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NETOEBRD T A I IAgE/AEE
Removal or inactivation of viruses in hemoglobin solution

FLUINE—, PTESZERS, fhmitf —, WHAE

Junichi Hirayama, Hideki Abe, Kenji Ikebuchi, Hisami Ikeda

3R

ATBRFZFEBEOER L LT, ¢ MROKHEROANESOE CHERETH L. EPHROMEIZIEY 4 LV AOBRE/RIE(L T
VLETHA. KERTIBADANETZOY Y EBROBRE/MNELEIIOVT, BE/RFEMRRLAEIOE L ADT X - 2 %

LSRN A S VAN

Abstract:

Since hemoglobin derived from termed transfusion red cells is an important material for an artificial oxygen carrier, it should be kept free from

any kind of viruses in any process of manufacture. We overview, in this article, not only some methods of removing or inactivation viruses in the

hemoglobin solution but their harmful effects to the hemoglobin molecule in themselves.
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1) RIS

MEFEOFRRDMEHIE, BEE2MBEYRECHETZET
Hb. FOLDHIE, MBERICERZCBNTE, YL A%
DREHELBMRORBREN % {, REMOREFTRETcHIIL
HENTHE ZOBZIIZZOLNLDRALMETHY, B
TETELORBHEN L &R TELY, FTH, RMEFOK
BETHIBEEREYRET 2 ATBRIEERE 2V LIZATLR
MERDEARVPERLBRATH Y, BIIREAOANTHEEZERED
mRENhTwb, ¢ FHOATEEEREOERHLL R 2V
LRI, BE, #ERTIIIHULEOLEN XTI ET AR
DANTIEBEERAELREPTHL2?, F0) bEEU oL
i, ATEBEEREOFRE LT, HEDRRMEKEK DS
M L7z boNEZOE Y E2FIA LTV A, AYHRROME
FRAVAGE, VTANVAEOREIIEENSLETHD.
FROEREA 212 Lo, BWMIZE 2% 4V REEA R C720, 1L
Wy sy —THMBRAZ ) -V FYRE®{T-> TWw5h. 4R,
DFEWFEEORRBIZIY, 27— v FRERIIESEICE
BLTHBY, BmMETFREIEBEL-b00, 740 AL
FHEIIR S ERTI>RWVY, Z7) -2 FREDITE A LI
BRETHSHDT, 74 NARER, FEIMESN LT TOH
B, KR AVZAPEET LI »2bST, RETRED

TAEZENHEBETHDL (VAN RRER, RETRDTLRS
FTOZEABMEZ 74 Y Fo 20 Flwvd). 199748, b H
KBV TS TRIMMEIIZ X % & MEERESY A LA HIV) O
REPHERE S NIH®, ThidT &Ly 4 Y FYEY 4 Fom
WIZEABGELEZLNTWAD, BMICE VRELEBLI L
HONTWBIZE 25T, REENELZL TRV, L
CREASRTVLRVWEELH L. RHEDO YAV ADHFEEDT
ML DA, B, PCRIEXFH VY 4L AKE (NATRE) &
WAEAPFTOEASN, B2, Y42 YA M 52EHET
CEDTHRT, VA NABEREORELBL S TWEY, BE
B RRIZEE> TRV (REHBLXO T2V, WTFRic
LThH, MEIZEIDZT ANV ABREL V) BEEIL, REDOHSRIC
HOoTHWIANAIZIERHTH L, THEEH (GEREF-REY
RTNTIVERLRE) TR ) -y FREROIE B
FHILTWwaicb 20 b 53, FERIMIZY AL ADBRE/RIEL
PHORTEY, ZoXO—TI9 A4V RICELTESVESH
HHER STV 2%, MEREA (R EREH %/ MREEHD) &
A7 —Z Y TREOKRTH 55, fE-> T, RMERBFIBEKDAN
EFUE A2 ATELEREFOER L LTHEBET LI5S, w1
NADRENBHEEDOTIRPLEL ShD. LYEREOE,
TANAORE/BEFD - DI21E, BFEOELLERO L%

LigERTFhEL >y —,

T063-0002 ALWETT P [X 11 > F-2—2 Hokkaido Red Cross Blood Center Yamanote 2-2, Nishi-ku, Sapporo 063-0002, JAPAN
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HWAEDELENEETHL. KRHTIE, NEFTEVBFED
RE/BREEDREOBNIZ OV THEANT 5.

2) EOFHE

{bFREE L LT, 03% Tri (N-Butyl) Phosphate & 0.2%
Sodium Cholate % Fi\27:6I25&% ¢, Thicd b &, 1REEOA
v % 2 ~_—7 3 ¥ T Pseudorabies Virus #%5log,, LA L, 3EEHEIT K
BHEOPR &Y 4 VA (VSV) A% Slog LA L, 6BFET Sindbis virus
A 6log Ll ERIEIL T & /2. Th R, 20%T % ) — VL
12 YHIVE Slog, LEREIL L7z I FHRELH BT,

Rl mBEE L TiE, JLEI00KDD 7 4 V¥ — 2 HWT,
Encephalomyocarditis virus, VSV, Sindbis virus % 3.3log,oJh F AN E
LUz Blhid 56,

MALEREE L CiE, 60C, 305904 v Fax—3 s T
Sindbis virus A% Slog,, LL &, Polio virus %% 6log,, LA EARTEIL T &
T H|ENDH LY, CORNFBRBIILEANETTE D
BEEESRIIIEIE o7 LTV AS, BAHIZEL T
A MERIERT 2L VI HEIFE . oL LDHALIC
CORPHBEETTHBLBMNELLTH A MEEh Wi w)
BREDH LY. (LEBHBEOANEZIOV L 2HMELHDD
210, FhickBE, STAE) VTCEBLIEAESDE Y
(DCLHb™) DML (74°CTI045MH) (2& b, HIVZE7.9log,;,
Pk, ABIFF&Y AV A% T 2log b, 7o SVEIA VA%
79logy,, MELL7z. /v xoNO—=77 4 VATHDHARRF
RIANART N EY AN AERRENLTE - ESANERICE
15,

3) RN E

BULEEIZE L T, RIEEREVERES S o210, R
BErAwEvA 70— T7RBEIZLD, I)HF -5 —DN
AT, TAVAERNELT AHETH L. BT 2 KiE
FHEOEBEVEFBL, NEFOV L) HEFENMENT A
A%, NEFOEUHFERTAANCTIERSANELLTLE S,
EWVIHEBIZESVTWS, BEIZk FIEDRHIVE Mg o8
TOEEL LIITRELTELZESBESATVAEA?Y, Zh
ASFHIZIGB L7 DO TH A, #H90CTHMBAIZL Y, * MLE
DEXRIZISHERETH -1, TRZHNSW, FEHERKE S
y— BRSO e o T,

