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9 FTH L bAEICBT AWM MERAIZTRTHIMICE s TELLbRTWh. EEEOSMREIZB X2, ARIMEkEH
650 5 Hifir, IR 210 J7 AT, I/MKEA 865 HHLALCTH D, SHHIC L CRER 1400 EHICH DIE s, 2o 10 EEMIC BT 5 R
HIFIEFMTC T, BIRBS TOFEEIZ100%I6 2 5N TWLIRNTH 525, FRIZHARTFHOZO TABHICEIONTVS,
TRl a g 4 VA RGHEDOFE THINE DR AGI E N2, EBICZZ0OBEIINE L, BIETRIEFIZFAELTVWARETH S
HAFRT T4 CIEBAE, RIMEREANS 3 Ho, MEERFNL 1.5 » A4, M/MEEHNI Y HIUR % BRICHEEZERL, HFERLONT
VAEWS EIHIIBDTVE LD ETHA. 7272, BRINE OERBPINRE A S L, 40~50 FEOBRIMLFZ 2SHIN L T 5 D13t L 16~30
ROWRIMF TP TH Y, FFIZ26~36 i F TOMMBITEFEOFEROFTH 5 L R EE Lo Tw5. # 10 FFHRDOEERR I
FBOYIaL—arTid, L0860 ACGRIEDR 12%I12HH%) b OB TS Tw b, DFEibr#ELd, oIk T
R M RA OR B EMERFTERVWERHRINTEY, ARRTFH LSS 20K E2#H L2255, Lirl, LORED
RS LD D IR TH - T, BRI D 2 F 7 2 MW ORI N WS, 9 THMMEHEO LA % 23 RIMEK
&, R R PR WU D W TR EEDNE W E T2 5. FICEE/MERERIEINZ EBaREBIMOEEIZIE, KivETo
T— VT v 74 DR SR OTHEAORFE LA R TH Y, EBRICHINE TICE LR L EaR e oMII3BEELZBRID
X972 MRS M EAIREZ I W T, L) —F, BRRCmBEREYIEIFA TS, —J, mEEEAZ0F
HABESERRFHRICL A IEMATHY, BETRIEICEE 74 7)) )X v OfEZBNET S22 )+ 7L Y EF— b (NERKH
LRRENICTEE) O b2 00oH 5. 7o, BEKECORMEEAIEE ICE WHRTZRMAE ORI L H#EA TIZV 505, EREETO
747 2 BRE R R 2 EREE RS IEA TRATE AL ITETWAY. LA, AR EFDICHHEES L T
a7 CEFEEET L ODFRMEOFEENRE T > TEY, MERHEHOFEHEME ST, FlIEREZTOMBRIIEETHA
I, TOXHICEHERBEEIZL A A, BARFTFAHAES MEHEEOHL S D, —F D PV ORE~ERAIFFE I hTn 5.
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RMEDDOFRETE, RESTEAGER) RV —2) ZRESK, 5 THEAHME, Z 1L CDDS ##H & L CoBILICIY A TE .
TR, RESFESEREH OB ASEBREICBITAFELZET ) FAIZED L) IZEB LD E 300 23T TRAT 5.

COVID-19 2L By TI v ZICk N EAIZTA TR A NVOEFRERE LR SN 55 )74 XAaaFoRICA-72. &
N, MRNA T2 F VDT — A7 —HERIZE DL ZAPKREV. RTZFVIEMRNADF v ) 7L LTHFF v UIREEGHR(RE S
JRTF) EHCTED, MRNA OREHFENLEDOEH T I NY =L oz, —T, B4 ZRIKSTHE Sy F4 Y HRY
WCHKTL2ZEIHLMCEND2H L. BHFRETH AT+ VHIREY RY — 229EHIRICH L CTERPUR T N =& 7 V2
Ny FELTOREBHFEZHREYL, S5ICET Y FH A b= 2O A% & FEESEEY THAWE 2 3% 8 NI T U N
V=352 PHHFENTVES.

RS FESAROHEBREE 2R L2EEINEMEA I 2 VYR — 2%, ELISA T v A BT ABEOD Y IZH A HEKT
B I HUJE (SARS-CoV-2 O N HiE) Z BRI TE 2 2 L2 R LY. VR Y — 23 HKMICEROPAZ IR L -2 Mo RiE s
HoTHBY, ESIETOINSTF % 0 FRd I L 7R TR T 2 0 FEAKROIEDS Z S OREBIZIE) > T b,

wHBIC, ATI/MEE LTSS L T A HI2 156 ADP NEY RY — 2 2844 5. Zid) BV — 2Kz LMo 1 >~ 7
TV ERBRNCERT S 7470 )= Y ORTF F(HI2) TBAI L, ML EEtST2/EM %282 ADP 2NW L72) Ry — A8
HITH D, HHEAL L7 MR OSEIN IR ADP 257U N — L, VY — A9 52 & THUMRUESE 285 - ML, 28 2kimo
JE RTINS HHEHEOMRE S hTwa, BIE, LSRR OO & SRR % G T 5 720 DHEMIED STV D

PR THEERE V- 8AN, WREEOREOS THEARBZ AT 2 -01C8E L. RFEHTII~ S 7 ik 731 2
ZHOEH LOEEEORA v P IZonThfilthzv

ik

1) Li, Tolksdorf, Sung et al. Int. J. Pharm., 623, 121917, 25.07.2022.

2) Hotta, Hayase, Kitanaka et al. Biochem. Biophys. Rep., 34, 101483, 07.2023.

3) Hu, Hotta, Maruyama et al. ACS Omega, 7 (30), 02.08.2022, p. 26936-26944.

4) Hagisawa, Kinoshita, Takeoka et al. RPTH, 6 (2), e12659, 02.2022.

5) Ota, Mochizuki, Sou, and Takeoka, Front. Bioeng. Biotechnol., 11, 22 August 2023.
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MILERIBATOEICATT R TH Y, EROERE EEREICZRKOERE LTWwa. Lo L, GREIIIICS 2 55E o0 Ui
MATH R VIR S R BEAT S, Fer lZMMiERE [Hx] ¢ 25828 S s ATRIMEKRA (NEZOE Y XY 2 )L, HbV)
ZRATEL, ZOMREZ ZAMICHIZE L T & 72 BLESROIFFARILERD S 7 4 )V ARNTAL - RELREZETATZ7OE ~ (Hb) %k H
HEEL, Zh2VRY—ATHTEIMEL, FARSO TASZET, HE - Ba%S52 iR A TRIMEREAIC [HE] Ttas
LN TIEREINLBILIMEZ AZFH L, BIILEOZEZE LTI L 2WT &, ITUBERBHOMEREOIEERTH L. TR
Bifi 2> & OABAN 05 5 Y 2 B 2SHFZEFIFE @ Driving force T 5. 2015 4E7*5 AMED O % %\, oM & L T Hov @
TaEW - RSO TR RIIgE 2 ki3 % & & b 1C, PMDA SEHERIK i ik % Bda, BE TR O & GLP FEER % &R 2 Ik
M7, # LT 2020-21 4FFE I TRERTE NMU-HDbV ® GMP D #15% & Phase 1 (First-in-human, FIH) Bk Eii L7217, choomEE2 BT
2T, 2021 ZEJED 6 @ 34EMIZ AMED G LIFZE 7 1 75 4 (3 — X B) & L CURAMIZIANT 72 8E48 128647 LT, B AR, 4tk
Moex o TEx7%, RREELZNLZ, INFTORBIZOVTHE L.

Xk

1. Kure T, Sakai H. Preparation of artificial red blood cells (hemoglobin vesicles) using the rotation-revolution mixer for high encapsulation efficiency.
ACS Biomater Sci & Eng. 2021; 7: 2835-44.

2. Azuma H, Amano T, Kamiyama N, Takehara N, Jingu M, Takagi H, Sugita O, Kobayashi N, Kure T, Shimizu T, Ishida T, Matsumoto M, Sakai H.
First-in-human phase 1 trial of artificial red blood cells and hemoglobin vesicles developed as a transfusion alternative. Blood Adv. 2022; 6 (21):
5711-5.

3. Sakai H, Kure T, Taguchi K, Azuma H. Research of storable and ready-to-use artificial red cells (hemoglobin vesicles) for emergency medicine and
other clinical applications. Frontiers Med Technol. 2022; 4: 1048951
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ANEZTE IR (HOV) IEI R o BRI AR Bk 2> S, BRLANEZ70C 2 ) Ry =LA h TV L LETH S, T
RCOMBERIHHTE, B A7 03% L, RMBEASWHRET, HARRFENZERH SN (AMED) O 323% CHF 1 HIEGRRERAS T L
82 MARBRAETE S N TW B, —F, Nz &Ik d 2 IR /VEF AT CIIITENIR 72 & o3 CRE I L2354, i d 5aEn s
Lo TUMEIRICH Y, BA L THRMEUBIEOBRBRED ) R 7 H3Hh 5. FMETENZ HH T E 5 AN TARIMERD RIS A
YHENTWAS, HOV IZZOHMD S PMBICEMTE, 2RO REBIMICAEICHEATELLEZORE. CRETOERT, v 72
25 v MMIIEERME RO 30% 2 FiL L CAEMARM 2479 EF VTl HbV 5 1 3EREIE 2 28 S8, WREFRRLZOBROAKESR
HISEB R O BEI RGN & FETh o7z, E—= 2 VRICEMERN 247 TF VT, ATV F Y H T —F VTl 2 178
ORI % S0 L, HbV 2 5-1% 30 % Bl 2 f0fE L T e MR OBERILICEF S L, HREBLRE S LI Nl. F72, 7
T 257 v 7 W%l L7 @mBE A O HoV (Py=9 Torn) MR OBEFESE % ER SR %2R L7z, —JF, FRilske ik L Chi
FEI/PNEVHDV I, RIS 72O THIME 2RI HERTE S, vV ARBEBHEETSTVICBI 5 L TEMMENOE T
MR TOBEETIE, RIMEROFFERIEF 5 2 WK 4 B & V) BT, ££250nm @ HoV B T-25ERE S L7z, BfE S 7z i
BT ERTICL D, M AT S N THEBERICO %D, HbV BRIk E Y 5%5A UTHYWA LM 28835 2 205
Mo 72, BAKRLTO HbV 12 X 2 BHIME O R EERIZ, BIEEZERL, BEAELBIESGOREREOTHICELET 5
TR D 5. Tz, — b FE 2 L 72 CO-HbV IZIZPLIE LB R b 2D Sz, HbV ORI ZR/VE PR ISRk % 72
AED DS T MDD .
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i

Wiy 3 v 712 LI LISAMEREE (AKD 2G0T 5. omEIE, RS RN O H EA 22288 L, Mlan Na' B389 5
2 RENZSEAET DA Ca® MEAM & ShTwab. AREFZETIE, Hemoglobin Vesicle (HbV) $5-251H HCO,” Z K& L, Na'/ HCO, 3L
Pk (NBCel) B 2 EAE$ 5 2 & T, AMIIAN Na' I8 2 30HI L, AKI ZF51LT & 2 2 Mat L7z

S

KRB BAPLI 2 TV FBIIRIE DS 20mmHg £ TEKTF L, %2 L7 F = U ili7 baseline @ 1.5 f5 LA B2 EH$ % AKIRREEZ /R0 L
7z, 207D 3 v 27RO, HbV 5, FRiMEREN, Mi/NE (Lactated Ringer) ¥l & 17V, MATEYREE, 12 L7 F = R0
H HCO; IREDFRERINEILZBIE L. 4 RMEICEIE S, BROGEMERZNEHE 217 5 72.

BRLEER

ARILBREG L, HAlEAME (Lactated Ringer) #i Cl, FFMZICIE 2 L7 F=
MEOE EAFRD LNz, o), HbV G TIRIMME 2 L7 F = VEIE
FAL L2 (M 1 /2). RMERGMAEIZH LT Hbv 58 Tid, IH HCO, &
PEEIRETH 72 (M 1A). 72, AKI %O HbV 5T, AR L
AT NBCel 8HMBHZETH - 72 (K 2).

LFROHREL Y, UToE I Sh7. $4bb, HV H5IXEIMEHE
ELTHBERZMB LEABOH 20 L7729 2T, AKIBROEMY - ih
HCO, IEFE% 15mM Hi 2 DA IC L7z, R MIE AL C D HCO, 2 RE A L
7%, NBCel Z 4L 7z HCO; & Na’ Dfiiast~ o il % B X & THIRE A Na*
[ 88 % $0HI L, Na'/ Ca® s34 HAR (NCX) % 4 L 72 Ca™ i A2 & OMINE A ca™
B ERMT BICEST2EERZOND.

ot

HbV $%5-1, HIitEs 2 v 71289 AKI ETFVIZBWT, Y a v ZIRERK
T HE L LI, BRMEIZE VT NBCel #fe 2 RIE L, AKI ZFIET5 2 &
MRS,
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ORMBEAL o % WHEAK
DRNBERRZE AN, ? AR T BERRS: PR LA

ok, VAV — 208K EAEEE T 5 B TIT- 20182 00mic, UTOMRZE. O Fy ML, NEZ UL /hak
HHLVIIETHHIVRY — 2 FEET L E, WK 2 /8BRTY VOSBRI RS AR o — B S h A5, @ T e tsaeims)
OFREELT, URY -~ a7 7 — VIR SN, ZhE S el keszimiiiE (MDSC : myeloid-derived suppressor cell) 5 (2
BRIELDIRIZZE, @207 7 =TV RY —AHICK D DMDSCIZHBT 5 H09EF = v 7 K4 ¥ byT BT-H3 2 %
BL, ii)NF-kB i&EMEAL2> 5 INOS #38, NO FEAZITHESESL. TN OSIRAIN T MR 2R 233, @ R are i
ESRMZ0o b 025 L TR ST, #iC) RV —2A%BH L Cwild DPPC DA O BHIRIIRZHE L2 VIFETHRZ S
H O EThHDH T, wru7y—IRMEKEE Wz n vitro DY 7 F VRERITIZBWT, & NF-KBIGEHILD iz L R—F 7 v
LA L FEMEHERTREL, VRY —2flifi~r 07 7 —=IJWNTPIEKRA L ARISOSHFE S, ZNE57% NF-kB IEMH LI D %
HOYEELTWA.

ANEZOE NMIER, BICHRIGH SN TOWAO Y Ry — 2 BAHNZ S EARAEOBIEH S22 <, EiEIERRIBM 21t
EEZONDL. LHLANEZTYE VNIRRT S 2 ORITERAH & 2027 » BRI PR 2 283 5 L TEET, DoV RY —
LADORMOFEHEH L LTEELMATH S LEEZ TS,
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NEZTE NEARHOV) IE, ARILEREI & RIS KR IEE ST 2 e SN 5. KEHILEEITB W CE, & 67
LT, &@FRE0ay -2 HE LHREERLEGAHEDO TR 7213 RREHNE LSS 3hb. 200, KRl
MEFIZHDY 28537 555128 WTH, B4 REWPEIT LTINS Z ERTFREINS. T E TIORIMEREIN % 21 72 K= 1
MBFIIBNT, EYEREEE Y VX7 B ThDHF + 70— 2 P450(CYP) ILEHEM DB WARAT 5 2 Lavrsn Y, Kl bk
I ARIMERBH M 1Z CYP ARSI T T2 2 EAVRIBENTWS. TOFEELY, KEBRIMEFHICHV 25 LBIZBWTY, #*
MBREG I & FAR W BE T SE O R PE 7 & ORNEIEB IS 59 0B 2 T 2 REIBETE LY. ZOL)LHEROT, IhFE
TICHEAE, BEF Y FROCHBIEY 3 v 7 EFIVT vy b2 VT, HbV %S (BFE) 2T B X O h o 3K BhReRI . » 87 8
FILHEEICY 2 DB D Cinvitro LU invivo I TEHI L T & 72, RFEFRTIE, HbV & 5- 230 A CYP4 41 (1A2, 2C11, 2E1,
3A2) DFEHRHERE, S SIIXEFNL OIEEYOKNEIEICS 2 2BBIZOVTHANT S, T2, BIERE 2 EDOTW5D Hov #£52°
JEsH B L OB OEY b v AR—F —DORBUCE 2 A HBIZOVT LT 5.

ik

1) Harbrecht BG, Frye RF, Zenati MS, Branch RA, Peitzman AB. Crit Care Med. 2005, 33 (3), 541-546.

2) Tokuno M, Taguchi K, Sakai H, Ohtsuki S, Yamasaki K, Otagiri M. Drug Metab Pharmacokinet. 2020, 35 (5), 417-424.
3) Tokuno M, Taguchi K, Sakai H, Ohtsuki S, Yamasaki K, Otagiri M. Drug Metab Pharmacokinet. 2020, 35 (5), 425-431.
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e

A TR 1 ER (hemoglobin vesicle, Hb-V) B 13 B AR B 5AEE STV B 2%, BT EDHD TR E , RIMERAFO 1Lk 13
ALTWARWD, ILMERICADOEELZS5 2 2 0RME» S 5. 40, Hb-V HAIGREMIEMEREIC TR L, Wit F Bk
ie, ASMEEFERE, THRATREOBLND S ex vivo EERTERAL L /2.

