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MOLECULAR DESIGN OF OXYGEN CARRYING PLASMA EXPANDERS
M. Intaglietta
Department of Bioengineering, University of California, San Diego, La Jolla, CA 92093

Oxygen carrying plasma expanders (OCPE) have evolved in the attempt to reproduce the
oxygen carrying capacity of blood, and under the premise that it is generally beneficial to lower
blood viscosity. However, the cardiovascular system has excess oxygen carrying and delivery
capacity, and is designed to operate at an optimal shear stress in all conditions. Therefore
reproducing the oxygen carrying properties of blood is not as crucial as insuring that flow and
viscosity, the determinants of shear stress, are maintained at physiological levels. The
introduction in the circulation of an OCPE based on molecular solutions changes the transport
properties of blood and affects the homoeostatic balance when the changes cause the circulation
to be outside of its self regulating capacity, a landmark termed the transfusion trigger (TT),
corresponding to a loss of approximately half of the red blood cell mass. OCPE’s are not need
up to this point, volume restoration and maintenance being the sole requirement. Introduction of
low viscosity OCPEs beyond the TT to restore oxygen carrying capacity and blood volume case
the circulation to be subjected to extreme hemodilution. The principal problem of this condition
is that low blood viscosity causes vasoconstriction, which is a positive feedback situation, since
the consequent low flow shear stress reduces the production of endothelial shear stress dependant
dilators such as NO and prostacyclin. Additional evidence indicates that NO is not only required
for hemodynamic autoregulation, but also for controlling mitochondrial oxygen consumption.
Furthermore adequate levels of shear stress are needed for controlling endothelial expression of
genes that regulate apoptosis as well as lowering microvascular damage due to inflammatory
phenomena. These considerations suggest that OCPEs should strive to maintain blood viscosity
to near normal levels, which poses the problem of how to maintain blood viscosity in the absence
of red blood cells. A solution of this problem is to use large molecules, either singly or in
combination. Polyethylene glycol conjugated hemoglobin, polymerized hemoglobin,
hemoglobin combinations with colloids such as starch or dextran, liposome encapsulated
hemoglobin provide potential solutions to this problem. These considerations are supported by
recent experimental findings showing that the vasoconstrictor effect due to the presence of free
hemoglobin in plasma is an inverse function molecular radius, and the result that high viscosity
plasma expanders maintain functional capillary density in extreme hemodilution. These results
provide the basis for a rational design of oxygen carrying plasma expander molecules that
optimally match and preserve the transport properties of the circulation.
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LIPOSOME ENCAPSULATED HEMOGLOBIN;
CURRENT STATUS AND FUTURE CHALLENGES

A. S. Rudolph
Defense Advanced Research Projects Agency, Arlington, VA 22203-1714

Liposome encapsulation of hemoglobin has been pursued for nearly 30 years. Over the
course of these studies, significant information about the physicochemical properties,
biodistribution, oxygen carrying characteristics, and interactions with the
reticuloendothelial system and vascular compartment have been generated in a number of
laboratories. This information reveals a pattern of effects largely dominated by the
liposome size and character. The particulate nature of the material results in enhanced
intravascular retention in a number of animal models (half-lives up to 48 hours) and can
be modulated through surface modification with components such as polyethylene glycol.
The reduced extravasation of liposome encapsulated hemoglobin is also manifest in
reduced interactions with endothelial components responsible for maintaining vasotonia.
This has been demonstrated in isolated aortic segment models and in isovolemic and
normovolemic exchange transfusion in small animals and primates that show reduced
pressor effects of encapsulated vs. free 64Kd hemoglobin. More recently, encapsulated
vs. free cross-linked 64Kd hemoglobin have been compared in a model of high blood
flow in the choroidal plexus of the rabbit eye. This study demonstrated vascular flow
defects induced by the free and encapsulated hemoglobins as measured by indocyanine
green angiography. The encapsulated hemoglobins showed reduced effects in this model
compared to free hemoglobin administration over the course of 30-120 minutes. The
interactions of encapsulated hemoglobin with other blood components including the
complement system and platelets have also been the focus of many recent studies. These
studies have suggested that liposomes activate the complement system and interact with
platelets to effect mild but definitive changes in blood chemistries and platelet distribution.
The outcome of these effects in relevant models of hemorrhagic shock remains to be
determined and is the focus of current study. Finally, the pursuit of a commercially viable
liposome encapsulated hemoglobin product remains elusive largely due to the
economically feasible production of the material. This area has received less attention
over the years, as the relatively low encapsulation efficiency constrains the cost-benefit of
the potentially reduced side effects of hemoglobin administration. In order for a liposome
encapsulated hemoglobin product to be realized, the physiologic properties of the solution
must significantly outweigh the current cost of production. These technical issues will be
reviewed and a course of future challenges that await encapsulation of hemoglobin will be
presented.
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Prevention and Treatment of Bleeding by Fibrinogen-Coated
Albumin Microcapsules and Other Platelet Substitutes

Marcel Levi, and Jan Wouter ten Cate
University of Amsterdam, Academic Medical Center,
Dept. of Vascular Medicine & Internal Medicine,
The Netherlands

Severe thrombocytopenia frequently occurs in patients receiving chemotherapy or in
patients with auto-immune disorders. Thrombocytopenia is associated with bleeding,
which may be serious and life threatening. Current treatment strategies for
thrombocytopenia may require transfusion of allogeneic platelets, which is associated
with important drawbacks. These include the occurrence of anti-platelet antibodies,
which may resultin refractoriness to further platelet transfusions and the potential risk
of transfer of blood borne diseases.

There are several means in which primary hemostasis can be improved avoiding the
use of allogeneic platelets. Platelet substitute products may be a promising novel
approach in that respect. We have recently developed a platelet substitute product
(Synthocytes™), which is composed of human albumin microcapsules with fibrinogen
immobilized on their surface. We have shown that the intravenous administration of
these microcapsules not only correct the prolonged bleeding time in rabbits rendered
thrombocytopenic either by anti-platelet antibodies or by chemotherapy, but also
reduces bleeding from surgical wounds inflicted in the abdominal skin and musculature.
No potential systemic prothrombotic effect of the microcapsules was observed in a model
of rabbit venous thrombosis.

Concerning the mechanism of action, experiments with normal and
thrombocytopenic human blood in an endothelial cell matrix-coated perfusion chamber
demonstrated aninteraction between the fibrinogen-coated albumin microcapsules and
native platelets. It wasshown that the fibrinogen-coated albumin microcapsules could
facilitate platelet adhesion to endothelial cell matrix and correct the impaired formation
of platelet aggregates in relatively platelet-poor blood. These data indicate that
fibrinogen-coated albumin microcapsules (but also other platelet substitutes) can act to
improve primary hemostasis under thrombocytopenic conditions and may eventually be
a promising agent for prophylaxis and treatment of bleeding in patients with severe
thrombocytopenia.
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HETIFERIEEL D EEEBERERITREEICLD
AT MUMREFFEPEASER S N, MR M%E & RE ST & £
HERAEBEL, TNCERICIZUIERITRVLDODATIVNMR
DEBICH DA TV 2, KFEETIL. GPIb/IX/V EATRDH
FERBMI DB FHABZEEEMRL LY HY — L4 (1GPlba-
liposome) %, fAMBZ 214 VT 7)o EBILEYRY —
X (rGPlalla-liposome ) DIEEFMDIEREZFENT 2.

ZNIZH 2 1ZrGPIba-liposomeldvWEFDEHE T, VA bt F
SIS E D VARV - LBEBRETZZ Y. &5k b
REBHBERFIRT 52 &, ERILVWEICELILIEETCHE
THILREEBEMDIZILRE (BBRC, inpress) o L&, in
vitroFEMARE T T vWFEE{LREIZ rGPIb @ - liposome # 8
T2HEAFDEMERDROL—BOMENBREIN, ZOKE
BIXEMBLYWFBEIZHE IRET 2 Z &, rGPIba- liposome i
IZ7 0 E&rollingT 22 &, inviveo v NEEIIRS ¥V M E
FIAZBNWTHE S~ L2rGPIba- liposome id A& F25t LA
Lﬁﬁm CEBETLZL. REERLWHELTVWE, -4/, 25
T UCHE TN &ErGPlalla- liposome ld. HCPERE & EE L/
L% BRAFEBERXAVWTHET 2L BBRET TSV L&
HEEMTZ2LEBICHEL. QCMEIL X 2IREIMNEWL (AF)
ELTHESL A D ENARETH o120 T DRITIZIAGPIaIAK
(GINTIHRI SN 2HEORRISTH 55 & 512rGPIba,
rGPlallaDFE A EEA L) Y — LD EORETDHEATL B,

Zofts, EELLTTNT IV EEEDYRY —~LOPEGHL
HIRETEIN TV 2. CHODOEFEANED, Mo FRs. ik
MR HEREIIDNT, invivo TCOMEIDERETH D,

AZIMROBERIE. BBV TR D NEFEMRBIER
< CREICRTREBRUINOMU/MR O H4E - BIfREE DR L
e, BEEOICL o TEONEENEZME - 818 L0
D3, Infusible Platelet Membranes (IPM) & L TIES N, &1
HEERREZTERRARD TR ONS M, RELELE TR
kahiz, iﬁ“r’]“(ﬂﬂftﬁitml*# EEET A AL/ - )
REYOERLICHAT TS 6L 2ENENSKRDOSNT L B,
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SRVUKRYYI L —A4

BIETHEMEZ E MIET VT I 2 ORFE

Mk &
HEUEGRARL AR EMERREK

WETIT., BEFHRERMOESRICIDELDEXK
BOBENUREL 2> THD. BMEFHESCEXRE
FREOXL D> BMEZABESZTOFNTIZR N, L
MURMRS, EERBELTOBGTFHBRAE FOET
VT2 (HSA)DBFIL, UTOLDBEHEICEIDA
HiZ DNA EMICL27-ABBEDEEICBIT 2R bRE
BEED1DEINTER,

I BWHIENERZNS,

L. B MMETIVT R 2 (=rHSA) DR 5 BAMh D
X DNA BEffICE DBIS N EER & HARZEE.
BRHICERESETH S ZLICERT 5.

2. BWAEEENERINS,

BHN1TSLHEDOBEMEEZZHE. o
RO AEERENC NS EZMTHO. Lhb,
KBICHE T 2HENH S,

ZDEDIT, tHSA OREFICIE. MEELEEEEVWDME
RURTWERERICKBEEDBICBWTHILISE
HIENERIND, COBMEERT R0, Fi
IAY - IVELEBRTHHIEFTNA N A2H
W/ tHSA OB AERRUEEREREELL .