4) BMMIZ & 3 7 1 )V XfgZ

JBALEASBAR L7 4 WV ABRFE T 1 V% —BMM (Bemberg
Microporous Membrane, Bd% 77/ /7N) xHWEwEND
5. BMMIZSAT7 v E=7THRTHELZEVE - X2 EM LT
LHRZEREIL D, FHILEIHIOF /) A — % —DBMM%
w5 &, HIVASelog, BlLED, 40F /) 2 — % —DBMMDE
&3, HBV#%S8log,, LlEW BRETE/L. FHIAREIST /) A—
¥ —DBMMPZ L, BINDIANVATH ANV EKT AV ABI9
(BFDOKE S13#20nm) Z6log, LLEBRETELS. ZOR,
ANEZTE Y OEIEIZHTI0BTHY, NEFOE DR ML
DREEEIR N7, NVEIAL VAR EL L RT—T%

96

oo AV R TSR 2Lz H 5 72
&, 74N —TOBRENRROFETHAH. LBEEETIE
HEN, NVKRTANVAERNFRTE S Z EPERIZGER S
NCHH—DHEL, 40LIAFEROEINE (UVC, 240-
280nm) DA T L1617,

5) REBIEBICLD 1L AFEL

BRI L 27 A VARG, 4FC, mMEEH %
BIIBELOMRSEINTEB, 309 NO—HOET
MR EITRIZAFL TN —I2L BT AV AREFEST
TIEAMEE N TV AEY, MIREHF GRIOILEKER] R M/MIEHF)
BREOFET b L BB R LELECIIMREF~OBE
HRELCTRHZ WD, BIZMREF~OLEBRESAT
WA, T ANLF -2 I L 2B R I A EE R A U L,
EHBREFTANVAOEBELEEL, VA VAERELTS.
BEBEADRAEREHVE, YA LVANDBEIFEEMIIL S,
MAMEEFICH LT, VI Ly OFERTH HSSINERLIC
BFLTH O, T CICHKRABREIMEIETHTH S, HRIMEK
LT, BEIIHAD, AFL TV —=RT790 7=
FEAL A ORHEBRWE T HVTEH L DERP I NIHNE
2 WENLRMBADFENFERTEX T, HBILWRO®EF
BLICEERPRETH 7. BoRIZR D L)L, wioHh
OEFELLHEEME S L LAY HFEN2. 20—DR R
FLY TN —DFEERTHLIAF NV AFL ¥ 7V — (DMMB)
THbH. DMMBIZAF L Vv TN —DIE LTI FNFNRIDD
DAFNEEMFMELLDOT (K1), THIZL DDNAL DO
BNWAFL TN =12 P05 %o 7o (KERIBEHEL
EEol) ®. A7 r )y F30%DHRMERICDMMB4UMEELE

CH (+) LH,
P S
CH, CH 3
Methylene blue (MB)
CH, (+) LH,
e N S
CH,4 \CHa

I,

1, 9-dimethylmethylene blue (DMMB)

Ha

1. MB3 X U'DMMBO L E
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TCTHRELTBET AL, B AY Y
LR ERIMEROBEEIZIZE AL

#1

FAREBELLIRIZ L ZVSVREHRLE AT/ O U Y ADORHR

P25 R, VSVREBHED YA Dye Irradiation VSV inactivation Met-Hb P50
WAETRELT B ENTEL®, 22 (LM) (J/sq cm) (log 10) (%) (mmHg)
ThhvbidZADDMMBZ HWTAE
SOV VEBRDYT AV ARRELLE RS MB
72 (FK1). 1 0 0 1.27%0.17 10.67£0.31
HEFOHEKTRE L FEMBE, 1 1.71 1.84+0.14 2.27+0.31 N.T.
ROFEIZE-oTA T =T ) —DA 1 2.85 2.65+0.33 3.06+0.34 N.T.
EBEFOEVERICLE. WELI Y TR 1 5.70 3.72+0.35 4.25+0.86 N.T.
% (660nm) B ZITo/72L I 5, 1 8.55 5.04+0.37 4.53+0.82 N.T.
VSVERHESIINIEILL, 6.431log,  ANIEL 1 11.40 5.61£0.97 4.49+0.56* 9.30+0.47*
TOHEGTEAMEEOTHERIDTD 5 11.40 N.T. 13.24+0.71 N.T.
0.1%TH Y, PUlHELEI LD o7

WL, 2FL 7T h—TREENE DMMB
BE1TH &, VSVES5.6llog, AiHILT 5 1 0 0 1.30£0.19 10.504:0.35
FETIE, A MERIIZ22%EEIZT# 1 0.57 2.231+0.07 1.30%+0.21 N.T.
L, PobHEICETLZ. DLokR 1 1.14 4.97+1.04 1.11£0.01 N.T.
X, DMMBIZ & 2 AN ELREIIANE 1 1.71 6.4310.69 1.40%0.16 9.83+0.47
SOV VBRICBELSATICTALR 1 11.40 N.T. 1.74£0.15 N.T.
ERELTELHETHLI EERREL 5 11.40 N.T. 4.621+0.23 N.T.

TVv%. DMMBOEH®IZDOWTIZR
RETH LY, EEVEHA IV 2?9
%, ERLICBELTREBREE VD FHT
ZEZBRETHY, BRICEOER % TR
XELFHHT—FEB VL. ATE
FEBAOBETRPIZTAVANRA
T AU REMA L VWb I T v,
DMMBII#BEfs MV 720, ~NE
FaY yiF T  ALERZEERE~D
BELLRVWEHFESND, 5T, EATRORKERICE
ATEDLUHEMNDH A, B LEIRL, FOENPDMMBIZL S
TANARERED A v bOD—DThHAEELA.

N.T,, not tested

irradiation

Values of VSV inactivation, Met-Hb, P, are the mean =+ S.D. of separate experiments (n=3).

Determination of means and standard deviation of experimental values and the performance of
two-tailed, paired t test were carried out by using standard software (Instat, GraphPad
Software, San Diego, CA). A value of p<0.05 (*) was considered significant, against no

FERBOFER & U THBRY W RORBHHRANETOE L %
BRTLBIHEERTHLOT, TEL YA N ABRI/AELE
DHELHECEINS.

6) HbWIC SE MK
14 ]- ANETFTOQE DT A NVABRE/AREILIZOWTIHR~TE 1. Tsuchida E. Perspective of blood substitutes. In Tsuchida E, eds.
7. TR FER, TIANETTELOY AL NVABREA Blood substitutes. Netherlands: Elsevier Science S.A., 1998; 1-14.