ES T

EERT 747 (n=8) D7 T YEMAIIZ, Hb-V & 2\ IIREE R 2 2 L3 10%, 25%, 50% & 7225 X HIZRML, MR T ik
BERER (T-TAS®, BEHRTE), P Y RIS X 7574 (ClotPro®, 7 4 ¥ H V1) ¥ 7 4t) & F v 72 MR s A (AR fE - T w s
HEfNT) 4T o 72, H3F A—=FIZOWTHMGREM L OWTREL, HRIC X 2B FHM Lz $72, FA—HRMEMAICB) 5 Hb-V iR
TS & SR AR AR I O AHE % -3~ 5 7212, F—MRKED %37 X — & HO Ho-V/ R % #ET L7z

BRLEE

M iR R T, BPUC X o THRBWNE LA PIARE B & ORI A ZICHER L, 50% AR IEARUm & b
T 2-4 REREEICIER U7z, ISR B i <k, MARIN T (TF) CTER S - E e, MmEfHpic X - CHERE RIARER, 5
TR R D F W] 22 JA A A S L, e KB B IS N L7, S D2 &9 5 50% T TOMMARTIE, BEEISTLHES 5 kD
AEEINz 61T, MERHERAEICB VT, TF L RRICHREEER T TH LM T I A I ) 5y 77 FRX—=7 2HINT 5 IHRERE
FEATCIE, THRBRERT /NI A= ZHIEHRIC I VET L, FRMREEECTASNLMBRITEEZ XL TWbEEZ LN »
FTROWEIIBWTH Hb-V/ FEFE IS X 25 Tld, MARTEREEICS 2 2 HEIZOW TR & Ho-V ORMICEEREZ D>
72 (GES ).
ot

10%~50% F CTOMEATI, 4 E R R 238 L, IHRAREAMET GBsRETlE) 3 2 H 0, BEMZILMEERIZET L
72. Hb-V 2 X B ML A BB & ORI B W TIRIMARREIC BV TIESHETH Y, Hb-V IZILIMEEEEIC R OEE L 5.2 5 2 L 2 kR
MEROWEFERREREE BT 5 2 LIS L.

ik
1) Weisel JW, Litvinov RI. Red blood cells: the forgotten player in hemostasis and thrombosis. J Thromb Haemost. 2019; 17: 271-82.
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#E

FERHERRM I MIIMRIAR S LT CO R R REH & 2o TH Y, FHATET b i ik 2 ke R I BB B 2 & & W 2 CTUR#ERE O
18% ASERMEEEAYIBIIC & 2B L G SN TV A, IR R IEBRIME = 3R LAREN L —5T, UEMICE 13 RT 25K
NFIZTE T OB K FIETEEHIM UEAE R SEH S N CGRERIRE L 2 2. 2oBER>SEMERNBMEZIET 5 &, AHIEHERK
TFOHESNGHEEEZEL TS,

FERHEREI I 350 2 BEEBE E ORI E I AYEAT 3 2 ARG ERE L, MR I X 2 8ERTOHEZ ke T 5HE
PEEEE R END S, FHRMEEREE R TR E LRWEETIX, shock index(SI) % E D N4 & VA A5G L LCoRF Bk E
, BHICHERTE Z720, ENZFEEATHS. LarL, SI ZERMEERNIBIMOTXTOREL EMHICKBL TWb bl Tidk <,
HEMSFEEETIE, BNEPZL BRI T ATV )X 2300 L LEMNTFORT2AZEWE 25720, SHZENOLEM % %)
RIZTFITE B LREST, 74 7)) 27 VERHER DIC 227 O IEMEICHREZ KT E 5. BU5 2@ o KR o3l
WTE LTENST A—=F =74 7Y 25 lETH B0 7470 7 AMEORMETRE R sk Tl 7 «+ 770 7 Vil
ZEEAICHIE L, REIFIICEHMET A 2 EBEETH S, IL4E T Point of care testing & WV CREIZZ DR R Z BT 2 2 L3
W7o TETWVAS,

VLS S E OB ALBRICB VT, MEDOHEFDO DTS KEOEEIZIMEOFIIC X - Tl OBFE K DiEEZ KT
SR E 2 BB S 2 1R D 525, KEHR RBC #illl 72 &1 & 2 BN FORMAFET 2112, 3 TITHBR IR I X
AHIMEWNREEEICL - TEREFEENRE L TWA RN H 5% L7225 THRHII BRI (FFP) OF 5.2 47\, BERFEE 2
HEED, HEMBRFEECIHROLIICT 4TI )Xy 2IF L0 E LEERTORTAEW L 25720, EHmEeE K1 5H o8
HEPEL HIEIRE) T TH W,

FEBRITIIRTR O X 5 ICFEMENY 2 B K- DM FE 2 47, AT L TR 2 17 7% o T { blF T % A7EAN 12 1E DCS (damage control
surgey) OBEICHI D, £ IR O % 50 LR 2k Ml 2 5 BB IC IR 2 T2 5 Tw < 2 & THRWEHMARGRITEH I hT»
B[R H 5.

3k

1. Era S, Matsunaga S, Matsumura H, Murayama Y, Takai Y, Seki H. Usefulness of shock indicators for determining the need for blood transfusion
after massive obstetric hemorrhage. J Obstet Gynaecol Res 2015; 41: 39-43.

2. Matsunaga S, Takai Y, Seki H. Fibrinogen for the management of critical obstetric hemorrhage. J Obstet Gynaecol Res 2019; 45: 13-21.
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YR T) L2
SY2-2 ERHIBMIEIMNE X 2 2 BmBORE
B i 5

B ERBR AR GESR £ & —Hill
an2@saitama-med.ac.jp

PERMEIRIC BV CIE, AR L ) BEEGIE L SINLIRWICHS Z LR LI LIERAET . ZOBII RH R 2 i %
SLMBEEA 253 2 LEDRDH 505, FODIWMEE &3 X 74 A VM AL D MBI S T & 246 2 FICEZ T
K ENRD 5.

EIMERPT XN REEFE LT, UTobornEZ 515, O MTP(Massive Transfusion Protocol) : iy Il ASF A S 53
&, BEOMEIATHIAT 5 H028y 7 — Y & LTI EA ~ 4, HET 5. UBiTid, O BIARIMKEA 6 BifrE 74 7)) 27 8
FI3 I L%y r—2L L CwA, ARIMEREANE, BERFEMICERMT 22 L CTRARE LMBIRETS LR THE. L
L, BRNFEEIAELTWS L) 2R TGt v & — 2 S BAZ I 55 0E D 5720, MEOWER % BRRSEY & AL
TBLZLPEETH L. QUUEEFERTRAOFKSG:  5E, ERWBIICNLT7 4 7)) 7 YRR OMHRBGEA & e o7z 24
FECid, MTPIZX D H S Uo#EAZHELTEBE, #i8d POCT (point of care test) # FIVyT7 4 71 J 7 U lEiAs 150mg/dL % Flal -
TWVABEIZIZHR IR 2G5 TE AR ZBEZTWSE, 72, LD TEHERE T4 7)) )X VIENRD SNIE1X3 75
AHLKIR6 7T 2%BINRST45. 74707 BEFNIMHERRICERT 20805 55, Fridslis g (FFP) 2 a4 5 X ) ol
RPIHEETHIEDPURTHY, 74 707 OWMFTEMEILFFP L b EWw. B POCT MEA : 4P Tl FibCare & WV Tk %
ToTWa., BOAEDEMBK TS ZLNICT7 4 7)) 2 7 MEFME O NS 720, REFRTORBMRELREZRFO LD B BFOREL
HRPICHIRT 2 2 LR TH L. MEOWE b, MAERMAMSEZIBIET S LIIREETH 5720, FEIIEAM R A 2 SER
HIGEDOZA Sy IHREEIT) . BRRERNNE, BEOXA VT F UV ARBHTEOL 7 F v = &Y T5Z MM THS.

ERR M AT A S L PRSI N D54, WMEPNIE@E % 5 4 3 ¥ 7 Tl 2 Mg % 84, METLZ2RkoOoNh5,
ZO71=DIE, HHEDP SRR A FRHEHEM, MAESM EEREZIEEL, MEICHREIEDONL I HICLTB I LPEETH
5.
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YR T) L2
SY2-3 ERBMNEN —FELVHND - BEREEESES h—
OWrrasg, Jy3e Gk,

YRR A ER Y v 7 — Fankcae v v — - BaR
yamashita_tomoyuki@med.jrc.or.jp

HE
DOOVEOBAEERH S0 T AD ) B, HEFETIZH 405 TH D 10 FIFEHILIZ X B ETH S, 20 TL ) KBS HIMIE IR L7z
HARIKEE DT H K TH 5.

ERHERR M ORE

TEAR VA o TR BRI S (XN L &R AT Ll F 30 BRI 5N 575, BUES BOLMFERZ WL Z L hh 5. FHi
R R B C IR B E R OB PE L 7470 27 7 (Fo) EIZE R LEEEREEICE L. FRERED MERIZE > TPFHETH S
JiG YRR S IS IRA S 5 & & T Fg l3Mie 3 5. LRI AR I (PI BT b R & 72 5.

PERHE R LI B PR 2 ok L9 <, B R T 3R MR EE P 2 3 L S SIS B3 2 BIRBRICE 5 7200, WRRBLY T3
DTN GHFHETDH 5.

FEBEHEY & I 0 5 AR

ERERE & IR R OFHNC & 0 5EMlI3 R % 223, HFIERE < D IRMmEE, 2) &3 ERI5Toh, MESEYICHEIED S TY
O THFERINZDO D35,

1) B 8 (hemorrhage control) = 1k il (hemostasis)

TEDME, RiE7 7o—F, BETHEEIVR), THZ2HEAGDOETHEETS. LirL, BEEEN S L &Mk, 4k
BELNZWVWI EHBL N,

2) &= 5 B ¥ (critical care) = %521 (stabilization)

AB (airway &i#, breathing FFIR) & B SUE RS & A TR Z 4T 5. Clcirculation JE5R) & L CIIGBR MR R, AIRRIER, BEdEH%
MRS % 7230, WX &2 17\, 302 ISR BB A Il % F 72 203K SRR I (R L2k RBC O %Y RhD+, sl 4% FFP AB
B RhD+) ([CBATY 5. WRILEAME E <2, BAIOHEM, BF, WXk S oRME2ETL I EPHETH L. C HHIZIEMEEDHERD
HARATBY, FFAFFARICL ZHENH, Fg & Z2OMOBREIRTOHTE, AV A 8HOKE, PIAiF, RO A EZE
TH5.

1)2) W# 2B 5 A & LT REBOA (BRI RBIIRN NV — > D) D3AFAES 5.

I & Y~ OEATF

e PN o i L A R ML & > 47— 2 & O MU BRI ik (T I 3AH Y DR 2 ZE L, TR o B A% & U CHIRE A9 |2 M i 20 4 B AR LA
MT& % RBC MR, AFICREZEST 2 PRABEWZRG TE& 5 2 L&, AdiEss - BUNIEMICEH S § 2 et 5. RAHIH
AR, BRIERIC R S T HBERT O 0GR IER A 5 OHHRFG D THRETH 5 ) .

RMCHRZ 2 500 Lz wds, BAEREOBTOMEAED 2 M TE 5 H2HELEA, —ATLZ CORMEZHMHGTE S
I HRBILEMELV.
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DORIGL2
SY2-4 Hemoglobin Vesicle CEFEHAH I % HET 5
Ofskii &1, WBIHsad 2 FHRENS KT 2%

IRERFR T4 ANk v & — IR, R EER R AR v 5 — BERHRRERE, Bl AR A A B R,
¢ BT R R KA SRR ) 2
yukako0827@yahoo.co.jp

#E

FERHERRR NI, AFDOIEERICCTORHD 2 H 2 5D, F—-MTho. K A7 MIGOFEES W TH RRIIES 2 WhetED S 5.
HATIZ RO EE B2, W20 Tid kv, ER—RIEX TITbNTE Y, ERERIMMmIEZ o 228, MEHRICER,
HICELZLbHDH. AL, FEFR KRBT 2 ERMERM RSN U, BMAZ SRR %S 2 £ T, ARIMEREIL O &
LTHDbV 242532 2 &A%, HEROFMGHRIA LIZORBDTIE AL E 2. AR TRERERRNO X240 LT, Eftfa
BRI H I % AR S, BERERESE - ARIM/NARIREE - B S Mtk 5 v 7 OREBET NV EMHE L, REKEIMOREE LT HoV 28
5L, SO RBEORGRIREMEES 5 & & B, 1khmEEE e AR CHREI~OZE LY 50T H 2 L 2 HINE L.

ES

RRMO Y F2HBE L, Ao EERRZ N LTI X7 Bifid 5 60 70, 50 HIE & &80 Hov & 25% 7V
TIVEALITRELLEDOZEIRNES L CIATEIREZ MR L2, 604012, /213 MIMEDT200mL 248 2 72k C, YW L7275
BERZRHE L CIRm U7z, Bttt e LT, BERIMER & Z M/ MIUIIEE (PPP) @ 1 : 1 BRAEWHIKS 21TV, BHWEEEE LT5% 7
VT I PG R T o7z %% OFRHENOFZEIZ O W THERBGE L7z

BRLEER

HbV B & RBC BRI EIEINRE >50mmHg 2 L7245, 7V 7 3 Y BIEEEBIIRE 40mmHg MU T ¥ TIKTF L7z, RBC#B X UV HbV
BEIZ 8 REMILL R L7222, 7TV 7 I VBT 8 RERILIICAELE L7z, RBC BT, oo 2 BEIC AR CRIMIMEASH BT L.
RBC % & HbV B3 Hb i >9g/dL Z MR L72A%, T 7 3 BTk, HEOK Hb It (2g/dL) & % - 72. RBC #EoliEd 7 1+ 71
J =4 VHEEEE, W60 T 106 £10mgldL ISR Xz, o E) HOVEEE TV T I VD74 7Y ) —F UV iEEIR, FhE
N62+27 BLUN48+23mg/dL TR T L, EIELHFEEIEZ - 7.

HEER
FRIMEREGMLOFCHEE LT HOV 3510k Y, EREIImo Y g v 721 LS 52 &, 2 & I ERERRIIEMIC K- 72348 T 1
HoV #3510 X > T LI A2 L # L »IC L7

Xk
1) Yuki'Y, Hagisawa K, Kinoshita M, et al., Am J Obstet Gynecol. 2021 224, 398.e1-398.e11.
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YR T) L2
SY2-5 EREWREVEIICH T3 /MR (H12-ADP-1) R/ — L) DF MM
O& Tt !, Bk HIUEN? AT %°

S ERRBIR R AR v 7 — BERURIRL, ° Dt R R SRR A B, 3 B R R K SR S R W A
anesth.k@gmail.com

FERHERRHIMII AT OEFEEHCRROE—-MTH Y, FEVSERETEAM, KU AZEETHRI ) FIHETH L. 28R H
M S BEFE R T o 582 & i R AR MERERINC & 5 “FRMESEEE" &, FRPERBBESOBRNTAIE b %) B LRSI
RIS L 2 HEREREBREE Lvw) 2 00RETELI LHFLL, ERHTEHERRBEEE 74 70 7 X VIRB)ICE-TLE
) 720, BEHOBRERNFOMAEPEETHS. LirL, REOSGEOPHYEEZZ ) =y 7 R E0—kiEZ TR TEY, BENICH
MAE SN TR VIR KETH Y, ERMERHIEMIIBLTRHEORBAS VLD L LTHRIMOBENE—FIIETONTNS.

M/AR ) Td B H12-ADP-V KV — 21%, TRE 0TV RV — AR EIZGPIbMa A kEaT s 1207 3 ik (HI12) %
FH, VRY—AWNIZADP(TT/ ¥y 2D Y #NALTED, EMHAL GP I b/Ma 28353 L 72 M/ MRICHE & L CREE & ek &
5. TRETOFHFIIBWT, FMEEEREEEEF VBT 2HIMEIC OV TRBENTE ) VY, WEER A ZIFRERICHT 2 FkE
KSEE F VAR B H12-ADP-Y) K Y — A OHFEIZOWT G L2

H12-ADP-1) RV — A (3l & JERBEREDSTRETH ), A RIR G B TE 22 E0FERH Y, RIFICBT 2 ERHERR
I OBI GHED A, FHAEE, —XKERTOMMAE W) TOFHESHETE S EFZ LTV,

3k
1) K. Hagisawa, et al., Res. Pract. Thromb. Haemost 2022, 6, 12659
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DUORITILS
SY3-1 Development of liposomal thrombolytic drug delivery system

Mao Maunick

Waseda University, Department of Life Science and Medical Bioscience
maunick@fuji.waseda.jp

Pulmonary Embolism (PE) is a common cardiovascular disease with high mortality rates and despite its prevalence, treatment methods have not
evolved significantly over the past 30 years. Thrombolytic therapy being typically used as the first-line treatment for acute massive PE where blood
clots are readily broken down via fibrinolysis bring with it severe side effects; over 20% of patients experience post-treatment bleeding
complications (1). To increase its safety, regionalising drug delivery will reduce bleeding complications and increase efficacy due to higher
concentration present at site. The proposed method of localisation is to encapsulate the thrombolytics in liposomes, a non-toxic biocompatible drug
carriers that can modulate drug release and are versatile for specific ligand targeting. The liposomes will encapsulate tPA released through enzymatic
destabilization of secreted phospholipase-A2 (sPLA,) and have heteromultivalancy features, binding to multiple target markers enhancing site
specificity and binding stability (2).

For current stages of experiments, small liposomes between 100 — 200 nm with zeta potential around -15 mV was prepared referring to the methods
from the artificial platelets produced by our laboratory. They have been modified to encapsulate calcein, a fluorescent molecule at self-quenching
concentrations to allow the measurement and visualisation of binding and content release. The parameters for the PLA, hydrolysis experiments have
also been established optimising its activity to have better measurements and higher release percentage. The experiment used Porcupine pancreas
PLA, with high enzymatic activity (>600 U/mg), hence liposomes and PLA, concentration, volumetric ratio and temperatures have been carefully
selected to slow the reaction rate: six minutes to reach plateau which initially was within the first one to two minutes and release percentage of just
under 50%.

The following steps will be to incorporate the peptides, RDG, EWVDV, cRDG and H12 (dodecapeptide) (3) singularly and in combinations targeting
GPIIb/Illa and P-selectin on the surface of the activated platelets and determine the optimal molar ratios of the components for both binding and
release.

3k

(1) Sekhri V, Mehta N, Rawat N, Lehrman SG, Aronow WS. Management of massive and nonmassive pulmonary embolism. Vol. 8, Archives of
Medical Science. Termedia Publishing; 2012. p. 957-69.

(2) Pawlowski, C. L., Li, W., Sun, M., Ravichandran, K., Hickman, D. S., Kos, C., Kaur, G., & sen Gupta, A. (2017). Platelet microparticle-inspired
clot-responsive nanomedicine for targeted fibrinolysis. Biomaterials, 128, 94—108.

(3) Okamura, Y., Eto, K., Maruyama, H., Handa, M., Ikeda, Y., & Takeoka, S. (2010). Visualization of liposomes carrying fibrinogen gamma-chain
dodecapeptide accumulated to sites of vascular injury using computed tomography. Nanomedicine: nanotechnology, biology, and medicine, 6 (2),
391-396.
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DUORIYLS
SY3-2 SEERSMEERDREREETT IV E H12-(ADP)-U KRV — LDEEZIE

Offix BAE", BN AT #° AN B REEA*

PR RER AR B T R A ge e v & — AMEREZEEEM, C PR R R AR BRI, C B RTIR R RCORE - D,
EURRHI S BT b
sasa33@ndmc.ac.jp

HE

SHERA M (Traumatic brain injury : TBI) I3 F 24912 %) 35% (B R % 5| &2 2§ V%, TBI BBt E OB T 7 VXKML TH Y,
TBI L GtFEREEO R EBROFEICOWTH RKMHTH 5. AUIZETlE, HEEL LD TBI HEEEEETFIVEHEY. TS, 72, TBI
PRI/ T 5 H12-(ADP) - Ry — 2 %5 L, EHEIRE RIS 5.