ME7INTICEHITIE. BREEOL D RIEEN
BN EMNSHERZO HSA &R WEIEERKHARBRICH
WTIE, MmiEdRkE miE7 )L T I > (mHSA) & DFEE
HEIEFIERBAIOBMEL 2, BANEMRLE X
WRiERBERIT 2SO ECZNNE. REFEE.
B ERVWEHAERRBOBRIIOVWTHEN TS L
EHIZ, rHSA DR UG HER T nHSA & O ek
REBRKBBOFERBHIIDLWTOREDEDLET
BT 5,

NS IERRREBR R U ERRIBR O R Z D L 1T, 1997
£ 10 A. tHSA DELERRHFELEML /=, £/=, &
BEEHMITLUTEEERORBHE TS > MaltiEE - T
RAICBNTERL, 2000 FRE0BEEGZEEL T
Eix - AP TH B,
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SRVKRYI L5

BIZFRAMAEMUA

RERM
BRERRGEXRFREENPRER

BUVARICEC RHR. BRI, §8. REmE104
EYLEZHEMBIZTUTMRNAZBEEL . EFOELETS
BXGHEL /A= ) —EBRICRBRLIHESATS
=Lz, SATSU—IEIRIT LT-1,000{EEED
IA—UMinlEYFabD R E LTk hlep3 2 /O LR
BLTI7—CEECIERALLTRRBRSA TV, &
DI7—DTARTL—REBVSLAKRERIRTSLE
BZO7—CHF OB ODNAIZEDIRINEEFAa—
RFENTWBHIZ. RRET7—DHFEREL. AR
ISHEBLII7—UREIRT B2 EI2LY., EBEFN
BHICHEIND, REFTITRIEEORFERLT
SATS)—% R —= T L=, 6| THEEDR
REEBETES -, BEMICHRLI-HITIEF1007/BH
SRARYRTFREICHLTI08EE M I DRIEDE/
sO— kBBt Sh, ERILI-S/4T5)—D ke
DEESHNEFHEIN TS, FoNNIDI VLS4 E
ERGLISR T AR BEBEL AT BETH D, in vivol TR TIXE
HERRAEROBEALMIORRICIVIRFEZE AL
BESLFAIMEVEHEIN LGN, J7—PhEDBEL
in vitroTCerror-prone PCRZ1T3 &2 &Y in vivollité%
mimicd A ENTEETH B,
COMRESATS)—%FBTIE RFXRLUDIFUE
FEICKY PR S TEREE. PR EEED
MEZERANV-ABRNMTHONA TS EBERICHLTE
SHEMAKEEBAEETES, J7—URAELTEEE
Lfz&. TOVEEZI—F T S RIZFEELLEMUA
20—FFEMICERTEIRNDI—ZHAAH. B
M TRRIED. BRODINL-TTRSIFITE
R AVILIVHDARTLFUERRELTEFD S
MR EBIAREMBLTNS, COEMIT7—CH
ARS4T5) —DIF R TREMEIZ DL THL S,
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YR TT) L1

SR L2

ERNIC B BEEERED 5 B R O
S — BB P PR U2 1013 T —

BLNEN, IHE—, TR, AR,
SIBKE. R, HBLE. KEFE,
BB BB 1R

BRREEEE AN E L g EMIZ/— 7L ok
B NLERAWTALIERLEME, ABF/OE2H
WEME R ELOBENEREINTE, IS 0mE
DEERIGCAICB W TR S BEEBEFZERLEDOTEZ P .0
CEHOEREBBICSA2EE FERBOBRENEDE
{fbZfEt L,

(E] JRITUE RAL/NEE, ANEFOE Nk
(HbV). POE B8i~NEZ 0¥ /N EfK, Neo Red Cell
(NRC. 7L EHE), RUTINTIALTH S,

(FEE A 1%] EREBMEL THWZ0R, v9F, K 5
v RTHD, HEOBICK> TEEEZBIRL /=,
aHfiiiE & U T, FICH LB MR REN 28T T 5EF )
ZRWT, BREEEMTOBERL. TERSE TOEESS
EOELEEZED, BEREREICONTIMEL /=, F72.
—EHTEATOHZER L THEERTZ —EICLEE
DEFZHEBOE(LIZOWTHN L=, FiE, RBHCEL
Thd, AFER SREHRBENREL. oMz
DEBIZ DWW TR L 7=,
(FERRUER] U RAL/WEERIZB N TIE 40%05E M
RBEETINICBWTERHEL2LESE. 2B ZERED
11 20% DEERENE 5 N ¥ RALNEEKICE ST
BRI N TNV,
ERAETOESRYRY - AICEIE L5 1 T O
FEWREEL T, AEFOE /MK (HbV) RUFIL
EAHE D NRC 23 L 7. HbV IZDWTIE 90% DR ML
KHEBRZIT o/, NRC TRELFIMERICBIT 2%
EERAEITo 2. HbV. NRC &HIT in vivo IZBWT
RIF7SBEFERBE R A L Tla/z, Polyoxyethylene TV R
V= LADOREEEMLIZANES O > /Mak(POE—
HbV)ZR W5 & KM OBRSIED L7 M iHE
BRI & HICHLbWICH L BIF &2 D, BEEGENAIRETH

D ERRICAOIDIZREBENEN TS S EEZ SN,

TNTIALTHE, SERDZHRBIEICK D, in vivo

TERERENS D, I PHEREIIEENEVWLODE

HMEFEDLARTH 3,

(X ED]BEREHZOF M TIIEN TN OB ITEERISA
ET2METH D EEZ SN2, MPHERRERET
DEZRBMERAORTENTNI-EG L EREETLEX
T5IETHRKGANIREEEZ SNk,
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TIVE, I EBRRMROMELE, XU
I FETTHE & #EH & AR D AR BE D AR Y

BH =K. MEEA. R EF.
Marcos Intaglietta, £ FH 2

BERERZE BT RIS 5—
Dept. Bioeng., Univ. California, San Diego

(8] "\EV/OEHY)ZERAVWS—EOELINE, L
REEREREZEML., TOMEELEBELE, £/ #h
ERAREZETHAEANE2ERE CHEEMESENT
DHEERAN., SBRERRERE L LEOEADED
BfR - MELE % BRM L /-,

[(FiE] VA EL THFRNERBHL(XLHD), poly-
oxyethylene(POE)#& & Hb (POE-PLP-Hb), E&XLHb
(Poly-XLHb), hydroxyethylstarch(HES)#& & XLHb (HES-
XLHb)Z &/ L. ) BIDOPOE-HbV &Mt % LLEk L /=,
¥£7=. Hamster dorsal skinfold windowiEZ A\, £ D
10% BE O & B REK ((Hb] =5 g/dL) Z4n#k 5., Efim
E NIk A0,120~160 u mB)DER & I FiEE % FHiME
B S REN. EABIIRE S FRRIE L /=,

(#%5%] POE-HbV T3, allosteric B FORMBHEIEIZ LD
BREFNEZEBEICHAS TESN, fLOFELINEHLTIZ
BEAFNEIDTFEEKETS. HELBEBEER
B FRAEETEL, POE-HbVIZT IV T I A8 IC
KEFAFBORBICHSGTES, B TR TIRME B
BT 5L HRMEBRBFBENED SN /2h. XLHb, POE-HbVT
DS hlzho =,

Hamster 2 T HUNEREIFED FEEBBE NI TIZ. XLHbD#H
BEEN 530%0 M E T & BRI ME O & ik
BOETMNED SNz, BREROK FREOEAIZHEN
INSDORERIZEA L, HES-XLHb& POE-HbV TIdFR EE
fbE@BDIaho7z, EOEOMNEEUOMELRIZ, @
BEHNRMREFNOZHOHR T 2BHK{ICERT S, BB
MEENEBIZIIE TamOMILNH D, /IR DHLS T
WBHNREZBIE L CTREMIEICETREL TNOZ IR
THEDIZMENME, ROMFELRIIENSEbDEE
ahbd, i, KKEOHBVTIE, TiEfHEEICETE
BTETNOOHIRRREI SR W, £/, Aby TRy
O—EIZE D RIE L 7-HoVONOKS &EE L, Il ”IC
HBLTHBLWIEBFEELTVWERHDEEDNS,

(Ke) BRYEEOEELEOBE, S, I EOPOE-

HbVD SN K O FRMEBRIGEVERE 2 - BRI TH 5
LHETESD,

ATLIMH# Vol. 7, No. 3, 1999




SRS L3

AN TESFREMEL. Neo Red Cell DBHZSER IR

TIVER R TS —

R B

kL B RO IR A A& B PR UL AR i BR LA DRSS
Liz~Erub vk, YR — A& 72 b L7z A TLEE
SEM S, Neo Red Cell : NRC DB %Z1T > T&T=,

NRC i, Inositol hexaphosphate:IHP Z~&Jmt' &4k
AT 'METHIET, TOBEZRB TN Pso02 & KIARR
MBERIVEFFIME IS 7S, HD B EDS 6g/dlE IRV ZH A
PhoT | EFEFICBWTILEEREOBIEREN LR
THENBONLTETHS, I, MERBHZESFEE
BAIZBWT, MBI B 2B REMRAERT M. A T
% B\ V-SSR A ER T2 BB ERAE ST, Hif
Tay Il T AR, BBRREFREL TOBREDORNE
EELTES, Bl —EaIcRETHATERRERELL
T LEREBEFERDRII+AROONDLOFEHTENT
B,
= H T ANES v e FE L TOLIEnR0, 7L A
ICEDBPEY R DIEBENIBLA T, VA NAREL, BrE
i ELEEEL CTRVEA TE, ZOER, v(/ay
=— 7 BEREERIENEEILLAVANAOBRE{ LR T
TANVARET AN E—DEIZHEHEIZLY 12logs A EOR
Eb, BREZEEV SV TERTEDRIALNILSTRT
W5,

ORISR EBEX . RIE, RIS HE IR, &L
FRETE. BRRHBR A O GMP 8i&E 51k, BREOTEE ., HI
ITE LR ERDORIEIToTVBEEIZH D,

INOORRELARR U214 | BREEICETe T L1725 03 [RE
OHARYINRMEROREICEL T, RAEHFERALLTD
BERELIR BBEALLT, 5% EEHALRPHER
BT, ZNODREDORENHLETHAHIELEBEL TV,
FORIZBWTHEEKIGAOERZ BEL, EAERHR
DZEEBRE FLOERDIB AR EBBENTIRETH
Be
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MR AEDEEREHE 7 A K5 A >~

hE—H, FEg=
HREFERKYBEAREaERLE 7 - 8=
BAMRREYFRERREE T A 85 1 AAERER
29 -=F T IN=7

1997 E D BARIMBAREMF KRBT, bOBEIC
B2 MEREYOBKIERICHE T 57 DK
HHA RS54 VERBERLORENRE L, h%
ZTI8ELIHICEIMBORELMVHEI N, &8
2EIBICRD —F 77 NV-THRERL, #HEICE XX
BHELAZTMRAREBYERITEAT A NS4 VOFBFN
SER U7,