ﬁﬂ LFATELTHAYH. SFIELEOATLEZERK
PHET AL, BEARELEDEFEETHEL, ThEh
IZAY v PETR ’) BB, FhPRSEMS T HDOIEHE
HThHAH, BMIDBIZEHIT, TANRREREIZEL, &)
BUEEHERRTLICE, EROBFORLLFEEMAS
bELIENBEETHL. FH Vo BEILT A L EFIZ
ZWVIIINRRVDT, FNFROFTEOERELZHO TV L
[, H-hBEARECEORRBRETERBIZANLIONLT L
Vo ATEFZFEREOFEIC, HIRONKFMERBEA BERAES
DY CEMATADIR, HEOHMIZFBEL TWADTIE W
PEVIBERD (ERTOEELET) BAHD, 740X
BEOHEAEOZLFER RV, IAXAOER»S, T/, B
EOEMICHLIBMMLMBEOFEHFA LS BErH b, ATE
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Erythrocyte membrane trilayer:
Membrane skeleton and its maintaining erythrocyte shape,
deformabilityand membrane stability

R M

Yuichi Takakuwa

TR

FRMFEORBICIE, A7 MYy, T2F 2, 41 BHELZEDP SR ABEBROERE HOOLNFY) ey, 7oFU >
241l JBHEY N LTEEREAE (SU 370 a7+ > C) IEELT (Hoo%2)) MBE*EITLLTWA. ZO
BRIIFRIMERO T EAABREOMETF, LR, BREWM LR COBROMEFICEELREEHLE-o-TWA., ARFETREEERIE
HEYUT, FOHE LS biv%ﬁﬁﬁkowfﬁﬂif®ﬂﬁ%%ﬁbt

Abstract:

Underlying the human erythrocyte membrane is a self-assembled network of proteins termed the membrane skeleton. Spectrin, actin, protein 4.1
are its principal components. Lateral interactions among these proteins constitute the spectrin-based composite structure that is anchored to the
bilayer through vertical interactions, one involving spectrin, ankyrin and band3, and the other through an interaction between protein 4.1 and gly-
cophorinC. In this article reviewed are biochemical structure of the skeletal proteins, their interactions and functions and regulations by various
constituents based on recent studies.

1. 1B U®IC FREDRDHY, FLELRYA M IA L OKES RIE) 2158
— IR _ERy AL, TR ECEAE L LUEETS.
RLAMICEFEIR)OBEROEEEIOWMY Lo TWnb. KEH

T, Mg REHEERSOE B, B _ERLEEEE 2-2 RS - HEEB

HE»O2LETE, MBANEYSMBEY ZITEL T 2 EEE BROORMIIIECIZHE L2V, £ L7 VAR
DE=RBIroLEA=ER L L T2, RMOEKELGIZ (Figl) ECLE@METS. I/ <)V T7EEFMBATALI LT, Kl
FNFhOEELERBIVCZOREIIOVWTHERT LY. 5 HREOHEIEIT 29, RIEKICITHEESESTF (CD4 2 &)
2, EFOMERBOBEETHEIIOVTIE, BFOMREZENT HIEALETLIFERMICIDZERRTSH Y, MmoMIEE 385 L

5 (o2 Y@ bZHOZ L), e,
2. B—F (MBRRIREREH OWFECREE 3.B-E BE-EN:EREEAH) OFiECREE
2-1 B, EHWOZHE 31 BOREME CEHEOFISH (Fig.2)

ARMERIERE I IIHESE (WEEEE, BEE) 25 7% 5 MR IR IImEMEYrH Y, BESFEBHOMOE - KEFHDIT
WMEPFETAH. T/, REKFH (120 B) BMEPORR  2»RANEFRFROBATEI ZEFER, 7V v 7 GBS
PR (i8> F 3 LK) 12X A ELRMEROREEHEOZEIC HEN) & 7007 (REBLLIEN) ZEIZEVEIZENT
IOVHREENSE, ZOHBIZIEZEET A5 F3 (Band3) W5, BRY VIRESTFORBBOBEIE L, TEMEESE
DENBENEL-> TWVD (d). RMIKEREICIIHA L FEVIEESHMEIE 5L, BEIANBICIESHICoA L

R TEHKERERE(NE, T162-8666 R H 75X ATHHEIS-1, Department of Biochemistry, School of Medicine Tokyo Women’s Medical
University, 8-1 Kawada-cho, Shinjuku, Tokyo 162-8666, Japan
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[
UL

Protein 4.1

Ankyrin

Spectrin

Fig. 1 Erythrocyte membrane trilayer.

Flippase

flopC

ATP ADP +Pi

Fig. 2 Asymmetric distribution of phospholipids.

THY, MBIZIE K27 7F VL&Y >~ (phosphatidyl serine :
PS), RA77F ) %/ —=)07 3 (phosphatidyl
ethanolamine . PE), KA 77 F IV A1 b—=J (phos-

phatidylinositol : PI) % E2SBET L. TOREIF 7)) v /58—

+ (flippase ¥ 7-iZaminophospholipid translocase) (=& % PS, PE
B EONB~DREENEL (ATP ORGSR 12k - THEFESh

TBY, FOoEMII NS T B (vanadate), Ca?-,
pyridyldithioethylamine (PDA) THIf| & 2. WED PS I &
HHELIFD A7 b~ (Spectrin), 4.1 &RHE (Protein 4.1)
O R LULHEINIIHESL, BEREBEIIEVRDELZ LI
—&EhoTwb, 72, C ¥FF—+F (PKC) % EHFHBEDLS

MRBEABITTABIZINEO PS & Car ULETHS. Pl
ORBHOEZOBIETHET S PIP2 13 PIHEMF AR $—¥ C

(PI - PLC) 12 W ImkSEh, EHOY 7L V7 ) xa—
(diacylglycerol : DAG) 12 & » Tigtkfb &/ PKCIIEBH &
HE (41 &88%, 77 2— > aducin, 7<F ~ dematin) %
V) CBRILT 5.

3-2 fREnX

3-2-1 FEHEX
ERIIBITAROKOR D EELAEMNRENL, BFE (0)

R O KM, TEILRE (COo,) %M E IERT 2

100

Glycophorin C

sugar chain recognition
n [ m transport

n lipid bilayer
” transmembrane protein

signal transduction

shape
deformability
membrane stability

membrane skeleton

Adducin

ZeThDH., FAGEENRIIE> THRIDFEZ BHISEERT
&, BT 0, LY AN CO, #HEH L, MEETIEF %47
MR- BB 5 Z Ol N2 N3 (A itk

Anion Exchanger 1: AEl) (12X 5 Cl- HCO-ZCHa#g% 12 £ » TXh
RE{frbhs., AU F3IIRMKEL 14 OE®EL Z&8%%
EERBA LT D05, FNENICEA & 2 BB EIEENED S
b, 4, 4 - diisothiocyanostilbene 2, 2° -disulfonic acid (DIDS)
SRRV EIRICAE S LER A FRNICEET 5. b TRV
DMOINY K 3 EEA (Southeast Asia Ovalocytosis : SAO 7 &)
P]E SN TP, TERBOEFHIIFE D/ F 31
HEEDEFIIARTREGBLONTEZ, L L, &, £05%
ERBAFFINER EN, Cl--HCO, KREEANIZS 2
DOTEFLTWAIETEREINRTVA?., LB, NI F3
(AE1) QEEoORMEMREOMEBEREM-IEHELTEY, M
2L o TIZ AE2, AE3 b RV & hTw

RMERIE ATP A% BIERICEKAE LTV A7, BEERIIR
MERIZE > THRIEMETH A, Bk, MIEEF LR T L L HEH
#EE (GLUT 1) %L TRIMERMIZZ L I — A% 8RR
NAENA. KIIEREEICH > THRIFKEEZ AL TBET 5.

