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1) Furusawa Y, Hase K et al., Nature. 2013, 504, 446.
2) Nakamura A, Hase K,et al., Nat.Commun. 2021, 12, 2105.
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BALHAEE KT T v OV (KV) IZHRRZER DI OIAB OF & 72 2IGEBAOREZHE S . B2 1E, O, 2SAMIBICREET5E
MARAEYE KT+ 4V (Kv) T3 % hERG (human ether-a-go-go-related gene) 1, UMD IEH RIABHINIHTH ), TOREEKTIX QT R
FERETECAE D BIEM R AREIROEIN & 2 5. F72, hERG OEEDSHARIERLE VAT LA L HHE5 L TWwa 2 L%, hERG [HEH
HPBFEEEEOEFRZM ESEZEMEINTVE. TRH5DOTEMS, KvOEIEA DX L) H Y FIZL 5 Ky OREFETET
AHZALEIRAT 5 Z LIIES - EEWICEELRFETH 5.

Kv ik, 4 B2 BRELTK Fy AV E LTHETIEEY VXV HTH 5. 4BKOEYT=y ML, BEEMEZEZT2EME Y
P—F2 4 (VSD) & KT EBEETEKT 287 K24 Y (PD) A 5%, VSD O S4 FIEEBMZHFOTED, BEEMOEIIISNE LT
M8 b9 5. FFILBEEA T Tl S4B E] 2451 5 17z down conformation 2 & ), Z® & & PD O 4 — k23R U 72 resting state
Brh. —hT, BEMIBESHET S & S4AHBLIMIIZEEE) L up conformation % & V), 7 — MASPH < Z & T activated state % & 5. =
NF Tz, BEEMIFFEAET OBIRED Ky OSAREE TS SN TW A DS, IKEBMAEET TOMN RS T, BEMKERZ VSD
OREEZAERED LI ICLTPD DY — MMICO R D DDOMER A= AL H LN > TR,

KAZZOK, DEEA S =ZZALBLO) A FIEICEZAEA =X 20BHEZBENE LT, DTOZo07 7u—FI2X YL
DHATE.

(1) VSD O CRLEMNARAER 25 ZAICEI D % S4 L BT 5 S1IC 13RI D Cys A EREA L, Cys [MEAEHE L TR S L
% SS #i& &M % SS-locking
(2) WEFEH R 22 hERG O resting state # ik 354 V¥V F ¥ 7 HEARTF FHEHEICZ L 5 hERG FHEHEHE 0 8 54 B2 1Y AT

()T, BEMZEZLTIY 74 A= a 28L& 5VSD D SAIZIZED L) LB X OHBEDNDH S DA%, SS-locking #:12
TOHSICLZ. T, Vary¥dy MEEBWICX WV BROL MRS TR E o722 & 005, ZRAAOBRAEFANTICL Y
FEICHELRHERB L OhERG L7 IV BEIELFE L, HEMPhERG KA LHET A= X a2 HE L 7.

KHEHTIX, ThOoO77u0—FIZL ) R A TE Kv OBE - BHERE, BI, RANOEERHEEZEN LT 580D
WCHEER L 72\,

[32ik]
1) Matsumura K, et al., BMC Molecular and Cell Biology. 2021, 22, 1-16.
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[#E] @il e LTOALRMER(NEZ O XY 7 )b, Hb-V) BFIOBFIERMIEIC B VT, Zh T TICIEHRARIC X 2 A% -
REVECHET 2R MR 2 S/, 72 Hb WE TR ICRSEZ R LR 28552y 2L & 5127, BRRAB~OBITZH
5 L PMDA 3 FHIMA T 3% % %% C GLP JEER R &M RER 2 #D T X 72 2. 2018 4EJEA 51X AMED HHriWE#E > — X E LI EFEO K
Bz, REREENRE T2 Phase 1 iBEOFEME HIF L, HERIE GMP BLERH] 2 8 IR R K ICRESE L, 1RERE Hb-v % 3
EITAHAIEEHWE L.
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FGRERZE GMP RHI, sRERSRpE e BURE PR ESE BRI IR AR R EESE) ) RSO (AT R, WA, R
SRR, EEEERN, HOAR, BEIN SCEEHL CoFNEE), SRorE (BOERNEESE, TR, W RER
BlFlsRdsze &) 280 L7z, BRI L 22 Hb B X OTREE O ME 2 Bl 3 ICBAEA L, ki 282 72, FUEB X ONABEE
OMEEHIEH (Hb #EE, BERLREE, KT8 U F 3y, SRR OICOVT, JERARREICIEEZ BAEEA LN 75—
Ya v aERT, WMHEEMAR ZREE L2 2020 4E X VBRI Hb-V ELED I -V S VR 2 Ny F R ERLZOL, KREEEZ 5Ny
FoAT o7z, WHEMEORK, FEWEREBRE LTHTT A2 ESTE .

I3 2

[#56] ALFRMIK(ANEZBE R 7)) ORBREBERGZ, THTFITHERE Lo THET L Z LN TE . BB INIER
A2y, Phase 1 3EBRA% 2020 4F 10 A & 0 b R BRI ZE R s £ > & —ICTHIBE M Tw 5.

(k]

1) W E, K. ALRIMER(NEZ B E XY 7)) BAHIOFIR~ OGN LIFZE. BRI 2019 60(9) : 1084-1091.

2) 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;7:2835-2844.

3) Sakai H, Kobayashi N, Kure T, Okuda N. Translational Research of Hemoglobin Vesicles as a Transfu-sion Alternative. Curr Med Chem. 2021;28:
(in press).
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ORI LALA
SY1-2 ALFMEK(NETOE > N2 7)V) BEIDAEER (First-in-human) DEHIRRTICDOWT
O Y RKEEk? Midk®, ME B2 miliEh s, fEgh

PNBER RN, 2 A E R BRI e S £ >~ & —, ° RIS EFR P B LA 3R,
I BERER 2 BE R I 7E S e &~ & —

azmabp@asahikawa-med.ac.jp

[#E] VRV —LTAETBE Y (HY) 5T % % 72 b Lz ALAILER (Hemoglobin vesicle; HbV) O B 581 1980 SEACH 2 HE
1) 1993-1995 FEDIE AR M FeH%E [MBIMEHANCH T %8 Oo—2 & LTHEE 272, 208K, WREEHWERT—F0E
HEBEFOWRZ T, FIZ, 2018 4FE L ) AMED OWFZERFEE =15 C, RS (Phase |, First-in-human: FIH) 2 FEjii3 572000 70
Vs VBT o7, TuYay M, UNER KBRS IE Y v 5 — RO SRR E R v & — & 450 L S0
ML, Whitio AROBREZIEH LoD LN TWwa, 2019 FERIIC, BEINTOWIEBRABRIKT L, 0%, FIHREBRT
O T IV PMDA @ RS HBEAHIR TO A E L IGIRERIfER: T H 2 IbiEE REWHE OEREAR B SO ARFE L1 T, 2020 4 10 H2*5 FIH
RERAIZA 7 — N L7

[HoV&FH DELE & Phase I5E2 7’0 haJL] & bAKE5T 57200 GMP EANZ A BIE ST ER KO CPCIZTHME L7, kw3,
JERGRAER T 2 17z Hov 325 (Hb #22 10g/dl) D F— # IO WTHRE L2 ERBMEE 72 L TV 5B 2 L 2 REBEE GMP 123D
KRR L7, BB I SRER AR, BEIE3 DD IR — MENEFNIIODWTHERE 4 ) 125 THNZ, HoV o5 ®IEa s — b
1, 2, 3 TENEN 10mI0.2ml/kg ; $%5-B 8 30min), 50ml(1.0ml/kg ; ¥ 5-FE ] 70min), 100ml(2ml/k ; $ 5B 90min) & L, Z&t
(FEHLORE 5 HOBER - RER, MEAILSREHOLEHF) B L EBEEOEYBBIZOWTIHMIT 23 Lz, wk#&
S aRk— b 1T Imlmin, 2F&— b 2, 3 Tid 2.5ml/min OfFERES- L L7-.

(B8] BEE<T, Ih—MLIBIO2FTHRTLE. Ih—F31E, I0F YA NV RAEPHESEOREC, NHEL 7> TV 72582021
ETHICHBELTWAS.

