BEOATF - SR bEMTIE, 2O THEVIFRIZEMIC
FAHMAMETORBICAREELALTIEPHETH
H., IO EEBRTAIIIATMIZARMERD TEAE %
TLIENELABEE > TS,
ZHEOELEELT, 0o B OB E&HET A3
EOBRMBERERTLALLOLOOEETIE, BE,
ZLCOMEA PP ZTVA. FOOICH ATME, T%
b HRIFABRYOHEEA LTINS,
7) FmMBREOLEED» S BELEISBHECFEEROD
120D WKTRRZMEEE b 722 W ATMBEOHENER
BRI,

S
~

(o)}
~

Table-1
Medical & Social Benefits

Universal Blood

Long Term Storage

No Disease Transmission & No Incidence of GVHD
No Allogeneic Immunization

Independency upon Social Donation

Solution of Transfusion Refusal & Incompatibility

2. BEERRRBR TR L TP EINIEL S5 HVWEIR
FTTICARZEY I2BWT, ROMERABY L 20 BLEEMI
DWTIRERTWE, FOEGELMEATAIZI LSS %
Ho, FTERFOEEBIIOVWTORIVLETHAH. Tab-2

FRERNROFHARR L7z, BOKTIZ EE HbY, A HEL

L8 TORBREBEBESTTIIBI b TWa., FOREBHEIC
BoNFIRLAZHEED EORFE S BI abh Tt Bbh
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% . HHE T liposome encapsulated hemoglobin vesicle ( LEHV )
PHRMIKAEBWEROTLER-TWE, LELIOSYATD
FRMERARYIC OV THNETOLREY, MBI L.
LEHV ¥ BERICHICEI TREIE L2012, 2L b Tab-
2IRRLAEEO -2 EEEMT, TOMITLHENICH
EAHIIBWTRE SN ZTER S v, BFIIT VEKRK
S AER L7 LEHV, T4 b5 NRC IZ2WTIET Tk
D& FED>S ORI SN, L& bEEHLRIERIZ
DOOLN o7z, 727220 LEHV OFRMES TORREMI
B4 T, bRONEREFEETLILOL D L R0RE K
ARV MRV AR

Table-2
Check Points for Organ Dysfunction and Injury

Behavior
Central & Peripheral Nervous System
Tendon & Skeletal Muscle System

Defensive & Immuological Function
Antiboy Formation
Complement Activation
Chemical Mediator Release
Phagocytotic Function

Cardiovascular System
General Hemodynamics
Blood Volume
Vascular Permeability
Endothelial Function

Respiratory System
Pulmonary Gas Exchange & Acid Base Balance
Lung Respiratory Mechnics

Liver Function
Detoxication
Albumin & Coagulation Factors Synthesis
Hepatocyte Viability

Pancreas Function

Kidney Function

Digestive Gastrointestinal System
Reproductive System

Endocrine System

Hematological System
Hematopoietic Function
Hemostatic & Fibrinolytic Function

Tissue Metbolism & Energy Production
Interaction with Other Drugs Routinly Used

3. RMIKCEME LTHADNEHER (Tab-3)
FRMER -5 b DI

1) B BELEETLRDEAL, FN 2 KHEMARIER
FTRENEETLIEPLELETHE. DEIC

2) BRATCHGEE LTHENLZETHL. Thabbd LERT
b o B FOBROFENE ( vasovasorum ) (IKE
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AL, ¥y MO E L CEEBICEIRENBITL, 20

o, ERUIBFELREFLEL T BN OBEMG RS T

B BSICM/AMRIGEIZBER A S HERR &1, L D BRI

Y, MEREBOBICTESICEORETRE L5,

5 AMEAT AR Y A EMME % 38 L &) %IREE,

Pl AERELBERL LCEANE*HAETLIL IR

Y, HAVIIHEFERTEELZ LA Do TE RS W,

4) RIMFRACEW D BERTHAV SN S E— OB WIIEImGED
RETHL., LD THERESR» SRMKPERDONTSGE
WCIIERB S ORMERFEIZ L D S LRMEREFHEON
51T, REWIWMAIZH Y, RMERAROBEEEZ S
ZENEREINDL. FOHITITE Y % I AL R AT
EkENnd, ThbLEMEM TOEEOMRMIEKE AL
erythrocyte mass & LT 3 - 4 ml/kg- week? 8
ThorIehs, Pl 48-72 BB OLEM TOWMMMA
BRSEIND, FoEIHT ) REMOBKMAEE IZEE
BEORMBKFAELZIFTE2-0FFT LWV, ©HA