ES 7

HEPE SD 5 v T OEETEEBIE AR IC L — ¥ —iF @ B % (laser-induced shock wave : LISW) % #3852 191258855 3 [ RS L CHEIIME 2 /R L,
5 3 BICAEMAIEK (LUF, NS) F 721 H12-(ADP)-V RV — 4 (BUF, H12) % Bl (Iml/kg) L7z, FRESRTIS X OF 24 BRI 12 s
RZRIL, M, Sonoclot® & v 71 ML sk [ K FE (Activated Clotting Time : ACT), 7’0 b1 Y ¥ VIR (PT), M3E74 7)) 27>
fili (Fbg) ZE L7z, & 0 EIEEEOBE W LISW ki 5 MBI OWTH %ML, 8, 16, 24 BB ICHB DM 217572, 5 [IHEES 24 IF
IR REIS DWW T HE Gt BA 2 /R 3 U C N85 o0 J i B2 % MRk L 7.

BEREEER

WINORED, TBI RISV % AL ©hd o7z 5 G NS #5855 T 24 R DO A 47513 63% TdHh o 7243, HI2 58T
13 100% Td o 7=, 3 [IIESS NS #E> 24 Wi # & 5 [N NS BED 16, 24 BE[ T ACT, PT25& B ICHEICER L 72, Fbg X 5 BIMRES
NS # o 8 REff f2, 3 MIFEST NS #E & H12 B 24 WERI A CHBIIK T L7z, HE Jefa A TIE, MMIRME ORI NS #E 8.3+1.6mm,
H12 # 65+1.7mm E AEEDND - 7-.

5 [l i 3 [l R
8h % 16h # 24h % 24h #
NS H12 NS H12 NS H12 NS H12
iy 8/8 8/8 8/8 8/8 19/30 1 16/16 21/23 11/11
M (10 L) n=38 n=8 n=38 n=8 n=10 n=15 n=13 n=38
baseline 56+9 59+7 58+7 525 62+8 58+8 52+6 57+7
post 49+9 5212 | 57%57F 46=6 59+5 57+8 | 5657 52+3
ACT (B) n=8 n=8 n=8 n=8 n=10 n=15 n=13 n=8
baseline 55+5 5612 478 57+10 62+10 56 +11 58+14 53+15
post 51+9 56+14 | 71+18* | 64=13 | 97+10" | 989" | 76x16* | 84+7*
PT (B) n=>5 n=6 n=>5 n=7 n=6 n=7 n=12 n=>5
baseline 76+02 | 7702 | 78+03 | 78+0.1 | 8004 | 80+03 | 7905 | 80=0.2
post 9+21% | 81+0.3" | 83+02" | 88+1.1" [ 96+13" | 89+07 | 86=11" | 82+0.1
Fbg (mg/dL) n=8 n=8 n=8 n=8 n=7 n=9 n=13 n=8
baseline 148+66 | 15160 | 152+50 | 17061 | 131+35 | 149+43 | 130+45 | 148+53
post 133+50" | 143+60 | 149+56 | 176+63 | 138+27 | 122+28 | 108+29* | 112+41*
T RTHELFBI O AT O * p<0.05 vs baseline, T p<0.05 NS vs H12, (MEAN £SD)

a3t
B

F v b TBlI BEEFEEEEF V2 L7z, T2, HI2-(ADP)-Y) R Y — A% 512 & 0 SRR E 2 88 U, M5 2 160 L TIE TRk
TaAED, HFERREIRE SN

Xk
1) Daniel S Epstein, et al., Injury. 2014, 45, 819-824.
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SURIGLS
SY3-3 BEAEHRICE (F7/= H12-(ADP)-UJ R — LD in vitro L2145
OFH YL HNHEMR? AT %° RWELF "

PBh RSV, 2 AR, GRS A, AR R S B T AR SR
oishida2000@gmail.com

BE

NI/ H12-(ADP) -1 R Y — A1k, T F CHEAFEMM/IMGED € 7 VR R HIIE Y 2 v 7 EFVETBWTZEOL %
PRENTE NFROBERISHZBIFICAN, L)% LRRERRTE AL T SN2 ORI AR 0 A Uil #4 5e H Big 5212
HHL, "HFALLMTTVE AWK ERICBWT H12-(ADP) -V Ry — 2 %G5O FAEE R L2, 4El, H12-ADP-1J Ry —
L5 0REWICo &, BEMEHRAKRZE F T invitro THE L 72.

ES

N0 2 A L 72 Ol A A VR A S 10 SER 2 0F 512, QA TLOIRTQ A O OMUMKEFILE, o 3 MCammgAk % R L
7z. H12-ADP-URY — A (H12 #) 7212 PBS(2 & b u— V) 2N 2 RS 38 C#, MEEEFEGE, M/MEsae, MMMk, B Lot
MR- A I EREEAE R (PLA) TR D T EFE L 72,

EREER
H12 B#EOBHZ ML, EOREICBWTDH, IMEEEREFE(TEG; CK-R, CRT-MA), Ifil/MEEEEE (TEG; AA-MA), Ifil/IMIIEHAL DO FEEE
(FACS; CD62P/CD61), PLA )% (FACS; CD45/CD41a) I L Ca > b — VB L N L h o 7.

H12-ADP-Y) R — J I FLEEER, M/MGETEIL, PLATERZ 5 SR S ah o722 06, ATLUMIAEH GRS STl 85 (2%
EWHEHTE, ERZAWEFHZ51&EI 32 &2 CHIMMOIRMICHKTE 2 2 L ARk I Nz,
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—fist B RA 1
O1-1 NEJOEAEBIICEHO>BALFRY v—FILOREICE M
B &, lHEK

WRITERIRY: B AL EE
mattu@naramed-u.ac.jp

#E

Bz BTN E T, Hb ZELH] - £RET B H7- % Hike LT, WRMEREN: PEG % Hb @
BHICEIRIICHE AL, M0 E LAY Z2H 28 R0OBH TR~ —oals s LYY
7o OAFER K TIE, DU PEG % Hb ICHE A S &5 Ll5F 8 ~— 7V (Hb-PEG gel,
DAESNDE I EZ2HE LY. Hb-PEG gel TIE a7 2=y MEIZME < RS TEDM
TAEHAS, WERBEEZRET A4UENE 2o T, ARFETIE, ZOMIIEH OIS I221L
ZH725F 2 EAHE SN BIMERRIELE Hb-PEG gel 122, LAy —HtoZ{bs i,

ES 1]

Kz LA I FE% AT % 40kDa DU IE PEG %, B AT TL5mM Ok F ko
oxyHb ¥ 721 carbonylHb @ Cys-93(pB) & ZNZIHEA X8, WA TR ~—74)L Hb-PEG gel ®
oxy KB & O carbonyl K% AR L7z, 155172 oxy 8D Hb-PEG gel I24F L, Na,S,0, T 7213 K,
[Fe(CN)J & &N L7z VR (pH 7.4) Z AL 2:1 Tl X, deoxy 7R & met fR?d Ho-
PEGgel # ZNENTH Lz, F72, pH OB LT 5 720, carbonyl /£ Hb-PEG gel {2x} L,

1. U4 PEG % Hb & )t & &
THRONZBGTFRY~—F
)V (Hb-PEG gel) DI,

PH A 2.6~125 £ TR % Y » B HE A KBE 21 1T TH L L7, 154172 Hb-PEG gel 125\ CEIIREBIIERI s 2 47>,
RO G & TR G O I 0 I 5 7 0 v b D4 BRI 1 % 22T L 7.

BREEE

pH 7.4 1Z381F % oxy, carbonyl, deoxy, 35 & UF met fR0 Hb-PEG gel DARARER] © Z IR L & 2 5, met(6s) < oxy(29s) < carbonyl (51s)
< deoxy (390s) DJHTHK L, HEZINTVS[2af = 0Bl DREEK K, & DMED A SNz, F72, carbonyl KD Hb-PEG gel D pH
26005 125 FTEMEES L, i pH IfHETHRAM(120s) Z/R L, & pH(11), K pH(<6.4) TRHZEIKTF L7z, 512, 113
WEEFICEVETL, MEXRA2ESZ2R L. IS —HOMRIE, BESE, BT, #4144 o, pH, #ELREOSMN
&0, ZEMICEE S 72 Hb O a, B, W3S O REEEET 2 FIE UL, 7V KoM ISR L TSRS SN WREEEZRIBLTEY,

Hb 2R L7 LWASR— b= 7)) TIVOREIHEEINS.

Eil5
AWFZE IR (Jei% C, SRETE 5 21K12688) DBl & ) T b 7.

Xk

1) Matsuhira, T. and Sakai, H., Biomacromolecules 2021, 22 (5), 1944-1954.

2) Matsuhira, T., Yamamoto, K., and Sakai, H., Biomacromolecules 2019, 20 (4), 1592-1602.
3) Matsuhira, T. and Sakai, H., Artif. Blood 2022, 30 (1), 41.
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O1-2 KRUAXHI U HEEGHODEL S “Hemoxa™” (ATEEZEME) DA & HEE
OfaH=ELR, MRZ

HL R AR BT
komatsu@kc.chuo-u.ac.jp

BE

AU A X4V ¥ (POX) FERBE G & RELAT VAR EZET R RTF FEEOKBERESTFTHY, RYTFL V7Y
I— )V (PEG) DHE N R E LTHHIATwa Y. TCRE, HAIEZTIANEZTE Y (Hb) D4 T-KMIZ POX Z e L2KY + %
FV) UREGANEZTE Y (Hemoxa™) ZBAZ L, © NAB X OBWHA A THRIHEREE LToOREMEADREEZH S IILEY. a7
Hb @ POX #§ &5 #0133 6 RTH 575, POX FEEE L i, HREOHBIIMIH I N TR, RIFTEIX, POX A DHE L %5 Hemoxa
AL, ToME, BEREL(COP), MEMEHEHLNMITLILEZHME L.

ES Y

Hb 712 N-Succinimidyl 3-maleimidopropionate (SMP) ([Hb]/[SMP]=17~43mol/mol) Z 1 2, Hb /> T EMII~ L 1 I FIEZEAL, K
WAL T FYIVIEEHDPOX-SH ZfEATAHI EI2X D, Hemoxa # & L7z, POXFEEE (n) i3 EREETEH L. n 236,
11, 16 &A™ Hemoxa(6), Hemoxa(1l), Hemoxa(16)lZ>WT, CD A% k), COP, BeFEfatexE L7,

BREEE

Hol 3 F 47D D<A I FAEBEAKIIRK 24 HTH - 7-DIZx L, POXFEEIIRAK 18 K TH 7. POX ITFEATFHHE S LD
HEFEIZEDETOR LA I FEICHEGLZWA, oK, Hb 0 F&RIEIL POX TRSICHEINTWEEEZOND. £ 2 TAM
TlZ, Hemoxa(6), Hemoxa(1l), Hemoxa(16) % &L, ZOHEE & fFME%E i L 72,

I A4 XPEH s a~ b 75 7 4 —(SEC) B X UEAKE (Native-PAGE) 7* 5, Hemoxa D4 F &S POX #E A EUC B L T AT A2 L %
TR L7z, H£BH O CD AR MUAHD & —F L7722 E25, I7 Hh D RIEEICELIZ W E2%bdo 7z, BERNEOIRET
% Pgy 1% 8~9Torr(pH7.4, 37C), WFAEDOIETH 5 Hill R (N)1X 14 TH Y, POX KA BIIBEESERISHEL 2w LWL 2
&7 572, Hemoxa(6), Hemoxa(11), Hemoxa(16) ([Hb]=5g/dL)® COP i¥Z N F 35mmHg, 72mmHg, 107mmHg T& -7z, & POx
HEBOBANIMMMEY 3 v 7 I2B T AHAEIIBNT, PERSG CTHMBREMEEOHMMBICAERIEEZEZ NS,

4

POX #EEHDHRT 5 Hemoxa Z AL L, ZOfE, MEHARTESNICL. POXKHEEDEWIZ L ZBE/REREOLILITE L,
W H A THEEERA L L CoORHEAPHEINS.

Xk

1) T.X. Viegas, et al., Bioconjugate Chem., 2011, 22, 976.
2) T. Komatsu, et al., ACS Appl. Bio Mater., 2023, 6, 3330.
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01-3 FUAXHIULHEEBDEE S Aloxa™ (BMAATLIE) DERK & #EE
OBEEAER Y, WA fiL*, WEHEE ° Make!

i kAE B, P ERBRERAER Y v 5 —
komatsu@kc.chuo-u.ac.jp

®E

AR, BREYW (XY M) ELTOAL 2Rk IOERLIER, BWERICHTIHEEIR4FHE->TETWS. L, WILHEEIC
B LTINS Y 7 DA L 2020, RIMEREHIED L L), PUTIVEHDAFTLILIEITER Y, IORE, K4 37510
HETNT 3 /(PSA)@\%%E FYFEHVY ¥ (POX) A LB AT “Aloxa™” 25 L, ZoEmuwieette A3t %
B S Az L7=Y. POX ciﬁﬁ&a@ﬂﬁxwvxﬁ WENAEREEGEORCKBEERE ST TH 5. AWIGEIL, POXKEEHOEL S Aloxa
B, FoME, BHEEELE(COP), MHMmEHEZHELMNITALIZLEHNE L.

=5

PSA 1Z344%#( N-succinimidyl 3-maleimidopropionate (SMP) % fiil 2. ([SMPJ]/[PSA]=12~100[mol]/[mol]), PSA EHiZ~L 1 I FIk% &
ALk, KAV 7 FYVEEAET S POx-SH(MW:5kDa) ##EE 3T A2 LI12X Y, Aloxa A L7z, POx #E&% (n) 23 6, 10,
14 & ® Aloxa(6), Aloxa(10), Aloxa(14)iZ2WT, DLSill%E, CD A% huillg, COPMEAIT-72. 7z, Cys.5 THOLERL 72
Aloxa % 7 v MG L, MAERIZEBIT 5 86HIE O RED S M P % 57 L 7-.

HREEER
PSA1 3 F47-h <L A 3 bﬁéfg:)\ﬁ IR 16 TH o 72, ZDEA PSA RIEIZHFAET 5 Lys?i%ﬁé@iﬁt~£il,f:: e, 4
TE#H] SMP IZ KM Lys DL TITHEE L TWA T Ehbh ol 72, PSALGT 4720 O POXFEEKIIR KIS AKTHY), BALLYL

43 FREDIFIFETIC POXM BTHIEPHALhE R o7, FZTAZETIE, Aloxa(6), Aloxa(10), Aloxa(14) Z&W L, ok
W E SR R L7z, iR POX AE S SR L TR L7z, &8FIO CD A7 MU PSA & —H L7225, I7 PSADTIK
BB I LIZ W L% o7z, COP IE POX #i Ao KIEW ER L7, POXHEAKZMETAZLICLD, COPED R %5
Hzfed 2 L25CT&%. Aloxa(6), Aloxa(10) D MiH{H S iz Z 24 15hr, 20hr TH Y, POX AEET ORI VIER L2,

POX #EA DI 5 Aloxa = A L7, Aloxa ##1Z COP, MAMEEEmWOT, LEKG CTHOHRIMEEOHEICAERTH 5.

X itk
1) W. Okamoto, J. Fujisawa, T. Komatsu, et al., Sci. Rep. 2023, 13, 9512.
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02-1 AIFINEK Hemoglobin Vesicles (2 & % /0MF1E#% D ikER4E
OfHZE -2, WHEKT, fHEEE?

AR ERIRS AL HE, CAREVERRY REAESHE
kei610805@gmail.com

#E

IMEIRE IR D BRI CEG T HRPEVRETH 5. BREICEDILTH, EKERIIE L ZOH%OHIERREEIC X > THIE - FIRGE L
BHIELLV. HEOSWELTY, OEIRBERERC X > THRZENBBIEITERD 2L DS\, ZO—RAS, LB IR A
EONT, BMEVDEMINLNIETH D, BHERLSBIEM L RERNKE AT 2L IFEEINDDS, MEMALHTHS S
LR, Ba EIEHOM D SEBRFEICE->Twiw, T2, HERICENROBEZRGTHL, 7V—=F VW VOEBKIZE T,
RIS OMIEAEREIC T R =Y A2 R LTHIET L. 20720, BERICENEORERS 2 LTOMENLZVETTRLA
ETH5.

L4 1%, ANTLARIER Hemoglobin Vesicles(HbV) 12 & - T, ZhFECTHIMMY 3 v 7 ~OFIHZT TiEz L, flli 5o 8K o Pk
R Ml FRAEALAE O BRIL IR E OB 2 &2 MG LT b, BRAERGEIE O A TRk Z %555 2 LT, REERIME - KEEEMNE % 8%
T52LT, MEILEROMBENTFHRERETE LTI H L EE 272,

S

8~9HMDF A 370~400g ® Wistar 25 v M & L CTHEEB L2, 25% D4 V7V L YIZX AT, S8HE LA TR
L7, AWNSEEIRICH 7 —F VEAL, ZEKEREIIRA SBIIRES £~ 2R L7z, X7 o= A% 2mg/kg 65 L T H I % 52
SETH S, AL Z AL L7z DOEHMEAD 25mmHg DUF & % o 72 BB & Ok & U, PR sk dkiE & e o TS 8 43412,
SAREE L CALARIMLERE 5mikg, I~ ba—uffe UCTAERAIRKSmIkg 285 L7, £/, 7FLF 1) % 00lmgkg & x4 1
¥ 1mEqkg 285 L7z, 20O, 150 HRICATIFRSEZ FR L7, 50D L FEBIIRE 2% 50mmHg BLE 2 HE3E © X 72 Be B TR
&L, HEMBIERPSHERTE 2L, #RERIEE A LCTHRILE L7z, BlSGERICHKE L, 7 HIC Y-maze [0 TTTB)EEA L
TEHHE S & CRRELEI R 2 JiAT L7z, ATBhERAMIE B 54T B & Z2MVESE R B A2 SR L, two-way ANOVA % FiJ v THFAT L 72.

BREEE

BEZERRIZ HOV 2 U728 (n=7) 1%, AEBAEAKEHH L2 Y ba—VEE(n=7) & RTHBTERS5(13.7 B3 LT 10.8 []) &
ZS VRS RLTE (76% (20F LT 55%) & b ICHEICEZ 72 (p<0.01). F 72, WEMABRENTMETD, HoV 260 L-BET, Mikiia
DTRI=YRAEIZ0Z) 7TOWHIP Vb oz, HV 28535 2 & TREBFEMIEZE L, ZoRKEHFEZOMRENTHIT
BEINLTREDLND 5.