[Z£] Hov #AIZ, Ho 5 TA2NET 5 RY — 2R T OO0 (Hb 2 109/d) TH 5. MEAEWE LToifzlET s L, &

H ml OARF 2 #id4 5 0EHH 5. Phase | TiE, A 100ml T TOHEGEZTFELTWAEAS, BETIX, A4 &b AEHK s0ml i,
FEEGEEE SRS TELHEIREN, aF—F32ERTHIEIIh o7z, 100ml D5 &b ak— b 3DEIF-N5.
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ORI LA
SY1-3 ERERNEMTETIVICHT 32 ATBEERE HoV O R
OFIREEARL, KT %% WBETF S OB &7-1E8 e Bt Bk ®

1%%@ﬂki&éﬁ?ﬁ@zﬁﬁﬁﬂﬁ%&%FwE%#%,3%£@ﬂﬁ$%ﬁgﬁ%>7—%ﬂﬁﬂﬂ
¢ iR R R i AR, ° AR RIS R R AR

hagisawa@ndmc.ac.jp

[#E] mAKEHIE, KR E LTTFHATREZSMEAIETH Y, &) A7 HER LK) 2 7 RO T TRREAET 5. K TH

WD B L o T B ER— K 78% M BA 2% L CB 57, FHERERMERRMIBMAE U560 o iz X b
R E A S IRIC B A AR E L TR X NS, SIS LT, ATHEFEMRA HoV (&, FER K B E B OB OB
ELTHHTH AR B 5.

[FE] EBICIITE 28 HEO=2—Y 5 v FAYH a2 L7-.

[PERME BRI B o MeE ] - BIRBRE T W IR IE B 2 47, Ao e BiFk 206 L BmBm S 72, BInEE & [R5
SR & SR OIS 21T o 7. Wi i) NAEZDT O 3BT 7. OFMmEkE M2 1 1 OB TS L2 (G
PEXTHREE), @ HDV E TV T I Y OREGHRERS L8, @7 V73 v#5E (FaMtiiEE) <o b, MG S 60 5%, 72134
WIS 200 ml V25E L 72 BE i eab Bk i L 72 &

[FERME R I IR IR OMRE) |« FRIRBRER T (25 BB 2 17 o 728802, AW TS Ehifiik 2 Wk L 8 il X272, B BaE s S 5%
M®m“ﬂisﬁﬁ Wi &SmO BE RS 217> 72, 30 54l Fﬂﬁ%%&m RS EEMEEL, LFo3#ICE D IR-

. OFRIMERE MAFEE 1 1 OBALLTERS L8 (BEREE), @HoV L7 V7 I Y ORGHRERS LR, GOBERRSH (B

TWﬁ)T%% HILBRERA 5 60 58, T 7213 MEAY 200ml (25E U 22K i CHVRHg 2 1k I 2 17 - 72 2

WTNOBENIBWWT S BHERD LA PR MATEREEIZ O W THE L 7.

[BREER] (TR £HO 10 BEMBOEFRIE, TLVT I VEEEN0%T, HoV &7 IVT I v ORAHREREE, HRILER+
MAEHR AL AT 100% TH - 7z, [TEERIE] © ZHHO 6 BB OAFRIE, BEREGHAN0% T, HbV &7V T I ¥ ORI SH A
80%, ZRIMER + M4 M AS 100% TH > 72, HbV 513 BER—WIEEE A SR H % L ClE OMMEH S TE 2 £ TORRR %2 7
Ny V¥ A0 TRILORENTE 7.

(#&58] HbV 53 ERHERI M OF L Vil 20 %052 L HifF S h s,
(3zik]

1) YukiY, Hagisawa K, Kinoshita M, et al., Am J Obstet Gynecol. 2021 224, 398.e1-398.e11.
2) lIshibashi H, Hagisawa K, Kinoshita M, et al., Sci Rep revising.
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ORI LA
SY1-4 4 XEGYIRRERE 30%HMEFILEBUVEAT S OE L /NAEER S OE MO MRS 1 SF
OREMEY, MEER 2 NIFREE L BA 3. WMHREKY ELEM® BZ2AEAY B 2K° IE—2 aEz!?

R BRI A RIP I RSV, R ERR ARG E R v 5 — PSR B SRR S B2 AR,
ER=AAVAR-JFRVAT] VRS A 0AN S N S RV SN SV S [ T

ohiwakana@gmail.com

[#8S] FIERAEHEIR O T IS B W TV comERG I HIMEI S THRY v MVIGET L2 D 0, Bl s 8550 R
OBBIZBVTRERTRTH S, NEZOE V/PMUEHLOV) X, RMEPSAETZ7a 2B L, VRY -2 WY, RER
% PEG 154 L THREEZ 250nm ISR L 72+ CTh 5. MMtk 3 v 71204 284H & L COBRISHBHEFE SN TV A28, i
EORVARIFMEO KRBT A2 b e s s, MEEAR L, 714 VAR EORGEFEZ IR s, FiT 2 EMU Lo
DBHHETH 5720, FMBIIHEMTE, WOTHEBHRIEGIWEICRSLLEZ LN, A XMV 217, FERCBLY % E
MEIBIME TV EZIER L, NEZ Y VNS OAME 2 R L7,

[FE] 1 2 (E=7 K, RERH 10kg) (K L TEHME:, ATIHRBREH TFTICFEMEZITo7. AT UA YT —TVOFHARE L
KEREIIR 7 1 >~ OMRZ AT, MATEREDE= %) ¥ 7 L MEA A58 CIMEOBERAL % 3746 L 72, AW 255 P8 5 M o 30%
(%7 250ml) % 50mL/min OE X THRIML, 5% 7 IV T I VIIANEZ B ¥ VNUEZ GBS ERBER(NEZ T ¥ Vi 8.6g/d) % HEKRS
L7z, 2 ba—=VBRZIZ 5% 7 VT I VIEE S L7z, MidIBmif4 & s, S#iEs I cmE, OB ESOEREEOIBEOH
B, MEHTAS 2fTo7. MM EHEL-FF, BRI ICSBMTECF— VRN ETo 7. BEEE, THie iRm0
Wt #4772,

(R EEE] Bt BIRMEZAEZIETLTYay 222 L7720 A0 VWMNKRBHOKREBROMEIZR—ZA 54 ¥ L)V
WRVEELZ 5% TNVT I YOG EITTIEIN—AT, VETHEL o7, NEZ Y V/NUREG-HEOBIIRINEE R &4 & & B
FERIL, 5% TNV T I UHREHI D IABICE P07z, NEZ O Y/NURB G IEO LB R BT & F4%TH o 72A%, 5% TV
T I UGB TORGEICEM Lz, MBEARE TIRIIME ORI OEELZ IR T W G L7z, NEZ o v /NMak
GRLEELS% T VT I VG HICB W TRMOF A %2R0 7.

[#E58] AR OEMFEREDIRBICBWTD, 5% TNV 7 I VIZHE L7=ANEZ B E V/NNIRRR OS5 13 30% i 2 A4 L C Il

RAMEORELIH G L, HRHELZESELIENTELZEER SN ARFMREORE RIS LT, ~NEZ T E 2 /Mafkp
AR TDH B WRETEDRIR S 7z,
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>

$URIY L
SY1-5 HbV & AWV B EREFERITOFIEEM

AN

OFMIER"? FIERA Y, RS Y v, el B° miffe ® MEIETA S ARG % BRRSER ° /NEEAE
VAN S IR S, AREFEAE 2

VHUNTERR PR LG s, 2 JONEER R AR, BRALRE, ° B R o A 7 & 127,
NERF R IES R, ° 43 RIS R BR AR AR E
hiro-gun@asahikawa-med.ac.jp

(B8] WOk TIZBMENZL FF—FREDZDMEIE R F =R EOBMWERAOT =T F NV FF—OFMERIEACUHEN %, &
8 7 R IO T FE O 2 5 & A9 A Hidlt & U ORI AR SRR IS B W TEA SN T A, RIS B T RFRE, BRIt
R EIGRERD L. RAD TNV — 713 22~25 EOBRENZRERRGELIRE L ZOAMELHE L CT& /2. 40, FK4iL, HbV
EHEBMBERREREER L, 77 2 L2k, AT 5% IR L728AF 25 7 b & B ias LA 2 ET L 72,

(B3] % 30kg DMEFE T & % L7z, BPB&Z 55 LRSS T 75% IFYIBR 2 1Tv, S BERRAF2EE (CMP.X04AW, ks T4l B
T OHH A (R TER M) 2, 4RBMSKREREEOO DI, 2K, B CHEBER (isolated liver perfusion model) L C&F
fii L7z, SEEREEIZ AT 2 258 HTK i (Groupl) 3 & OF 2 1iZ HbV500mI %l 2. 72 2 #E (Group2) % Hufk L 72.