R, KEBEBIELEF Y A2 NVELTT 2 7R v (aqua-
porin) AEHR I, XKEHEZELBON TS, F/2, 707
R YRBRMERD R &R /o08, RMEROFEE & #1213
REPAR LN,

3-2-2 HEEHEAE

RMERAND A+ RPWEORMBIIR L > T, Bz ITH
FRATIE KA BELE C, NatBEREY., ZhiZE2EETS
Na+-K+ ATPase |2 & AHEBNEXIZ & o THRANT WA, w7
A4 > (Ouabine) 13 MBS AEIRICHE A LIFRAIES 2 106
L. NFUUEE X ATP EAIIHAET A Z L TTRTDATPase
#MET L. T/, CatATPase 2 X AEEEhER:2 12 & » THIBEA
Ca2+ BFEEIZ107M LLF IR0, Mg () 12T
10,000 & bV, EXILERTFTHE2HLEY 2 ¥ (Calmod-
ulin: CaM) O#EI1Z L D Ca2+ATPase @ Ca2+iEEREEZHIL 10
EE 5. 33 BRIEHOMABTE, VF Y FOTERE
~OEE () FERE LOEER (G ZEAY), shE%
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Table Protein composition of erythrocyte membrane
SDS-PAGE Gel Protein SDS-PAGB Copies/Cell Locus
Band MW (kDa) (x 1073
1 o Spectrin 240 240 1q22 - g23
2 B Spectrin 220 240 14923 - q24.2
2.1 Ankyrin 210 120 8pll.2
o Adducin 103 30 4p16.3
B Adducin 97 30
3 Band3 (Anion 90 - 100 1,200 17921 - gter
exchanger 1 ; AE 1)
4.1 Protein 4.1 78780 200 1p33-p34.2
42 Band 4.2 (Pallidin) 72 200 15q15 - 21
49 Dernatin (Protein4.9) 48 & 52 140
p55 55 80 Xq285
5 B Actin 42 400 - 500 Tpter - q22
6 G3PDH 35 500 12p13.31 - p13.1
7.1 Tropornyosin 27&29 80 1q31
72 Stornatin 31 200
PAS 1 Glycophorin A 36 5001 - 1,000 4q28
PAS 2 Glycophorin B 32 50-100 2pl4 - q21
PAS 3 Glycophorin C 20 100 - 300 4928
Glycophorin D 23 20 2q14 - q21

G3PDH : Glyceraldehyde-3-phosphate dehydrogenase

B - Spectrin

o - Spectrin

B - Spectrin  cooH

o - Spectrin

Fig. 3  Spectrin dimer-dimer interaction.

(adenylate cyclase, PLA2 , PLC, PLD & &) ## T, tH N
7YV x— (cAMP, Ca+ 2 &) 2 A LT, EEEDILFEEH
(WyBIER YY) loxhRidb03. ROKEICIINLS
DIEBITERBIIERIR N TS,

4. B= (BEHE) OB B8
JEERRIIARZ FY v, T2 F 2 (actin), 4.1 BAELRED
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e BOORMD) L VBBROFEMREND 2R,
Tryh—\AE (7T%Y V:Ankyrin 2 &) ¥ AT LEEEE
HE (USrF3, 79374~ C: Glycophorin C) & O E:
(EDDLHY) IV EE_ERZHMBERN»SEITH LT
W5 (Fig.l). BEBREIFRMBROBERE, THE, BRES
DR CEELZEE2H-TWE, BEEROEBRESY (Table)
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Protein 4.1

Spectrin

Adducin

Fig. 4 Spectrin-actin interaction.

YA
Band 3 dimer

Spectrin

Fig. 5 Band 3-ankyrin-spectrin interaction.

IZonwTid, #EizF, &HUE, STFHMEEERLZ SO E
ATEY, FRMERUANOHEI-BITL 77 3) —&AZDELL,
MR ZEDHL LI DD0H 5.

41 HOOEHY

4-1-1 A~y MY ZBFEOFES (Fig.3)

BHERD A7 M) 23 a e BE#EAH Y, TR HEFI
DETI3DD a NV v 7 AHENRIZ R o 125 EIBEDORE D K
LCER SN, RMEKBEIZEREYS 2 5. WEPFVH- /2
8K (ap; EEH100nm ) MEASLNER (w2p2,; K

Spectrin

&4 200 nm ) DEEBREROMBEHEED
FEABN (BO—LIZHY) 2K
L, BEEROHRIIFSL TS,
2AR7 M) YOEABKREIEL, BRE,
pH, A4 V& (GRRE) Xtk
DRLZY, FMHERHEEIZL ) HRMER
RIZIZEADEEREDOANY )
UHEHFHELTYE (L) B). ARY
P CEEADFF—ETY L EEL
N, BESIEL L FF—F I
(casein kinase I) (24X % B $H®D Ser/
Thr BED) VEEL LY Y BILICE
DERERDSTE SN A, FRILEKLL
NOMBTIIAXRZFP) DT 7 3
) —FAZELT7 4 K (fodrin)
2 YA b7 4 (dystrophin) 2%
ENTw5,

412 ARTNYL -TIFLH
nfEEe (Fig.4)

41 BEHEE AR M) L ET O F
IERERESL, ARSI M) Lo
TrFr BHOEKEERETH. IO
BOOLER)IIBEZEEDOHEFIIA
A/RT, Cazt& CaM 12X AHIH %%
5. BlL, ABABED CaM (2-8
uM) 12 41 BEHEICHELTSEY,
Ca2+BEN 1 p MU EIZERT B E
Ca+/CaM (I 4.1 EHEOEELIL%:
Bl LTARZ M) v -T2 F >
BOEEZ2IH L, EREEXKT
X959, CaM &4.1 EHEOHKEAEI
X, 41 BEAESTMWIC Ca FEERFM
BIUHEREBRD CaM E A OFE
LN I -7, TTFa— >
b ANEHEERBIZARSY Y L
T oF oA TRAEL, Car/CaM 2
L AHIRESZITS.