FORER, MERBYOE bADEEIZHT SRR
M O(LIT, BB LT ANV UFEEICETK
HENER, BLUERGOBEKRRBROEROEE (L)
T. WETGCP) %##M5F45Z E2EA & Uz, B
EREEE LT, BREFAEZES, ERERRHE, B
EEER, WBEORBELA VY I+—-LNave b,
BEREHRE, RO, IRBROERETEE, 1RREE
BELLIIOVTER U, KBRBATELSREE
EhEULEXDERERPEGIFHHEREEDE
METRBAAEFHNI LEBELADYE,

LI, MEREYBERTMEYT A K54 iz 20T, AN
Ny VvEAEEBIUNRTGCPABE R NS 2DHE
ZHNT B
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—fiEE 1 —1

—fEE 1 —2

NTEESGBIREANE SO ¥ VBl S 0
HZERIEIZ L B e FSLEY £ L ADKE

BISSEN, BEETD ©,
TR, GHEY, BOEE

tiER T FME LY ¥ =
TVE (R) HERELY -2

[(B) ML VBT 2 A L ADBETHRLEY L L
ABI194&, gy I B I 4% B4 A1 < I 4% 45 T B4 %) 12 v S AT
HEMEY A VATNEE, T4 bbTRMEE, 2 F1
TV = HANEE, ERER, FREIEEFLEE IR T
b, REZMBELZ-oTWA, #2TROFABRYDE
Beibe MROIRERANTOE VEE (SFH) ORE
e BO57:0, EBIZIBNSVEY L VABIYREREIS
DWTHET L7z,

(7] ARMmERS B TE7-HIIRE) L e bRk M BR84%) %
Wiz, RIERZ B EIEK THIERUEEOH0TEAIM
L, BB %18.000Xg, 3040, 022um7 4 V¥ —
RKATTANVRBRERE TS /35 (BMM-35 ; FHILE
35 nm, RBTEH0.01 m*, fBILEK) TiRB LSFH%E IS L
720 NETOE CEBERIA%DSEH 50 mLIZ SV EY £ L A
BI9[F 4 I4E0.5 mLERINL, 75 /315 (BMM-15 ;
BILAELS nm, WBEEFK0.01 m*) X TEE (0.75 kg/em?)
BREABL, 10mLTD25E L. ¥ 4V ZADNAlnested-
double PCRIEICTHI L, FHEICI Y YAV 2ABE KD
720 NEJOVUEVIEBERUA MEBIZI TV A FAES T
UL DHlE L7,

[#5] WBAT10°*/10 uL PCR titer® ™7 4 )V 2 F FHuid
BMM-15{#IC X D 10"*/10 uL E~NERBAD L2 AN R
KFEZ10°710 uLIZ L THGE L7235 4, MBM%IT100
A0 ULIC 72 Y, THSISDNaseLEIZ X VB Sk <
ol NEZOE Y ERRIZHIONTH 72, F1-1EE
WKEBANETOE DX METTEIZASN o 7.
[FL®] KELHEZEH20nmDO VKD £ )L 2AB19I3
BMM-ISTHIR & CBRETH I LATE, 6-7log,NEEE
BR/ONT, BMMICE D Y4 VAKREDEBIZRFOK
EJIEDVTVE, Lo TSV EY L ILABIOLE H K&
WHIV, HBV, HCVEDREDEETH L, NEFrO Y
MRS BFTH D, BILICEBaAEFOC DX ML
RIH2VWIERDL, FRMEBABYDOER L % 2SFHOR
EMEBEOLHEL L THENTH L LEZ SN,
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XFLZTN=BLVTAFIAFLL T I—
ERVEANETOE BRICHT B9 1L
KAREE

FUNE—1+ 2 Stephan ] Wagner 2,

Charlotte Gomez 3 , Victor Macdonald 3 ,
PIERIER L, ihiir— 1, poEe!

L 3L it R +Fiig ¥ > -, 2 American Red Cross,

3 The Walter Reed Army Institute
(B]
TANVAREEMOESIC L Y MBEHEACL BT LA
BIIBR L7z b 00, et EL R LR T
Tvo NLERFGEMAOER & L THIRYNRMEREA
HRONEZOE Y 2HVEHE, 74 VADKRE/AE
LSRR N5, BREMEREE LTBRIC7 4 L7 AL
BrEHp0HB570, L) LVBREARELOLDICIIET
DERLEDINEEEZHAEDELIEHNEETHL, K
MAETRIANE OV EEOFH 72 B AEEEL LT, 2
FLy7Vv— (MB) BIUREHRE SN /MBHERL
(PAFWVAFLVTIV—, DMMB) 2HW, w1 L
AHAIEL L AT O Y L EADBE A HRE L/,

(]
1) NEZFOVUER (SFH) fh#HFEsolEICEY
BB 2) AMI . vAVAE (SFHIO0O0 L. %k

MEORETANVA (VSV) ( &8F) ImLiEvyl
Ll GAE 1mm) EEEE (6 6 0nm)  3) 7
ANVAREA , Ve r ofifBZAVATS—27v44g
4) AMEE, DT UAMAEFOEVE 5) BE
B (P50)
[#& 2]
MB1MBEETFTTL1.4]/cm2DXBi%2ITD L.
VSVIZ5.6 1 o0gloRFELSNiA ZOBEX FPAE
JOEYERIZ3.2%WAL, P50i31.3mmHg
WA L7e =5, DMMB 1y MBEEFTL.7 J/cm?
DONEHZITIE, VSVIZ6.4 1 0g1oRiFELER
T2, AMNEFOEVERBDP S50 LITE AT LA
Lol

(ERXS)

1) DMMBIEMB LW 723 VSVERGFLL .
2) DMMBIEAEZ OV VILIBER52FI2v 4 LA
AHARFELCTELBETHL I LHFRE SN,

Eirs)|

AR 2 —v o H 4 2o AR O S E LS EREE
HEELICI2DDTH D,

; Hemox-Analyzer |2 X %
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—hzERE 1 —1

ANTHRILEE . NEZOY /RO EREHRS

= BRE, EIE-—,
THER

BRREKF

EHEK, RFAEH,

BTFEREMRLY 5 —

[(E] BEMBEOREREL LTk, BIRETEH
FEMREFECTE, HETCICHERTE S LHETH
b, FZTC, BT F T2 F L (POE)$HIC TRESH L
feNEZOE VNI H) SR EEFTHAT 4, 23,
40CTIRIF L, 1 EBICE o 723 EORIE S & HoV 4+
AR DRIFREE 25 L7z,

[HEEENFREKTHAS L 72 HoV 45805 ([Hb] 110 g/dL,

[POE-DSPE]:0.3 mol%, [V F®¥— ) 5 -1 B
(PLP)1/[Hb]=3/1, [KEL A5 4 >~ (Hey)):5mM, pH7.4 in

) VBRI EANK) CEREBRL THRELRE L

4, 23, J0CTHRAFL., 1) EIVITHRIRIRA <27 )L (300~
900 nm, A=FEAIRAK 100 EAM) . 2) AL (900 nm WL IFERE,
ERAIEK 10 BHI) . 3) MRS, 4) BEESHELEH
# (P, OTE, Hill £2%1). 5) * ML= DHR (Po,: 23 Torr,
JICTITDWTHRE 1 EBE THEEITo 720

[#RB LUER] MNORE S RF 1 FEROBEIIEL
Y WERLLIAEROT, EBRROBEMIIER S R
molze 72, 40C - 6 » B0 ST/ RERRE IIEFE
SN TWw5 POE SR REFRTOK CHEEDERTICE £ o 72,
FESFHFPE Py (3R A IIET T 525, S HUd/NaERKAE
DA F VAR EBICE VBT -0 LRI 5,
L Laho, ZOREDORD TIIEEEEMRPEALICHTIEI
B, RIFEO X MERITNORECBNWTLIRTT5
RO b Nz THIERWIZHERE L TV 72 methh 25
FEHRHRATHRES, Hey ICE W BLEN 20 TH B, &
7z, Po,:23 Torr, 37CT?D A MEEDHERIZ, 23T - 1 4
BZTORFROKE L 3WLADOHE L2303, Hey D47
B Hh OBBIZECERL TV ARVLDLHITE NS,
ZOM, JBEBRERSICOWTOELIERDO Sk r o7z,

(#53%] POE 1585 Ho /MR —EBEBRTHRELTL. &
MEEE., BB L IR TEB Y, BET

HETHBLEDLNL KFETIHHHREL ICHERTE 5,
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Z N L AEEER heme oxyvgenase REREICH
FANTETOE AMEEHRIEE FRE MR D M E HEEE
{EAHVEFH DR
AR B, R . RE
+H ER
BRFERB AR FEFE Bl
BHFILE

HAl, af %

FEERPRIBENF
ERHH AR FHE T

FFBE 08/ NIEBR 3R 13 T A0 1 8V 4 2 9 % R M 8 AU

iEEN L TR ERES T RHRLEELZELTEY.,

TONEEZERT 2 I E R RIS 8RR N
(fenestration : £ 100 nm) MEEL TWB 8.
B G INTEMBEIANTE S O E ARMEIZA S 12 &4
WIRHL, REINBAEELH S, F-0LD
FERAEIIHMMES 3 v 77 EDEFIC BT B E R E
BENTWBEA, ZOLIRERTIEIANEOE  —A
LDRREFZTH S heme oxygenase-1 (HO-1) H&E
BINTWSE0, FRBRATORE, HEOEREIZES
RFEIIRZ<BAZIRESEND S, BESITT Y MNoBE
ERFEZRV, EEAEZ/OEY (Hb)., AMAESDO
EX (metHb), VRV —LAHABAETSFOVE Y (HbV)
D=FEZHREGLEIVOMERFOLBLE, Ho5HUD
HO-1ZBHE L FRICB W TR L7, HO-1 12 hemin
40 umol/kg ZIEBENKREG L THE L=, HO-1 O%H
id anti-rat HO-1 MoAb %\ T Western #&#7 & 5
M EFIZ X 0B L=, 2O TIE hemin %5 12
R LR HO-1 2FFMIAIC R L. 18 KR TIZ#IR
ETETO CO BENEARICELR, Hb #8#5 (1.5g.7dD)
ICE D EBEER O LR, BRI E ORI E
EESNk., ZOnEERO LFITHEN, EREHREID
—BIEICEINL, Hb OEFRER, S OREIC L D
BICEME L7z, —% metHb TIREFD L3 BBiTR T
579, Hb IZX DR XN, metHb TIdmIE SNz CO
KR MERTNEREMIZEVL VICHFE TV 3
HbDEEZ LN, £/~ HbV B#ETIRNERE. BH
Rih&EbEEBZBDEN-T-. 25 LD HbV 13ineE
AZERMIZBITE CO DEBAMERZRELWT &Y

ST 7=,
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Hemoglobinf@ fi A " B R R IEVERHE 7 v b
(OLETF)DEIRBhAE & & U /MR EREIC RIZ
TEE