#5 5

BRAREIC HOV 248595 2 & C, BAEBROMBE PN PREUETE LWL D 5.
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02-2 HHFABRFRERE - FHEEICHT 2 —BRLRFEREFMEkOF AEFE
OB IBEE ", g Y AGAE Y A8 ORI ? IR C°, ANHEEERE ¢ SR, Jul #’

HEAKIE S S, P BRI S ST
PR RIS ERIR A RS AL, SEER B
220y3005@st.kumamoto-u.ac.jp

PLSAFNC L D ER SN SBMEEIX, QOL 2R ) BNEH 5720, ZOFRHEDFOLMNEIRLINTV S, JIHBAF DL A3
MBI PN X > TIRNANOBATATR HIBR SN TWD Z 0 n, PIAAFNC X 2R EOFIE T KM MRS L Twb L%
END. BOAFN, MRS TR CBRHRED ERT S, BIREWT L2, BRHICBIT 2 MREEYEF XL =y oR#HA
SIEMEELZERT S 22 TANIETIE, BHBEESLEMEINTVL FEFYILVEY ¥ (DOX) Z x5 L, DOX 734 i
EIZBWTHIFBEHF XL U REAEVPHEG 2 LT 0E0adift Lz 2518, —BLi#ECO) W AITF X L= MUHEESR
(KAT1) iFE e #H 35 PGC-1a DIBEMMEE L Z LM 52 FX L= ACHEMGER & LT, #iiRkimEk (RBC) % CO 71 /N —H
ke LTS L7z CO ##2 RBC(CO-RBC) #/EK L, DOX I DB - FithiEE 0§ 5 AR % Medr L 7.

£y

HEME C57BLI6) = ™7 AIWZH LT, DOX(3mg/kg) % 3 1], 4 MBI > THRETHI L THREBET VYT AZER L. 7 AKH
RBCIZCO HAZNTY) U7 $AHI LT, 100% DNEZ T E Y (Hb)IZ COHHESE L7z CO-RBC Z 1 L7z, DOX AL~ 7 2125 L
T, CO-RBC % [#FR? RBC Hilfil 1 A7 451242435 % 1,400mg Hb/kg AAE T 3B H A 58 2 W], 2 ARICHE > THRE L.

BREER

BT FREARBRIC X ), BREB OB EIIEEE)Y DOX LE < 7 A T L7728, DOX I X A2 AREEDERITHHD) O S,
ZDLE, BHARUHREOETE L HIZ, BEHITBITS PGC-1a LU KATL ORBUL T RO SN 512, M FX L= ViEE
DML &5, DOX 2L > T, BRHEELLPICF XLV REREVPERINLZEPHLNE R 572, CO-RBCIX, 0D
BRI 52 X D BRI COREZ B RICHME /2720, FHH~D CO XEBE AT S I LIRS/, CO-RBC IE, DOX L
B 223 LT, HmNFoEEROHEHRNTFORBRBL 2 HE> THHIRUHELZRES S5 L LB, BRHICBITA
PGC-1a U KATL OFB % BE X ¥72. 512, CO-RBCIE, M X L= ViBEAKT 88, B8R TRk B 5 BHilE
WOBBHEEEZREI LI 55, CO-RBC A, BEBGICBITLFXL = @2 EM LS4, DOX FROBMEELBRRT L &
AREI NI

BT PGC-1lal F XL = A 218 & L7 CO-RBC i&, DOX 2Sh38T 5 B - kM EI1C 0l ¢ A HBilasgs L 20 5 5.

Xk
1) Agudelo LZ, etal., Cell. 2014 Sep; 159 (1): 33-45.
2) Pecorella SR, et al., Am J Physiol Lung Cell Mol Physiol. 2015 Oct; 309 (8): L857-71.
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02-3 Development of PEG-coated PFOB/PLC core-shell AOCs via SPG membrane emulsifications
technique

OXiao Da', Natsuko F. Inagaki’, Arvind S.Chandel®, Taichi Ito"?

' Graduate School of Engineering, The University of Tokyo
*Graduate School of Medicine, The University of Tokyo
Xiaoda0817@g.ecc.u-tokyo.ac.jp

Introduction

Red blood cell not only transports oxygen to organs, but also has great circulation profile of 120 days in our body. Therefore, synthetic RBC
analogues have gained increasing attention to be a new generation of oxygen carriers®. Previously, we utilized the biocompatible and biodegradable
polymer, polylactide-co-caprolactone (PLC) as shell, and Perfluorooctyl bromide (PFOB) as core successfully developed PFOB/PLC core-shell
artificial oxygen carriers (AOCs) via Shirasu porous glass membrane emulsification technique (SPGME), which has great biocompatibility and
excellent capacity of carrying oxygen®. However, coating of the particles was not investigated. Experimental Polyethylene glycol (PEG)-coated
PFOB/PLC core-shell AOCs were prepared via SPG membrane emulsification by adding PEG-based triblock copolymers to PLC and PFOB in
disperse phase. Their size distribution was measured by laser scattering particle size distribution analyzer. The shape and surface structure of MPs
were observed by confocal laser scanning microscopy (CLSM) and SEM. *H NMR and *F NMR measured the dissolution of MPs in CDCl,. The
interaction of the MPs with RAW 264.7 macrophages and phagocytosis index were investigated using CLSM. PEG-coated PFOB/PLC AOCs were
cultured with EGFP-Hela cells to analyze their ability to delivery oxygen.

Results and Discussion

PEG-coated PFOB/PLC AOCs were monodispersed, of which the mean size was 7.0 = 2.3 um with 32.8% coefficient variation (CV). 'H NMR
spectra of MPs showed a peak at 3.6 ppm, proving the existence of the EO group and indicating the successful coating of PEG. CLSM and SEM
images of the cross-section of MPs and “*F NMR spectra of MPs verified that PFOB was successfully encapsulated in the PLC shell and formed a
core-shell structure. Furthermore, the phagocytosis index of PEG-coated AOCs significantly decreased compared to non-coated AOCs. And PEG-
coated PFOB/PLC AOCs enhanced the oxygen supply to cells, indicating their potential for future applications.

Conclusion
In this study, we successfully prepared PEG-coated PFOB/PLC core-shell MPs via SPG membrane emulsification for the first time. Moreover, PEG
coating proved beneficial for MPs to be protected from being uptake by macrophages and to be a promising AOC.

Reference

1) Christa L. Modery-Pawlowski, et al., Biomacromolecules. 2013, 14, 939.
2) Xiaoting Fu, Ito T., et al., Adv. Mater. Technol. 2021, 7, 2100573.
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031 ATHIE (Ho-V) AIDEMIRAEI & 3 BHBAOHE
O F, WIEK

WRITERIRY: B AL EE
kure@naramed-u.ac.jp

®E

A TR IfL Bk (Hemoglobin vesicles, Hb-V) #%1%, HIREINARIMBRBHF] 2> & HEE - R LA 0 8 ¥ (Hh) K E A LOREED S
AH)EY—AINA L ALHBEERETSH Y. Hb ZBEMHEILLILZ L CTARIGETES A (N,) F T deoxy-Hb & L CTIRAET A2 &I
Xy, BILICX A2 AEEZMAEMB QAU L) OBRIEICH A 5. —F, U VIEE %230 L35 A TOIRE ORI %5 (DPPC/
cholesterol/DHSG/DSPE-PEG=5/4/0.9/0.03, by mol) ix, Hb ONARERLERE G, SHEEZED 52 Lx HIGERS N, R (F
i 2 4ER) O R ERE HD ISR X 2B LIZR SN W & 2 DIENCHE L2?. Lo L, ERAKK P Todtk e L TERES
N5 Hb-V X, FRERED OMKSHEDREDDHH. 2T, Hb-V 8K 2 BB RE L7256 OIRE R 5~ OBRIFEDHBEIZ DOV T
B EEHWE LT

ES 7

Hb-V 85 % 4, 25, 40C OFEHFH T CTRAER, R GEHA (n-octyl-8-D-glucopyranoside) & 2-propanol % Ji W THRE 5 % 401 - i
L, HPLC % H\v> TG o  2 kk (DPPC/cholesterol/DHSG/DSPE-PEG) & 5 L 72, NREIERS> D ) bR D TR E % cholesterol %
FEHAEA4.0(E V) & L7z HPLCHlE S L, # 5 4 : Cadenza 5CD-C18 column (150 x 4.6 mm (length x i.d.) ), 2 &h4H : methanol/ THF/H, O/
TFA=950/30/20/0.5, #ii# :1.0mL/min & L7:. F7:, LC-MSHIE AT\, RIFEDIRESRY O R E % R M7z, Ho-V RA-H O W -
RIS L BHEBIZOWTHIEL 7.

EREEE

4 CHRAFTIX 2.4 9% T 99.1%, 44 4EHTD 96.5% DIREIRE 32K GHTH o 72, WA 25CIHRAF TORGADOIREFRAAFIL 6 »
H1% T 98.2%, 154 T 92.0%, 40CHAETIZ3 » HHET95.8%, 6 4+ H% T 85.6% Th o7, EIHHAETERT 20 WYWIETIcT X
T IVAE G RIEY) Td 5 DPPC HIK D lyso-PC & 7%)L I F VB, DHSG HIkD—4§H D HSG & 1-hexadecanol, DSPE-PEG kD 2 7 7
YUBERESNS., AV AT = VHROSHEY IR TE Lo 7. PRS- %O M N TO Hb-V O % 5l 5 721247
% o 72BN B iR (15005 ™, 37C, 2hr) Tid, 4CTHRET 44 SEREHE, 25C T L5 SERAEHRB L U8 40T T 0.5 FREHR L RAFHT O
Hb BRI 2 2213 7 o 72,

Hb-V O EMREFIC X 2 BB RSO0 R 2 B IIRFERENEWITE, TRENMPEVIEIERE o7 ERRFICIY
REED—ERA5 R L 72 Hb-V THoTh, VRV —2DBENMETIZIZEAEALN L) o 7.

Xk

1) Sakai H, J. Funct. Biomater. 2017, 8, 10.
2) Kure T, Sakai H, ACS Biomater. Sci. Eng. 2021, 7 (6), 2835.
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032 Fhit2EAMNBEEENMES 3 v 7ETFIVICE T3 ATEZERE (HbV) DFE - HIABIRIE ;
Optical Mapping (- & % t&5¢

ORMLT " BAETF !, Bz KT %2 Rk

PRI R AAL Barh it SEma: ?, SRRIEIEER S, AR N — Mkt
duil5772004@yahoo.co.jp

BE

AR EB TR O EE LR EMRED 12 TH Y, WY 3 v 7 » 58N EERAL, S5ICIBRICEL FTORBHRIMAGEZ
D95 Fi, EHYIBIER D 0.3-1.8% MMz LEE T2 LMEINTVE. ZNF T, ATHEERERAE(Liposome-encapsulated
hemoglobin vesicles [HbV]) DAY 5 v 7 EFT VST AHAERME L KR L TCE /2. £2C, BREBRZEEL, 2tk v b
ETFIVIZBIT S HoV ORI L OCHAENRIEM % Optical Mapping f&#T (OMP) 2 b G L 72,
HiE

SD T v I (N=20) Zxt5 & LC, ERMEHTPM %55 L7z, EERICKBEEINIRBIMEREC X 5 50% M RHE 7))V /B L7z, Sham
TE(NL ), HoV £5-8 (HbV #F), PEiEaRIMERS: 5- 7 (WRBC ) K U 5%albumin $¢5-7 (ALB #) 2 /ERL L, BBIIRT 2 K9 % 45 % )E
FRUET S E LB, OHE - FIME (MBP)Z b2 iesk L7z, 72, AIMOMEZ Ho SIS TS 5 & & b2, Bm#RE#K 20
STRE O L, ANEIRFETSH: (EPS) 2 &t OMP 230t L 72, FIIMTE D2 L OMP 1281 5 BARAEEIFEE & EPS (2 X 5 HbV
DUAEENRI R % Wiy L7z

BER

B A ATt I B R %2 B4 5 45 SR U AT 1 52+ 20mmHg F TN L7z, RERBIIRBE M &% A4 £ 20 0 0% <, Hbv B -
WRBC #Cld MBP (ZIEF IR 727225, ALB BECIIERAEEZ L D MBP I3AEIET L, MEERRIEDD 57z (MBP; HoV #, wRBC
T vs. ALB #f ; 125+30, 12828 vs. 68 +20mmHg, P<0.059). F 7, KERBIIRBLMERAEF O €= 5 —LEROLEWEARIEIR O 1L,
ALB HECHZICEED bz, ZOHE X ALB BEICILEL L, HoV B Cld wRBC B & ARSI S 7z, OMP TRb 7= Action potential
duration dispersion (APDd) & EPS 12 & % ZACHEAREARINHIEE 1E Hov 3 & WRBC B CTIXRERETH o 72, EPS IZ & 2 BIEMAREIRFHR
b HbV # - wRBC #ECHIHI S LTz,

H5 5

HbV (& &G BREAM I e > 3 v 7 B 7 VIS B W TH R 2 OIE BRI RE IR FF & PIANVERIRB R OMEFEARRD bz, TS ORI,
HbV DRGSR E EhE S 5 ) Z THM ML RRINS.
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03-3 ZZN—HILFMIKE L TORY FFH VU U EEFMBROERK EBERFHRMME
OREHEMAE, IMRRZ

LR A BT A
komatsu@kc.chuo-u.ac.jp

®E

ME AN AR MER (RBC) RIENZAFAET 5 M HUE (ABO PUE, RhFUE) OFMIC X W PtE 5. RhPUBIIHMETH 24, REEEORH
W RhD $UE 25 2356 % RhEEME, W& %2 RhEMEE LTw5b. HAAD RhD- DX 0.5% L, Fid 7 Rh Btk oo i 1%

FICAEIRREICH B, ML 2 3572 2w A TARIMER (L= 8 — )V RBC) WEBLT UL, HICTHHREGTHRELEHA E LTRE RERS /
N— a3 2hb EWfEShb. Acharya 51, RAD HUEZRY T F L > 7Y 2 —)V (PEG) TRk L 72 PEG #% 4 RBC(PEG-RBC) % #if
LCTwaY., L2 L, PEGIZMANICEM L, PiPEG k% FEAT S, —77, KU FH V) ¥ (POX) IZEN - RIEFII A 7V A% 5
H, RNICER L 2 WAERESEOE KBTS S FTH 5. AIF5EIE, RBC(O &, RhD+) KT IZ POX % 4456 L 72 3 fiFH O POx
%4 RBC(POXs,-S-RBC, POX,5-S-RBC, POXg -M-RBC) 2 & L, L=/N—H#)L RBC & L C DY E MEBRALEEZHS P ICTEHI L %
HroE L7-.

ES 1
[POx-S-RBC MDA ] RBC(O #, RhD+) 73 Hiiti i B fE 4445 #] T & % 3-Sulfo-N-succinimidyl 4- (N-maleimidomethyl) cyclohexane-1-
carboxylate sodium salt(Sulfo-SMCC) # il 2, RBC KMIC~ L A4 I FEZEAL72%, KA V7L F)VEEET S POX(POXs-SH
(Mw:5kDa), POXys,-SH(Mw:25kDa)) % [t S, POx5k-S-RBC, POXy5,-S-RBC & 57 L 7.
[POx-M-RBC M4 ] RBC(O #I, RhD+) B (2424 2-Iminothiolan hydrochloride (IT) # M1z, RBC RIEIZA N7 & KUV IHEZEA
L7ztk, K~ LA I FEZHT S POX(POXs -MA (Mw:5kDa) ) % St & ¥, POxs,-M-RBC % & L 72.

MERMAETIIPLA, B, RADPUALIREG L, BEOFBEEZMA L. £/, BERANS X OREREE % FE L 72,

BREER
MEERARIC BT, 3D POX #54 RBC &V 3N b L RhD Fifk & B TEE L E Uo7z, POX DFFEFIC L Y RhD FuJRIZ
EEIGERINTVWE I PSRN L ko7 F72, BMEBNMEOIEITH % Py, 1% POXg,-S-RBC 7% 25 Torr (pH7.4, 37C ), POX,s,-S-RBC
A28 Torr T 1, RBC(25 Torr) L AZEDflEZE R L7z, 5F ¥4 DK E % Z85E#] Sulfo-SMCC 12 RBC % % B L 22w 72®, Hb @ Py,
WA RIS v, —7, POXs -M-RBC @ Py, iZ 7 Torr TH Y, BEEBAEIIWA L7, AS L ITIIRBCEZEBL Ho LHAT 5
720, BEBRMES ERL-E20N5. T2, A28 HHIZBT BEMEBEOBNIZ, POXs,-S-RBC 5% 10%, POX,5,-S-RBC %% <1%,
POXxs,-M-RBC 25#) 50% T& ), POX,5-S-RBC Sl DL ETH B Z L Wb h o7z,

R

2 FHD LG 1312 & ) A L 72 POXs,-S-RBC, POXys,-S-RBC, POXs -M-RBC 1%, RhD $UJE %Rk L7222 =/ N—% IV RBC TH 5. 7%
7T, POxu;-S-RBC X RBC & A& 0fEHRMNY:, REREREZFTLIEWbh ol HMAMEAEERLEMEEDOERBICHERT
HHLEEZOLND.

Xk
1) A.Acharya, et al., Transfusion 2005, 45, 374-383.
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03-4 ATIEFEWGE ‘A bOYT7Y—-ATITOECF/HF OFMUTME50%EMES 3 v 75 v b
DEREHER)

OmNESE ", HHEEA" WL 2 Magz®

ek B, P ERAR R G R v —
komatsu@kc.chuo-u.ac.jp

BE
ANEZ T E Y (Hb) & A 72 N LR ERRAATE 2 % SO —212 Hb @ HEIMRILIZ Rk ) BRFE 2 ik D
ThaH L. —F, RIS A PO GRMERE) KFDOAZREELZA PR 7Y —AETB LYV
(SFHb) 1, BEALKFAHEZ (H ¥y 7 —¥(Ca) xEFHALT5. HAiL, PHiBLiEEZ A5 A TEE
FEWA L LT, SFHb R FoEmICE PIFET7 VT I ¥ (HSA) Z#iEG LzA a7 —AEs oY
v F 7 KT (SFHONP, Fig. 1) # &K L7z, ARl T, SFHONP #AIOREMEB L O°F v MMk = v
7 BTNV & HCIE RO RICOWTHRET 5. Fig. 1 Structure of SFHbNP.

ES

SFHb % 22487 N-succinimidyl 3-maleimidopropionate & Dithiothreitol % i\ CEA L7214, Mokl - IZ HSA #4549 5 Z & TSFHbNP
CRif% 1 30nm) % A L7z, oxySFHDNP i % G PR (4C) L, metHb OEI& 2 REFIICRIET 52 2 212X 0, oxy RO EN % 5#il
L7.