Ca?

42 ®OOHEHY

421 N R3-Trx - 2Ry b URAOREE (Fig.5)
N F3D#20-50% 13 7F¥) v EALTEERIOER
LEATOTENIHB I TS, 5B OEMEIIEN L &
XTDLLHFEBROBE (AT M) o8B TLR) D
FHHEICHE SN TVD, TRH6EDIERE, N2 F 3IFER
BRI ERBER T 23— 12904 L, Bl & KRR B BBE A
F U RBOBELY EIF T A, RILEKOBLIE/SY F 31
EARESL, BRPEAIZLVEFE®RIN, w7077 - JIlHE
ENFRMIKIZ 120 HOEEEZ KR 5. FOB, ZOBRIZIIE
LA PLADEES LTV, Ny F3- 7 %) Y EEOHA
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I Protein 4.1

Spectrin

Fig. 6 Glycophorin C-protein 4.1 interaction.

X7V A)EEGTTRTL, BEERIBETTA. T/,
N RFB3IE 7o) L33 28BHMMEORL L - O0OES
WADEEL, 41 EHE O N2 F3 ~AOESN NN F 3D
WEZEILESI &I L, 7Y FY ¥ 26T 5 BB % &
BRI, BEEWRDBETTLI L RENL1).
422 7)a7+)r C-41FBHAE - ARZ V) LUITOF
MokE (Fige)

AN BHEEIANRZ V)Y - T 0 F O ERIREL THED
ORPVIZESTE—HT, 7Ya7+) > CIlooEESL, &
FREBEZER L EETARELT R LTVA, B, ps5s
RHEMRZYV 2750 C L4l BAZIZFNFRESL, =
BZHEEBREZERT 2 ENHLN ALY, FOBEOBTIGE
fohTwab,

4-3 FHE(RIE
RMEROFEAMABIIRII N TERERE HRELIAE
<, MR RKEHEZETOTAZIBIZARTH S, ATP IITEEH
IIARTIRTH Y, REMIZIZ ATP BE L T 2 TSN
TWa, RERIIBRELHORMIKISEEEEN SN2 0D
BRI P EAMNBIEORBFICE(CEDoTWEEEZS
NE. BDODED) PRI NG VRILER N> F 3 RE?, 7
YEVURELY) REBPICEYEL L CHKYET L. —
i, HOOEPYORE (41 BEHEKRE? 2 Y) Tk, BH
WKELBHENDA.
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4-4 EWEELIEREMOHME

AR IR IEER 08 AR C v BRI R0 B s o0 P R 4 e o RT B
% @8 5 B Ishear stress 51T 505, HOLOEYE: (B
BE), bENBI LR (BELEEM), shear stress 2535 & H
T EDOHFEAMNBIIRE S, RILEKIZHES (120H) ¢ %
FTIZHS0 AR %80 RT.
RILEROETERE L RE R AREL OBRR), MRAEE (N
EBFOV VB, BEK (FI2ARZ M) L ORME) oK
355, 1EoT, REME/MABELO/N S WERKFRMER, Bkl
LOANETOV VBESEMNL TWAELRILER, 22 MY
Y _ERHOEEORE R FORMERE X CIRRERRESK TS
5. BREOBEREIZE, w4708y ME, 7405 —
Ak, L—F-\iIENSH Y, &E, 4 70F v RILRE
WEDFFE SNz BEEH L L — ¥ — @33 (Ektacytometer)
PHWTHET A2 LN TE S,
BEEMEEIEEEOMO O RN IZL o THBEIN TS
D, A7 M) Y ZE8ROEER AT M) v - Ty F LBk
EDORFICINVKTITL. Hi2, BEEHOBEBIZET L.
41 EHEXRERMROBEZESEERL-EF 41 BHELYE
BRTHI L YVEET2EEIR, 41 BOAEVELESED
IR RTHEIEERLTWAY, F72, Cat/CaM D
41 BHEANDOREBIE o TARY MY ¥ o7 7 F 2 BEE L)
fl3h, TOHKE, BEEERIETT59. ik, Ny F3-7
YHRY U AEENT 41 BAEDONY K3 ANOEES TR LRET
BMT5ZL, 41 ®AE - N> N 3 Bo#EABEKIE Cat/CaM
D41 EHENORES - BB Lo TRHH ENAZ LAHL H»
WXhodzw, BEREWZ &, REAEREZ BR8-S 280
BETTTHD CD44 ~D 4.1 BAE DRSS FEIC Caz+/CaM
Lo TRREI SN, ZO6R, CD44- 7> %) M EHESVHTE S
hapy, ZoREREDL, BEEEEAEELT7 V3 L HOEE0E,
MROEHICL S 2 WS FRMHEERIC L ARG H 22 %
RELTWS.

5.8hHWIiZ

ARHTIE, ATMEORRE EFIHE BT 0S8,
MIEOE7Z V& L TRMHBEIZOVWTZEB FRFh 0%
ERERMRBREIC DOV TESL L 7o, RMIREIE R b BT
RFWIH I NI THRBEOMEEM L LTEHASRTE .
UL, BIRATBEE RO L - MR o 4T b & 1312134
TOMBIZHFEL, HMEREOERS 77 3 —RAEDOHIE, o
W, ME, ERTREOBEIED LN TWE, BEE L HRIMEK
%70, REALER e (2B pHE, IRERICE
T A5W (BRE) 2 EIHREIToO0H 0, RE (1999 4F)
& O Gordon Research Conference TOHEFEEETH FO— % 43
L7z, A%, RIEKKETEHLATVWALAE L DHMREBEID,
T4 OB BT 2 MBEOEE & OB EL LD LR
bh s,
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RVAXRDIFLBEREREEFIEIC K B
BEEEIR(N T 7 OE /R OREMRETE

EH TR, BB, 5 BERER, RE HA], HH %k

Long-Term Preservation of Oxygen Infusion (Hemoglobin-
Vesicles) Achieved by Poly(oxyethylene)-Conjugation and
Deoxygenation.

Hiromi Sakai, Ken-ichi Tomiyama, Keitaro Sou, Shinji Takeoka, and Eishun Tsuchida.