EAE—ER, hHAFHE, ERLT, BHR, K
B R BT EEEAS. EEE. e

ek B TRURRAEPRL. *HRALARR E IRISRRES
HEK EMEESRIR. ALk B

ANEZ OV Hb)REFERKIZL D BN SR
#& K FEDRFAEMEALIZ 0 5 & &, M /MUEHE L
REDORIERMRIAZ LML TV, —F, &
ST/ MIES (LR % A 2 BENOEEFEMR K
BEDOURENEERTALEL D L, RIFZETIRM/ME
EEHAEPRESI NS ERFEOBHY E7 VL L TOLETF
(Ohtsuka Long Evans Tokushima Fatty) % F V>, Hb2S Il /)
WIEHALICRIZ T HE RS L7

[54] OLETE® E{zmy a3~ b 0 — )b & L TLETO
(Long Evans Tokushima) % f V>, 20, 40, 608 #52THE
BIZHW, KEBEERICA_2—LEEA, ThE
NIMEE =% — 7% 6 NCRIM & Hbix 512 H W72, HbIX
5 813125 mgkgs L. KB HbX 72 i3 s-nitroso-Hb
(SNO-Hb) % vy, i3 AR & L7z, Hbik5 10
5tk ERMLLPRPR %, O 7 — 7 » B8RS pgmhB
L FADPEEEGS uM) Z I5E L 72,

(2] HbixmE ER B & Ol MG L Z 7R L 7295,
SNO-Hb T3 #ffll 1172, OLETFX LETOD LB Tid, 20
M DOOLETFIZ B\ THbIZ & A M/ MRIE L ASHEE &

e AEENERBR SN, ADPEEIIME T v b TH FRk
RIERITH 72500, 37— 7 VEEIILETOD TR
HTOHECREFEVPBZ SN, HbEAFLOBEIIK
EREIRONL N o7z, M/MREIIHVR S DB
BOLN Lol

(R ROHGR] KM5EHLIZ X 5l /MUE L 2TR &
., FHICHEIRKT v PTHETH 572, —77. SNO-Hb
&) M/OEE LS EET & 5 2 EAVRE NIz, SNO
FERIIREUSERSNLEREN F. /RIS
BaE AT 5BEII L THREICH AR & B ER
BRI Sz,
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Increased capillary perfusion in extreme
hemodilution after reinfusion with high-
viscosity dextran in the microcirculation.

Silvia Bertuglia, CNR Institute of
Clinical Physiology, Medical School,
University of Pisa, Italy.

The aim of this study was to investigate the effects of
reinfusion with dextran 500,000 (500kDa) during
isooncotic isovolemic following extreme hemodilution in
terms of laser Doppler fluxmetery (LDPM), functional
capillary density (FCD), diameter and RBC velocity in
arterioles and venules. The hamster cheek pouch
microvasculature was visualized by a fluorescent
microscopy technique and LDPM signals were derived
from arterioles and venules under control conditions and
after isovolemic hemodilution to systemic hematocrit of
16.1 * 2.1% by removal of 1.8 £ 0.2ml blood from the
carotid artery and simultaneous infusion of dextran 70,000
MW mixed in 1.8 * 0.2ml saline to a 6% concentration.
Capillary hematocrit was reduced from 16.9 * 1.2% to 8.0
* 1.0%. During the exchange procedure MAP and heart
rate (HR) were monitored. LDPM recordings presented a
significant increase in perfusion units (PU) during
hemodilution, 100 * 20 vs. 37 + 11 PU in arterioles and
34.2 + 3.5 vs. 28.6 + 4.0 PU in venules, that was
correlated to a small increment in arteriolar and venular
RBC velocity. Arteriolar RBC velocity was 0.68 +
0.16mm/s, while venular RBC velocity was 0.26 *+ 0.02
mm/s. During the final step of hemodilution LDPM
decreased significantly to 12 * 4.5PU in arterioles and 6.2
+ 1.5PU in venules, that was correlated to a significant
decrease in arteriolar (0.48 *+ 0.16 mm/s) and venular
(0.10 £ 0.02 mm/s) RBC velocity. FCD decreased
significantly (+3.5 * 5.3%). Infusion of D500 induced a
significant rise in arteriolar LDPM average value (185 *+
15PU) and venules (40.2 £ 3.5PU), while capillary RBC
velocity increased from 0.15 + 0.04 to 0.29 £0.04mm/s
(N=15) during reinfusion of 500D. Arterioles present
significant vasoconstriction whereas terminal arteriole
had a trend to constrict completely. Vessels significantly
dilated during reinfusion of D500.(arterioles: +35.0 £ 0.5,
77.0 + 1.5, p<0.05) and FCD increased significantly (+40
+ 5.3%, p<0.05). Mean blood pressure increased
significantly. Present data suggest that increasing
microvascular blood viscosity by increasing plasma
viscosity has a beneficial effect since functional capillary
density was increased. We hypothesize that there is a re-
distribution of vascular resistance because there is a
significant recruitment of capillaries, and arterioles and
terminal arterioles present the same high pressure.
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NEZOE NEEORIRENE RN DR

B k. Bl B—. RE EE. H2H B,
AR RE—, SR

BEREAF BIZRAMEL ¥ —
BRFE SR BA S (K220 PR ISR

(HE] ARSI NERTR. —BNICHBNER
(RES)ICTTHIEMRBM I NS/, RESHEES T 5 AR5 HE
WEEORMBSLELRZS., I TSEIZ. Hy/MNEEHDLY)
BRERORESAREDIBEEZENEL, h—R2UTS
CABBREEBL .

(5] Wistar®R T v M. $200g)Z AV, T—5 )Lk
BT, B#IkK D POEEAFHbLY(10ml/kg). Intralipid (20
ml/kg)3B & NAEE RIEK(40 ml/kg) 2 A BEISITIZIE L=,
BEZ 47—, BETRRBIE, 1,3,7, 14HBIC
RT 5 —)VERE F A BEBBIRIEE L. Carbon particle (16
mg/mL in 4 EHHK) %10 mL/kg 25, 4, 10, 2053 %1210
U TR RE M 5 Carbon B 2 HIE L. Phagocyte Index
KE)ZEHL 2., AEEBREES RS 2MN, Mg
ERZHE. ERB2FIYCEEL TRERE 2T
7%

(#53£] Phagocyte Index (K)iZ. HbV#} 51 H%30%8 EK
T935, 3 HHBIZIZH2MEICTUE. 2 EM®IZIZa
O—-)#ELABICR 2, £AFEIE. B5ZHICHI0%
BT 5N, TORIIIERICHILET-, BRRERIIE
FIRICHI30%E KT 2 HNEMERICIZETEMCH 5 7=,

#EIABO—BEOAREETIR. £EHHOTNK
BENETHHEEZRLTBY., 3AKROEIIREIZ
HESMANROBEETIEICL S EBbNh 3, #E5XN-HbV
MERRBMINDDICEERBEREFERL TN HD
LEZONE, JAMBICREREBEICETELEZDOT—B
HOTLERETH - EEX SN,

(#53%] HbVZ10ml/kgi 5 L =BATIE. ABEDO—B

HETARD SN B2, 3ARICITEE, AEL., 23EM
TERENETIHERNED SN, YHORBEET
RS ERBICRNTILEND 2 HOD, HOVOFRE D HIE
NRRICATELRHEEZEZD2HDTRAVWEHEEN
. MHBEROREREIIOVWTHMZRNT S TET
H5,
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NEYTE VMK EETICBIT 5 b bR B
BRI ETY A M1 S EED%S)

LOEN, ZRITAL IKEE—3, BHEKS,
HEER -, THEE

I T SE SR BRIk gs SR, 21 U T VT REF
TN URREERE, FBERBRRFEFTIAN
2HE, ‘EREAFEIFREME L I—EST
{L#RTEE

(8] A bO—<T7U—AF5/ 0OV (SF-Hb)IZ{L%0 £
i 0 A 7= B FE A GEMIILE Hb)IZRMAERK T TIckK
% < DEEREBRMTHON TV BRI H 508, £EBESICL
DDMERINEERT S Z ENASHITR- /2. SEERER
NEFOE R CIEE T EE/NE RN XS
BMOANEZOE 2 /MNARHVIE, JERIFRE Hb S 8L T
I ERFEEDT DR EORE LR S, HhOFH R HEWR
BBZEZAT DI EMNBESINT WA, BFRRBROBEICIZE
2TWEW, HbV Z2HRELEZBIZBI3EARBOUVE D
THEYA MAA CEAOEHZ L b RMMLEEHAE b
MEEBIRNEMRZRA W EERICBVTRHLEDT
HwET 5.

(ERFE] b MRMMESHRE, BEORRS 48D
RULFV 22 23— )W(PEG-DSPE)f&#i) B — A, SE-
Hb, HbV OFET THEZITY, OFERH, 4RI, 8B,
16 K5 37C, 5%CO, FTHELAERLL, EEHODIL-
1 a,IL-1 B, IL-2, 114, IL-5, IL-6, IL-8, IL-10, IFN- 7 X X
TNF- o DFEA % ELISAETHRIE L 2. £ZREHICE Ml
FRIRN EMINL 2 SF-Hb, HbV OFETF F TREERTFWV, &Y
1 rAA 2 ELR.

(# %] & bR BEE#ALD PEG-DSPE &85 1) 7Y — A,
SF-Hb, HbV FIEE F TOHEEDRER, IL1 o, IL-1 B, IL-6,
IL-8,IL-10 BLKU'TNF- ¢ DEE DK 2RO =HIL-2, IL4
BEW IFN-v i3RI Nahotz. £ R — A58
$% PEG-DSPE OBEILX 2 BIZD SNah o=,
SF-Hb & HbV OEFEETFTTOH A b4 S EEDBE W E Hulk
T2ELILL a, IL-1 B, IL-10 D 1 6 B¥R{EA SE-Hb D&
ICEfEZRL, TNF- o O 4 FFREE & 8 BrIEA HbV D&
CEEE/R Uz, £izb MEFEIRNEANLO SF-Hb, HbV
FHETTORE EFENSIZIL6 & IL8 DFEEDH K ZRH
U, IL-6 DFEAIL SF-Hb DB EDH V@l %R L=,

(#538] DL EOKRIZHLY 2EBOE M5 LERICS
Z0S3Y1 I COBEENERICEZZEBIZONT
FAL T ETHEOH 2 EHRTH 2 EEZ SN,
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AIBFERFOM/IEELICRIZTHE

B ER' . R —ER'. BT EIE. (b HEC,
ek S, BILTS, HW e, due B

Ve E KR BRI, CRALRFERS:
PERSHREIE S, CLIRE REE PR RS

[#E] MO B ICEE ST 2 LM BN,
M/, HMERSEOMEAEEERISEE LR &E 2 &7 L
TWb, MR RIA Y720 Yib/llaid i b /M S
BOTHESEILL, 7470 =7 VMR L
M/MREEHEET 2, P-t L 27 F VIR « BREIZE
Y 5 EERE TH/MESTESEL S L2 s REICHE R
L, BHILERFE L OME ST 5 Sialyl Lewisx #EE % ) > F
CLTEHOEERETRIET 5, —BILEZNO)IZM/IRD
guanylate cyclase & {& 1t & € Hl fa E AcGMPIR £ & LA &
S /MREE, MELTIHI T L, FoodAErS0E v
(Hb)ANO 2 NG T A5 R M/ RERE 23858+ 5 WREME:
Wb, FZTH/MHRIb/IakP-t L 7 F I2{EH LHb A
MG b 7253223 L7,