[#ER &EE] FEHRMAATT O Group 112K L Group2 @ MIRE S & OHFEIIRE SIS REMAYIZACT L, RAF#E R o AST {3363, 0v 230 1U/
L}, LDH (314, vs 2001U) I3\ d Group2 ICBWTIKETH - 72, BB OMBEMEE R Group2 IZBWTEME R L, W34 0H
BEREDSH B L2 b7z, LA LAHS 2 M OBERED AST, LDH ICB L CIIAESZZR SN o 72, MRS IR o 8
B8, JEIPN HREEE L Groupd (ZHRWETAIAR Sz,

[#58] ~—YF V2757 b THLMPIFORLAIH LT HOV 2 &4 L 72 REFHET RIS X 2840 T o SIS ML 7 PR A 1 R 20 £
BRI 2 RS U R ML T 5 B 2 2 B 5 B T RE M AVRIB S /.
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SY1-6 EBEEATIOE /)%
OBAREM Y, WK ZNHEZ?

' BWARORIERE, 2 A RIEERRFACFHE, | TREREE SRR
rikihisa@faculty.chiba-u.jp

[#E] ~ETr7 0¥ /MUK (HbVs) IIEEEERA L LCRESN, ZoBRISAMGEINTYWS. bhvbhud, HiVs DNEZ O ¥
% chromophore (F§ & D6 % BIRMIC IS 2 AR TR LB LB L, RELTMMEIRIARECTH 2 BN EES L —
47“‘—‘2.%?#%5”h%rﬁﬂﬁéiﬂ%%%ﬁ%ﬁofgt L—HF—tHRIEEEF o TRy, WEIIN2 L 0T TIRESE C ) #4208
ST 5. RINMSEBGUARIE CIE, TR, MR, BEMAEREL2 ) O AV F—2FIEL L TR 2 &, Heomsk Mk
EEINWICER TR ] L3h, L—F—EHOEME 25 TWs., —HT, HoVs O—F LR EERERGE D FETH S, —E bR
F O b OMOHITB VR & 5 BRI W % 2B 7T ﬁ\‘i/vfu\ . LR E LA L HbVs B35 LB ERICO VT b,
—BMEEOTHRET .

[H:E] WA T ISR E D 5~10%ED HoVs 2 =7 F Y - 9 F R EIES5 L%, BRTHWOR BEL —F— 2k
ARG U7z BG4 H #2125 R0 148 PHALRR O $8.45 B8 2 SR B A= 1 I ) 2 L %ﬁnf%ﬂﬁi(z%ﬂiwfwﬁtt F 72, REEBRO
TF=F b LICEYTANTYI L= a3 YEITY, BERNONSETORGEL - W - EEAY HbVs 58 % TED X 5 IZB1LT % O i
M7z,

[#ER EEE] HbVs ORI GI2 L > T, HERBOMOIIE - % EEEORCILE - Bk - BIROZBIEG R L, M E B Okt
BOBIEEIWP L7z, Y32 —v 3y TR, MEORTFRIEAIDFAITHINL, ZORhn L 724572 0 M4 BRI o e U A5
WA L7

[#8&] HbVsIZ X o TL —HF —0oEIRCARFEI IR SN D T LAYRBEAWIIR SNz, ¥ 3ab—Y 3 YIZE 20T IRIEOZE
LIEEHNDZRES T 1I~8RFREDHIMTIEH o728, OB TREEIREREZVWLDOTHY, HERLEOF A FIv 7 EZHR
72, EARMERGMAENICI =0 LT 57, MEOMMBICED L TN s, Hbvs R ZhzHi) & ) ICMEREICH - Tith
%72, HoVs TIES N BARIRIICMF 2 53 5 L Z 2 iz, —BILIRFE EREG L7z Hhvs o513, S SITRIRIPLEGEHR 2
ALY AR E R o7z

(k]

1) Shimanouchi K, et al., Artificial red blood cells increase large vessel wall damage and decrease surrounding dermal tissue damage in a rabbit auricle
model after subsequent flash lamp-pumped pulsed-dye laser treatment. J Dermatol 2021, 48, 600-612.
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PRI L2
SY2-1 EMBBELIEY £T 22 N7 EOH -k EAEEE
Ol B Full fil%, ANHGIEERS, FHiHEL

PSR R S B SR AT, 2 REAR RIS, O SRR IR
ishima.yuu@tokushima-u.ac.jp

N

PEAE, Y AT A ¥ (Cys) BRI A & 7 H35HEG L7z Cys-SSHITHE S D MR E - FHE] A%, MRRANAE DS, ARNIZ)AHEP
POLREIHFIEL TSI EDBHALNICR > TETVWD, I OWHEGE S TRILER 2 BIEA L AHREEA AT IR, ek
VT FIVGE - BREN LU EREREERICEELSRTFTH A EPHROTHE SR TWS, ZRETIFELIE, TUA)EET
ICTT7 AINVE VERIC X ) IR # 5 TR BN A L TV 2 2 @ IRISEWI L, @R T2 2 LIRIILTBY, ARk
SHDOIMIET VT I VIS RmOGEERE S TFREPEAE L TWAE I LR ZOBIIREL VEFTLZ L2 E2HLNILTEL 55
W2, EMRE S THORSIC L), BUBEEET VY AORENRET L L OMR L. ChsomAE, MEERILHICE Tl
BT NVT I VBN R IEER SRR L LCRREL, BREA ML ABMEREICE Y A LABEA P LRACRET SV AT A%
TWRILAERETLELDOTHY, HlRERITOEEHEREA = XL OMFICERLIDOLEZTVD., S HITHEE, BRI O
Ao, BRREE L CERERICELS KT A5 SF v 7 U2 R EICHIEEA T ST ML TS 2 & & RET 205
237, BRCGEIND Y 7 F 05 Y HRMET V7 I VIAkk CysiIEZIHICESEL Y Y3V HTHY, THE T Cys-SS-
Cys KIS L ) BEOBRD 2 VIZHH S ICFG L TR LEZLNTE. LA LEDPSHRAOWWEA 4 v THEEEZ v
TR OFERN S, KEBREN L2, ¥ 5F 27 878D Cys BOZEIIE, VAN T 4 FREETRERLR) AVT 4 FiEE
ZHL7ZHDTHEIERERIRCEI DV R) ANV T 4 FREEWRITHI LAY, ¥I9F 08 URIEOEOLEZFEAIIRZDOOH S
W THB. KV RIIATIR, IhOHF T EITHIMLTWBIEEA + 7 50 F RO EWIHEEOB# 2L, EAHPLERETO
B4 BRI 2 AR R OO A% 53, Bia BIEA ML ARBISHT 52 LW - BEERI EZ SR L2,

[3Ziik]

1) lkeda M, Ishima Y, Chuang VTG, Sakai M, Osafune H, Ando H, Shimizu T, Okuhira K, Watanabe H, Maruyama T, Otagiri M, Akaike T, Ishida T.
Molecules. 2019, 24, 1689.

2) lkeda M, Ishima Y, Kinoshita R, Chuang VTG, Tasaka N, Matsuo N, Watanabe H, Shimizu T, Ishida T, Otagiri M, Maruyama T. Redox Biol. 2018,
14, 354-360.

3) Ikeda M, Ishima Y, Shibata A, Chuang VTG, Sawa T, Ihara H, Watanabe H, Xian M, Ouchi Y, Shimizu T, Ando H, Ukawa M, Ishida T, Akaike T,
Otagiri M, Maruyama T. Anal Chim Acta. 2017, 969, 18-25.

4) Shibata A, Ishima Y, Ikeda M, Sato H, Imafuku T, Chuang VTG, Ouchi Y, Abe T, Watanabe H, Ishida T, Otagiri M, Maruyama T. Biochem Biophys
Res Commun. 2016, 479, 578-583.