BE

MRS EBR CHLANES Y VAREHWV)ORBRGERER L, ERICE> TREF L. HBVOREIZFR) A ¥ 5L
Y(POEMEE ZEALTHBEIL, TLRNOBEERBRE LdeoxyHbs L T4TC, 23CTHB L FWOCIZTHREL:. WTFhoOBETHLERE
67 At E TIEHDVO BB EREGRE, BE)IIREENL. 40T 1 EFRREZTIIRBER, REOSH, pHOEKT, 2L TH
SHbBE DA%DTRH L TWAE Z EARD SN, )5, 4C, CTHRATIZIEL D SREIEHESN, HbORE L RBERLT
TH ol RFANII3%D - 7zmetHbid, RAIZEAD L1IAARICZI%ELTIZ R o7, THIZAE L 7238 TTH Ohomocysteine hS5E 77
BEZAHEEL, BEllmetHb2 BT L7-ATHH. BRBANEP)IIRIFRII8 TorrTh o 7248, 40CRE L7-5E136H HH%1233 Torr
WETIRT, HERIZIE TorrilEFTLER L2 i, 4C, BCTRELLBEIZFNFNI6 Torr, 32 TorrlZ F THRAIZETT 3
W EFo7, UEXY, HOVEIA LR LS ZRTIEBOWMBERENTRTH LI ENHES N E 2 o7,

Abstract:

The stability of hemoglobin vesicles (HbV) as an oxygen infusion was tested during the storage for one year at 4°C, 23°C, and 40°C. Prior to the
storage, the surface of HbV was modified with poly(oxyethylene) (POE), and the suspension was deoxygenated with nitrogen bubbling. The
samples stored at 4°C and 23°C showed a stable dispersion state for one year, though the sample stored at 40°C showed precipitation and lipid
decomposition, a decrease in pH, and leakage of 4% of total Hb. The original metHb content of 3% gradually decreased to less than 1% in all
the samples after one month due to the presence of homocysteine inside the vesicles which consumed residual oxygen and reduced the trace
amount of metHb. Oxygen affinity (Py,), which was originally regulated to 38 Torr, reduced to 33 Torr when stored at 40°C, though it signifi-
cantly increased to 43 Torr after one year. On the other hand, preservation at 4C and 23°C slightly reduced the Py, value to 36 and 32 Torr,
respectively. These results indicate the possibility that HbV suspension can be stored at room temperature for at least one year.

Keywords:
blood substitutes / hemoglobin vesicles / polyoxyethylene / preservation / deoxygenation / methemoglobin / liposome

1.
NEFOE Y Hh)E AV BERRATIRZEREF)ORE MBREILINTVWIERLZEZ2 5L, Hhr NA S 7- Mk

12, FAZREHD, KEESTFEEHD, D FHEEH, £E6 OHoMIESELEZZ 5N TwA

Hb% & DERRABAFKR THEIT L TS b 00, FEMEIEE fRFTHMRTYS, MEEICERL2IBZRETLIZLNTES

WERT A EEORERAFHELMZEN TV AL, HWERRR BEBHOER IO, BUPMEEES (RETE 22 L %HE

i

RREAFHLFREMR LY & —BOFLFEMEE, T169-8555 RITHHTEX KAPI-4-1, Department of Polymer Chemistry, Advanced Research
[nstitute for Science and Engineering, Waseda University, Tokyo 169-8555, Japan
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Figure 1 O, partial pressure dependence of the initial rate of metHb
formation in HbV ([Hb] = 0.78 mM and pH 7.4). Cited
from Takeoka et al., Bioconjugate Chem. 1997; 8: 539-544.

LAY, Hbk AV AHEMeR, JEHERL A EE R 3t @ O R
ELTIREROHbD HENEEL(A MME)A H B . HDbO,IF A — 78—
FEHAL VT THANO) L ERL THEBELL, S=fHDx b
fR(metHb)& 2 W BEREMEARER LS. ZTOHBE{LOMHIEL
LT, BELHR A MHbETEERRCEHBRRHEEZBEZ 2 N NY
BHENRAONT VL9929, BERIRECRREHTEE X +5
TV, BEBHbR E Y F F 3 T F L ¥ (POE)EHIHb D IR TE %
LT, HEHERRY & VR RN L THERE R ERIEN K
ELTIRET A HENRIT S N6, $72, HbO, BB OBRILE
FBEBEESEIKEL, 745 RGO #ITL 2 WS
ENEELLEDEZLODHRESIZL > THEINTED
2489%Fig.1), = OMH % FIH L TRIBiopurett 2 By EEHE A 12
“EMERMEIRETELESY VHOOBFEBWIEEERL C
W5,

LA L %Y, HhNEEROB & IEHb S 7217 Tk /MR
BELLEINTALENSH L. VU U RE /MRS SF
DEEERTHY, FOHEIIBMNIARELET, Fl2 I THEE
FIDEREEE - BENVEZL. ILEEIMEFhHE
IZA PHbAER T IRET 2 % EDHLDHES.

HbVIZ P LT — R % EOEEL RER & L CRmL 7588
BB RILETH LY, L LHVORKHEETH L RAE
DEREBEETSE, BREBIIEEIIERT 2 FCIIEBH
FLBEETALE, RIBOBREDLETHVERIEES. £/
FHERFOZBEVITL X O/MMSB L URTGTRLZRET TO
ABIZEHEEZETS. (£, REZZOTIIFHEHTELHER
KEDIT ) PERIRIIZE L L,

POESHA & L7 BEE 2 Y VIREPRAEOKRHEICEAT S &
MPFEERPERT AEEIRCALA TV AL, T/,
Ho/ Bk e MEEHE L OMEEROME* ML LT, Hb
NIAEOREIZPOESH TREMBEH T 5 FESH LTV A,
o, MABEIKESNLIELEESATH LN, L
LEEEMEOZEME X {EFICE LT, POEBEiOMEIZHS

106

hTwiv, 22 THYMNEERORKREICPOEX & &, [EIEFIC
BRSO OEELRET L L2 L VHY MK S BHUKE TR
TELOTIREEZ, | FRIIE-RIALX LOTHRET
5.