5) & LTHITA?2. THRETLZAHEB OB TEKERICEZELEZ R
2T L0OH-oTiE b, £LT

6) LEAETHAREORBEENTRETHD,

7) FOMENEL, H—UIRIN TN EDVRERING.
ZLTEHIC

8) EEIA PO RWVWIELERENSE. T4bbRE
DOARMERBEH O & ) EMETH B EHVET LW,
FRHARTEOH IS ZOMME L FESE, b L IEEOff
HBOI1SEUTTHLI ENERINS ).

(V8]
~

Table-3
Target of Red Cell Substitute

Oxygen Carrying Capacity
Circulatory Pattern
Axillar Flow in the Arteriole
Smooth Passage through the Capillary

Retention Time in the Circulation
48 - 72 hours

Mass Production
Homogeneity, Purity, Reasonable Cost

4. WRAFOBRKEYOFA (Tab4)

BAZZ LN TV LR E LTI, BRIEERWEZ
an A FRIELTERSELFEMBEO L O, 728 2 IT%EK
Baxter #EA B L, {BBRICE TT 3 A7 DCLHb, & %\ I3[F
R TICEEBR T T ¥ 7 Alliance $£® Perfubron 7% 5. — 7,
B & L T liposome WICEE R ERPWE 2 HASIETTLE
HAAMEL 7 NRCASH S, LA LATH3. (2B TRk
AR E L TORBHES 2 BETLISHRBEOYHEY L 5
KrhziwkBbhi, XLIZF0E, ROITE EFAAHM
fREliidftnshs. $4b5
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1) ATRMIKEOAE I EZERDEOBELRIFI LS,
HOLVIIEMSCLLENELXRMT A ENTESL. £
7o F ORFEDS 100 - 200 micron & 2 5 72012
RMATOFLER 2 ERE ST LIENTEL, FLTELIS
e AT ABRERYESMGE L OB L ) &
BREEEL X727 L) 2 i, HLVITHEEWE OB
DTN H > THMBERTII AT MR CREERDY
AT L OBEENT L OB SN, EROBIEA
2k, HHVIEERTESY. 2L T
4) —EDH A ZADRBEROIEIZLY, ZOEYE E4E
CHEALZBIZAEF L IZAEOMBHELZ RO I EH
WEETHL, ZhIZKL oA FE (ERE ) ofEY
TIIERIME O MEHEEAET L, shunt ME~OMEE %
M, BHE, @ABR~NOBAEFETEES. £
DO FKEMBENOBEZERISEESNL Y. S5 IKE
RILEPEDRT b X2 L0, EIREIRMFEDORL 05,
LDAFRBEEL 2T WaEEMdE LS. Lod - THRERIM
WG L2, FOMEOESEFISE VIR
BEHEINDLIENRETHY, ZhAIHEBE MR ZRY T
WhEE 2 5B,

Table-4

w N
~—

Cellular Typed Red Cell Substitute

Capability for Inclusion of Physiological Substances

Expective Long Time Retention in the Circulation

Indirect Contact of O, Carrying Substance to Surrounding Tissues
Near Normal Blood Viscosity and Flow Character in Minute Vessels