[HiE] & b F/oidy PRMER L Y stroma-free Hb % $1% L
ENMBEEBRICEMRL, BE Y PPRPEZHbE 4 ¥ F 2 X~
b L7z SN/ REFREICEIRES NP2 L 7 F
%, FITCELIER L -9iP-L L 7 F bk 70— 4
FA MY —(FCM) & A CTEFEMISES LI MR 2 JE L
720 PAC-1IZGPUb/Iall3 ¥ 5 € J 7 11—+ Uik CTHF 1k
REEDGPIbINall X iE & A EHEEET, mHlbsh i
GPIL/IalZ DA ET S, TobbiEERLE I
GPIIb/llla kD7 4 7 ) J — 7 ViGN %2 kT 5,
PAC-1 b FCM % i\ TEZAIIETEALI /MR % #I5E L7z
[# 2] FCM BB BE (2 L~ Hbi% 5-# Tl /MR CD62P% 31
LPAC-1#E &P 703 L. SNO-Hb B L UFSNO-PEG-Hb#%x 5
BETIIHbIR SR RBETH - 72,

[Z£) Hbix512 &Y M/NBUREEDEILS 5 2 & ATRIE
&Nz, HOD BB %15 1B EB T 5 120 IZFCM%E v 72
FREN TH o 72 MEFABTIE Mo vy agEml
ENTBY, FAERBFTIIEILA LA AL, &
MEFEEIHFAET S, bOr¥rB X ONERERE LM/
Wp-tL 7T URIREFET S, ko T, MBRTERER.
PERIAR. 2V LIRABELEEREEVPFEET AE A0
HbiZ & I /MUESEILIE, BUCERHLFET 55
WA b BEEREOETIIREAOAR L STEL DR
REAM T CHAIND L2 AHEICEVWTHEREET L
B TORIAPEETH S ). M/MRP-LL 7 FrEH %
iRl % 2 L IdHbIC X B EIEH 2 BT A T EEE D B0
P-t L 7 F rFiEtE b 2 30803 A MR 55 D H Ek 13 &
EREIEFEFERCIEZEDOH LWIGEEE LTARTHALZ L
%.) /:J"UZE I ’.Lf:o
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EFRADKEERANEREL 3 v I TICEWS
polyethyleneglycol - conjugated s-nitrosohemoglobin
O B 3 & #f BE O FF MM
B LI, BATSF, IR, RS AR B,
e g’
HeitgiE K% BT BEERET 8515 0%, Hik
R BFER R BIF RIEEY, il ¥ EY
RBFFER BB IR

[lTLHI] NEFDE Y RBFEREDOIRGRICB T
BZEMERE LTIN I TME YU L €IS &F ML
(BP) O LEEMFHMINT WD, ZIITIME AN HER >
5 I A B S A B P R R AR ] F(EDRF). 4% I —BR
(L2 FENO)EHb > FH Dheme S b 5 v 7 L ANEFHEALT 5
HEEZIONDL, £ T, RERIZ ZOEDRFAGEEAL
PRETLINOBRS A B L OB EERMKLEL LT
poly-ethyleneglycol (PEG)-conjugated s-(nitroso)-Hb
(SNO-PEG-Hb) #{EH U720 7 v MNERILE 7 NV LRSI 55
KEEFHAEDE, T MESICBIT A MEOBKRZELE &
5 LSNO-PEG-Hbi% 551 # 2 #851 L 72,

[£8] PEGI iR v F ~NE 7/ 0 ¥ » (PEG-Hb) 13
stroma-free Hb % JEL A EH & LT H ARMfEEPEGIZ & V1585 L
TEE L 72, PEG-Hb # 02 % B & T T s-nitroso
glutathione(SNO-GS) & £ > ¥ 2 N — ¥ 3 ¥ (SNO-GS:Hb
=5:1) % 52 L1 &Y SNO-PEG-Hb% 157: , B EERI I
WistarT v F &2V, 21%0: AR T TH H» Ld3% 7
VIMETNT I /BSAICE W EFMEE6SHEIR LD
L#30% WML, v a v 7IKERZRI L, 20%, K
MEIZ A+ ASNO-PEG-HbHb(5% w/iw) 2 1% 5- LERE L 72,
AHBEERICIX, 3%BSAR XS L7z RSV IGHIEIZT v
FOBEE AR L. 4 EREFRISEHIESR (USP430B,
2=y 7 ) 12X DA OERFE{LANE Z T ¥ 2 (oxy-Hb),
JREs ZE AL N 7 O E ¥ (deoxy-Hb), &ENEZF OV~
(total-Hb), BXUFF + 70— A FF L5 —E(Cyt. oxi) D
AL % B I E A I L 7c, MlE P Id A TR A8 5
A—% L LTEHME, ShIRMEEFES T (PaO2). #HIK M EE
EoEPO)EFEEE= Y — LT,
(BEBIUEE] Bl s vy 271250, oxy-Hb&
total-HbD B>, Cyt. oxi. D —EREIC. B L UBPOIKT A8
BaNhi, I-BEMEEOARRICL APVO:DETDH 42
Z 5720 SNO-PEG-Hb#%5-12 & Y Hb & Cyt. oxi.ld T A% 2
CHRIMETO L XL Ch{E L7, T 72BPIZPEG-HbIZ5- 2
RELA*RI T, 1HEEE2TTRMFO L XL
3 CHE{E L7, BiE IISNO-PEG-HbDEEF & HrhE, #& &
B ZNOE 51K L LT oM 2 5N 7, F72BSA
CX B BBEEDT v MIFSHBIBFEUNICT N TREL
720 SNO-PEG-Hbld EE F Bt A IS I NOHHIERN 2 F >
HLWEBEERKE LIS,
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<HR - FESHRISHIERK 18T, 2EMEE AR,
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RERDEAZTD, LMELEEB L, 30-32COFEFE
RERTIEBROBABRET o 1o, LEIHRERDEAL
209 T EICTT o EDOERKBIIRE EUER L. RSB
LTIfTEEENRE LS TALIOMASBIRL, =
5(I309 MR AT 1o,
LEHRERDE NT, REDGIKHRGIKE), GIKIZA LK
Mm¥kP#E&(Neo Red Cell R« FILEH BN AR /=8
(NRCEHD 2 BHCH(F/=. NRClE., GIKRKRIZEF T DER
[CEEEM U, OCERBOEESLL T GAERMKBE
A (A2 hO—=) | RAEIREMRIRE R, ATl
30901, M3ET. BRMOAE. EIE B
CK-MBZRIE L. RBICERLOHERRULESIRINF—
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W BRI R GERRERER) (CHAEET
<FERS2BEMICHIVT, L/PLh, FLBSEEUE, HEIER
FICXBBLALEIER L, CK-MBILEMRIR%, 28t
TRUE, BIRIVF— BT, GIKEETIKEER
ICHUATPHEECETLAN, NRCEICHWLTIZATP
DETFTIRETH - =
<EBBO>NRC(IEBZMRHMBROBE(CLY, EBETTDH
BMEEMECEBNTVS, B, BELCL2LHREL
EZBLUEBE. EROOHRERE LLE U KB IRE I
DOLEHEENBREICADATHREESE . RS, AL
fEhMEDNRCOFERICL Y., fhRMBMZEEBTES
AREM OB <D, SEORBRERN S, NRCEHLE
RE RO XBIR B POATPORVIBETH Y., MK
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NTLE: #EEHANRC (Neo Red Blood Cell) %
HW i o EARIEROBENE IOV T DO ME

HBHE B ZNEN, AL —
BERB RFEFI I

(B8] BEE, VRV —LEBEAE ST U (liposome
encapsulated hemoglobin, Neo Red Cell : NRC)% F\» 72 £
TR Z (Partial Liquid Ventilation , PLV)AS, £ E&8YIC
ER L - REOBEMON AL ET LI L ¥
ALz, 40N, NEZ7OE oI N TRV R
V=4 (ZENRC) ZHWRABRR 2TV, FAKED
WEICAES O VAEE L TWBPRE LT, [HiE)
HEH25kgDHARRBEH, BHIRFREEZ L. R
UIBATR . AT ERIcE#E L, FiO2=1.0 TR 21T 72,
FifgE 3B AIE KT 4 ~ 6 Bl¥E% L. surfactant®
VEWHI TS LICE DR LA-b e, F LA UEER
0.1mlkgmr CI0TERFELIER L b D2 L1, 22
NRC% > TPLV % 1T § % Bt il ZNRC-PLVE(n=4)
&L 4 LA VEEZENRC-PLVEE(n=4)I2 3119050 F. /(M1
. KEWIRE. BHARMAESFZAFIE 2B AYICHIE L 72,
PEEPZ 7T TEBEOHRI LTI HRIEM I b o— L8
(=6)&, F LA VEEI ¥ PO — L EBN=6)IC 5T HRET L
720 4 BEX L0, A3, KEMRE. EHARIMAS I
RE% FERFAICHEIE L7 [#5R] Mg EREO
PaO2id %% M T1d 53.5+9.7Torr, PaCO21343.3+
14.9Torr, % L A » BE T 1343.8+5.7Torr. PaCO213
54.8+6.2Torr T o 72, WA KB LE%305 T, Pa02
I3IEEAITl2156.0+93.9Torr L FEEZ Do TEL 70
—H* LA VR Tid76.3£56.4Torr L BEF DHED &
HHOOL NI, OFHICIETE L bPaO2IIETFT LTV A,
PaCO2I3HM L TV o7z, [EFE] fIE#HE L /ZNRCT
DFEF 13PaO2iZPLV AT 307 TR Mt Tid252.9+
61.4torr, F L A VEETIX211.313.65t0rr L NEHSTD 5
h, 905 IZREL Tz, 4 DZENRCTOHEE
BROER, EEM IV TIIPa02d T E X, + L
A VBRI CTHEETOUELIrEOONEholDid, 2=
NRC#SsurfactantDRE # R/ L2 L2k B b D E#E 2
5%, NRCTH W TREBRK 17 ) K. NRCOBER
EiE i dsurfactantDIZE » R7- L, ERMEZLEL., W
YDA T TERREFHoTWLEEIONS,
B4 % CRESBEVWAREIAETAETO VY LY il
FOBEIELED, MR ANWESINL LHH XN
%5, [#3E] NRCIZ & % KRR TIINRCHDOANE S
OEYDPHTATBOLEICKVIEGT LTV Z L HEE
Bﬂ ‘éS ;h. f\:o
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»HEETHHEDR ETN
"REER, KRS, EE, ithERESE,
R T, O g2, W R R
'Y OARDBEEMFIHS R "
RAEH) AV TrA—>ad - H—E 2 BiiHKY BIZHEHEL 5 —
2K SDEEA D | ER B B B 2 BRI  EEH