2. EBRAHZE

21. ANEFOE /Bk(HbV) DR

Hbi3 bl E AT FILE Y > & — 2 HRE SN HBEY e b
ARIMER L D AFR L CTIR7:. Ho/ MR RIZBEHICTE VIR L 72ms,
— B fb ik F 4 S Hb(HbCO)¥E i (40g/dL)i2, pyridoxal 5°-phosphate
(PLP, Merck Co., Germany)* HbiZx3 L T 3fEEN & A L H 1T,
pL-homocysteine (Hcy, Aldrich, MO, USA)% i#E5mM& 2 5 & 9
WML 7z, REIEE ¥ KPresome PPG-1 (DPPC cholesterol,”
DPPG = 5/5/1 Vi, HAEMLL) 2IREBEEI45wt%E 25 &
JICHbBEW EREL, 4CTRERHEL THDR AL ER /MK
% 187-. Remolino (Millipore, MA, USA)x i\ 277 A bV — 2
3 VEICELVHERVCEBEREROME X177, FMI 2 O7
ANy —(EL74VA BE)EILE 3.0, 08, 0.65, 0.45, 0.3,
0.22umDNEIAEAH L7:. B O N/HbV B A AEKTH
L, BE L5 850,000, 60 min)fé 2 b & AHbE K % K5 B
F L7, AEEAIEAKIISEE ¥ 72 POERE & 15 :N-(monomethoxy
polyoxyethylene-succinyl)-distearoyl phosphatidylethanolamine (POE
SO FEI35300, BAMWE, £X) OIvVvE, MRESNKRE
DIEE D03mol% H L 5% T L, 37C T2 BE#R%Z, 4CT
WIEAE L THY MR ONEREICEA L. HAEE 7 7 2312
Ho/NEAE S8 (0.5g/dL, 200 mL) % Ah, ZhEzo—¥1)—
IONVRL — &\ ZEE L EER(S6 ipm) &€ A T LIl L o TR &
B, Nar YTy TEOOWEFAVCTEZEAERT
(1L/min) T35 F T #8 B84 L, HbCOA & 4 F 2 Hb(HbO )N D
BN FRMBEAT o 72, Z O5HGE % BE.05-8(50,000g, 60 min)
L THbVE LR &, SRAEBAERKERERE, ) v BEH
HEFEEEARPBS) A, BT E THREZ10g/dLE L7z,
% % |2 Dismic-25; 0.45um 7”7 4 )L ¥ — (ADVANTEC)T## L,
POE{&&iHb/NMEA(POE-HbV) % 15 7.

22 BEEFL L RESRH

POE-HbVS 8 2 mL% 10 mLEB D /N1 7 VIRIZ AN THESH
L7z, BETA A2 7405 — %@ LEIDKRRBNS -8
FORILEHNIIFA S TER L(13mL/min), EFLTW5
BELIBRELL. FRNOBESEZClarkBBEERERTE
HFEZEE, Po,-100, Inter Medicaltt, ZHE)IZ Lo TE=ZF— L
72 Zh, BRESEE Torf TIRT L7, HOVOBERAE
PI3TCTTI8 Torr TH LN T, T DEHEIZL YHLO,IIBEY
A LTy adeoxyHbl98% A BB & Nz b 0 & HIKTL 7=,
BREREIIEEGTC), FEiRE3T), HIRHE0T) % ke LIERM
R L 7.

23. REHOAUEIEE
REREEFME L TCUTOHE OBIE % TV RERT O E
L s L .

O #FHB30uL #AMAEATIORICHFRL, ZiBIZBVTimm
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)L % Vv T300~900nm E TEATHRRILA R 7 b IVElE
2iTo 7. BERORE LB LT, Hi I A DR
DEFERLQHEARY FVOERIIOWTHE L. 8%
NIV L CTmetHb & deoxyHb® “HRIZ L TARY bV
E L, Soreti {2317 5405nm &430nm D ¥ — 7 b A HmetHb
EEEHlELL.

@ FHOLBIEEOREY BHIZX DRE L. T 72808 30uL
»EBAEAKRTIORICARL, ERCBVTUimmt L2 AW
T900 nm DR IEEE # I5E L7z, B AEKDI0 nm DR AE
AL LCELE, RBOBEL L.

® ###90.2 mL%PBST200fE 1AM L, @=L 8(100,000g,
15 min) % {7 - 7:1%, LEABOHbEE X7V, HbVAHED
5ORBHFR%) % KRD7-.

@ %1% 5 A%, Sub-micron Particle Analyzer Model N4-SD
(Coulter Co., USA)% F\ TEYHISEERELIE

—~
»
~

3. fER

3-1. POE-HbVD A EUREE & fEE DMK

POE-HbVFR B ORI %3222+ 62 nmT & - 72(Fig.2). 3% B
A RI10%IUHE L THEEIL201~204 nmil 7z o 722, 64 B#IC
BTIZWBOREIIR 2 72, BEOEIEBED SN b o728,
WCRFDORDANFRIIBEROEIIEERIILEL, 43%D
HoiRHE DD Sz, ), 4CB LU CTREDRTIIRE
HIFROLNT, HbOREEDKREBRFELUT CTH - 7.

POERRE DEETIZ, 40CHRF6H A% T HPOESHEESEIZH
HOKRBEDBVIZE T 7. ZRTTLCOMBTTIL, 40CH
FIEBORBOR, )V ESERLIITIAT ) tOo—L
EBRDRLZDARY PHPHERISNIZD00, oRFERE T
BOLNL T
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Figure 2 Changes in dispersion state of POE-modified HbV during preservation at 4,
23, and 40 C for one year. (a) Turbidity of 10 times diluted samples at 900
nm, and (b) diameter changes measured with a Coulter particle analyzer.
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Figure 3 Changes in dispersion state of empty vesicles which were

not modified with POE chains during preservation at 4, 23,
and 40°C for three months. (a) Diameter changes measured
with a Coulter particle analyzer, and (b) Turbidity of 10
times diluted samples at 900 nm.
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Figure 4 Changes in the oxygen binding properties of POE-modified HbV during
preservation at 4, 23, and 40°C for one year. (a) oxygen affinity, Ps,, and (b)

metHb content.
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Table 1

FDA Questions/Considerations

FDA Questions/Considerations:

1. SAFETY
Toxicities and laboratory findings known/thought to be associated
with the use of one or more of the hemoglobin-based oxygen carriers
include cardiovascular/hemodynamic changes, immune cell activation,
neurotoxicity, coagulation changes, gastrointestinal changes, injuries
associated with free-radical generation, and decreased host resistance
to overwhelming infection.

Toxicities known/thought to be associated with the use of one or more
of the perfluorochemical emulsions include thrombocytopenia and
complement activation.

Are there any other potential toxicities you think should be
added to this list?

— Of the toxicities and laboratory findings outlined above,
which do you feel are potentially clinically significant?

- Does the use of oxygen therapeutics affect the
incidence/susceptibility to, or the severity of systemic
infection?

where a large blood volume is temporarily replaced with an
oxygen therapeutic and the patient survives, be extrapolated
to the rural setting where there could be a substantial delay to
definitive care?

— Are clinical trials in the rural setting necessary in order to

demonstrate efficacy and safety in settings where there is

delay to definitive care?

Are clinical trial using an oxygen therapeutic in the

ambulance setting necessary?

— To what extent can efficacy demonstrated in clinical trials of
product use in cases of civilian trauma be extrapolated to
efficacy and safety in combat trauma?

D. In situations where blood is available, can clinical equivalence in

mortality between an oxygen therapeutic and blood be a basis for
licensure?

If yes, what lower 95% confidence interval for mortality rate
would be acceptable?