5. BRI NEEFERKE (Tab-5)

FTIZk b Hb, &5 UNIH Hb PEREEIREE LTHWH R
TWwah, L2LI0E) 2BRFICHFET LYELESHEIC
BRALTL 2REYOBREDN TS TRITRIE L2V, &)
DITERERBESTLIREYOBRE, & 2 I TEEARY -V X
HEEHECRELZTRERZS W, S Hb WL TIXZF0
BEFBETHY, 24 Hb OBEHEMROME L, BE
EBREDIHEMS LI ENHFETES. —F, e H WKEL
TIETTIZTVEHD NRC TRERL7Z-ZT& <, allosteric xh%
ERETLIWEORIMIL )V B OBREZEREN PRI TN
A, L2LZOMBBEICELTIE 1. HTONL L) (JRHEN
HhH. SHLICHEBRMTE S NRMEKIE, &2 FRHIEE
ENBEHETH, HFEOFHEW (& LTEEMREA) U
HAADERIZTELVWERNH L. Lizd o TREEIHRMERNA
BYOTEEEIIEFTLIIENTELRVOLPRETHL. 1=
L2 EROEECHIL I N RIEKZF DS 0% HEHKTL H
BE L7-EIERETAZLIGENLGHELREbNS, Ly
LARMEKE LTORER L EDRVHD 05D, H5VIE
MAREEE 2o - MMIIE R L2 -WHEE LTEZ LN, BB
DEERAPFENTHIRBETLEWEER DN A, BEIZMEILD

87




WTIET TIHAREDFIUNT ) Tnb, ZFLTRENT IV
T UBAIRER, BELTwA EENOEMYEEL L
MBI SRORETRETDHA ).

L2L—F, SO AKRRLrLHEONIBEERYE oL
TREMCFERICL 2BEEREITEICAVHAL TE L.
F %5 lipid heme, albumin heme 2SFNTHbBH. TN HIID
WTHZDEBARE, 45 FITHERICIBVLWTREYORA
BHEETAH. LD > TEOMILIZLATH 58, ERFED
WRICE DT TIIIZZFOEMITEL TS, FHRAETSH L
albumin heme TiZ# O MEAGFEZ M KRR EE. LArL
BEEERIL H O25L £ (&Y, 1$3kKIT liposome M ELEEH
EAE LTOIEANED L. 2l LT lipid heme 139 T
SRR E 2L, 4%, invivo CORBBIRIENFINS.

Table-5
Oxygen Carrying Substance

Natual Source ( Human, Bovin Hemoglobin )
Synthetic Substance ( Heme Compounds, Others )

6. EXPSEGPRICH &ABRETE ( Tab-6)
RILEFKABEYOE - 1. OEIZTHR T8 Rl
KB HIBABMICHVWSRTWAE MILE, 22AT K
MERDMA % L TEERY KGRI ERT 2B es2 L
WKhb, Lo TETEOHMTORKICH 2R Sk
o hw, $hbbHMOEETH L. HOOEEIISF
WO L ITHmMEI L U CTHRERMEEH I FELH D, IME
O L) IZTCI—E2E80BERMEOBIBHY, ThEH
BELHL., EHIIHMEANSE L THMMES 3 v 7 12> Tw
LHEOEELHD. LI LBEEOHONY 3 v 7 OBEIIHE
BAEBMEEORIOAIZIETIST, Yav s wiEEL
TR L Lo TWA,. I REAREMEETHEED
ORMERRZY OME, EEUEHRFATHI LETEL LTV
v, BAREOHEIREW CEROWGEREE, GEETBZ
LhhARETHL, Lo TR EY OB ILRILER
DR L, FERCEROLBEORL % &b %) WE, $abb
FRBHHIMTOZIM, &5 WIZEROREREEICL ) ARk
BRITEFRI-N TV BIMEROZMREOBHERICB VTS
FTRADBRETHAL). FLTEDL D REFTOHBETHRIL
BB OMEIZO LN, AICREELHERIANE, §
FEOHMMY 3 v 7 DEE, £LTEOKERELFZTELIC
BEREOWMMEY a v 7 OEBIIEHTAELRE 2 EFTRET
HrH. FENERAEHTIEORBAEICLFIHAEINS
WEEEYH L (BAETOHANRTORIMER TIIFEEMIZ L 5
BB FTEIBZ h bR LA EESEV ). £0OM, EXEFO
{LFFEDEE OB & LT, »5VITHEITERID, B
BOBRFI, HLVEREBEEOGHELENDIEH L, 0K
RIEAMFREEHEBEENS. L2 LEBRTIEETFHRED
HIMEERAHRETLONPEINTH 5.
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Table-6
Stepwise Clinical Trials