18 AL Vol. 29, No.1, 2021



\'/
\'
>k
\",
<
>
N

SY2-2 KFEHARAEEDIGR M
OARHE—RE Y2, By °, e Rg—*3

VB ERBOR RSN MBES, P BERAR SR R NEL, C BERARFKET AR vy —
homma@keio.jp

IKFIT ANTAAE, TEVERRFEMERR 2 IC X B HUIE, PURALIEI A5, B4 OBBMIREZ A T2 L SN, EFHA R & L TOMFEH
HEoTWVA. KETAWMAFEICHT 44 28 B L CBIRMIZEATb I TH ), Fis OB - WBICH L THEIREZFOZ &
ARREN, NI L TOREWAIRENT WS, BB TRV CHIBEIE R Ul 457 11 8k AR B B 16§ 2 BRI ZE A3 i S T B
D, OB LR BE RIS L, SEEMT T v 7 MU B O BRI B CHAREI T TH B V. FmIETIE,
HE DT 7V — TR a1 7 A v A REGE R L 72000 2 b ) BT L COKRFE A AWM AL 21T\, BRI ORI &
OMEMEZHE L2, CROEBERTRY Y RY Y AT, KEFAOBHRNIE & FROPBIEH & LTOTEEZ BT 2.

(3R]

1) TamuraT, et al., Trials, 18, 488 (2017).
2) GuanWJ, et al., J. Thorac. Dis., 12, 3448-3452 (2020).

ARTIFICIAL BLOOD Vol. 29, No.1, 2021 19



PRI L2
SY2-3 AE/J/OE>ZRAVE—BERFTREIOBERE
ORI L, /NG foe—0

PRSI, P SRR
taguchi-kz@pha.keio.ac.jp

PUEBALTEH R U IE R e E 0% e EBEEE 2 A3 5 — B bk E (CO) # KB ECERICRE T L L LML ML IRBDORIE &
SERIH S NG, Z0720, COIIMERL—MILERICH L EHRYT A L LTOBKIGH%Z B L7283 R b THASTY
B, FERZ COMAFREICBWTIE, 18 B 22PNz B (NCT00122694) <2 R 56 M lifiiHERE (NCT01214187) x4 & L 72 iRHEC 3 5
RRERDCK 2 FCHEIT L TWA. ShETicie b, WEYE CO oAEMRNEIREIZE H L7 MAINY 2 A1SRIE 12 X 5 CO R L L
TRRIFIFZE 2 BB L C & 72, BRI, ~N22MUH S BB EAE S RAARMEO CO IIRIMERICHEET AT O VIS
LCHEANAZEERL, EHBEIOSLTCORRMT A2 EELPN VS, 20750, RIS CODIBEN LIy ) TIChbLEz, H
B - RSB L 7R MER R AR ER & AR OBERE 2 A5 L 22RIMERD N4 F 3 A7 14 v 7 BHITH L ~EZ 0¥ /MR (HbY) % HvwT Co
DFIVNY =V AT L EMELTE, RFEHETIE, COZRBLE LABAMBOBREMATLL LI, TAPREMLTVWANTE
yuavyEHEEE L co BAIOAR L #HathR BHEHEL Lot THIAT %

(3Zik)

Taguchi K, et al., J Pharm Sci.106 (9): 2392-2400. (2017)
Taguchi K, et al., Curr Med Chem. 27 (18): 2949-2963. (2020)
Taguchi K, et al., J Pharmacol Exp Ther. 372 (3): 355-365. (2020)
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VRT3
SY3-1 #AREMIEENE T 5 DDS BEFEOMHFE

ORii=&E ", AKHAH Rl B EEEE AHWEs® ul i

VREARKRE: SEEER KIS0, 2 SHOKS S DDS ST
maeda-h@kumamoto-u.ac.jp

[#8E] PAMNREZHER T 2EEME~< 7 07 7 — TV (TAM) 225 A BERRAE M (CAF) IE, PAOMIECER, X 5I1CIZEMEL
RN AL TEELZZEZ R LTHEIEDRD, HRESAICHT A2 EEENE LTHEEZEDTWS, LA LEDS,
TAM & CAF O % [F IR AL I W] E 20 364 2652 (DDS) RO BAFEICIZ R - T v, BEREW 2 & 1Z, TAM & CAF Ofillu sk ki
X, EheEh~y ) —A%%4R CD206 & CD280 2SI L T\ b, ARHFETIE, TAM/CAF OMj#E % A IR AE 7 dual targeting
RO BAZEZ HEY & LT, CD206/CD280 % invivo CHRIIFICEEM#WHER R~ v/ —AEHEA TNV T I ¥ (Man-HSA) IR =F L v 7)) a—
WV (PEG) % 1 21154 L 72 monoPEG-Man-HSAs Z/E8L L, 2o HME% 35l L 7-.

[HiE] 47 &5, 20, 40kDa ® PEG % Man-HSA @ Cys34 (2L 158fi L, monoPEG-Man-HSAs Z1E# L7z, ~ 7 A Bk M 25 A M
(B16F10) % C57BL/6 ¥ 7 R FEME L THMFAS Y A2 B L7z,

[# 2R &E%] monoPEG-Man-HSAs DARNENRE % AT L 724554, PEG 15l Man-HSA 24§ 5 IR 1T1E % 84> &, 40kDa @ PEG 15
i IR R R O R AT o Ik, TAM % CAF ~NOBITELARICEA L. I 0B Z KM L T, JATAH
D37 ) ¥ F B (PTX) & L 72 PTX-mOnoPEG,y,-Man-HSA 13, TAM/CAF i % = B < A & B 558, PTX-monoPEG,,-HSA
D IFIESREEZD S LI D, HEOE~ Y/ — A E A L7z TAMICAF (20§ 2 “EENEEVES LTwbs ok
WEIN.

[#558] 4 MI{EH L 72 monoPEG,y-Man-HSA i& TAM/CAF % WG I AER W fE 22 B DDS ik LTORTF VU ¥ VEMD TV 5.
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PRI LS
SY3-2 IMARPTEHENDFEREL THMT 2SS ERMY KV —LDOEHK
O/MIVEZ Y, PEPICE S AR B A S

b R U AT R SR A PR S A A AL, IR IR R R R S A B R, R IR RS R T R
hkoide@u-shizuoka-ken.ac.jp

(BE] VAV — 2%, AW & EUR G2 DMK SN TV S0, AREAGHEOECERLERF v ) 7 LT, BEETIIEL
DY ERY = DHABERTHCON TS, L 25T, HUEBURARZ EAaKRETFRIOM S, SEOMEEN, KEHE, BUKMEM
HAEH 7% % S DFCREE DL HHEIC LY, MIOBRIZHEVPERINT0EL, AL, M4 25 2 E AN EiERE 2
5 L7 AR E 2 W CY RV — 228322 LT, VARY —2OKMIZHEN LB XD Hiko X 9 1+ TS+
IR CFRRIICRE L, ToRez PR AL EHREME Y R Y — A (MF-Lip) OBIRARRTIE 2w b E 2 7.

[FiE] AR TIIERHROFETH LAV F U Z2ERSTLEL, VRV —2I2X5 A F L OWREICET TAEM, BkED LI
o7 3 BEFEARE S L 2ARE R E % IV C MF-Lip 3R L7z, MF-Lip & 2 ) F ¥ & ORGSR SRE T~ 1 7 o
TV AEITTRNT Lz, 2 ) F  oBEIiEEds L ORI Sk %5 MF-Lip OLERIHRIE, £ 121 Hemolysis assay, WST-8 assay |2
THEM L7z, B % L 72 MF-Lip 2 = 7 ZORBEIIRD S35 L, 3 MBI KREORFHEE 2 ME 35 2 & T MF-Lip ORNE)E %
FENT L7z, Invivo iI2B1F5 A ) F v OFEMERSREZWASNICT L7720, <7 ACELED A1) F & MF-Lip 2 BEHRINIES- LAES
REeHM L7

[#EREEZE] MF-Lip 2R T 2 BBEHIREOEEE2 LA LI LT, AUF ST HEMMEIERE SEIL L7, $72, MF-Lip O
WEPERLERD R MR L EA L, ZoRERMEE 34T LOMBE L ed o7 ShUE, 2V F LI 28D A ) F 0 514tk
WL THIERZIENTWEDTIERL, —FORKAL VIZLoTHERIENTVWE D, BWHEEMEEZRLZELTYH, 20
FAXA VICRALEVEY 2 ) F VEEHENRZRE o728 2 5N 5. MF-Lip DIRNEIRE % 37 L 72655, MP-Lip (Z#IRN
500 3IFHIZICBVTD 10%BEIMPICHAEL Tz, X F U &5 8ICPBS # %5 Lz AOAGFHRII0BFEETH - 72
DIZHL, invitro IZBWTEW X ) F Y RHEENE 2R L2 MF-Lip 285352 L TETOX Y ADAEHF L2 V2.