‘TARNDIEADH EEFREEERERS

(#F] 7v7° 2= ruR7=7(AMS) i BHETT B R R F & L

THRRTENTBYZOHMAPSERINTWE, /-
(T oIZ] ZFNNDEADEDN OB THINEES pH, R 7% EOLEBRIEIC L ) RERIEATTETH 5, 4
THZERLLHMOENTNWD, EX¥HICERLTCHEM mlx, Chz/MIEEERB EOBFFEL LTRIAT 57
DOY¥EZ DR LRV, FNT, TOERICBNWT, MF BHIZ, F903~3,m D AMS OFBEME, o O/ IMRE
HXTRWIEARBEYIOMBICHIR LTS C L2 RR BHETHS GPlba & BRI THE S5 Ll & 05
LT ER, S0IE, L hIFTHNDIEADEREDIER L7
KELTHAWSLRIEZLDH S 7 )4 —)VDAICEIE
L, {Eméhtﬁ%ﬁ%fim%%, FEREREEZRUE V. [#iE] & 7 V73 > (HSA) #% pHI07 12T B f&
(7 VA —)VDADH ARR] L. BETOSFES A4 4. pH A& TIZ X 5Bk
AR — bR HERIC b > B E R (ERE 7 L BB TOIEMS Aol sie pH TS L S50
VA —)UDA) I, Eliz b ORI DIEADBREDE HHEEER %*‘Uﬂ LTHBEDRL L AMS #1856 &4 %18
HirESE, MNORBRY LTEREIATWE. 7 7 L72o AMS & GPIb o M DZAEH] & LT, AKNiIC AMS
AV —)VDARH»OT, TEABORMOMAE | O'EET DTIELRICT A7 Vi, i OFKwIZid GPIba
1983FE I BAZICHERRHFINTE D, =FNDIE DFt-VEE EHFRMICET AL ) W HEEFET LR
ADRBEICHUTE MEREORSBERNFERH) LOH * ¥ LF L (POE)HEMR%, WAKIKTI/ED POE 705
HTHEATN TN, 1985FIA D 5199346 H X TODMH &1 L7z POE #8072 WMES F D 4246%) SPDP % it & L

ZSCADZA SDIADBELETINZ LU, & cpguaze, FITC ik AMS (SRGHIT 5/ — L i & R
DEANXI9BE B L1227 LTRG, kB os - T H#E GPlba X6 S

[ 7 )VA4Y) —)VDADZH R )
SHEMICE L TRXARICE D RARARENH 5. AWS
‘& TERERAIE ) 58 (21%6%) DT Fluosol DAl e b N s . . .
EEMAPECEDE oS tomt ety [rs S OER] HAS WREMAGE 107,500 L7
EET 3 BEORILIIM ORI RENTH ) Lib o BRIETRA I pH & TP 25 pH 58 AETH
,\*to ﬁgziﬁgk% [44(2) 212-224,1986] (qu-t r7‘-: {&fré(ﬁ L\ 7{‘.‘!.'{% 300 nm *ﬁfg@ AMS(I)ﬁ‘{"E}‘gDilf:o E
CADTADOEEETH T b thi@rNET LD 1240°C THRE )35 LREIRA A, 16 BEEIZIZIE
CIZEERBERETHD, ZOL5 REBRRREICBN 3pm LLE 12 o7z, &I pH & 7.4 (SRR L TR
TFDADE LR SN LB LU, fiC®kL 25,m D AMSQ) %187 R FRNBEMBEEHE T Q) &
REBRMNHZD, BBUhAEAN 2RO 2BRAFRER AMS(1) DBERTH A Z LHHBF L 72,
S, MYVAF NEE LYY Ny #13E % F80 POE H8 1k % 4K
(#:E] 702V —)VDADBERPRIE L B RIEIC DN TR Zh % FTIR, 'H-NMR 12 THIE L 7o REEEH = L7
eaLE, EhmEREMDHEBINZ RS, =h L N A fh Gk o B s |
NOTEADBRIES T, KEQEEDSEAE D LI ff%;;ﬁ;ig;iim%“Mﬁ“”i*;U”WF
BRICHHTES, 20X, baUrzbid, Ml i e
VIOBRFED-O, HEEBR L TWAHERBOB SICEL .
BB LTWB, 2LT, SORLERZHBZELTV %, [#5%] A% 300nm, 2.5, m #EE D GPIb o #54 AMS
TEBRLC. BENEDOEE, BLU POE FEAIOXR
ERMET L. BEBOBABREBEA S ETEHBEEN T EIBET
%O

FLLHERT X ) 3 8,
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HUHLA class IFUKIZ N 3 2 R IStED i W S5 1%
G AL

HiE —11,2, ) E=3, HAT &h4, +F 5
F4, FTH #S, tH EXS, S48 fHk1
IRRRZEREREFMRE Oy > v VIR
B9, 2% b oo RIERT, 3dbiEE R ERR
2R, ARARK+FHRRmMEL ¥ —, B
JEFZB KR

[#E] m/vRIZIEMERICEERREEZREZLTWS
HlTHh. IMEEOKERBEDIIHMEREZ S =5
Fo BfE. MU/MRBUDAEDISHRIT I3 /) iR i e S A
(PC) DAVWLNTVWADREESR DL L. FIZPCORF
FIZ2 2°CIRBMLERZ L, REHRANIBLENWT
& RERFONIF) THBI R, BREEV RV, H
HEBEDO) A DEEPRERBETCH 5. FAEREIZ
SV L EF—HFPCORERFICLDERIN, B
Fim e i IR 3 2 MR EETUARD = MR o
PEHE L BRI 2 MM RIRE (RPT) I
MabBEaNH 5, RPTEREICK U TIZHLAES K —H
/MR 282 2 L TRHIEDITbh T3, 4
Rtk e b gEEERmn/IMRICER U, fIlEREO
HiAcdass iR R HET A LIk b, BHEENTIEE
THOVHLAdass ik 2 T2 RBFICHHEATESA
Bt D B B AR/ MR 2 BERE U, 7 QBRI inEt
)2*3 : 7:1 ] 7‘::0

[A#E] Ny 74 32— FERE PEREIVMRICY L, &
H 5 OB (pH3.0. 0°C) 12X b HLA class IFUR D
WERITo ko HW)T1.8% paraformaldehidelZ & 5 B E
SLER 2 ATV, BHEREARIRTE U UKL U = /MR IS
DNWTIU/MRIRERERIEB L 70 —8 A b XA Y —IC
X B ERMEIRADORIT 217> 720

[HR]) HEiUMRIC T 2 BAE ¢IdfilaREOHLA
class IFUR DL L. VR MeF U BEEELIHRINS
M, MKFOEEYL, a5 -V VU RERDETHERS
h, MMROBRELHERXS N, BNLIEE., BEE L
EEIRIM/MRTIXY X b F U BEREDSHRINTED,
GPIb, GP IIb/IlaDFB MRS TN zh, FERDWE
HEEIRI/R & B D HLA-A/B/ICHIR X &< iia h iz
"ol

[#£2] BULEIC L D HLA class IR 2BREH. 1.8%
paraformaldehide EENLEE L 7z b+ M/ MRISREERRE
DNAEEETH B Z LichnZ. HIFEEICHLA class AR D
BHEhiznwe &b 5, HiHLA class Hif&%® 4 3 2RPT
BECOHEHTELILPHFINSAICBVWTHEER
RO —D L EZ 5N 5,
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BRI EEZL GPL/IX/N DI T A N
BALZVRY — L EEEL vWF & DHE(ER

maFEF . EHEKFS. AHEE
FHE WHEEX.

B REALESLHAN, (RN 5 —
BRI S

(ER) BEEFHAEZ GPl/IX/V DT Z T A b
(rGPba)Z HEHKATEHA LKL TV — A(rGPlbo-
liposomes)Z (£ D . RENMREET T rGPIba-liposomes &
Bl vWif L OMEER ZRET LTz,

(F#) 0—% 3 THEHEFEH L= rGPlba-liposomes
DE AL vWf RH - TOBRIEAL 2 BEEEMEE T Hifk
HELA A=Y 70+ v — ARGUS-20, ARGUS-50,
%o THBEN 217 > /2o BIEIXTRTHFRMBR
B, AT M2 Y b 375% 37°C TITo 72,

(RER) 1. M/MREED 1.25x 100/wW DL &, TP
BEE DS 600, 1200, 2400 s L KE L R B DITHE ST, vWF
EHEEXHMEEHT % rGPba-liposomes DI L 7=,
2. Liposome RED rGPIba B E & vWF DEE DMKV B
&. HEERBIETWEIT rGPlba-liposomes I& vWFf 2 H
KRR (ms DEEE) AL T 220 TH o7,

3. Liposome KED rGPbaZE & WF DEEDIE LR
% & rGPlba-liposomes I vWf R E -5l U = REET
WENG HA~BE) L2 OREER rGPlo B E & vWF B I
kFE L TR LU,

4. MM/MREBREEDS 557 x 104, 10.45 x 104/l L &L 2 %
. WIFRE CHEER T 5 rGPIba-liposomes D%
ELLSHD L=,

5. M/NMRIERE 1.25 x 10°/ul. TT¥AM VWE R 10ug/ml
DE 5. rGPlbo-liposomes IXA[AEM: wWf 24 L TEEL
VW IDHSE L TW A M MREMEER T2 Z L ARDS
Nz TJAE vWE 2t LU 7= rGPlba-liposomes & I/ ViR
COMEERIZ. M/MREED 557 x 10 10.45 x 10*/ul
LR RBLEDSNRD o=,

(#53%) rGPIba-liposomes & [EE (L vWf & DAEE (ER X
rGPIba k vWF & DA iHY R FE A IS & B "tethering” % 4581
95, M/MREEDERNE &, rGPlba-liposomes £ A]
B WE Z A U TIIVIMR & HICE R W ICHE LS 3
ZEDERDE N,
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ﬁrixgéje —1

BEFH A Z GPlalla 2T GPIb/IX/V
DISTAYNEEBALREYRY —LD
BEba S =7V ADOFE

FEET . MEEERNS, EhEAFL NEE.
HHEE, WHEERE".