1. Treatment of Hemorrhage ( Surgery, Trauma etc )
2. Treatment of Hemorrhagic Shock

Priming in Extracorporeal Circulation Circuit
3. Adjuvant for Chemotherapy

Liquid Ventilation

Organ Preservation

Bbi)IC

RIMEACBY ORBEHIF LRIV EATVS, FLTSHE
bR AER LT THA)H. FOFEREFLTITEORED
Zaet, B % 6E, BRIRERICEAAD Y, HKTHZ L
bR VRELMETHA). 20X RHFLVWYEEZERIC
JBHATAZEREGFIZIHYTEL, FOLH) L EFTRLETD
LREDNsk b %, FOrsk EFHLWABHOLLT
benefit & DNT L AL THLWHEIETA. L2rLFEFLZ0B
Drisk (A L CIEHEEFEREZEIRBILETHA ).
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-';Qf,Size-ControIIed Albumin Polymers and
Evaluation of the GPlba conjugates

FH A, R ERY, HH &y, thil Rk
Yuji Teramura!, Shinji Takeoka”, Eishun Tsuchida", Yasuo lkeda?

IR ELE>

VarE¥Fr b bIET VT I 2 LpHEBEEIZL Y, Htm2 o tumORTFREOT V7 I v ESHERARLL.
f:, FOEREICM/MIEEEEGP)IbaDY) I EF v MEEHEA LT A7 I Y EAK (240£100m) T, YA MEF 2iH M
SED T ELTT Y FRT WWHEEENZBRER TR L, I/MGED FIZBW TRFI/IMIE BAATZRERZ R L.
2502, TOGPIba-7 V7 I v ESERIZIME TICBV COVWEELRE AT 5 2 AR SR, M/ MUEMBREOMBIF & L
TOEERELRIE S N7,

Abstract

Albumin polymers from several tens nanometers to several tens micrometers were prepared by pH and temperature change of a recombinant
human serum albumin (rHSA) solution. rGPIba, which is the recombinant fragment of platelet glycoprotein Iba, was conjugated to the surface
of the albumin polymers of which average diameter was 240+ 10nm. rGPIbo-albumin polymers specifically aggregated with von Willebrand
factor (vWI) after the addition of ristocetin, and the platelet aggregation was enhanced in a 10-fold diluted platelet concentration. Under the flow
conditions, rGPIbo-albumin polymers were also specifically attached to the vW{-immobilized surface. Therefore, it is considered that rGPIba-

albumin polymers satisfy the one of the requirements for platelet substitutes, i.e., recognition ability to vWf under the flow conditions.

Key words
Platelet substitutes, Albumin polymers, recombinant GPIbo., recombinant Human serum albumin, von Willebrand factor

1. 1L oI FaE, VRV LA OBEFTRELEBEEAEOHEKL L

MR, EMEECET ALERE, FHBHECNE 7L 7 IV EEKRORFEITE>Twd. TY7IVESH
FMICIRL I EVPHREVEELHBEETHY, FHED &, ERESN, ESBEICERL TV A7:09, 1960FEHN S
FELMALTWS, LaL, /MRIF0OECEERE B 7L 73 v &EE, v 27077 % EFETRELRBINTF L
B) o0l BERL AR EDREEIZS Y, BEBOIEHY L THASKET TE Y, 1999F Levib W74 7 ) =7
g, 1 NVA% t@m%ﬁWF@ﬁ%ﬁbfwéfb bh VEATAVTILTA 2 TA TN % A Tin vivoTO W LR
BT L 2 Wit/ MU OREFEIR TN S, M DEHE IR L 7o & L EEICH L vy,