[#556] PRI o8& % B L7z MF-Lip 1d, ~ 7 AME P CERS T2 W LIERLT 2 2 2SO0 2 0, MF-Lip O#%
HFIFl & L CoF IR ENT.

(K]

1) Koide H, etal., Adv Funct Mater. 2020, 2005641.
2) Koide H, et al., Biochem Biophys Res Commun. 2021, 555, 32-39.
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VRT3
SY3-3 HImEk - st/ O & R B U - £ RIE BT O
faHED

I IVSSVAR SN i E L2 T e
fukuta@wakayama-med.ac.jp

YRY = LD F ) RFRIDDS % FIH L 7236 3255E A5k £ 2 BB ICHIT TR SN Tw b, L LAERMIZIE, oES SR
Z4H 9 MBI M (BBB) Z #hd & T A IMAE N E R, HARMBRNIIIEK & 12 JEEM/NRSEDS, THIEE R 5 A ML~ DR 70 36 3%
FEEREMRT L L THEBEE LTHET S, HEDIIINE TS, BEEIRMVEBIZBWTAE L % BBB O & & ZMMEo Tt FIH L
720 R — BT X B AR DS, ORI / TR RS E CERICE I TH A I LW LTE Y. L L, BBB A ALY K
V= A DZEN L HIEEA~ORATIE, B/ FHEREORINCHRE INS Z LENH Y, HIMA~OIEY KM RIS IZMAEZET AL O BBB
ZBEEN IS ST RE e Fli AR D B B,

ZZTHE S, HERNICHFIET 5 BBB SO K EORREZ w34 T & LT, piiskeHifasbhMaez s vy — 24 (Exo) DA
LHFEICEB L, EREEZBIML72NA 4+ I 2T 4 v 7 DDS ORIFICI Y A TWA, ME P 258 U SSRERA A~ ER T 5 BH sk,
% > o8 7 BRERE & R L C OO0k O BB AR A R A 28506 BBB ~NHiAs - R 9 4. 22T, VARY —ANHIMKE S » 87 %
HERT 52 LT, AMIRO L 9 ICHHEME, 3 5IIIHEZEAT BBB % 22 v §E 2 HIMERFE A V) R ¥ — 4 (Leukocyte-mimetic liposome;
LM-Lipo) # BHZE T RS 24T - T &7z Y U3 B2tk - B2 R L2 U R Y — AEAFRER T 6 2 IR B 2171
&Y, b AIME Eo P MEREE 7 > o8 2 B & B4 L7 LM-Lipo 255 L7-. invitro (2381 ZARREMAT OFEH, LM-Lipo AY44E 1ML
HNE ST A L BT, MEEEEZ LS Rh L TMENEBLEWRTRTSH S EARBENL?Y. $2AMmEkE, 2
ARIRRRIBANZE T A E 2T 555, LM-Lipo (2 ZDOERELZ B LASAR 7 204 FAOREEEZFIET S L L HIZ, HNEIIAF
XD ZOWELEFICIHIL72Y. S5 HPBATY 2K LTS L7z LM-Lipo (&, A HREE & Ml LT B O I g A1
ZRL, PARBICHLUETE S, — Exold, HEBMIEIC XL - TREMICHEBT A X7 BB SRLRY, ZRIZEVEED
HAE - MifEdEmMEE R T L ENS. FRIC, BBB Z&EBWEER Exo dIEIN TR I L0 h, ToWEZEL 7- DDS D%, ik
NOREYFEERFEBTHEME LR VESL. HESIE, Exo DFIREMKEZMA LY RY —A L Exo DRI LTBY, 7 AR
5 ) —< B16F1 MlaH KD Exo # W THER L 72 RV — 2 [Exo BEF /K14, FF—HlliTd 2 B16FL HIITHt LEWEY A&
BaRETLIL, bbb Exo hOBESY VX7 BaREEL RIFLIZIRETY RY —ABEABITTE 2 2 LAVRIE I L.

RIEEFETIZ, VARV — L DDSIZ X BMBEEE, F L THEMN) ToRms HiE LzAIMEk, Exo %A L 72 £ KM DDS @
FFEIZ DWW TR S & CTTHKL .

(k]

1) Fukuta T, Asai T, Yanagida Y. et al., FASEB J. 2017, 31, 1879-1890.
2) Fukuta T, Yoshimi Y, Kogure K, Int J Pharm. 2019, 563, 314-323.
3) Fukuta T, Yoshimi Y, Kogure K, J Pharm Sci. 2021, 110, 1701-1709.
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ORI LA
SY4-1 FRREICHTDFEKERE - EREMETIVOBREE HI2ADP UKRY — LOE
O%&7EM " FIRHEAN? AT 2% BHwt' KmEs "

SR DR ATE N 5 — HEBRREIRY, 2 BITPE BRI, ° Bl DR KA ST R
MY T e e R B

anesth.k@gmail.com

[#8S] 4 DIC DBIIEB DOV & DICFEKERIEN D 5. FIERXTUATETDH ), JBTHIL 20~40% L HRTH 5. FKITFTIUH
kO RBEEN 2 &L -OMERMPIZTHEAT S & HRUERDIDFEIZE D TF 714527 M FRUSHAE U CRERBRICEY 2 & 727
EEN, HHABECIRI/MINER 7 1 7Y Y2 iR 5 2 & b4\, 4l FRIEREIC X 2 ERHB MBI € 7V % 1
7L, HI2ADP V) EY — A DOREZWE L 72,

[FiE] ERICBIFR28HHD = 2 — Y5 ¥ FEY ¥ CEYMKE 3.6ke) ZH L7 EIRBEEE T IZEEIEDYIBE 217V, R T4
TORFZIY B UFKZHRIL, #HO02 X 0 Mo 2k LT, & a3mL #8RMNERS L7z, FkxE525 15 %I o5
Bk 2 U0mE U A B X872, B & RIS LT otk 5 %17 - 72, OQZ VMIINEE (PRP) % 5 /I iR & a3 L /28,
@ HI12ADP Y RV — A (ImL/kg) & HREI¥e 54412, 104E (PPP) % 5 4 il & e G- U728, OIi4E (PPP) @ 4 5 4452 il &
SRS L2 TH L. HILBIED S 60 5B ICH kI L, M MUEEERERE BB EE & & L ICIMATBIRESE I D W TR L /2.

[EREEE] FAESICLY, M/RMEIL 20055 X107 uL 55 62+ 11x10% L £ F L, Multiplate 12 X 2 MiL/MRIEEBEEFAT C I35
SEREDSFERR PR AT D 19% (2K F L, Sonoclot 12 X % %t FE B RERTAl (TG AL BEFERE) 1 1.9 fFICIER L7z, FEEIRD 5 o Wiz pPP
P50 B TIEIM/PIESERERE & B BRI T LT T THo 7201 LT, HI2ADP V) RV — A + PPP #%5- L 72712 PRP 5.7 & [A]
RN ML/ IR 558 S B 1 R0 ik [T B R DS IE 3 #EPH L [B148 L 7.

(#&5&] HI2ADP V) R Y — A 53 FKERRIE IS ) EERHERI Lo 1L MiEHIC O %255 LTS .

(3zk]

1) Kanayama, N., Tamura, N., Amniotic fluid embolism: pathophysiology and new strategies for management. J. Obstet. Gynaecol. Res. 40, 1507—
1517. (2014)

2) Yang RL, Lang MZ, Li H, Qiao XM. Immune storm and coagulation storm in the pathogenesis of amniotic fluid embolism. Eur Rev Med Pharmacol
Sci. 25: 1796-1803. (2021)
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ORI LA4
SY4-2 I K b¥x2 U MEROREREEICHT 5 HI2ADP U RY — LR53R O
O#FIREEAL, KT %% REERS3

"Bt R R A A A, 2 Bl R AR AR SR W S, R R S St B TR SRR
hagisawa@ndmc.ac.jp

[#£E] BEE I PE ) BEEREEIL, 2EIC X D EMHAL L 22 Ek & MO BRI X ) B SN 5250l E o B5 53681
SNLWHEMIRETH L. VW olFH, HI2ADP VAR Y — 2, HE (W) BATCET Y, 2 CTHRIBENIZ ADP 237 7/ ¥ L IZAH
BN, BEEIRAIC BT B SRR R R 2 BT 5 2 EAVRENRT WS Y. STk 4 13 LPS #4512 & B Btk € 7V
BWT, HI2ADP ) RV — A OB G-HM/MIBRFEA 22 RHE L, FRRICI/MEZ A L TSN R EER LI L 95 2 2 8Et %217 -
7.