[ERMED] 5 v b OREET) OBIR S 57— 7V & O £IMiEE D 50% % Bilii$ 5 2 & THIMEY =2 v ZIREE L7z, 15 5 8ICH Ik
AT =7V & ) EEED SFHONP &7 ([Hb]=5¢g/dL) ##:5- L, #A%1To 7. e S 2 Wil F ¢, MEBREREEIEE, mEREaE, m
WA A5G5H & G OREmBlg 2 F5 M L7z, 2 RRZICEIIRIM (GmL) 2RI L, MEAEIFRALIT- 72, tIREEE, BT (SAB)#, 3L
By Vi (RLOREE L7z,

[(Bx4EHME®] Lits v MRS 3 v 7 E 7V % SFHONP (WA 512 X D #fA L7-%%, HEE S 7 HRBIE L7z, 7 HEICE IR
GmL) 28R L, MEREHEE, mMEEREE 1T - 72

BRLEE

3 » AARAEHR @ oxySFHDNP A metHb B34 9% T - 72, SFHBNP Xk FHICEH T 5 Cat DEHIC X ) Buwiiiibiez A L,
oxy IR TR RECTH B 2 LR S N7z

[(BEFEO] RLAETIZ S HIR 3BIDT v F 252 BEHILIPNIAETE L7=Di2xf L, SFHONP B X N SAB #ETIX§TRTH T v F A2 I
% F CTHAF L7z, 50% BLiiic & D 30mmHg F2EE £ TIKF L 72 FIE)IRIME (MAP) & SFHONP A O3 5-12 & ) gl & [FA2EE £ <
HEL, RLEIDDIAZICEVHEEZH#ER L. 72, 7Y F—Y AL AMREO FH D SFHONP Bl O 512 X h s S /-, ik
(LM B VT H IS & OBHEREICBE IR S o 72,

(B4 SHE@] SFHONP AW CTHREL 725 v M, 7T HE T TEAIPERL, —BIRBIZEF IR SNk ro72. 50% Bz & )
W O 02 L 72 ARIMERE, ~~ b2 )y MEZEE & R CEEL 2.

i

st

FWHIERLAE % A9 5 SFHONP HEL, oxy KR TR WHETH L. Ty b2 WAL D, SFHONP 2sHIE: > 3 v
ZIREOWERE LTENTHDZ EXW S Lot
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Hemoglobin Now?
Hemoglobin Allostery Revisited

el sk
Naoya Shibayama

iR

TRRAFY v 7 ¥ 87 ORI D AHEREELE, AT OHEMZTXEVICHLTT (tense) REE R (relaxed)
REOHEFHZRELZ 2REEFVTHHENLE Z L%\, LHL, FOOANEZTE VT, 2IRET TV 2 BRI E
PINCIZE DL, BRIIIXIIL T, 2REE 7V OB ML, WHREHAE L TRIBICZEILT 3 T IREAEZ 0
YOO, B FHMHT 2HEERIRELTNDLILIIH D, MIEBOMTD, O, BELHZELIANET VY VOB RS
DEBIZOVTIZ T BHERABOT VD, WL, EZ OO V— 713, FRRME %50 Hb #5862 BRE U7z X Sl &
D O, 5 HARR I E %2 17, NEZOY v 4 REESEZILE M A 2 RBIEB C1ER L, ZREBOMZITE KT 284 288
ThrI %, H—fHRRho OREORL 2 4 RS2 S ETHEIELE. 72, £ OMEENIRT TR I0ERELRD
T2 T EROPHINZMHEEEREZHOHT LT OAT ) vy 7IREZHOZ 52 LI MO TR L. ARiTIE, ~NEFBE
COREELBIBICHT ARTTOMRAZMIHTHELEIIE, NEZOEYOT AT —2HET 5.

Abstract

Structural changes involved in the regulation of allosteric proteins are often explained by the two-state model that assumes
an equilibrium between the T (tense) and R (relaxed) states, with hemoglobin as a classic example. However, quantitative
understanding of the allostery of hemoglobin has not been reached by using the two-state model, although qualitatively
understood to some extent. The problem with the two-state model lies in the lack of the structural basis to explain the wide
variation in O, affinity of the T-state hemoglobin under various solution conditions. Even among researchers, controversy still
exists as to the true nature of hemoglobin conformational equilibria coupled with O binding. Recently, our research group
performed X-ray structural analysis and O equilibrium measurements of hemoglobin crystals with unique properties, and
demonstrated that the quaternary structural changes of hemoglobin are not a simple two-state transition but rather a complex
process involving transitions among multiple states by resolving nine different quaternary structures within a single crystal
form. Furthermore, for the first time we succeeded in capturing a new allosteric state with intermediate structure and function
between T and R, which many researchers have been seeking for over decades. In this review, I will illustrate the latest findings
regarding the structure and function of hemoglobin while revisiting hemoglobin allostery.

Keywords
hemoglobin, allostery, two-state model, MWC model, X-ray crystallography
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ANEZBE Y (Hb) 13 X B SREE AT 25 O I S h
72Z VNI ED—DTHY, FOWPEIEBEL L7z Perutz DV
AL 2 A = X 5P L Monod-Wyman-Changeux (MWC) @ 2
RBEF VDL L OHFEIZHY FIFShTwb, —EBI2iE,
Hb O SR REMIE O 5 £ FRIZBEIER SN2 20 BMRD
B, LLAA5, 2RBONVH 2 40E L7 HiMize €TV T,
AN ARATE L CTRIBICZALS 2 Hb @ O, P fhiii % s i
KRBT ERTEARWYY, oz kid, HhFEHEOMT
BEMmshTwa, Tk, Hb OMEEILOEAEEZ KL 1TSS,
EDEHIZHRETNIE I VD TH A ) ».

2010 4EI24EH1E, Hb D7 T AT ) — &b 3 % MWC2 IR
EFNVOBIES T 2 RHEABRELRY. dhrd
104E40D . CORIATHRDI Y, MAFEEE LTRSS Wz00
AEICFLOTAL. HbIEE ) T4 L MEH A EROE
HTHY, AL I T e D BIO AN LIRS R 45
D—DTHH9). ARWHPED LX) RISHWFEDO—Bh & s
WTH5.

7OXTF—=¢F

ORI Y V87 T ORBENHWIS U TR S
BT ETHIEENTWS., ¥ UNRTHEABTHBIF Y FRA F
DIREHEIWCE Y ZOBRME LSS, 5T LOROIM O
HeKIRICEZ S 2L TEHSN TV LMMEIDHS. Thi
TOATYy 7R ERET7TeATY—LIER TRATY —
RO OAR % 5F, BETHEY, ¥ 7 FviiE®
RECHETIREL DY VA7 EART RN GBS b
LCEER 22T HZHD TS,

THAFY—DAHZALIOWTEHTI N EADZ E
Fhro TR, ZLOFFNIBDO A A=A LD H B L
ZibhTwad, ZOMA%ZHIEL TS  OWF%E D Hb iF
RICLOEZH > TERVERLND 5.

Hoo7OXF71)—

AR TIIEFECH S 2VRY, &b IS TEZL D
Hb IZOoWTERT 5.

Hb i, a, BEIMFIENS 3RMEED LY 2 EHOY T
2=y FHE2DOFTORE L a8, D 4 RIETH 5. &M
W5l 22 20D af2 BAR (Figl @ alpl & a282) A32 0
o] §i Bl CRAER OV Bz o p2 BARD 2 BAK (dimer of of
dimers) T# 4 (Fig. la, left). &% 72=v M, NEmd»
SLINHIZ A, B, - , HEaftIonk a Ny v 7 285 %
noEo% CHEMEV NA, AB, - , HC LIiEh 5 I~
Uy 2 G ESKS (Fig. 1b, ¢). #¥ 722 MTiEA
LAPB—DFOETNTVE. TOANLOHLEIED Fe(ll) A5 F
~NY v 7 20 8FHD His(F8) (Ifv His & IFA) & EALR &
TEIN, FOHIOBAEELS 0, 25 1 HBLAE § A A2 - T
W% (Fig. la, right). TIREF+ ¥+ Hb o Fe(D) X, &
AZE VIR (S=2) TAF VPENFIKRE L Eu— VEE IS

44

/ Top View Side View \

K Heme /

Hemoglobin (Hb)

alB1 contact alB2 contact

Fig. 1. Human Hb. a) Schematics of Hb (left) and its heme group (right).
The Hb tetramer consists of two identical af dimers (ie., alfl
and a2p2) related by a twofold axis of symmetry (arrowed). Heme
is protoporphyrin IX containing Fe(II) (see top view). One molecule
of heme is attached to each subunit of Hb via coordination with
the imidazole portion of His F8 (see side view). A single O:
molecule binds reversibly to the six-coordinate position of Fe(I) of
the heme, so that each Hb molecule can carry up to four O:
molecules. b) The «1p1 intra-dimer contact in Hb. The « helices
are labeled as A to H from the N to C terminus. The B, G, H helices
of both subunits act as the intra-dimer packing contacts that hold
the af dimer together. ¢) The alB2 inter-dimer contact in Hb. In
the T state, two af dimers are constrained by the o and S salt-
bridges involving the C-terminal residues, whereas these
constraints are absent in the R state. The T-R transition is also
accompanied by changes in the packing interactions in the al1p2
contact, in which there is a “switch region” consisting of residues
of the C-helix in «1 and those of the FG-corner in 2, along with a
“hinge region” consisting of residues of the FG-corner in al and
those of the C-helix in B2.

I E 53 His (F8) I~ 04 AR L TWB Y. —J, RIRE
&Y Hb o Fe(I)id, AY VIRE (S=0) TALIZITIT
R & B

Hb o700 A7) —IZ2MBEICKNTESL. —D2iF, ~21
MEAEH EIPENBEDOTOATY v 7 #HITHS. Hb IZH
DOFIN L O, BEDPHREET S 0, 2 &R § 51
HOZ L THDH. BWSEMITH X5, HbIZ4MH I O,
F1HE D 0, ITH~N100 U LB E 5L 25T, 2oLl
MHEAER OB 2T, Hb @ O, FAFHMIZ S L2 ) O,
BEDIR W KRR LV ZL D 0, 2T 5 EDWHEE %
5. 59— 0DT7OATY —iE, NALIEZHOEMICHEET S
KFEA L, WEAX Y, HY VI, CO, LEDIEALYF
VEBANLD O, PR ZE T SEL2AOTRATY v 7 Jitli
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His 50 coo- [\ /rooc 50 His 0
02 7 141 . 141 72 2
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7
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1 NH +
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7\
-00C C

(2,3-BPG)

Fig. 2. Schematic representation of the reactions of hemoglobin with
ligands. Arrows indicate the directions of the reactions of non-
heme ligands upon O: dissociation. The numbers attached to the
residues are the sequence numbers. The a-amino groups and the
a-carboxyl groups are represented by -NH: (or -NH3*) and -COO -,
respectively. Circled protons are those binding to the Bohr groups®.
Salt bridges (dashed lines), van der Waals contacts (solid lines),
and hydrogen bonds (dotted lines) are also shown. Note that all the
salt bridges are present in T-state deoxyhemoglobin but absent in
R-state oxyhemoglobin. The al-82 (or a2-p1) interface contains
less bonds or contacts than the a1-81 (or 2-2) interface, and can
undergo significant changes upon the quaternary structure
change. Reproduced with slight modifications from Ref. 5.

Tdhb (Fig. 2). Hbix, Tho 27T — 28
T5H5ILICLY, SHUBOAMENTEIS U7z 0, Eifk % 5
LT3

2REET I
HAEWIZIE, ERo2fBEoOTeATY —idwihd, X
ks A ST CH O TSN THE (BRI 5 720n )
ERO Tense) & RHE (BEIHRAIZL V) BROD Relaxed)
DM OYH 2 RE L 72 2 RBEF NV CTERMICHHA I TS
ZZTEIH 2IREEFIVIZ, Monod-Wyman-Changeux (MWC)
231965 4EICHB L7z MWC 7R 257 Y v 7 7 V2 0 2 R
DZETHAH. TITHAT 2RER LFz0IiE, Monod
LDF Y VF VDG ITEH PN TV S IREEI “(at least) two”
EVIHIRZ R ERICR>T0E LS THSHY. MWC2 IR
TV DR & I LTI 2010 SEOAFEDORBLY TREL
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4Ky, @O 312K ) .@ 2/3|<R
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Fig. 3. An equilibrium diagram of four-step binding of O: in Hb as
predicted by the MWC two-state model?. The MWC model
assumes an equilibrium between the two affinity conformations of

Lt 1
~ @O

R3 R,

the entire molecule, T and R; T denotes the tense or low-affinity
quaternary structure and R denotes the relaxed or high-affinity
quaternary structure (the subscripts indicate the numbers of
bound Oz molecules). The definition of the parameters is as follows:
K is the intrinsic Oz association equilibrium constant for the low-
affinity T-state, Kr is that for the high-affinity R-state, and L; is the
equilibrium constant for the conformational equilibrium between
Ti and R;, where Li= [Til/[Ri] = Lo (K1/Kz)! where { is the number
of ligand bound. Note that the macroscopic Oz equilibrium constant
at each step can be represented as the product of an intrinsic O:
equilibrium constant and a statistical factor that takes into account
the number of ways determined by the numbers of filled and
empty binding sites.

CBRTWEDT, TETTEHEEOAEZBILWVWLTEL.
Monod SDRBEGHLZT A FT7I%, VF Y FHEAEORL S
4 RKEE DO (pre-existing equilibrium) % EFWVIZHD A
hizZ&Ths. Hb DYf, 4BEBED O, FE Pl & kL7
T E:ROWEFHZINET A LT, O, HBADOHAEELZ T - &
DERBTHILENTES (Fig 3). 2IREETFLVOENT
X, R DT x—=%) EHENTA—F OYHNWERD
WD 5. BARICIE, T & REREFR® O, KA D4
EBEK L Ky BIUO,HAELTWRVWT XY HbIZE
F5 T & ROMMNMEES.ZEDEFHEL L, (= [TJ/IR)D @
3INFTA—=FDATHb DAERE O, MAEDETHIELENS.
0, 2 1~4 %A L7z Hb @ T & R O (L,~L,) 1ZH
U772 P oBBR» S22 TEE % (Fig 3, caption).
ZITENTREZLRVDER, TFVOMBRONIRE 45
[% 4 KiEEOIEMAEOIRE ] 2T HNhTwEI L THb,
Thbh, TEREZEFNEFN—EDOBMMY (K $7213 Ky) T
125 4B ETD 0, 2/E6T 5, LWIHIRETHS. Fig.
3o Ky 7213 Ky DRiCAHT 724, 3/2, 2/3, 1/4 384
BRSBTS 4 B&AEHb OEBMN L EMERIAT 57200
MEt 7 72 #—Td» Y (Fig. 3, caption), 4 RAKHDKAL
DO EEIE O, DREAIZE LT —ETH 5. NAEMHAESE
HIE, 4BB O, #ENR 24 ICEZELL, T & R OHEE
AR IO ZE (Ly> L, >Ly,>L;>L,) THEAH
Shb. 7, Ky, KiAEOWEIZIHEANL) T FOTHR
TY—ICHhBEHENTVS. Thbh, KFEAF TV REDIEN
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LUKV FOREE, K TR K 2888 FITL, 2 K&
{$5 (TZ#%EELTH) ZETHb DO, HAMEZKT 8
5, LWIRETHS. UEzFlwsr e, Hbo2HEOT
BAFY—IX, WIFRHBYF U NAYF Y FFERIZIEAL
VA YEF) OB T & RO EELOEIICE S 2
IREE D population-shift & L CHEZI 5.

VitkoiEamas 7 ) 712k 5 X9, Hb ® MWC2IREEF VO
ERERD S5 HIZE LD,
O, BAMED R % 4 KEEHEIX T & R O 2 M.
T & R OB OMEEH OFLE (pre-existing equilibrium).
K 4 PRERED O, ¥ TIEMEN (K, Ky A%E).
FEANLYF Y FRHEEET E ROMBHNEEEICDOALTY
(Ky, Kx M%).
5. 7T X7 —OfEEILRI 2 IREE® population-shift.

= w o

2REE T IIVDOMES EIEBIED A

Hb OfEIX O, Pl T S h b, H2HEWSMO Hb ©
O, P L 2 IRREF VD 3DDI8F A — 7 TR X { @ik
TELIEFNMONTWVWEY, THIZEFLVORLREIOLE
M THo THIEMETIEZ Y. Hh D7 a A5 —IZI3IEA
DDA YRR (BHURAEYE) 23 50T, sk AN T
D0, PR AR U K, & Ky DF % Ly DAZEAL S ¢ TAKE
BIZ7 49 PTEAHIEDERENS (EHA4).

1974 4£1Z Minton & Imai 122 D & 9 L WEIEZ TV 2 IREEF
NVOREEVEZEH LTV EY . RROBMEIE, REH2 200E
L7270V (1) TRIBHREMHFIERSE LT K 2SKIRICEAL
LTLEHITETHDY. B, Ky ORIGHEREMEKIEL T
50 5K 24k T % (Fig. 4). SHIZABT AV F—1CHET 2
& Hb 04 O, BIAIMEZALD HHI T 2V F— DR LY $ 5
DOTHEARTE . —J, K13 inositol hexakisphosphate
(IHP) % bezafibrate (BZF) % &EDWMMNAHBTRATY v + T
T2 8 —=BHEELEVERSEHTIREBIE-EDiz b LT
bhTws (Fig. 4). 72721, pH 65 T3 K 25 2~3 BHE T4
BHE—THEZRTIENNSN TS (Fig. 4).

Minton & Imai 13 Z OREICH LT, O, BAEDRR S 41k
MREORERZ 3ICHR L3 RBEFVERELTVEY. ©
0, MWCEFVOREMARER (FH2~5) 35k L7zFE,
T ERUSMZ, T & ROBEO O, PRI Z T8 3 Ok
BAEMLZ MWC3IRBEF LV TH L. THTHIET, fak
BEWSRMO O, FH MM 2 ARMICHRTE S LWL T
FRENTWS, BIEELZL91Z, Monod 5 i IREFICE
LT “(at least) two” &Rz F7-E TV 5O TIREDEMIZF Y
TF VD MWC EF VI L7 v, Minton & Imai O
T, AR O, BRI & RO 8 3 IR T 2 Ak
BMHESRTOWERVWA, ZORER2REEFVO K, 1D
KEL BRBEHEEN HEA T VL EDBEALF Y OIEALY T
VR LBVES) OF 4 F Y Hb I T & o PR
BELT, HI0%OMETHATZZLATFHERTVSY.