IO RM/AMEAEYIIHBIZERET BSOS V- FREDTNTIveA70hTerdrbnidv4I /TR T o
CEhBEEsA, O/REEEEGPbaNY 2 EF Y MK 7, EEERE, 27— g JERILEICTRRS
(rGPIba) 1B X &7 AV — L3R ERERTFRLY, RTHBY, WL ABRERCREEEH, H5VIERELD
rGPlallaE SO L2V EY —ATRRBTICBNTIS 720 EZBHEAVWTEY, ThOOBREREISHMETH D
— 7 RENORHEDVER I N TV B2, FEHMORETH -7z, FTrld, KBEPICTpHEREEL

) BRAKE BTHEEAWE LY ¥— BOTFLFMRERE T169-8555 REAFTERX KA LR3-4-1 Department of Polymer Chemistry, Advanced Research
Institute for Science and Engineering, Waseda University, 3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169-8555, Japan. 2) BICHB AT EFIHME T 160-8582 RHD
HTEX (5% ] 35 Department of Internal Medicine, Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo, 169-8582, Japan.
FRILEA20004E11 HOH, #RR20004E11H21H

T ARF XL, 20005 12 H#K X 172 "Takeoka S., Teramura Y., Ohkawa H., Ikeda Y., and Tsuchida E. Conjugation of Von Willebrand Factor-Binding Domain of
Platelet Glycoprotein Iba to Size-Controlled Albumin Microspheres. Biomacromolecules 2000;1; 290-295.(http:/ /pubs.acs.org/doi/abs/10.1021/bm0055293); I
HETEMXELTHERLEZDDOTH S.
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DEHETYaIEF L PTUTIY (HSA) TNV T I DE
SEREFFABL Y. TR BESE & CERIC L > T+
nm? St umE THBICHETX 5.

ZDOTNT I rEAEIZIGPoY *ERVROBENICL DS
2ET, VAT oBRESM, KB TICBITAEFMEITL
7o, MENBEETAEAETHBEOI I —F U PEHL, £#2
W74 ¥ENVT T FRF (VW) PEET 5. FHEvWAILR
BT3FVRhcLs TURBEENELL, MAKRKED
GPIIX¥EAEEHEET B, KITIE, ZDOrGPIbaxfHEE S
BTN TIVEAERETRML, —RIEMOHEIFIE LTOR
e -l L =D THRET 5.

2. Ak
21. TNTIERHFDER

250mg/mLY) I EF > b FAFETLV T I (tHSA, 7 x
V77 A4 FHIRME) 2Kz L CREREET L TRELA %
Bk L7220k, EEAEKCCTHR L 10mg/mLOrHSAEE % 1572,
Z OrHSAEHE25mLIZ0. 1N NaOH/K & % 800uL il 2. T20%
L, pHI0.65& L7z, 80C T2 ML, K T105HE

BLEHL . RICERTSHMEES L, pH1051 21TC) @
B EE. RIZ, EHBLL2I50.IN HCIZKETE % 200uL$ 2

800uL ¥ THNZ, EipH6.04 217C) 1275 FTHX (100uLFE
) CTHEEHOHSABREHB:. ZOEEE37C T HE
HTa L BB eERra®d L. ThipH74 (37C) U~
EefEdEAEAIEK (PBS) (23t L CISKEMEMN (5C) &%, -
F7Er7 3 Fr@fHE (15mg) MRER (22°C) T30545HE
L7, BIRIIPBS (pH7.4) (24 L T4 B E (5T), R
NABEIZTIOMLETEBLTT VT IV ESRTHEE S
([7h7 3 &E&tK]=16mg/mL, pH74). PRIFO%TH 7.

300
T 200}
£
3
;
o 100
0 50 100 150
Time (min)

Fig. 1. Change in albumin polymer diameter
during stirring at 37°C, pH6.0.
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22. YNNI FF (PD) -FLTIEEKDER

tGPlba% 7V 7 I Y EAKRIIEE A &4 5 728 | IN-succinimidyl
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(a) : (b)
Fig. 2. SEM images of albumin polymers.
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125 B & THet70.7%, ML/MREL. 7x104/uL 0> 54 R I i % 39
B SRR AT 0% IR L THEH L.