[Hi&] Mt SD 5 » I (400-5009) (2 LPS(10mg/kg) % BEENFES- L, 4 BRI HIRE D HI2ADP VRV — 4 (40mglkg) 7 v LA B
K 2mlkg) 2 %5 L7z, T2 T RO 18 M OAFEREZ B Lz, S ZBMEERT, DT OME 21772, [
EOMET]  LPS X G-H 5 4, 6, 8, 12 BRI T AEIR X b RIL % 17w, MEHE%E - Multiplate 12 X 5 Ifi/MEEERESEAT - Sonoclot 12 &
BB BERERTAN - A LFRER KA YA VMR ER L. [ EORET ] LPS %555 4, 6, 8, 12 BRI ICHBIL S ¢,
SE TSR 2RI L, S A M AL COMEERITH L &b, B, BB, RS R LRI 1T o 72

(R EEE] ST % 0 LPS 5% OAFHIE, HI2ADP 1) R Y — A CEERIC I LA RICYE L7 (79 vs. 38%, p<0.05). %[k
g2 A ARETIE LPS 54 5 8-12 KRR #2812, M/ DT & Sonoclot i MEALEEEI B R D IE R AS3ED S, LPS #2456 BRI oI
IIMEEERE D 10% KT L7z, —7, HI2ADP V) R Y — AR TRV O WANIZ LA e v b o o, P LEE R R o0 4548 & i/
WEERE DT (20%) A58 S 7z, IEeshEsE 1 HI2ADP V) R Y — A#ETIE LPS %5 6 B B 0 BB 2 o 7 AV E AR LA S
1223 LT/ (66 vs. 80, p<0.05). FIFICAE MRS E P DU FIkT I 2 & —ViRE S HI2ADP VR Y — AR CAERICI LA
BIEMETH - 7.

[#558] H12ADP VRV — 2 D513 LPS 8 oS FE B E 120 LT, Bk & /MO SAEER 2306 L, M/ IMERE 2 & % 2t
L CHBE#BEZ2 M2 2 L AURMER S, LPS MER O GG FE R E 0§ 2 HEBETBRO 1 o8 L TH TS .

(2]
1) Hagisawa K, Kinoshita M, et al., Critical Care Medicine 44 (9), pp. e827-e837 2016
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VORI LA
SY4-3 FIERSHMMA 5> MET BI/ME : X H =X L EBEERSHROMR
R HSEF
BEMEFRRR S [RAEES BRRAT e~ & —

M/ PR E CEFICH SN, ZNOSAHEIE SN TW A2, Wil NS —RkIL 100%4K4F T 4 H BRI D DAL
EMFEP G ) A 7 BHER S, HeMmE A2 8B EITRINEICRY) 2D D HHENRONS. Ihs FF—KEFERICEL =
B 72 FRESRPLIZ I €, R — KA L e WiV 2 858 3 2 B85 AT b Cw b, ko 2 7 — Ml & L Tk
R ES Mg, iPS ML & Vo 2L REME ML 2 W TR SRS ST, 2B 07 Vv — 713, B3R S in vitro
TEEIRCMVIMIAEEAETE S 2 L 2 Lz, BTEREHINE, MR & (LRI R 2B TH 5. L, BIER
WA IE EALER - /MO 5L E OFEE KT pASNF-E2 ZPIAE L, ARNEKIGRETH S 5 0 27 2 Y 2RINT 5 L4512
WIZHILT D, ZDORA S XL FHERNHPI L, BHARRIIC 2E D 7o B3R B SR i/ N 0/ B % Al 37, L 72 (2016 JTH, 2019
Blood). ###uE, (VETEN»O/ELONLMIEY — AP AREERTREO /20, K - BEGER, Q#BETFEAVPAETY YTV
WP Qe MESWEZWEOATIER TELI L THL. INOHFME AT HHEMIC L VER SN ZIVMROERICH 25 L, E
R 7296 R, BRRIIZE %2 81T CTh 5.
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O1-1 YIAREBHETIIVICE T I LR TOENDAETOE V/MREFICK 2 REHFER

O/NEPIRIGE Y, AR G Kanz’, iame, BERKY EE0EHE JZPEAS, WIERS A2 B,
HIRFIEZ

VR BRIV RIFI AR AMEL 2 SRR PR IAVEE, P S s F ke Mg AR,
CHRRBSIERBRFEFLFHE, PR ERERRERGER Y v 5 — IR
hirotoonozawal225@yahoo.co.jp

[#E] #mmfH: e LTRSS NzAEZ 1 v /Mafk(Hemoglobin vesicle; HbV) 1&, HARLIAERIMIA v FRILERA ST Z 0¥ > %2
WASELL, VRV — AN, BEE % PEG 156 L 724% 250nm DA T+ CTH 5. M TOEEZEMMAKE L Cofigse, Mk a v
7 OBEIIBIT B ERE, AWML ZEWEFT IV CHER SN, MEEICERZ TS, BREOBZNI L, HiRT 24D
FOMENTETDH Y, HEEERLABEIEER, RO IR S TRIMEREM O L Lol RATN, AMED DXEE
SRR MG S 7z, AEFFRA R O REBIIMICH LT E ML (GHks EE 2 bh, e ZhitIBREY €7V T, HbV O
L3 I IR AG BRENRE & e S8, RIS R REICEELRBEL RITE W 2Lz, —F, RIMERE Y REIVS
WV HDV (B MG - 72RO MU IS 2 W H R R L TVIMBER 2 B S €23 R 2 A L, IR T2 A% RIES I
TWwb. F72,P50 % 9Torr IZAK T S &7 S MEBME HbV R, W) 2Pl l, PLIElif 2 583 % —M bk E#E &8 HbV (CO-HbV)
IEHRS. 20X 9 % Hov I U/MEBRA I 2B OBRILICARTH D L, FINNLRELEO N WS D 5.

[RER] ~ 7 ALAEWERME TV THOV 2845 L, B S 75458 o BT EMINE (Subepithelial capillaries; SEC) DML % 8152 L 72.
FF—, Ly ¥z bRICCo7BLE), 7THEZMH L. FTEGMITIC N F—DRRKE THh o0l cokExRmBL, 4£&
IR L CTACTHRAET 5. 20k, LYYV PORFIINF—REZ 2 ATl & %47, BAEZICEFIKY2 S HoV i (Hb
BEFE 100/dL) 0.3 ml 245 LHEE S ¥ 5. e O CHRIL S8, K48 2 Wi LEREmIC il 247 - 72, RERTIIHRSG % 1, 4, 6,
8 WRE[H TR L 72,

(FEREELE] Wikt HE Jefn L CBIZE L 72, Mtk 4 IR TRAL S N 72508 @ SEC WICE SO T 2Bl Shpo /2. 2 Ok

PETEMETESE TS LB L HY TH L Z MR IN. $7/28hfEEE D SEC WIZ HhV KFABIZE STz, mMEWEZ
TTHRWEEBIE T VIZE W T HbV BRI BUNME 2 TR L, MEROBRFELICHFG3 2 W igtkovrik S hi-.

ARTIFICIAL BLOOD Vol. 29, No.1, 2021 27



01-2 —RI{LRFHEEENE T OE /MO SEFREBEMRE (CX T 56 A4
OUETRMME ", HITRI Y BUREHRE Y WA ANHEDBERE°, foc—m !

e YN o R RV VAV SNSRI NS S e
yw.for.622@gmail.com

[(#8S] SorENTUL 55 8 AE B (ARDS) L I IILAE <2 il 48 7 & D 2BER BTN L CTIIET 2 IR QIR A E ORI TH 5. KRB DI
TERIZH 0% BB 00, AR BB REBEEREICH T 27020, TN REMEREOMIEOREE s b, B
WA A TH 5 Wb T (CO) IIPIIEEICHE D MBI ERN R 2 H T 5729, ARDS IS A2HBlinHEy — XL LTHIfFc& 5.
ZFITHAIZ, FWAGTTHDCODKRNEREL HIHT27-DICAEZ T ¥ V/RaAHDV) 12 CO 4 X 87- CO 4% Hov (Co-
HbV) % CO ft54K & LCTHJH L, ARDS 2045 CO DA HM:ZME L 7.