'EREERFEZHAN, (ARt v —
SRV EBEETAEN, R AT

(BW) B TH##HE 2 GPlalla (rGPlalla) & GPlba
DTS5 T A (rGPba) ZHEHSTEALLZY N
) — I (rGPlalla-lba-liposomes) Z{EDH. WEPRET
rGPlalla-lba-liposomes DEEL T F —7 L ~DHE I
BIF2EME W L THEEDOREEBICOWTHET L=,

(AF) rGPlalla-lba-liposomes # 0 —4 3 > TH Y
FHL. BEtas—r )Ry —LAdET 28
BEENAEME TERIE Lz, 1 A=Y 70ty
—. ARGUS-20, ARGUS-50, % A\ CEIEMRHF % 1T\
ARV —LADBEEEAZT =T L ~D¥ERE) T —
LO¥E LSEEER (% surface coverage) TEHMIi L 7=
HEE T ARTEHEERMERF, A< 27 Y v b 37.5%

2 mM Mg*, 37 °C T{T >/, rGPlalla-lba-liposomes &
[E®D rGPlalla & rGPbaDiEE X Z N 2N 1.37 nmol/ml

173 nmol/ml TH o= T2 O —)L & LT rGPlalla
DHEHALE)KRY =L (rGPlalla-liposomes. V) 7R
— LFRED rGPlalla DEE L 2.06 nmol/ml) ZHH 7=,

(#%%2) 1. rGPlalla- & rGPlalla-Iba-liposomes IZ 15
— U RENEMBRE S I LI BRI HE U,
2. MUVMREEMS1.0x 100 DL & T HEEN
600, 1200, 2400 s™' & K E L2 2 DI o T rGPlalla-

& rGPlalla-lba-liposomes @ surface coverage 1 [Ff#%
KELIHD U,

3. MMREE 1.0 x 10°/ul. T D ERE 2400 s m] A
vWF BFE 10ug/ml DIBE. 5 D RIERED rGPlalla-Toa-
liposomes @ surface coverage | AIAME VW DI & &
IR 103 Z#0L -,  rGPlalla-liposomes @ surface
coverage & vWFf DIEE ICEER 72 < 2400 s TlLHICIE
KD o =

(F3R) THEELNRKEFVIES. rGPlalla~lba-liposomes
DEEMIZ =TV ~OHERVHE K. 35—
RENCKE LT rGPloa L M EERH 3 % BI¥EME vWE DS
BETh5b,
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S Nitroso-Polyethylene glycol-Hemoglobin
FEAEDRRE

WHFE, EAM—I, BRLT, RELE,
HR<F, EMIL, Lk e

HLARE R IR, Lk R BN
TR ES 1 EE, YR BTH

(#EB] e/ 0 H)RMIEREIC L B AEEKIE
LT, MEUE. BB M. M/ RIE b2 SHbic
& % M SRR R AN E IR E T 5 BIfE A A
WESINTVD, T4 IZZF0OMREL LTNOR S i
MHEEZFET 5s-= PO VHDZRE L., 20O ELHERE
DARZZTHE Lz, 4013, M5 RER W 8 & b
%’B#F‘EJLE%%E L polyethylene glycol (PEG) {58i% 47

v ERFESRIRO BARE) 7 SR L2 R4 72D THET 5,

(777%] HbE ¥ & LT, HRMARMERHA X 0 &
J& stroma-free Hb % 1ERL L 720 BREBAMERE O 7- DR
BYZ4 412 Tpyridoxal 5'-phosphate# AN L., 4 F& D &
o B4 OIEMALPEG (HAMAE) 12X ) 5 Fa5lH %
7o/ DVTs-Z OV I LY F 4 2 HV, HFEW
M. pH8.5D0.1 M) VERFBR & I THbDs-= b O
VAb% Ef. A (SNO-PEG-Hb) % A B A K 121 L
E B L NBHEL . SEREL o EMIRS ERIL, S
NRBREIEIR I 2 — L 2EA, FNFNMEE= ¥ —
2 6O UNZHRIL £ HbiX 512 Fvi7z, SNO-HbEB & Ui 28
EFREMOERIE, FRENFLABBLUWHY S A
BAW/HPLCIZ X V4T 5 72,

(#R] H\:7-PEGEHIZI » & ' PEGISATHb A~ Ds-= b
OV LI RIEATHD L IZIZFBOME TEBTAETSH Y,
RAERI D 2 MEE10% LA E L7224, SNOLZLE
0% EYTHo 72, T v MIKRBHHb ZRG L7-E

IMEEFDPEHE I N/H, SNO-PEG-HbTIZHE K
IIXFRD B % ro 72 SNO-PEG-Hb® Ifil 2 6 B 13
Hb B R D ] 1SEFE FEREIZ 4 L. SNOEL 45D i 1
23R L RS,

[£%] PEGISEIZHb D 7 I VB2 E L, F4 —
)l/z\‘:T“""H‘Jk L7zs-= b0 /ﬂ:*ﬁ_m“% C ENHERE L,
SNO-PEG-HbD B # I ZH ) L 72 SNO-PEG-HbiE 5 v b
BRI TH LB RVERB 24 LNOR B % 15
PN T E, HOREY 28R AET 22 &
AU HE & el S A7z, '
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—EBleTNTE-

NADFH L BBRIEARE

ARz, LHEE
EREKFHEIERAWEL Y —

(8 ] & FIET IV T X D HSADBKAT v Mgk
IDF 722 RNT 4 ) CBEEEREZARIETE
2T NT 2 -NLE EHEHSA-FeP) I3 £ &4 (bH

7.4, 3TC)THFEZ PRI HECHBETE 2 8HNL Y
SNRUVETHS, BREATIE, LVBVERREEEROE
BEEHBELTZEBIT VT I -~NLHEEE(HSA-
FeP),)Z 8. TOWMELBRRESEZASHNICLZD
THET %.

(5 ] Cys, MSHBEEEE AT LA I RAFY > TH
BL. HSATBAEE AR LEWNE28%). 7 IL3EIC &
D ZEEDOHF BEEEY L, MALDI-TOFMSIZ & D 4
%%ﬂ?%ﬁotommmﬂ)K&Pﬁ?%”%éﬁf
%27 (HSA-FeP) , DEE BAE B HE Z WHRKRINZART R,
l/ H—T7Fy T aRm N ARNENSEIFL =,

(R R UEL] (HSA),DMALDI-TOFMS TlE 5 T
FLE—UNBH N, ZBEOERVPESNERS
2o TOMHSALIZIDFHD 16DFePEMKESIES Z
EIZ& D, (HSA-FeP), 2B L /-, JﬁfﬁﬁODFePﬁ\fﬁ'b
BNWIEME, ANESTOEOLERIZHY T HALN
(HSA-FeP)lc@EaNTha EEA N5, Fiz,
(HSA-FeP),% EH13. FePOBEERICLS T —EE
4.8)% R, EEEMIEMIZIR SN 7=,

(HSA-FeP), N\DEEHR O w[HAYHE & fRRE % Al R BIN 2
X7 MIVELENSBAS MU, BEBIEP, (O
30Torr T, BEFMEEHEETH (K, )1E2.4X10" M s,
BEEE Bk )NE3.2X10° s T H o 7=, (HSA),» a0
RiZBEET. AEEBEBEHSADS%ZRT DT,
5wt%(0.75mM) D(HSA-FeP),ld. & MR D 1.3F &I
YT EIALBEQ2OMM OBEZERIKE /25,
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EUBRENOCER L AT S 0V R HERRRIT
®%W%ﬁ@§§@

HREFR !, Takashi Yonetani?, T H¥E{E!
'BiREAY BIH¥BEHELy ¥ —
PRVUNNZTRE AFAHLEy & —

[E] ~NEr7o s (W) FBBREHE CIEEREOR
B LUHET ZEMERAREREE Lo T b, 4N,
FEUH EXA=X—F %L P74 2 (0,) R8BIk E

(H,0,) & DRIG% M+ 5 &40, Hb % 8afn)  IREE
TWAAZ L VEEDEERIZIOWTERT 5,

(BRI e bRMERD S T AHEE L 72 HbAy 12 x¢
LT, Blile pH 7=y b 3 THBES, HbA, 2 BHER L
oo EREFHFVF U/ FHUFUOFEFVT-FREICEY
%B‘JC:%E%%K 0, MBS F (¥ 7 1 ¢, DMPO)
ERIGT ARICT, I e 0HEST S Ho i C, 2 TR
WU A~ 2 ]\)I/])_'LU EPRIC X DR, RUBEDIRRE L L7z,
H0, # NEZ O VERICTRME,. RPOBRESIELTH
MR A7 bV OHER % FRFHIE L CToMEE k, x B,
KO- BEGESETEPRBUELZITV. A H B
LR rSYANOBREREBYBEIL .

[((ERB LUELE] BHERATRICSEITS HA D Gy (¥
70hciE) 3EA, 5uM, 440uM ThH o7z, EEER
@ HbA, 121% SOD 2SR A, BERAKICTEES RO, &
75 —¥D k=2.3 x 100 M's i3t L aﬁ%ﬁ)‘zﬁ:ui
1 xXI0M s T TH oz F HO, EDORICIIB VT, OH

I3k (DMPO) BN hr o7z B0, E DRILTIE 7 = V) )1/
HhEEBIOTX N ANOLRPFER &I, X M Hb AT
TxYWH EZ OV YIS IR UAER S v,

IV E Hb /NRT ilﬁ*lﬁ@ Hb {8EEIE 24mM & &<, #%
B b EIb LB, HEo T, ﬂafzrl*]fil,f* 0, iFfthod
%%t}ir“a“éﬁubq—uﬁﬁp METHRBYIL SN D 0,
&H5HVITEHBNICTEE XN }{202 a b, COHO, D HEik
EH 2L Y IBEICKEEBRFICOESIL, OH I SE L v,

[#53]

LIV Hb Tld Hb AR5 2 R EE I & TE VST
HFEEN, AERRED H0, 13 LT %%w(ﬁff’ﬁ)ﬂ#ﬁﬂﬁ?
END, B, FELVE b (FRE AT 3mM) T35 R ICE I
TMENL 7-OWFFEQHFTES, 7270 B O
PEASEEMI AR T AR DH 5,
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—fxEeE VI —4

OWHEIS— A Oh—KoITNNI3>D
FRANEZORR EHARNEIES M

mBE_ mRERE. BB frrad
MHHE, A B, RE EE EEE
&

IR - 3 - BHI RILRE - B - BER
RIEE, EEAY - [ - fERERE

(B8] BEEEmEROBEME LT, NEZ O Y 56
Ke)S—70V+uh—FK S PFCO)ZY LY sy BEHT
»5b. PECTNL Y a3 vix, BRI L BEE TR
fihh, BENEHRIGEM COBMEMGRE LT—H
BEEFT 22 AFEN R CEEPEIN TS,
Lo LEREZRLE L, 208 218 L 3 v 2 BPFCAS,
FRIMERERMAEC & 2 F 63, BRSHRIAE. BRSHT.
BT 2 OB THRIRRABRICHIN TS, Th
HOBFEEEEEFEIER SN TV B DS, 4
LREEEPRERIN TS, &4k, I EEIcEoS
b omBE L., ChAFH L -EcDw VT ar
HWHNORAREHF L TE . 4H, ZOFHBILIELH
W, PFCT LY 3 Y EEORMEHOBERETIL L D
W2, RREIREDORIIZ BB L BAERERALOT
HET 5,