VWA (10ug/mL, PBS (pH7.3)) i, 75 A (EEF
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Fig. 3. Conjugation of rGPIbc to albbumin polymers.
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Aggregation of rGPIba-albumin polymers in the presence of vWf by the addition of ristocetin detected by

PA-100. (a) rGPIba-albumin polymers([rGPIba}=4.0ug/mL, [HSA]=1.0mg/mL) was mixed with
vW({(50pg/mL), and ristocetin(1.0mg/mL) was added thereafter. (b) Aggregation under the above conditions
was inhibited by GUR20-5(10ug/mL). (c) Platelet aggregation by control albumin polymers(150pug/mL)
with ristocetin was monitored at low platelet counts(4.0x104/uL). (d) Platelet aggregation by rGPIba-
albumin polymers([rGPIba}=0.27ug/mL, [HSA]=150pg/mL) was strongly induced by ristocetin(1.0mg/mL)
at low platelet counts(4.0x10%/uL). mmmmm 36-60{M ewm—30-40pm —— > 9um

I UBF O A4 XHBXEX3nm % O THEFE240nm D ERFEFL T 12
X773 P00 EFTE SR TS EHEESNDL. T
73 EASRETMICHEET AHSAKII T VT I v EAKR TR
LTWABHSABDISSDITH o7, tE-oTT7 VT I VEAR
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Fig. 5. Attachment of rGPIba-albumin polymers to the immobilized vWf under flow conditions

(shear rate 2400s").
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FEHEXKOERORR & ATIARN DR
Circumstances and problems on Antarctic medicine:
Prospect for the artificial blood.

RKEFFH B9, 5 HREYY, = L &£
Giichirou Ohno" , Takahiro Miyata” , Haruo Mikami®

FITHHER

H AR O i B A BRI B AN 36 C370E (19564 ~19994F) 4ThH i, DN1200A (CFH33F) A& L 72, FRAERAEIT42336) T
RN E453%, PE22.7%, ER12.7%A3KERTH > 72, 10 B4R OB T ET16MEONFRITIHETLI% (BEIL
SMEES), BEERY (3% VHEERER), FBHI9% THo7:. BHEMOEEOERIISZELITIBHE T, BARMIIT N
TORBIEEL L CHPHODLRETLET .

WILERISHEIMEY 3 v 7 DBRBIZRPE L2 VITBHBBLATOMBRAEH IR CATORIFEENS. FOEHIIENRE

D RE, E - RFDES, EHARED TS, KERGOTHE, ARFRETHEATRL ETH L. ININRFEH T OHIMAFE
IZD%N b,
ABSTRACT

Since 1956, Japanese Antarctic research expedition (JARE) has administered wintering 37 times with a total 1200 personnel at Syowa station.
The total medical consultation was 4233 cases, indicating that 45.3% of the cases were surgical and orthopedic cases, 22.7% were internal
medical cases and 12.7% were dental problems. There have been 76 deaths at 14 wintering stations of 10 nations: 9% from disease, 72% from
accidents and 19% from unknown causes. The major fatal disease was the heart attack, 73% of fatal accident involved airplanes and helicopters.
The doctor must manage all diseases without support. Several problems make difficult to use natural blood in Antarctica and the blood substitute
is being expected.

Key words

Antarctic expedition, polar medicine, morbidity, blood transfusion, artificial blood
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Fig. 1. A map of Antarctica.
Syowa station (Longitude 69°S., Latitude
39.6° E.) locates on the eastern Antarctica.
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Fig. 3. Distribution of consultation by medical field.
(4233 cases,1956-1999)
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Fig. 2. Ice breaker SHIRASE. Although she is one of the biggest ice breaker in the

world, she needs two weeks’ voyage from Australia to Syowa station.
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Fig. 4. SM100 or largest snow tractor designed for inland travel is forging ahead

on ice sheet with 7 coasters.
Almost all cargo in the coaster was frozen and destroyed by wavering.
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