2010 AEDARGEDORBUTE VB Y, YREOLEH I H H DOEE
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R2 crystals
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T
—anions

_ % o 1 [k ]
T 1 R crystals
e
2 0.1L  T-anions pm — 1
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=
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N
o 0.01¢ E

0.001

pH

Fig. 4. Variations in Kr and K of Hb under various solution conditions at
25 °C (open symbols)?. Open circles indicate the presence of 0.1 M
Cl-, and open triangles indicate a minimal anion concentration in
the buffer solutions. For K, open squares indicate the presence of
2 mM IHP. Note that in the presence of strong allosteric effector(s),
such as IHP or BZF, where Hb binds O: with a very low affinity
and a relatively low cooperativity, Kr is difficult to determine
accurately due to an effect of compensation between K and Lo%.
For comparison, the O affinities of T2, R3, and R2% crystals
(filled symbols) were presented.

RRE I MWCSIRBEF V2L TV, 22 TR
B L, EBREEOAMHICKINT S, 1995 FFITFEF L, KiC
W2 Hb AT R2BRTELIANE D) A v oMbt s
b, ZOMEEEHH LT T O, PRz les s
DEGHMEZWIEL, WELEY. ZoFE2EEFEOT+
F 7 Hb (@M L7zRiR, O BAMEDIEF I TIREE, T
EROTHEO O, B ZFORMORELAFT 2 L &I
WLZEDTH2"Y. ZhidFSLL SREEFVOTRGED
DWERTH D, LeLEDS, YHIDL) %E3DREDHE
% RB T B WAMA P> 722 2 b H Y, SIRBEFIL
% YFT 5 Hb MFR B 3EEZ GO LB TH - 7217,

Hb ® K, OZBIEZ 3T 5 EF VI 3REEF VUM
W OPHEENTWS T, KT, Henry 5@ TTS €5
WV (Tertiary Two-State model) 25— Kilik & % ) >2H 2D
T, TTICHBICEAT S.

TTS EFNVIE, MWC2IREEFVDOFTFERBLEM1~3 (4
KHEEIZ T & RO 28, T-REWOMFLE, T, R OFERHFEMW
0, f8) ZMAKRLDD, K4RKEETOMAL DY T L=y MC
O, HAMED R 5 200 3 RGO (pre-existing tertiary
two-state equilibrium) ZIY ANZzEFVTHEY. T4b
H, T, RWIhD4EKEEFITBOTHMAOY T =y b
ACBURIE D 3 kb ¢ & EBUAED 3 A » © 2 IRIE Py
(LrFH5) ZhY, 722 bD O, BAWEIZZ D t-7 Fl D
ATREL, LI RENFZRITONTVWDS, 7272L, TTSEF
VIZBIS4XEET LRI, BETAHEY T2y +O trF
5z T1Z ¢, RIZ 7 ICZhZRET 52 LT 0, Bk ®
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LR 25, ZOMBLLT, O, AOWRAMEIZT25R
D 4 FREEBAL (Gr FICEZ 23548 7T ADOEAL) 12X 4k
Laz&ilhs, F/2, 2REMWCEFVCHIEE L2 KD
WK, TTSEFVTRIEANLZYF Y FEADE T Ho
T2 bO Ly R LICHIT A ETRASH, Ky DB
WARGED MARICHRTE S, FL0bE, TTSEFNVIE K,
E Ky DSWEDO MWC2IREETNVERLZEHTESLN, 0,8
AEOBIRIEN T % 4 KHEEIREP HH T2y PLXLVD
3 RMETEIRBICR L2 MWC EF NV E DIRENZREVTD
5.

TTS EFIVIE, P77 — 7 L BERNT—F OW BB T
X519 16 MMV T A—% CPEHiH 58 & #EEHRH 11
) oMk S h, BdTEVLREN 2. JEE, TTS®
FWiE, Hb @ CO Fii7— 4%, fhfh® 2 B L oy nh®®
TO O, PHiF— 2 il $5 2 LT, WIZIZCOMmAM
Hb @ CO Ml O R ERNT— 2 " 74 v b5
EWRTEL, LPLERD, 8T XA—=FHBLWETFNVOFR
HOESIZ, DTFLLZFDEFLVDAHIZALANELV &
EEHTLIRTE R, T2, TTSEFUVHFRET S 3 ki
KRBt & r OWEIEBSMEREIN TRV LITHEREI
BThH 5.

Hbo DIREEE & ERFDESE

Hb DREEOHERICH LT3 MO R 2R X IHELE
WOT, ZZIHEISRIANT A, 1960-80 4E1CIC Perutz % 4EHH
T2 8 T BREMFEE 2B DT - 72 Hb O X HE MR IS
XoT, O,DHAELTVARVWFFF ¥ THFEREEE, 0,%
COBREDANLYF ¥ ¥ 4MHEE Lt F 2 R ARG &
DD 4 RREEDERPE T LRV THSL M o722 T
MO RAND 4 REELELE ~FTETL [—D2D ap2 ®mikH
b9 DD a2 BmARITH LTH 14 MRS % 2 RO HARLE
& %% (Fig.5a). Tt &, %2 (alpl 721% a282)
HAEOMEZ, o & g OMICERSNTWS B, G, HAY v
7 AW+ E 7 M (BGH frame) OBMFTHITVEDS
%\ (Figs. 1b). —J5, THEE D 2 BAKEIBM 2 22 b5 o,
BDCKMEBB I al f2 A4 v FHIBOKERHEIX TR i
BIPWETHER, vy (BF) SRTHAREREGOMAMR
AHHZ B (Fig. 1c). DX ) REDPEINLHERL v F
VIZORRBICENBEINT, 2RBEFVIIMERE LS
THATY) v 7EFNVELTRBAED; OBEHZBE LM 722
EIBRICHEL v, ZRICIA T, Hb OF RN A b
TRADOBI0ED DR T & R U ORE MBS RO S 2o
22ld, WEBEB2O0EF VRS EELHBO—DE LT
ZFohb.

1990 SERICA D & 20D HED D 572, —D2IF, 3D 4K
WEDORRTH L. ZOHH 4 KhEE X CO KA Hb i
SHMILEN7Z2Z L3 H Y, Relaxed REO—FEZZ 5,
B2ORMEEE VI FERO R2 BT SNED. Lo L
5, WEREMIZIER2IIMEKD REEE L BESIWTH B, %
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Cc

Fig. 5. The quaternary structural change in Hb. Schematic representation
illustrating the rotational movement of the «2$2 dimer relative to
the al1p1 dimer, based on known crystal structures until (a) and
after (b) the structure of the R2 state was reported in 19922, The
subunits are represented as spheres for simplicity. Solid, dashed,
and dotted lines indicate T-state deoxy Hb, R-state CO-bound Hb,
and R2-state CO-bound Hb, respectively. a) Only two quaternary
structures, T and R, were believed to have existed in Hb until 90’s.
¢) In T to R2 transition, the 242 dimer turns relative to the a1p1
dimer by nearly 10° beyond R, suggesting that R2 is the end state
in an ensemble of relaxed conformations.

B2, R& R2OMOBERNERDOKEEIF, RETOMDAER
LIFEEICKE v (Fig. 5b). # 3 @ 4 K& DI IL 2 RiE
EFNLRHICETORHAE G- 27225, Relaxed REBOHEES
B 2RBEFVOELLICEMT 250 TIEARY, L)
EZEZADVGEERTHSD. 2F D, TIRELILE Relaxed RIE
T, 72=v MHOEFGRAKER G X 2HEENHIR A2
WOT, O, BAMEDE W Relaxed IREDHICHEZ RN
THAREETE R, LI ERTHL. KFLRZLF, R2E
R D O, HAEDENEDREDORE ENEV) HTHA). T
DL TIZBRRRS,

Fig. 5b TR L2 & 912, T 25 R2ZNOWELILTIE—oD
2RMAEND ) —2OD 2BFITH LTRZHZTH 10 ERRENIC
mEET 5. 2O, R2IET—R— R2OMEEILREKICE
F2RIRE, $hb Db Relaxed IRET V% ¥ 7V oK uikERE &
ZZONTWwW5D, FEEE, PN'HRERARME M E/ER (residual
dipolar coupling) ##fi L7z NMR Tt o7z CO #E% Hb
DEWMELEIX, R ER2OREY (BRFH) HbrvidIhs
OPEHEEEHE SN TWE Y. —J, kbl o5
L7574 F ¥ Hb O TORKMEEIX, ko T & R
MWIZHLTH 5.

1990 FEARIT BT 5 b 9 —2o DR, MG ILE A7 Hb
RO O, T HAROWMED ISR 722 L TH A, 1991 4F
WA F VB Hb #f (T) 1235 O, FAG AR O E D D
THESN, THMEED O, HEICIXHRAESIZEALERS
g, O, BAMEIZE LML STIEBITE—EDflzE £ 5
T EAUREN2® (Fig. 4). Zhix, Hb Oz & ¥ak % sl
o B W R ZER R CTH S, —F, Relaxed IKFE Hb ¥
B (R & R2) (2HF9 5 [0 13 Bt 5 BE A3 < WAL L 7245, 2011
EICEF SO TN =PRI L=, Zo%r» S, RiGMHE
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R2 M D O, WA AMEDIF E A L4 L, TR ITHV
O, BRMEZRT e S»IT ko7 (Fig.4). 72, R & R2
D0, PAEOZIBHEARETH Y (Fig. 4), MW 4 K
120, BAIEDE  Relaxed SRET7 V3V TV OWKELTH
YRR N RGN 2 (W

Hb 5D O, P fhl @ o 41, + 9 Y F Vo MWC2
REEFNVOMEKRL, MEBESTRENE2E25ELTEELR
Ly b E52TN5. %Y, Hb AR IEBFEN 2 O, #
1%, 2 RBEF VDR LT 5 % 4 KHEE O IR FTED R E
(B3 EFELRY. HICKFELRZEE, R (FRER2) &
WmE TR O, Bk EnEh, i Hb @ O, ko =
R E TRAEICERMIC—HT5HHFETH S (Fig. 4). B Hb
D O, BAIED B E TROLIEL, ZRENITHIET 5B
ho 2 REDHFEZRIRBRLTWS, Lzd-T, @iHho
ZH5 2 RO I IFEH O R #mHEE (F 7213 R2 F50
s L THRBEETHAONS, LEZLD0PHARTHAS
3) 31)'

FLwsbk, Hb OWHED O, PAIVEZ 50 2 RO 131
MO T, R¥GEMEEZLTEIWESS. LiL, TIREHD
O 0, BAME (Kp) OZEBYEZ LA 3R EIREIEARAH O
FFETHAH. PEINE O, BAINEZH2 Hb RBOREE LB I —
A2 DA, MWC3 IREE 7V D3 FRT % RAD 4 KAEE 23
GHET 200, TTSEFVHFFRT S 3 RHE L XV OREEE
LOBEELZDOD, HBVIED - & EHERRER D, Hb i
REOMTHERIEN TS, %3, 2o Hb MFRICES
N2 EXWPPT720 [T & ROPENE O, BLAM: %2 Ho
KA Hb FE3E | ORSFATICREPR LT T& . 205
MoV TIXRETRINT 5.

LU WESFRI R

FEHDVT L ROV Z Hb 55O MR ICHL L2 Ry
D 104 BN R B & J ik T - 72, WFZERIAG Y4 #)1% Minton
& Imai O FHTHEY, WHEIIZR O, BAIE 2 52 Hb i3k 2
$10% OWIRET (T L OFHIREL LT) AT 285047
FF Y HbIZF =5 v FEKD, polyethylene glycol (PEG) %
Wbl E LCHiAx o574 53 Hb O bz 47 - 72 #ifk
AEE LTiE, @iz sfi9 5 T 2%5E LIC< v Hb %33
ATE BIREZ TS L, T OMMNBERENE VY <O Hb,
T 2 RET 5 C Kt Z Mo MWLz ~D Hb, T
O IEREE FIF5 7 I BRERE 5 FRAICH R Hb
CIB6Glu—LyslZ&THA. 72, REMIMTH LSV Hb ik
BHIH LCTIXIHP R BZF 2 EDBAN R TRAT) v 7 - L7 =
75— DAL T BREMALE D RA T T ORITI RO
B, B 10 B Loz B b #Ra 157245, arhiz
MEIXETT, R, ROWTNUHILZHEINELEIHDTH- 7.
THMZMETZE RER (TG R2ER) »HHL, RER
ZRTBE THBIFIHT S, LVIELARYVTHS. LK
2T & R OPHWZMEAERIHAAELZE LTS, The
B THICH S T £721E RAVEISH ML L TL F 5 A= % 8
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LE3WDHDB I,

2010 £ Y BEDOFF IR S N2 BO—TIE, BTN LY
Y FORE L7 BERE Hb 70 (NA Y Y RS 1~3 Mk
# L7 Hb) Db TH o7, Hb D3 FuHE o, pHT
2=y FOEWEEET S L, Hb @ O, #5G 11X 8 MO

a

Fig. 6. O: equilibria of tetrameric Hb consisting of the «1p1 and a2p2
dimers. a) Schematic representation of ten distinct molecular
species that appear in O: equilibria of Hb. The index of two
numbers, #j, denotes the number of ligand(s) bound (: = 0, 1, 2, 3, or
4) and the individual specie (j = 1, 2, 3, or 4). Among them eight
partially Ozbound forms are difficult to study directly. b) An
example of stable, partially ligand-bound Hbs. The «182 doubly-
liganded Hb (species 22) can be modeled by Fe(I)-Ni(II) hybrid Hb
containing Fe(Il) hemes in the al and 2 subunits and Ni(II)
hemes (that bind neither O: nore CO) in the adjucent a2 and 1
subunits, in which two Lys residues at the 82 position are cross-
linked by a fumaryl group to prevent the dimer exchange reaction.
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BB RS TS BL3 5 (Fig. 6a). T & R oW 7% Hb

W MRS TICRDLDIZARLRRMTHAS. 72751,

il & ORI RS 1% Wil 51213, SBEHRER Hb €7

W& 2 RO REEEHMAGDEMEO Hb 5120 E

Ehn., 22T, ALFRBIIOVWTHHICHELTBL. 18

R HD (a8, WCIZRD A % — 2 OEEAE i ADH 5 2.
B, < 2af S 2a+2p

F ¥ ¥ Hb Oy, 4 BAKD 2 BAKAN OGS OREE EIH + —
F—5OT, BEIEIE B RS T (alpl e a2p2
DY FH Y FREEIREDN R L 5 650 T-8) TladehIc 2 jikofl
AR Z AR Y, TORBEZMEFFT L LI TE LV, Th,
2EARM OIS EEL L ELTLIHHTHS. bhAIZ, HE
PRADOREEZ ERE R F — 22 L7225 2B kH0 5 Lavie Z 57,
20 2 AR D WA OIREERIE I L < B (3~5%x10 *h ™)
ZEDPHSNTWAE®Y, Lo T, WERANOMEZ AL
2% 7=y PARSHUIAUE Hb TIRAELRBI S RwL, #@HD
REUHGHb THHE BB TE S,

H¥Z, 4 B Hb HORED Fe(I) A2 % 0, % CO &t
LW Ni(ID AL TRE X272 Fe(ID-Ni(ID#EMK Hb &, Wi B
P72y bD2FHD Lys RIEM D 7 VEAEEHMAE
b7 %R Hb 41 2B L (Fig. 6b 12 1 B2 RT),
LR L ES 2T o572, Fe(IDANLADY v FE LTI,
YD 0, L % T, FAEBMEIEV CO 2w &
T, F4F Y Fe(I)N2DEFNE LTONi(ID)NL DR Y
3t & 2 WELERIE CHOBEES hTwB ™, %72, &
CTHWz B1-B2 [ 7 = VIHEEUE X Hb @ O, FAf fhifiiz 4 <

WEBEEGAWIEY Thbb HhOTRRTFY —IIHER
20 EDPERMICHR IR TS, BARMIZIZ, 01M Cl°
FA1EF pH 64, 74, 84, 91 @ 4 54T B1-B2 3446 Hb » 0, *F
fir fARIE RABAET Hb 02N & 131F—KT 5%, 7, TmMCl”
FEAE T pH 74 OIS TH —BAMER S hTwa™ . 34b
Y, P1-B2AUE Hb DR —TRIH LIEHE A + V2RI A£G Hb
LIZEBRILTHS. 72721, BRI TH S pLys82 (Fig. 6b)
X Hb oA Y EBREAHM 2K T 57 IV Bikko—o%
DT (Fig. 2) B1-B2%44% Hb DAY Y BRI 5e Tl gkT
538)'

HHITE 5 THEE 5 72DIE, Fig 6a D121 & 22120
B BB 1 H 1% H iz C2 ZRBEORS 2D TH
MEWHEZF-> TV L THDH. ORI, FEFREAILC
Reb 4 kG2 o3MoE 5 T2&Rk, LirbIns3
W DTRWLN GENDZ VAV F) WWRELTELT L),
I Z R W20 b o2, BETHE, &
D C2 #EETHARBICH 2D 4 R 2 LT L REL
2L RBENTHY, NWET S Hb 5T OWELILZFET 5
ERTLH L. BB LANIEIZ, KRDA N Hb (Fe(IID)
AL H,0 AL L7z Hb) THRE D C2 M1 Oh5 S
k#ﬁf@%m%ﬁ(%A %%)frénfwtm ZZT,
Z DA Hb O D ST — 7 IUE L B L TS
ﬁﬁ%@bﬁﬁ:kuLt
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COC2HMENTT AL, Hh D E V1504 % 4 KHEEZ
L% R RS IO LR - BRBEAT S 2 2 AT E . Ak
MI21Z, Fig. 6b IR L7z al & B2 D Fe(ID) ANAIZ CO A3
L7z Fe(ID-Ni(ID{#M Hb (U Y BRAFAET & JEAAAE T IR 50
D 285 E2TO Fe(II) AL H,0 %54 L7222 - Hb (U
VERAFAE T 1) Ot 3o FR C25 %®Xﬁ%L%ﬁCM
2.8 ASrftE) LGSO O, BRI OMEZIT-72Y. 2hb
31@0)]7&%55%&&?6 L, NXYH Y FORE, U vEBA

v FEANLNY AV F) OFEIZIS U P o2 R 2
L,W@?59M®Hb®4mﬁﬁﬁéfﬁﬁofwt(Eg
7a, . BAOT, R, R2EDEKTRZ L, 9D 4 %Ki
FEZTH5RZRTR2ICH S T TO Hb OLREEZRMICIZIT
R HAT LCBY (Fig. 7a, d), Hb ® 4 REEHELALIZHE
Mz 2 RBEBTII R, ZRBOMZAITERT 2 84 HE
ThHhI M RBIhi.