[II. ELECTIVE SURGERY

— Based on the above, what evaluatioris would you include in A. Should an oxygen therapeutic be evaluated in a controlled clinical

the safety component of a clinical trial? trial in hemodynamically unstable patients requiring blood prior

to licensure for elective surgery to ensure that its use in surgical

II. TRAUMA patients at the highest risk would not lead to a worse outcome

A. Should mortality be the endpoint of choice for clinical trials in than if blood were used?
hemorrhagic shock or exsanguinating hemorrhage? — If no, should the product be evaluated in a surgical setting
—  Are there any endpoints that could serve as surrogates for with a high degree of patient risk to assess whether those

mortality? risks are increased by the use of the product?

- What would constitute satisfactory validation for such
endpoints? B. FDA has proposed that studies should be powered for safety as

B. Are there any endpoints that are acceptable in the face of an well as efficacy and those safety endpoints should be defined
adverse mortality outcome? prospectively.

—  For example, could the product have an effect on a serious — If a sponsor is conducting a single pivotal trial in a stable,
morbidity that has substantial impact on day-to-day elective surgery population, what safety endpoints are most
functioning? likely to predict adverse events in patients at higher risk?

—  Are changes in morbidity scores (e.g. Apache) an appropriate — Based on the available safety data, what safety endpoints
measure of morbidity outcomes? should be required?

C. In situations where blood is not available, should the product be — In the above situation, what increase in adverse event rate
tested in actual acute blood loss situations to demonstrate impact should be ruled out before commercial availability? Should
on survival? this increase vary depending on the underlying rate of
— To what extent can data generated in an ER/OR setting, adverse events in the control population? If so, how?
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Table 2 Panel members for the roundtable discussion

Jeffrey L. Carson, M.D.

Professor and Chief of General Internal
Medicine, Robert Wood Johnson Medical
School, University of Medicine and Dentistry
of New Jersey

Siephen M. Cohn, M.D.

Professor of Surgery Chief, Trauma and
Surgical Critical Care, Department of Surgery,
University of Miami School of Medicine

James J. Holcroft, M.D.

Professor of Vascular Surgery, Department of
Surgery, University of California Davies
Medical Center

Michael J. Joyner, M.D.
Associate Professor of Anesthesiology
Department of Anesthesiology, Mayo Clinic

Margot S. Kruskall, M.D.
Associate Professor of Pathology, Beth Israel
Deaconess Medical Center Blood Bank

PANEL MEMBERS

Paul M. Ness, M.D.

Professor, Pathology, Medicine & Oncology
Director, Transfusion Medicine

Department of Pathology, Johns Hopkins
Medical Institutions

Reuven Rabinovici, M.D.

Professor of Surgery and Trauma Chief,
Trauma Critical Care Department of Surgery
and Trauma, Yale University

Richard B. Weiskopf, M.D.
Professor of Anesthesiology, Department of
Anesthesia, University of California at San

Francisco

Gus J. Vlahakes, M.D.

Associate Professor of Surgery, Division of
Cardiac Surgery, Mass General Hospital,
Harvard University

Fig. 3.

% B, neurotoxicity%°cardiac ischemia% &’
IRBT B0, L) ax s bHFBEICD
Wiz, EEOMEARD? S LNk VT,
AEFTIXBMETIO L) 2EIEAIEH
FIZEREBEEIN T2V E BN, [
REOHEB: L TIZMEILZI D055
EWVH T ETHA D, Baxterft DERK
K EX T ldpancreatitis SR & % o T\ 7z
75, TOHIIOWTHEHBEZEN 7 + 1
—BEENEEII o7 D EHBASN
7=, B, risk& LTETORERA S
Hykd, BEEHG LI RLEID A
DEMEREE o7z (IS E DT A T}
AHEN TV, FDAIZEZE LG L X
9 &b kBRI R BITER 252 4 556 (38T
TE&Wv, ETHUBNDIHITHY, Bl
TER ORI 2 CHEMLBRVLETHA
9.

Endopoint . Trauma Tmortality L7412
morbidity surrogate YW SN BV LD
EEmASITONIY, BRI Y
Adeho7:&9) THA. elective
surgery C b endopoint7)*[5] f& M1 8% i sh 5 72
FTRWOR W) RIERERH ),
Defficacy ¥ T Z E NS HDOEEN, D L

ARTIFICIAL BLOOD Vol. 7, No. 4, 1999

Fig. 4.

23455 C & % NIH Natcher Bilding #459}£]

The Van Slyke Manometric Appa-

ratus

115



Nigv, BFEICEFEDdrugl OFEMD AHFEAZOBHLIZ
Lofflidewve h, HOERFIVFSIMI 2D L) B
H &N Tz, endpointllT 2 EBIIEVEOHRKERETH
D, SHBOFDADHIKIAF/ N5,

Head injury2 3R &P LBRAT H L VI ERICH 1LY OF
SHE DN TV, Head injury®3FE, HIMTIELMEDD
DOBENBGHLHENE L, BHATRELDER DL
i3%d o7z, 2A 2 FELT, head injury® BE IR M E
BENZ EEEHLA LT, BURBEIIARDRE EORF
BRI SR TWw,

116

&I

EEIBRRBRIIBETAZDL It — T EBZOBILE
MBI ERMOTORBRTHY), FHLEXTHo7. M
FEOBANDBD TLL, FOERTIIKE BT 25
RAVLELHEZOSMIL > THEDONTVEIEEF VTS
LIZBWHI- 2, 72, BERELTLIMERLZZDDOTLR (,
COHRMPLFDAR—ENRBLITLHT ODLBEIN LD,
FOFRBIZREZBLIFELNLE LB, ZORBUESED
REYMEIZREREREBLIIEIILEPL LAV, 5%
DOREFIZIER L 72V,

K&, FMRBIlHEINAREEREGETHIEERZERKE
D/IRBIED S, BB T L R—% —F— VORI ZIITECE
A7 Van Slyke Manometric Apparatus¥ #8THE, HIIES L
TELPRNTVWLEETHAZ LEBHZITBEV7: (Fig. 3). MK
FEIZFINRIFIIMD TEREESNLMBE Y ABBBFEEL 5o
2. BEERATRLFEELEBORTIIRII,ILSEZL K
L7 RETHEL. KT—2 313y TOEIETH>7NIHD
Natcher Bilding #45 (Fig. 4) O L X—% —Fk—JLIZBREN
TWADT, BEFHNIEBILENTEE 720,

HEF AT ay TORBEETA 74 L0 AREHH
OB BINEEN AR P ICZ T R 72720, SBIERIVEDL
BEEZ THE SR THEW:-ILELL, REMFA~OBRHOS
EL LW,

ANTLM# Vol. 7, No. 4, 1999




bumin microcapsules reduce bleeding
cytopenic rabbits

Marcel Levi, Philip Friderich, Sarah Middlenton, Philip De Groot, Ya Ping Wu, Roy Harris Bart Biemond, Harry Hejnen,

Jack Levin and Woulter Ten Cate
Nature Medicine 1999; 5: 107-111
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