[iE] C57BL/6 ¥ ™7 A2 LPS #IHEEWE| X85 2 & TARDS EFIV < A &8 7=, LPS #5 -0 30 2Rl A B A K, Hbv, CO-
HbV & ZNZix5- L, LPS MLEAD 5 24 BRI O MidlAk & MR ki (BALF) % J T CO DR a#xh 3 % fHT L 7-.

(B2 & £5] LPS OIHTELGIC X ) BALF lOBHIILE - & > /S 7 BEEASHAN L 72 2 & Rl RS2 13- 12 & ) 2B E 0 SRE
DS NIz, —F, CO-HbV MR TIZ I NS LPS #2512 & D B S NG 2% ICHPH S /245, HbV iEEsECld+9 %
BB PREERI AL ST, CO-HoV IZ X DB S 7z COC & BMifRERNRAVR SNz BT, CO-HbV EHEC X D LPS 51T 3
B IR AT BIFHEROER R RKIEEY 4 S B A4 ¥ (TNF-a, IL-6, IL-18) DFEHAH ZICHH S h/.

[#55R] AWML D CO-HbV 1T & 2 i PRA#ERD RIS BRI REIE S N7z CO BHIIEMEM A I L -/ R E L TR ONz L2 b7z

ZFD7z, COZHMEE L7-3EWEP:E ARDS I3 L THifRERI R 2 R T-OFTH AL LRSS, CO-Hov id CO AL LT
FEFHICHLETH B EfEwmTT7.
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01-3 X MAETOE>ARAYRY —LORIALRE MM
SEARMSE Y A Y, AT WA B Y NEEEE S, Bt

VBEMESREAK Y BEAEEE, P HRBIIERIRS AR, P AR SR
awacsyuto@keio.jp

(BE] 27 hBEIT AT UBIPayFYTHYy b rasctF Iy —LLESGL, MBOMERHIHESNS Z LT &k
ZEND. FEROBITIZIEFICHE L, BHERBRBEEIRDO SN LA, BERBKETHEHSR TV LHEMEF MY Y4 L FFHEEF )
v A OB BB E OB SR TE 2w R FOF Y ang I VIZEKNTHERIET 5 & Vo 23 0T
5, BABINEFTICAIAEZBE VR YRV —AICHA LA PANEZTE /A (MetHoV) ZBIBL L, ¥ 7 Y H#ICH LT
NMHEREFETAHELE DI, BOREMZMZ-HATH L &% AW L TWwWb (Suzuki Y et al. Journal of Controlled Release (2021) in
press). Z 2T, AT MetHbV @ > 7 v HifEdH & Lo Ratlta M 2 20 B BRI Ec oW CEHI L
7z.

[FiE] MetHbV ZANEZ T €V /NaRICHEREEF PY 7 22/ MNT5 2 THEANEZOE Y %2 2 MELTHERL, % @C), =i
(23C), MR @B7C) D 3 DDORE D RESM T C—ERMMRE L7z, BRAEL 72 MetHbV OB LIFERNEICHA L2 A b€ B E
v DR Z BIRYEEELEE (DLS), PR &tk (CD) A7 bV KON Native-PAGE 2 H5EF-li L7z, T/, 7 v~ A2 Wi 4fF
RO SHDEICOWTHIRE L. 3518, BEEEL SO REMICOoVTHEHL 72

[(BREEE] RIE L7 MetHbV DR T8, ¥ — 7B, Zo8des RESMZFMLzE 25, TXRTORESLRMFICB VTR
R IZIRAERI O MetHbY L Zb S %hrolz. T2, VRV —LADEDA MNEZU Y VORBOMEREN Loz, 22T, VR
V— AWERIICHEHA SN X AT O L OREEE CD A7 MV TN Native-PAGE 12 & 0 3Rl L 72K 8, VARV —2IZHALTWE
WA MAEZOE Y ER—ORREPESN, WHENIA NAEZ OV VOEECKH L ERIELEESLIIMRI N o7, &
LIZ, YT UHEBETNR Y AT HG ., Fin, R TR L7 MetHbY ORfER 25 L7z & 25, EFERIIZENEFN 90%,
100%, 100%TdH ), BENIAEREIHER SN2, AT, HE MetHbV %512 & 2@~ OHGEE L ER IR I N T B VLMD
HEIR TV,

(#&ER] AWFZEICBNT, ¥ 7 Yl LER AR R WLZ 22 Ml 2 72 MetHbV (3 HA% 2 PRAF 51 2 L3 & 29 IC RIS

WETHAH I EIREN, D LEOMADLS, MetHoV IZHEAEMIZY 7 Y hHIET 2 WELEO D 2 LN TE, MR IBE
PG IS BT 5N B EHPED T “Ready-to-Use” 2Bl > 7 > dagffagil & 72 2 WREMEAVR S 7z,
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01-4 X hAETOE /At (metHbV) D> 7 AL 7 2 (CN7) & DIEEEENDERT
ONMAE T, SARMES 2 HEAIE Rk

PRI R R R F R, P B SR SR A S A AT
kure@naramed-u.ac.jp

[#E] > 7 vh#HEOEE LTIE, b FaFy a,35 3 2 (OHChl, Cyanokit®) #3545 L CN™ Z it S & A Skt S & 5 i &,
HASER LA CHANEE F M U w7 2 (NaNO,), HERSEE T 3 V) 2% 5 L GRIMERNDOANET 70 ¥ 2L S & TmetHb & L CN™ ZflifE S &
Tbhl, FAHERST M) AORG5TFF T VRICEISE L HENDH L. BBEOKEOMRD Y & LT, metHb /Mafk (metHbV) % &
T UHEEFTAIY ARG TAZE CENBEEH AR T I EBHONC Ao TE L AR TIE, Mgy V2 BEET R0
% (PBS A H) 12 BWT metHbV, metHb, 35 X N OHCbI I29WT, CN OFESEBICOWCHIET 222 HIGE L7,

[HiE] BsE:2 % v CHE L7 deoxyHbV % & O NaNO, TEEL L 728, & 048 X 0 i o Rt NaNO, % B2 L, metHbV
#1572, metHb IBHIE, HbO, L EE D NaNO, & UG XTI L7-. OHCblid, Sy 7 v h#HMER L LTSNS YT/ ¥
NS Z PBS IS S TH WA, s 320k E CN™ L OfAEZE)E, stopped-flow rapid scan 566 RT (RSP-1000, =
V) EHWTHOM L. SRFEHEEEE [metHbV] = 4.7x10° M, [metHb] =6.7x10° M, [OHCbI] =3.7x10° M, [NaCN] =5.8x10°~5.8x10™*
M&ELZ 7, 3070 7R E BICRER - 1ms, 2R - 300ms, Sl I &P © 385~593nm & L7z, CN™#E& RO KN
& (metHbV: 424nm, metHb: 422nm, OHCbI: 363nm) I8} 2 BOLEZE L OB E L<T7uy PL, B—KIDICED L Ao
FEA M (ks S % NaCN JREFZE 2 THIE L7z, [INaCNIISHTT 5 Kpe D7 H > - O E B SAEGHE B koy (M) 1572, &
E P ER KM (K= [metHb-CNJ/([CN ™I [metHb]) ) 1%, F 2Ny M NDOZBHATIZ NaCN % BRI TR L 7252 O WR 25 b2 & 5
WL72 e ky(s1E, Rkg=k/K D HE L7

[fEREEE] CN ORABREER Ky (X, metHbV & metHb TZEIISE LD o 72 (FNFN173,187TM s 2 &7 5, HACHE LG
ERIECN 7 =F Y OEBMIEE L&) - 72. OHCbl D k,, 1& 44M7's™ LKfEZ /R L7, CNTIZH§ B KA FH E 8 K 1X, metHbV:
0.86, metHb: 1.9, OHCbl: 1.3 (10°*M™) T3 ¥, metHbV @ K i& metHb (2R THEWEZ /R L7z, CNTISKT 2B ky 1IZF N Eh
metHbV: 202, metHb: 98, OHCbI: 33 (107°:s™) Td 5 72. metHbV ® K A¥metHb & Y /NS Wi, JREEZ /- L CIBEARDEL TS 2
ENEELTWAEEZ LN,

[z

1) Suzuki'Y, Taguchi K, Kure T, Sakai H, Enoki Y, Otagiri M, Matsumoto K, J. Control. Release In Press.
2) Kure T, Sakai H, ACS Biomater. Sci. Eng. 2021, 7 (6), 2835.