[£8] PRCL LT/X—= 7L 3T bITFYLT IV B
U= FaFh) r e, A bEE LTHER
PEL S F RV, EHICERBRERHEENE LT
PEGISEF L 72 VIRE X Ve, LV F Uik e
PEC% 72 7 V7 4 — N{E(EF120000psi) THIFLIL L 720
COMAEE S S5ICFEL R LG T N— ZFEITTERIL
kL7, RTELZEBIKMEETHEL. 2OMMDOYHE
LZEMME & &b A OFEE BT L7, RHEREI
S v bEAW, PFCTVIVY a3 V%55, BN
L. MHPFCEEE* A A7 a5 714 —TillEEL 72
[HBR) 727V 74— FiEEREEOHASDEIZL
Y . S TPFCI0%(W/V) DLV Y 3 ¥ OF ) af
BTHhot, WFEIE, LIF VB - PRCIEE - ED -
IRAEEEREHT A2 LT, H600nm72> 5100 nmEL T D
#HETHBMTATHAIENTER (12L Y F o
—60%PFC—40000psi — 5/ $ A T#J180 nm) . AFLILHED
PFCLV VY 3 v ORI FiEIX, 4CHB37COREEME
TEILLE o7, PECERREILBNTL, LY F Vi
BEECTAIETHERMEDITILY 3 YOSHETRET
BHole Ty NTOPFCLY VY 3 v DIKNENREIX, #I
FERRFHLY VIREICE W EEESI . §HBED
PFCHEADY B % TV R RBIPFCORE L Hig L7z
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Nonhemolytic transfusion reactions and
generation of bioactive substances in blood
products during storage

BRI, ERTIIHE. MR, WHAE

Mitsuhiro Fujihara, Shinobu Wakamoto., Kenji Ikebuchi, Hisami Ikeda

Wiz

FtEmiit s ¥ — CRE SN -HOEERICBVTE, FAMBRERTRDZV. ZORRE LTERSSE, BRRIETH
23, T+745%3— () RIG, 7+745Fv— (B) vavy, MEKRT, WREE:2 EOEEFF132E5OTWE. £
OERSF L LTI, BEIIMREEEPC)DHS0% % HHOTWS, HE, EABMEKRPLIM/IMIHRORESET A P4 RrER
£y, BIUCRY I, 2O b=V EOEBERT IR EY F, E5ICMEPOHERS L LOEBESRYE D, MBR
FORAEPICEE - BT 22 EFHELPELRY, FREMERERORERO—2E L TOWEENITRBEINTVS., FEFETIE, 2
NOSOBEEDERZHOIIEHEL, PPEOMBERATOLEEREEWEOREOERLENT 5.

Abstract

The nonhemolytic transfusion reaction was the most common in transfusion-related side effects reported to Red Cross Blood Centers in Japan in
1997. Of the all nonhemolytic transfusion reactions, the mild reactions such as urticaria and fever were two third and the rest were the severe ones
such as anaphylaxis (like-) reaction, anaphylaxis (like-) shock, hypotension, and dyspnea. Recent studies have shown that several bioactive
substances (inflammatory cytokines, chemokines, histamine, serotonin, bioactive lipids, and complement fragments) increased and accumulated in
the blood products during the storage period. Some of them were considered to be derived from residual leukocytes and platelets. These substances
were consequently suspected to be the causes of the nonhemolytic transfusion reaction. In this article, we give an overview of the current state of this
topics, and show some results of our study regarding bioactive substances in the blood products.

Keywords
nonhemolytic transfusion reactions, blood product, storage, bioactive substances

1. @Laic

BAR ARG Y 5 — SRS SARDEEAER  486% %50, BORMENS . ILRMRRAEL, 29%
DEFHER T, MBI, SHHERSHRIE ML, ToHD (E).
1997 D VEMIZB VTR, 87080HENH ), ZD76% P, IV AZLIHTHLOOOHEEDOH ) L7
AMMEERTH 5. FEMBEERO LTI, ERsEs FEOAGOEIEAORRE LT, MERATOEEERWE
BL5{, SLURRRENA2%EED, 7F745%y— MFEHESA TS, TOEBEEYHE LTI, RAFIRA
) R, 7F749%v— (B) Yavy, MEET, & THHMKIEE - BETHRESEY A P4, HLCGRA
IR EEOEEFANSSEOHISOITH L, FHRMEEER HBHORPOEEINDZFENA Y, ILM/MEED D DI
OBMEMEM L RHTAHALIES, BEMMMIEF (PC) 25 SATVT, REFIZL S MI/MROERIIE > T+ L~V

B AR+ FEMLHEY > ¥ —FF5EE, T063-0002 ALIEHFEXIIDF242TH Phone : 011-613-6640 Fax : 011-613-4131
E-mail: fujihara@hrbc.or.jp Research Department, Hokkaido Red Cross Blood Center, Yamanote 2-2, Nishi-ku, Sapporo 063-0002, Japan.

87 AT M# Vol. 7, No. 3, 1999




M1y 8701
GVHDMEEL BMAERIERA 31

ﬁ#r[#mm«mtm 662

BRIEORE 10t
k422 ]

BRR®B
(22.4%)

FBMmEREROR D HH

WRC (1.2%) B &(8.3%)

FrREN —
(7.9%)
mERT

' (3.5%)

FF745%2—(8) 7+715%5—(#)
vawv 7 (15.1%) K55 (6.6%)

1 Mty —cHESN-BMBEIER (PC: REf/)
W [H#R]. FFP . Fr#BsEmsE [HR]. RC-MAP : #
M3MAP [Hif|. WB: A£MmCPD [H# ], LPRC :
B IEkERERIMER [HR]. WRC : ge&RInEk [HR])
BARTFHPROE LY ¥ — (1997EF— %)

HEEIN$ HRANTES, platelet factor-4 (PF-4), B-thromboglobulin
(B-TG) K& U'Transforming growth factor-B (TGF-B), & & IZHERK
DTHBHCIRCRALEDNDTF T4 FT 0, LRAFI L RE
Oy REDEBEWRT IV, M/REEILEFPAF), Y
VIART77FINa) VEEKLEDIE Y FRHIFS R
5. Zhon£ i, MBEEFACREOMIZ—EL ~NILEL EIZ
Y, TAHFBEOLNIIEME & BICABI LIZL > TEME
HZ2ERTAIDTIILEVIEEI LN TS,

BAlx, ChITOIFENT 7 2 L — ¥ AHRI/IMRGEE R
WBWTINLH A ML VRTEDAL VORFIZEB LNV
DEALIZOWTHRE L TE 2. ARTEBONMRZ R0 L
LT, MERAPOEBESYE L HMEIER L OBER VT
BFIcoWTEET 5.

2. BABMBHEROSREENE

2—1, REMYS MHTL, FEHTL
M/MMRIREBPCHIZER (20~24T) THREBEFE SN 52T,
ZOHBIIRE SN M/ MIOBER CHEFRD ) X 7 O
o, b2 ETII3IAM, BREKTISHBE ERTWwa, PCO
RAEHM EWMNBER OBITOREE, REMM - HmiERD
REGES S UCEER ICIIMEN S Y, FE3E EUBROSH
EBWTEIERAOHEESBV EXRE XN, 20DEE
X o TEANMNT 2 EEYE CHmBER I RET 5 Thek
BEZON, ZO—DL LTRERIA A4 UEH SN,
A% —14F* 1)1, IL-6, BEHEEFEEF-o (INF-a)iZ\{
NAREFIEDF— AT 4 L7 —Thh, F-EVOHEE
AbamonhTwa, IL-1ETNF-id, FRTOTOTR Y 75 >
VYA ERL, FOTURY ISV IREEYy FEAL S
P bR IEDLIETRALFRT S, Muylle 50 13, £IMH
ROMPMRBEH BT, IL-1, IL-6, TNF-abfRfE B & &
FHFIRAT 2 BMERBURE L TEAEML, 20Ol
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BREREBETLLEANLLANALTHLI LB VHLE. &
7:Stack LY I EEM L RBEEA B 2 Vb o0, FhERE(LER
EREOIL-8 W EEIC R AT LA HELT.
M/MRBEEORFICE > TEET LA M h 4 085, REk
EOFEEMEEMBIER CBS 3 5 2 &id, Muylle 5' 2Hed-
dle 5O DERRFRIZEL o THREENR TV S, Muylleb? 12
Ny N4 A FCRAHMEREE WS L-PCR &M X h7-45A D
BELBITL-HER, CAOBZBICRBRS 24 - HMEE
RAhoh, £ho0BEIZHN X N722PC FAOTNF-a, IL-1B,
IL-6MDREE, MMBEHERAOA S N h oz BEIZHIN I N
PCIDDIVTNOAEBIIBETHoEBELTWE (F]).

£l RBECEE-oLBOEEROASRIPCERLN L o
T2PCOHAMI A2 8 (pg/mL) O I8

i mEEm
£ (39) A (6)
TNF-a 29422 122+59**
IL-B 2154265 437+155*
IL-6 218+263 1272£723**
*»<0.01, **p<0.001 b NP

& 5 (2 Muylle 5 23 {E A H M 3k $t © £ \ > Platelet-rich Plasma PC
(PRP-PC) & B A H ML ER$ @ 4 % \»Buffy coat i T ¥ L 7-PC
(BC-PC) DEMMIZ & ZIEEMMERIEHOEE X BN L -85 %
W& LT 5. PRP-PC TI3398E D&M T37H (9.3%), BC-
PCTIX 186 D &I T5 @] (2.7%) DBIERAAAS 7z, HIM
EREUILPRP-PCTI31.43 X 10°ff, BC-PCTI30.15 X 100 TH 1,
IL-6 L L IZPRP-PC%H¥79+ 240 pg/mLiZ#t L, BC-PC Tli1+7
pgmLT&H -7z, Blo@mMBEIERAOEEDRL LB A B MERE
DRAFELTIL-6L NV DR EDOBIZHBEAALNRT WS,
& 5 ZHeddle 593 M/MRIEEE % & 012 & 0 RS & Ml
Baibly, Fhehs BEID2BMEBEXICHLL, BERD
RELOBEZHRR. ZOKRE, MPERD L BIERORENR
FIHBEZ A WL, & 5ICMm¥ERS S DIL-1B 7.4 pg/mL, IL-
6 60.0 pg/mL (HRfE) TIIEE, FRELE EORIMER AL
NewvolZx L, IL-1B 18.9 pg/mL, IL-6 214.0 pg/mL T I3 El{E
AzBELL (K2). 20X RERKTOY S A4 v EED
W&, BARMBRKENDOSVPRP-PCEAV-bDTH L. b
ETRmM/MMEEAOKENT7 7L - 2ABHTH 20T,
RABT 72V -V ABFRETOT S VI 4 v BEEORT %
B o TE7. 3% iEMobile Collection System (MCS) B & U°
F— "7V =Y ACHUTHRIL 215 OPCT, BAHMERIT
26+0.7 X 10E/MLTH -7z, BHBIZRT L1, WABCBS
ERNTVXNFH DD, BREL L DIZIL-SL NN OBIMAA S
Nz, T8~V ERABMERBICIIAE 2 EDHB A
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