ZLTC, HICKkFEARZ LI, KESMA CO M2 MEa L
Fe (ID-Ni (ID) &% Hb & fMEE oI, RAEBRLRDTVAT
E ROBHBZHEE (TR E@WH) PEFATVAEILTHS
(Fig. 7d, conformation 2). Fig. 7b, ¢ DILKMIIR L&)
2, TROAREEEZITERDL &) EFHTHAS. FHIZ,
CO TR #HWHEED O, BAEDN T L ROHPHTHL I L ZHE
P O, PR E 2 5~ L (Fig. 7e, conformation 2), T
& R O G & BB (O, BUNIE) %380 4 A DA
ZEILEY. F72, RER2OBICH RN ZAR 4 RSB
BAEEIM & 7225 (Fig. 7b, conformations 39), Zh 534
TR. R2 LABREDOFEHICH O, BUAMEZ R L7 (Fig. 7e,
conformations 3-8). L722%5 T, HREDOEIL T4 UkMEL 5
B3sL, KO, BHAMELEZFED T, PRHINZ O, B EZFED
TR, & O, BFIMEZ > R 25 R2 £ T® Relaxed ilﬁﬁ?.“f v
TN, OSRL L IMEITFET A LbRroT:.
DRI O, BAIVEORE &M F 25241 u%mén
TRV, THEEORMO—#RZHS al1p2 ¥ Y (HF)
R (Fig. 1¢) OAFRAICLI 20 LHEMERTVEY, %
B, TRTIETHBEZ2REMTS o, pOCEKWME/B LY
al B2 24 v FHI (Fig. 1c) DAZERERIETERTVS A,
alp2e v VHEBICH S a94Asp-$37 Trp DKRERHEIRFEE
hTws (Fig 71).

CZT—OHELATNELR S vwDIiX, Fig 7a-d DRk
F— 23 4R R FET B TRk (25-28 AR
fE) 2800, HADOF T2y b3 kO &SI
TERVWHTDHS. COHHZUTFICBRRS, LI L
72Hbix, al & p2® Fe(I) NAIZ CO DA L2z
Fe(ID-Ni(ID#RK Hb TH 5. COHbHD 20D 2B4KkD 3
KB IZHEM TR RV (alBl*a2p2), #EHETHo Hb
DTET I LRI (el Bl E o282 Z KT FH
ENTVB LD, FEHOBINARY PIVF— & ORI 5
SbhoTwdY. Fabb, FHLBLIRDIT C2 /I,
4 7c Hb f& % #7755 24 2 R0 )m, FEx Bz Hb 4
TDalpll a2B2 #Z#HAN LR VRS Z2HEROBNTH 5.
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a1B2 H-bonds T TR R
a42Tyr-B99Asp(switch) |251A| — —
a94Asp-B37Trp(hinge) | 2.85A | 2.70A | 3.67A

E-helix

Fig. 7. Quaternary structures (a-d, f) and O: affinities (e) of nine distinct conformations of Hb in three isomorphous C2 crystals, each
containing three independent Hb molecules®. The conformations are numbered from 1 to 9 according to increasing
deviation from T. a) Comparison of quaternary structures of conformations 1-9 by showing the orientation of the «232
dimer relative to the alpl dimer as a ribbon diagram. The Ca atoms for the «lpl dimers in all the structures are
superimposed. b) Close-up view of the a2 subunits in T, TR (conformation 2), and R. The Ca atoms for the o131 dimers are
superimposed. ¢) Close-up view of the 52 subunits in T, TR (conformation 2), and R. The Ca atoms for the a1p1 dimers are
superimposed. d) Root-mean-square-deviation (RMSD) in the Ca atoms for the a2f2 dimer after superimposing the Ca
atoms for the a1p1 dimer of each structure to those of R-state CO-bound Hb (PDB ID 2DN3). Each bar represents RMSD
in the Ca atoms of the superimposed a1p1 dimer. Dashed, dotted, and dashed dotted lines indicate the RMSD values of
T-state deoxy Hb (PDB ID 2DN2), R-state CO-bound Hb (PDB ID 2DN3), and R2-state CO-bound Hb (PDB ID 1BBB),
respectively. The conformation 2 (closed circle) is a new intermediate (named TR) that lies right between T and R. e) O:
affinities of nine conformation in crystals at 20°C determined by microspectrophotometry. Dashed, dotted, and dashed
dotted lines indicate the O: affinities of T-state Hb crystals, R-state Hb crystals, and R2-state Hb crystals, respectively. The
conformation 2 (closed circle) shows an intermediate O: affinity right between T and R. ) Structure around the alp2
interface of TR (conformation 2). The residues involved in hydrogen bonds (dashed lines) are shown as a stick model.
Distances between the residues involved in hydrogen bonds in the switch and hinge regions are also shown.
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FEHESEDBRE

HREN AR T & R O EF# 2400 Lz 2 REEF VT,
e RN OHh DT O AT ) — & —WICH T L2 L
ETEhw. COMEZERT2:DIREEINTVEET N
ELTR, B30 4RMELEMLZ MWC3 REEF VYR
T L ROHEICIEEEL NVO 2 IREEM #HL ) A7 TTS
EFVIRENRDHY, RRFRIEE LTS, CALDEF NV
OFXMEZT— 7N OATIIRIE SN, Fhind
LA, EFNVOBELDZEE, Thbb, H£30D4RHEESR
3 UKL L XV D 2 IRRE- O AFEAE AR % # 7 & B HE O Tl 1] 2>
LRTENEETHA.

AR TR L7z Hb OFr Lk fEamidig, o, Btk oi
75 Hb ® 4 KIEEDD R LD SHEHFET S L 25 R
BLTWw3 (Fig.7¢)¥. Zhix, MWC3HREEFVDEZ &
FTHELZVA, Hb OV F ¥ FiiG L %5 25 Eizch
FTEZONTVWARIDBEE2CHMETDHY, MG
FFE PR S WS LICEEFLETH S (Fig.7a, d). F
7z, TTS EFIVHHRIET 5 3 Ui LNV O/N S RigEE LD
AL HEMICEH LTI, RN CTRBEDHEDTE RV,
50A L EokE 2L, 01A Ol CTHTOMBEZR®ICa
VPE— NV LTWVWARHODTUATFY—DA D= XA REEIZ
PR 5 7200120F, 2P ICE T 5 M AT ENITA
ALTW5.

Hb OfEEMHT O EEIX X B NFTTH S, L LaRD,
WAL ERIRE T 52 0H R, BHEOWMENRET 5 R0OM%
BRI v, AETRA L7z C2 5 3 D THi
By —AThHb. Wik, COMEIZ—D2ONHBRZ TE/ZDT
RBICHA L2, 2R, 7 94 FEFHMEE (Cryo-EM) 2
X B RS R BB TR S T O EBITRIETH 5. —WHio
Cryo-EM i3S IRAT DX 51351 200kDa LL Lo K& & 7 Vo8
ZBICR SN TV, AR B N & 0 B EAYL A
D 5>Fi 645kDa ® Hb b ZTOWEN G & o T DY,
2017 4EICHE S M7z Cryo-EM (2 X % * I Hb o Hoky 745 & 1%
¥ (32 Asfitk) o™ 2EWH I, 20194E12i3 X b Hb #
HHICIRTE S % 2 BB O Wb 115 % 58 LT 28 A & 32 A5
BEMAT IO D) L 7= s D b G S e, BRIEWC RIS, Th
5 3 DDOHEWMEITEL SAREHPICBLZR £ R2 ORI
Bna RS (Fig. 7 D conformations 5, 8, 9) & X< —
By 52 EMMmLhThRonTwE %Y 48, CryoEM
W2 & B0 & TSR O v BB I 531~ D 15 40 6 MR TG i A
FhAEHIANE, HhOTUATY) —ORERIEDL 2
EDTEBLTHAH. ZOLH) MAIERITNE, Hb 9%
TFAA=ZALOBHIEDH LI, ZLDOAADPKRIEREL Fo
TWABTRRAT) v 7 ¥ YN BEMRORMA B = X 2T
LIFEND 2IRBETFVHZZZIHKTELDTIE RV
WL TWwa.
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10 4E DL I T Hb X B SHEE AT & 12T
PRI R E R BEOA BRI O L Y BHH L E 5. A
i TRIA L 728 0 — 1 JSPS AHF 8 0 By B (23570197,
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Necessity and Prospects of Artificial Blood Products
in Veterinary Medicine

HR R

Hirotaka Tomiyasu
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KRR 7 EOBEY W I 72 BRI O &5 BEALIC AR, AL i R A b R AWM E DO —> & L THBICER SN X H Ik
TWa. ZO&) RUEZRPMIIFA QMBI Z D054, S HIEFMHREDOFEIELR EhA 2R 2 EB LA 59§
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Abstract

As the medical treatments for companion animals have evolved, whole blood transfusion and plasma transfusion are often
performed as essential procedures. When veterinarians perform these procedures, they must consider various factors such as
the blood types and their distribution that are unique to dogs and cats and the presence of homologous natural antibodies.
However, the situation has not yet reached the point where treatment with blood products can be performed anywhere in Japan.
Here, I would like to introduce some of the challenges in the field of veterinary medicine related to blood product treatments
and the efforts being made to solve them, as well as the need for and prospects of artificial blood products for dogs and cats.

Keywords
Artificial plasma expander, Blood bank, Blood transfusion, Blood type, Cat, Dog

1. #8
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Table 1. General requirements of canine and feline blood transfusion donors.

Healthy adult dogs and cats aged 1-8 years

Never had a blood transfusion in the past

Vaccinated against representative infectious diseases

Not suffer from any infectious diseases

Dog: heartworms, Babesia, etc.

Cat: feline immunodeficiency virus, feline leukemia virus, mycoplasma, etc.

Not pregnant

Same blood type as the recipient
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Figure 1. Blood type matching for donors and recipients of dogs and cats.
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Figure 2. A Schematic illustration showing the activation of Wnt signaling pathway that may
occur in bone marrow cells from Miniature Dachshunds with treatment-resistant bone marrow
diseases. Under normal conditions, the interaction of WNT with Frizzled is inhibited by SFRP2,
and cytoplasmic f-catenin is continuously degraded by the Axin complex. However, in the
cases described above, the expressions of SFRP2 and AXIN2 were decreased, which should
result in the promotion of the interaction of WNT with Frizzled and the suppression of the
degradation of cytoplasmic f-catenin. The cases also showed the increased expression of
CCND2, which is one of the target genes of Wnt signaling pathway, and its increased expression
was thought to be derived from the increased amounts of B-catenin in the cytoplasm and

nucleus.
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Study on the Partitioning Properties of Hemoglobin-Based
Oxygen Carriers in Capillary Networks
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Abstract

This paper describes research that investigated the partitioning properties of red blood cells (RBCs) and hemoglobin-based
oxygen carriers (HBOCs) in a capillary network. Assuming that HBOCs are uniformly distributed in the plasma component
other than RBCs, the partitioning properties of the HBOCs were calculated based on Pries’ empirical equation targeting the
partitioning properties of RBCs. In vitro experiments using a microfluidic device showed that the results agreed well with
Pries’ empirical equation for a single branch, but for a series of branches, the bias of RBC distribution just before the branch
due to the distance between branches caused a discrepancy between the experimental results and the empirical model.
Therefore, the actual capillary network may have more oxygen heterogeneity than predicted by the empirical model. Fluid
simulations demonstrated that the results agreed well with Pries’ empirical equation, and that the abundance of HBOCs in the
plasma layer near the vessel wall before bifurcation leads to a reduction in oxygen heterogeneity after bifurcation. These
results may provide important information for the appropriate evaluation of the effects of HBOCs on microcirculatory
disturbances.
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Hemoglobin-based oxygen carrier, red blood cell, Pries’ empirical model, microfluidic device, in vitro experiment, Fluid simulation
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Ny (1-H,)Q,

N T A-H)Q+(1-H)Q, (®)

H,

H, H,=

1 Pries ORI 2 BN LT O/8T X — 5
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F 72, M AN TARILER DS & D 2 #A 2 N LARILER O g
SREERL, FMEOATFZ Y v b ERBICUTORTH
HL7.

NY/N N&/NE
) Q/Q, @

Pries DR Z W THB EN RO~ 2R3, K2(a)
X, WMESEILICHT 5 K WEORMEROAS F 7)) v b 2R
LTWw3, 22T, BillIiRes 2 o amit, S 1,
2DMRITEANT R 7 U v b (BEFOAT 2 v M B4
Bo~Ax b 27Uy ) T, 3HEOHHMBEOA< N7 Y v Ml
H=10, 20, 30% 238 2R LTS, FIBRD &M &
LT, D,=D,=D,=10um OHBETH 5. Q/Q,=05 IFBF
POIRFL L 21ICHBFIIH/RINTVEI EEZEIKLTEYD,
BEOAT MYy FEBE L 20~ M2 vy MER—& %
% (H=H,=H). MY, B 2~ORRHHIL Q/Q, 25K
PFBHIZONT, BPEE2DAS M2 ) v PIKRELLBALTW
ZOICHLT, WE1IOAT MYy MEWMMLTWS, oh

Hy

H' H)'=

H\/H,, Hy/H,

e
]

(=

0.5 T T T T T T T T p
W,
— H=10% / g
---- H=20% Vi
045 ... H=30% ,/ -
7 Y,
/ «II
e ./
7/ S
L03F L ¥ -
=, e
™ e .
Z 7 //
7 Ry
02 p; .
A/ /I
// ///
y Y
01F V2 i T
7 R
v/ 5
e 52
" b= 1 " 1 1 1 "
0 0.1 0.2 0.3 0.4 0.5
QZ/Qp
(c)

& Zweifach-Fung R 2 BK L T 5. 2(b)1x, WESE
HAZx3 2 K AE O N LBEERAE ORI T ELRL TS,
MLy, A<b20y bORHLRLD, Q/Q, WA THIC
DONT, W 2 OIS RIEML, B9 1 oS EiEb T
PP LTWBZ L2505, M2(c) I3 2 ~DOF RS
QyQ, EARMERFELL Ny N, DB EZRL TS, KLY,
Q/Q, & Ny/N, &£ DRI K & LIFEEA A S, FRIMLERS A D
AYH—-HE2RZLTVDLILIrP 5. FIC, Q/Q,<01 Ti,
WA 2 NS RMERA SR ENTE ST, B4k 45 i)
HRETWD. [X2(d) 34 2~ ST Q' /QN ¥ AT M
FBAAR DB NN, OBIRER LTV, RILERSG AL
LR, NTHFERAROGEIL N,/ N, RS EE Q/Q,
XD HDLTFPICKRELRMERLTVS, ZTHIZE 2 ORIMEK
DA 27Uy bR LG 2T 20725 TRE 2I1CA
THRMIRPZ L LTS DThHbreEZzZohsE. 2F D,
N TR e 5 A UM BRI B 2 IR A — PRI =
BRLTWABZEZRBLTWVS., DX ) IZ Pries DFEEN %

1.6 , . : :
L4f ]
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- 12f e e ]
o e ==l
=N 1
o -
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T o6t ]
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0.2 - H=20%
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- H=20% 4
04fF - H=30% A ]
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S
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g
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S
Z 02F ','/’ 2 -
o a
S
R
o1 o i
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A L L 1 . 1 s { N
0 0.1 0.2 0.3 0.4 0.5
QZ/Qp
(d)

2 Pries OFEBROFE (a) WRAOBLISHTZ2HE 1, 20KRMHEOAN< b2 Y v b, 22T, BENIEE 2 ok
WOELE, HEEIGIRE 1, 2 OMKITAR P2 U v b (BEOASI M2 Yy MISHTBIREOAR 2 Y v M) T, 3
BEOPEMBOANT 7Y v MEH=10, 20, 30% 257 2 E 2R LTWwa, SEERE D,=D,=D,=10um T
5. (b) WERSBHIIE T HHE 1, 2 O NTRIGEREOEREGH. (o) BE 2 ~OWRBESELL Q/Q, & ARIMLER
SIRLE Ny/N, OB, (d) B 2 ~0RESEIL Q/Q,) & NTHFHERIKD 5 EIL Ny/N, O B#R
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HWT, B—aI 2 U TR IMERR N TR E 0k 0 2 Bk
NzHbRETHT LI EDTIEE LS.

3. A7 ARMETNA X ER WS EEFMED In vitro 28R

BHME A Y T —27 DX RS Y — ¥ & i R MR
Do % E RIS T 5121, <A 7 aiiff7 34 A1
X % In vitro EEBRDPERNTH 5. ZhiZX Y, Pries OFEERAAD
FBMIME A v ~ 7 — 27 OFRMERGTENR LT RED &9
EWGET A EMNTESL. TIZTE, A4 Z7aiifhks)4 2D
BT, ROEBRFTBECOWTHRICHNTS. 3, EBM
MEAY VT —27 2B L7y — > ZEEHE, 74+ P A
7 EERT S, KIZ, YV YIINECT7H PLY R (SU-
8 3010; KAYAKU Advanced Materials, Inc.) #/83 —=> 7
FTHIEIWLLEoTHEE1I0um DA% —F— )V FZ8EL .
Z ® %, PDMS # I (Sylgard 184 Silicone Elastomer; Dow
Corning Toray Co.) #JH\WT, FTH| LM LA Z 10: 1 DEET
REL, E—VFLRICHKLAAGLSE/2%, PDMS & E—
FRLHRL, RHEFMT. (Fx ANAER), 7T A< X
B BUKMIIBEIZA T4 FA T A R T= A4 7 aiipfks
AZD%EKE %D, U EOBETREEENZY 7 IV TS
7 4 P & LTRIE S A ShTw b,

M3 In vitro EBRCTHW-<4 7 0 F v 2 L OBk
(a) B—FFNV (b) 2y NT—ZEFN
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AR TE 2HEOEFNVERE L. K3 b)), £h
ZFRH—FEF), BLXORy PT—2ZEFVERT. WFhd
A1 A, WEO1A2FofuEE LTws, 22T, ADA
=N —310um #EL TS, H—FFNIE, HEH1o
HBHETNT, 1D0BF ¥ RV L 2O0WF ¥ £V THEEK S
nTwa. BF v AVl w,, BF v Fv 100 W, & 10 um —
L L0 LT, BF v R 200 W, 122w TiE, 3~
10um OFTELEE, it THEO< A 7 0k "4 A%
FER L7z, SHIC X D BA RESBILOERZIT S 2 LA
BEE%D. BF YAV, 20RE (GEE»SATE T TOR
BE) 3EHI12200um & L7z, FrAMESRETRT E=10um
ThHb. B, THMENORNIZHAEIAMICEA =2 R
N EIHEN, KYEOREN LR TH 57280, IR OE
WASIER DB IC 5 2 2 BIRIE LA LW EEZ NS,

PFr AV ERF YAV, 20HEEZERENQ,, Q, @, L
L, &iwlE, ¥ F VoL X 3 o Rk TR L7z ROI
Wz N2 BWRORMIRDFE 5 E D S KDz, 612, PF v
VANERF v YAV, 2 BB ARIMEROBE, FhEh
N, N, N, & L7z, 22T}, HEEMOBT ¥ A VEiRhb
RIMERZE A7 > FL, N,=100 & L7z %7 > b SRk
I E Tl S, N & N, e Sz,

HZFXANDANT 2 v b HIZDWTIE, ROI P W57
MHRSLUTDX I IRKD -

— NRBCVRBC
- VROI (8)

Z T, Npge (& ROI NOMRMEREL, Vipe ZARIMER 1 180
WIERL, Vo (& ROI NOWBAR TH 5. FBRTIIRMIRD A
LTV S5, A TERFERAAD AR M ER DA O 4N I —hk
WA LTWAEREL, 22, ANTEHERAIRIMERIZ S
RO BEMT 5L, ANTREERAOSEL, B X OKE
5331 Pries OB DY A L FERICK (6), (7) TERDEC
LNRTES.

3y FT =7 EFNIZ, 40Dk L 220 & A TR &
NTwa. BAF ¥ 2 V0E, HFEEOF ¥ A NITHLTL4DOD
IR (527 A, B, C, D) ZEKLZ. BF X 2 NVIE10um (2
FLT, 27 A, B, C, DOF ¥ A NVIEIX, Murray ®#HIC
o THIETHT LWL THBY, ThENRE, 63, 5 4um
Ll 97 A B C,DOFYANEIIE, ThEhITI,
516, 40.3, 684um & L7=. 2T, WG ONSIE, K2 54
BN DT v 2V RGOSR E LTw5,

FERCIE H AR+ 7AE SIS 2Bk 2 A L7z, A
DML " 72 EBROFEREZE LTI, B E R A DR R AR
HEMBEXC L 2MMHFEEEZT, KREHTVD. RO,
ML % 3000rpm T 15 MO0 HEL, €% RiFEBREL .
¥eo 7o) YRR AR ALK (PBS) Bz o7
O 22D RS SEICL Y, M SR IERZ HEEL 7.
BRARIC, WL 72RMERICY YIMiET7T VT I Y (Twt%) &7 F
A LT 40 Gwt%) ADDPBSHEHZRMNT A EICL-T
RMERF AR v a YRR L, A< 270y Mz 20% 230

H
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Bl R4 ZEBREBOMBMEZRT. ROKIFARY T 3
VERBASEEIA 7 0F ¥ A VOERLIE, PDMS KD
M (F v 2 ER) &, WOV 3y F2—7 250 ff
FohTwas, =4 7u0F v A VAORRER, YVarFa—
TR &2 ) v VR YT (Legatol11 P; KdScientific Inc.)
WCEYVBEEZMTFTTESIT L & THE L RiliskoEs) ik

X4 JEERTEE DOBEWS

—— Pries’ empirical model
o Experimental data (Daughter vessel 1)
A Experimental data (Daughter vessel 2)
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L L 1 L | 2
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1 L 1 L 1 : 1 L
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QZ/ Qp
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BN (IXT7L 4 ) ¥ 8 AR atE) 2 HWTBIZ L. W
BT RTEAEES 25 (K9 A b7 eiilat) 2w
200fps THUF L, 2 WICEBFEH Y 7 M =7 (DIPP-Motion
V/2D; A& T4 727 b)) BHWTHNT L7,

9, H—EFNVIIBT 2 0EH#ORMERDOANT M7 v
FOZEALE TRz K5 () I KT S EII T AT v R L
1, 208KIGAS b7 Y v FEIRT. KD 729 Pries DR
KW TW5B. Pries DFEBAICH S D, D), D, DEIZIL, ¥
BiRL B EZH TR LN KBS EZET Lz BF v 2
L2o~A< 20y (H, H) &, BFrARNVDOAT Ty
b H, THRTAL TS, Q/Q,2°05 (3 %&b b Hisiik)
DL E, H/Hy & Hy/Hy 3EE 1 Thorohs, Q/Q, KT
AIZoNT, H/Hy & H/H)\CAEBLRANPEL:. T4bb,
H/HyHB¥IML7=012x L, Hy/Hy A L7z, 2 g Pries
OREATH R 5N Zweifach-Fung R Th 5. EEHRE L
Pries ORBR A HBLTHL E, B0 Q/Q, BV THF v
AN 2 THETEOHRALNL OO0, ZIFZFAMOMRL B 72,

—— Pries' empirical model
©  Experimental data (Daughter vessel 1)
4 Experimental data (Daughter vessel 2)

1.6 T T v T T T T T
14 -
= 12b a Daughter vessel 2 i
(=%
= T 'A“A-—A____e-“
o1
mﬁ 08k Daughter vessel 1 _
| ]
E 0.6 -
T L j
T oaf 1
0.2 T
L 1 " | L | 1 1 )
0 0.1 0.2 03 0.4 0.5
QZ/Qp
(b)
0.5 T T T T T
T T T T /;
----- Pries’ empirical model /,;/’{ 7
04k A Experimental data . i
&7
P
%
vl
o) a 03 /'/' —
= N4
~I o
o e
o , /0
Z 02f 87 4
o
i
S
s .
0.1 i
4
7
7
L 1 L | L | 1 1 L
0 0.1 0.2 0.3 0.4 0.5
QZ/Qp
(d)

K5 H—EFNOIn vitro EEFE (a) WMESBRIISTTL2H/F ¥ 2V 1, 2OKRMBEON I 2 Y v b, 22T, BEEF v %
V2 OFRSEE, BT v 2V 1, 2OMKRITEAT I 2 v b BFXRIVOAT 2y MSHTARF v AV DOAT b

7Yy ) BRLTWVA.

(b) WMEASEILITH T Z2HF v 2 1, 2 O N LBFEEREOKRESFE. (o) BT v 2V 2 ~\DiES

Rt Qy/Q, EARIMIRGEIL Ny/N, DBIR. (d) T ¥ 3V 2 ~OFERIALIL Q) Q) & N THHERHA D5 RLLE N,/ N, o R
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B 5M)IEMTF v 2V 1, 2128172 A TS EREO A%
DWEETHD. XY, IO FRIZ IR R TE
T35Z,%L, Pries DRBHEX 2 L HIALTWE Z L2y
5.

WIZ, W—EFNVITBIT 2 RIMER, B L O T EH
DS REEZ Rz K500 1E, WF v RV 2 NOH SR
Wt (Q/Q,) LARIMERGELIL (Ny/N,) OMFRERLTVWS. &
Z T, FEMHI Pries ORBFEXZ/RL TS, HXY, FEEHR
&, Pries OFEER & FMRIC, RMIRGBOKRE LY 2R L
TWAHZEDWHD5H. K5I, WF X RV 2 O ESHA L
(Q/Q,) b NLRFERADFELI (N;/N,) OMFRERLT
Wa, &Y, M/N I Q/Q, X0 b bINICKERiERL
Twiz, Zhid, NIRFEHREZRGICX), -7 VIlB
WCHIERDOBFEAY —EPERL TD I L2 BRL TV,

2y FPT—=ZEFMIIOWTDH, H—TFIl L HRRICHRILER
PARY Y a v &RTETHEHBDT V7 A, B, C, DD
F o RIIIBIF AT M2 v FRGEIFEICOWTHEZT-
7. M6(a)ix, %5 7 DF ¥ 2NVIIBITBRIMERDO~= b7
Uy bORKERT. 527 B, C,DOZAT 7Y v MiE
FYRIWVALDOAR MYy METHEKITGIELIN TS, F¥
FIV AL 500 bif 212 CTF ¥ %)V Bl & B2 12§ 5985, Fx
ANVBlLEB2OF X ANVIBERZEFALTHLI2H0hb5
T, FYANVBLEIDLB2OAT I Z ) v FHEELZoTW
5. THUZF v 2V Al NORRIMERG AT DR D ITREKRT 5. 7%
ANV P (BF x AV) TORMERG AN GO L TRFRT
HBHH, bif 1\ THER, RIMERDAEZF v 2 VAR 72
SRR B, FO%, RIMEROEEFIC X ZHO~OBE T
FTHRVE FHMEbIf 21CHEL, HRELTFYANVBl L B2
TRAT M7 Uy MIEWHELZEEZZONSE. 2F 0, &

M 6] L D PR EE A A S R E S B E 5.2 Tn5H 2 L 2RI
LCTw3., ZofmiEs 2 B—C, 5v27 C—D Loz
DEFTITHRL T L. RBHEIBIZIE, Fv %2V D1 & D6 DA
< b2y bOERZISBEUECEN o7 B6M) X, %5 v
7 DF x FVIIBIT B N LRFEBAOURE G ROK 2 RS
H 6D b7y hOKEREBIH LT, ATHEEER
HRIEF X ANVHNTORAGORY BILEAEEL RO KRE R
EHIRAONEWZ L3905,

I, 29 PIT—=7BFNVICBITAAMER, BIOANLEE
RO S EAEEZ Rz M6(c)ik, 927 A, B C, DD
#F X ANVIIBT ARMERSRIEO®EKEZRLTBY, hb
BIRTF X ANV ALICHTEH5EEE >TSS, AT M7
Uy FOYEERBRZ, Fx RV Al NORIMLIERS AR O Y 43
I bif 2 THF v %2V Bl & B 2 DIEEHRITO A>TV
B, AR EENE P OREIR 57250, WL
LTS ¥ 27 D TiEF * 2V D1 & D6 DAHRIMERS B3 10 £
DELERY, ZLVAH—SfitkoTwa. MAT, ~A<b
2y POKTIE, Fv AVNICBT 2 RMERBOMEIEHO
KTHDH5T70, SEHRTORMERGE DR D 2188 S8
5. M6(d)ix, £7 v 7OF ¥ ANITBIT B AT EEZEERED
SRR EZRT. K 6(d) DORIMERTEBLE S NG E DK
ERMmMYIH LT, ATBREERRERET v 7 B0 R
DHEHEVEL TR ELGH D, CoZkiE, ALEE
FEFRAROWER ASEMINA & v b T — 27 NOBEEAREY —M % KR
SELMEEZRHOZLEREL TV,

ZZ T, Pries ORBEAE A2y VU= EFVICHEM LY
GEEZEZTHhD. £ 7 ORBIREEIZEFLV2D, ARl
RIZB WS TESRINEZ LD, Lo T, BEBK
DX, & 7027y MERGELIZELL &

K6 v b7—2FEFNLOIn vitro EBHEER (2) &5 ¥ 7 DF v FANVICBITBRMEDOANT 7Y v FORE. =

ZT, 5Y7B, CDDOHEATIZ) Yy PEFYRIVAL DA M2 v METHERTILERTWS.

(b) %35

YT DF X ANIIBT B NTEBEFEERAROURRESROEL. (c) £F ¥ 7 DOF x 2 IVITBIT S RIMERSRILO L
. (d) #9527 OF ¥ R NVIIBITHANTBRERREAKD B O L.
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H5ETTHAE. LHPLEHS, MO in vitro EERTIX, ik
MENORMIMAAOMRICE Y, RMIRSALAEFTIIERL,
AT N7y PRGBS LT Y7 BTRESE(TE L
AR E N7z, Pries ORI MAEF 8~65 um DWRIE WHEPH T
®in vivo EFHE R, SBEEHNINTEY, SR EZH 21
EPHTsZE3WEETHS. —FHT, BMmMERY V-2
D & ) RIMFRAHRIMER & FREOF — 7 —I1TBE L CHllks
HEEZL5E, BEBRHTEFVTERTST, 20X &EHIML
BRTIIRBWETNICL 2 TR LICBREARY—MEET T
WA H B EZRIBLTVS,

4 FHEYIaL—2 3 il &3 AEREMEOTE

X0 RN BN AE 23 R 30T B AR I ER R0 N\ T S i £
ORI EZRAET 2 HEL LT, kY I2L—va vd'dh
%530 BN N2 RIMERDE T L 22 Slh b R &4
ELZZHAEY I 2L =Yg YREIZIEWLO9H B, 22T
BEZAPEH LT LT RV Y= vk (Lattice Boltzmann
method, 2L F LBM) *V 2 R— 212 L2 R HEICOW TR Z1TS .
X7 (%2 RT. LBM &, EHikTH 2k E #1E&T LiC
WK T ORGHREBEL,  OWRERT 0 BB/ i
BEEHCCHEL BEOFREZHRY BT LICLY, ko
ERNERZRKDLTHETHS. LBMOHMELT, 1) 7V
TN ZAHMHETDH S 720 WHEHIGEL T3, 2) LR
RIF L THERAEHORENESTH S, 3) HEb L OHE) R
ORGHEIEN TV 22 LD Y, FICHRALL 25

K7 Wk Ial—aryolRE
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RATEOMAITE L 72 FEL EhTwd, Lzd-> T, Kf%E
DR E > TV BERT RIMERE &L RATICN LTH
MThHhHLEZOND, KRIMMEKICEL T, IRV IRIIER
DR E LT Evans & Fung® 12 & o TIRES - MNIER %
RHL7, RMEREIEZABEROEA L LTHMLS L, #*
MIERAEHT B L EDBEZANF—THEOTAI RN F—,
iy A v¥—, 2L, BEihk:AcEoFEHmECLs %
VE— 2B LU CRIMIRED KM 02 2 L7225,
ARIMIRBLUCB %85 A — Z 133k (34) (2o 7=, ARIMERIEL
EWARIZAEWICTEHZ LSS MENEZRIL TV, 20X)
Ze ARMLERIE & AR & MR I REL T LT, ARIFZE TIZ o A A
¥Ry (Immersed boundary method: IBM) * 2 H L7=. 7
B, RMIRNEBOREIZMAED 5/ ERE L7, AT E
KizowTid, FRIMERICHRTIEF /DS W20 IZHRIMER & [
FOMY P IIWETH 5. AFEHTIE One way coupling % $f
AL, NLEBFHERERZHERGER L TBHTA DL L.
Z 2T, in vitro EBRTHW H—EFVIBIRZ R L L7:
AT R ZRT. TTIHOIE, BF ¥y AVHNOMRITE2IT9 2 &1
X0, HBUEEENICHEA LT % KIMERD T ¥ 4 VWi 554 % 3
N7z, B ORR, RMFRKIWMEFT L7720, F v AVEERfT
WA ORIES R SNz, —F, ANTEBEER KDL 58
MAESE A8 LTz, RIS, -Fx 2V 2 DWE W, % 3~10 um
LR THRIMIRS X AN TR O 5 Redetk 2 A L
72 R8IZ W,=75 BLU50um BT LHNDOMT-E/RT.
HEby, BFx AN 2DWEIIRL % 2I12ONT, HESNEHR
MIRDEBRKELLBILTVB I ERGDSE. THIZH LT,
ATBEEPEIZ, BT v 2 VNI TR E D IMAENE 124 <
GAHALTVEIERD, HEHBDPEIRY 2RI THY
5. M9 ) iczheh, PF v ANV ERF v ANV 1B

M8 H—ArlEEFNIZBIFAWMAEY I 2L —Y 3 Y ToORMER
BIUOANTREERAORNOMKT.
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5F ¥ ANVKIHORMERG A 2 RS, 2T, BF v A VIR
Wi=W,=10um TH 5. Tz, BF ¥ 2 1 ORFHEALE IE 506
M5 100um TH Y, EFPRF A VORMTHS. ML,
B X ANVTIREERZEZ LTWAD, 1T v 2OV TR MER
SATENINCAR > TB D EF T HEEL T RnE L3355
AhH. I, Ay FT—=ZEFVENWI2In vitro EER TR &

9 (a) BF ¥ ANITBI BT ¥ R VWO MRIMERD A
(b) BF % RV 1B 5 F ¥ FOVHiH O R MER A

—— Pries' empirical model
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4 Numerical data (Daughter vessel 2)
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DB BT 2 R EIC R E L EEE 5252 L 2HKL T
WA, RISHKRIER & A TERFERAR O Bt 2 g b3 5 72
¥, in vitro EEROYE L FBRIZ, BF ¥ A VI 5 K WF v
ANOANT 7Yy PR EEE RD 7. 10(a) (b) i, &
NZENZHEILISHT 2 RMEO~N< F 270 » b Ib, BLIOA
TRFERAOERESF LRI, MEY in vitro EBRTH O
72ARMERD Zweifach-Fung )R O, B X, wEIZhH
boTEE L ATEZEREORHEIEOKREZMHL I LS
T&7z. K10(o) (D) iE, FhEnSimEicxr3 2RMmek, B
S ONLBHEERAO TR ZRT. KK Y, Pries OB,
B X Win vitro EFH R LMK, BEAY—MORHNLE LS
S TORMIDEY, B L, ANLEFEERAESICE S
BRFEAY—MEERE R TR LRI EDTE. ZDLHIT,
in vitro & FIEREZ W@z @L <, BHmEL v b
T — 2728 BRIER, B L O TEEFERAR o e de i 1ot
THHRAEY I 2L —va VO ERTIENTE .

—— Pries' empirical model
©  Numerical data (Daughter vessel 1)
4 Numerical data (Daughter vessel 2)
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(d

10 Wiy Ial—Ya vofEE () BESRIEICHTLHF v 2V 1, 20RMEEOAT 2 Y v b.
Z 2T, BENEIRT v RV 2 ORGSR, RSy AV 1, 208KRIEAT b2 ) v b (BF X A

VOANR FZ Yy MZHFTERF XY ANVDOAT 7Y v b)) ZRLTWS,
(€) WF ¥ AN 2 ORI Q/Q, & ARIMERS AL

F ¥ AV 1, 2 0N LREHE RO MR 538,

(b) WGB3 241

Ny/N, OBIfR. (d) BF v 3V 2 ORI E Q,/Q) L NTRFE MK SR NN, O k.
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Artificial Blood, the official bilingual journal of The Society
of Blood Substitutes, Japan, welcomes papers and other
articles contributing to the research and development of

blood substitutes.

If you wish to submit an article for publication, please email
it to the following address after first confirming the

instructions for authors.
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Artificial Blood

The Society of Blood Substitutes, Japan
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The Journal's purpose is to publish research and related articles
contributing to the development of blood substitutes, information
on Society proceedings, regulations, and other matters of
interest to the Society members, and it welcomes original
articles from a range of contributors regardless of format.
Although contributors should ideally be members of the Society,
this is not a requirement. Decisions on acceptance of
manuscripts are made by the Editorial Board based on the
results of peer review. Original articles will not be accepted if
they have been previously published or are being considered for
publication in another journal.

If an article is coauthored, the consent of all coauthors is
required before submission. As copyright to articles must be
transferred to the Society, the representative of the author (s)
must sign and seal a copy of the Copyright Transfer Agreement
found in the Journal or downloadable from the Society's website
(http://www.blood-sub.jp), and submit it to the Editorial Board
by post, fax, or by email as a PDF file attachment.
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