3) Watanabe K, Kitagishi H, Kano K, ACS Med. Chem. Lett. 2011, 2, 943.
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— i ERE 1
015 A MAEFTOECHRGYFY — AOFET S KhEMER & L TOHE DT
PIAERESE Y, SRR HITMB YL AGEET 2 LK BEARWR T NHUER S BMot—I!t

BRI SRR, P RIS R AR, AR B
awacsyuto@keio.jp

[(BE] 7Y FEPIBARLEEANICH LN TV LA, 2MHEEOBEVED L LGRS RASHIELRELTBY, ZomEsR
ALY 7 B EEB LTS BRI, BOCTOMRME, HED» S OWRIUIMZRi» 6 OR AR 5 2 LT, RNTEM
W7V FAF BRI bary R 7Ry brobctdFyy—EefEaL, MROBRZER#ZHET S L ThHEEZIISEZT. ERD
HEATIZIEF IR, BERBEBIELEL ENDH, BT Y FRFIHT 2 EBEE LUK SN TW A EBIIEFEES, il
HRAORIBIIZHE TH L. BAIARETIE, TNETICY 7 Y HERBEICST 2B 2HHEAE LT MMEZBE Y HEY RY — A
(MetHbV) Z#7-ICAIB L, 7 v H#micxt 3 2 @02 A M L B Zat 2 Ml LT 5 (Suzuki Y et al. Journal of Controlled Release
(2021) inpress). 2Dz, T B HENEBEOBTESFEATH L7 Y FHEICEH L, MetHoV O 7 ¥ FHEITHT 2 fFaEH &
L CORMEZ R L7

[FHiE] MetHbV D7V FA F v L ofEaHE2 A My 770 =X DEEM L7z, F 72, AAKWNIZBIT S MetHbV OFRIMEIC D W THRE
T 5720, 7Y FHREETFTIVY Y A MetHbV 28¢5 L, AR, M A5 2 =7 ROBEHEHOBILA N VAR =D —THbHA—
N—FF I RFI ALY —F (SOD), FANNEY — VEERISEWE (TBARS) (22Tl L7-.

[BREEE] ALy 7 70—2X ) MetHbV O 7 ¥ F#EGHZFFMLA-E 25, TYRRIMZI Y X bAEZoEer ko —2
MOT TV FHERX FAEZOE VHEDE =7 ~NBRL R AT MIVELDSHER SNz, BT Y FRHEETFIV T XA 2 VT
MetHbV OFFEVEM % 3l L 724558, MetHbV #5112 X Dby Mool oA F 2 ¥ —EBiREAFREL, 79 FhERICERZ I NS
7Y F—=YAER (M pH DI T RS 75— D EH) L7z $72, IS OREITHEY, MetHbV Z3%5- L7228 Tl AR
BIRIC B L7 S512, MetHbV D512k ) 79 FHHETFT IV Y 20kt SOD i3S s & & 12, TBARS ik LTH
D, MetHbV IZ7 ¥ FHFEIZ L D #EITT 2 BALA L X 23R L 7=

[#58] ABFHIBVT, MetHbY 37 ¥ K L CERZRIHEN 2 A LTV 5 S EASRER, HH7 Y FhiliEa & LT
TE B THMEASRIE S N,
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02-1 AIEZEMEF (Hbv) OEFEHEMMES 3 v 7 ET IV (85%MiE3EH) (6T 2 1B MAER
%R ; Optical Mapping * ‘CIAZTENETIC KL 2185

OB, BAETF " B2 RTE? RS

PR R R AL SRt |, SRt Y, RRIEIER S, AM A — Mokt
Duil15772004@yahoo.co.jp

[#8S] A LB EMA (Liposome-encapsulated hemoglobin vesicles [HbV]) DY 3 v 7 FF VIS BHAZRSFEZ T
BELTEL L2LEEHOMEE Z0BFICE LTI oo »cshTwniawy., BEEHIMYEE 7V TH 5 85% I 5 Ht
5 v M EF N TOBEY OPAEREE 2 O B AR IEE) (Heart Rate Variability [HRV]), 0BERE, Iiirf~EZ 0¥ Vit (Hb)
T O Optical Mapping f##T (OMP) 2 & Kead L 7=.

[3%] SD 9 v + ol & KBEEIRBLIMIC & 5 85% MK ZHLE IV %, HbV $%5.8F (Hov #E), PR Rk 55 (washed RBC
) K07 5% albumin 255 (ALB #E) TR L, 4455 v b2 4BMG T CHE L. 4 BAMBICEEEEDO HRY & AR %2 24
MHES % & &I, OBRREZ DIBOB S I TASRIER (LVEF) & LTHETL, BIMOMES Hb IS THERE L. 512,
AENRFEZEH: (EPS) 2 &1 OMP 2% L72. HRV X LF, HF, LF/HF 2R 72. B o ALB BEE L CTiZ 30% S v + #40H
fER L 7-.

[#5R] 12MEMIZB v Hov B - washed RBC B Cld, ALB BICHIR L THRICOEMEAERSTH SNWTEB Y, LFHF o _ L7404
B8 72 (HbV #E, washed RBC #f vs. ALB #f;0.3+0.5,0.3+0.2vs. 1.5+ 1.1, P<0.05). LVEF & Hb & HbV # T washed RBC # & [§
FEEE IR 72, OMP T3k 7= Action potential duration dispersion (APDd) & EPS |2 & % SEMEARNIRINHIEE 13 HbV B & washed RBC
HCTIIFEETH -7z, EPSIC X 2 BFEHAEIREEFHS D HoV # - washed RBC #E THIF| S T 7z,

[#58] HoV IBFEMOMIMMES 5 v 7 (85% MLBACHEE 75 V) OBIEHNIC BV THAKIRI R OMF RO b iz, ZORT L
T, D E R R AR RE - OBRAERIFADR - BMSGERR  OEAN ) 7 ¥ Z U R ORI RIE S 7
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— % /B RE 2
02-2 HemoAct™ O&£M - B (50% HMmMES 3 v 77 v M DEFERER)
OA #t' BN AT BA 3% ABREL? SRIEZ? e MRZ?

PRI TR, RO RF RS, ERRR RS
komatsu@kc.chuo-u.ac.jp

[#88] HemoAct™izk PAEZ T Y ¥ (HOA)IZFH 35T O MLiET VT I ¥ (HSA) kA L7z
ANTBFEERATH 5 (Fig. 1) ZhT T, MgEARE MR, 2etilBizirv, K
AP NTEEEERARE LTS LEREZ WAMATVWEIEEZWHLPICLTERL? E51250%
Wity 3 v 27 5 v M HemoAct™ % #5859 % LIGERENAE, MR A A /85 A — & — 250 £ RS
THZERHALMIL. —, &5 6 FHBOAILFENREL ), FE~NODbTHILAHINES S
Nz, ZZTARWIZETIE, 50% WM 3 v 275 v M2 HemoAct™Z 5L, 7 HEO M EREGHE,
HEALZEI A 2 & N TRRIEEMA L L CoRel & At 3 lid 2 2 L 2 Him & L7, Fig. 1 Structure of HemoAct™

[H3E] Wister RHEEET v b (#92069) 1S8R T VT VR AKEET TH 5 —F )V 2 RBEBIHIRICEA L7z, BIkY 7 — 7V & 0 4Iiii
HDB50% &2 W35 & THIPES 3 v Z7IRBE L, 15 5% ICEIRY 7 — 7V X 0 ERE O HemoAct™A ([Hb]=5g/dL) % #5375
CEWXDERAE L. BAERT CICHL, BEIY, 7HMBIELA. 7 HRICEIRIM SmL 28R L, MERENE, Mgy 24547, 1
WAL R A Z AT - 72,

(R EEBE] HemoAct™BH THAEL 72T v ME, 7THERE TEMSAAFL, —BIRBICREIRD SNk o7z 50%BIIIC & D 4]
WO S5 L 7R MERE, ~~ 27Uy ME, Ho XA & FARE L TREL . TREOHETH 2P IRFEER L
HemoAct™i#& % G- 6 BRI fRIC LA L7272, RMMBFE FRETH Y, &5 7 HIRIZIIBUET & FARE X TR L7z, S SICFREOE
BET® % AST, ALT flid HemoAct™ &4 G- 6 RERI 2 IRIMAE & ) D2 A L7225, %57 HIRICIIBLMET & FIFEEE £ TR L,
IR~ DR IE—RITH B 2 Ehbho 7z

[#53] IIPES 5 v 2 5 v } IS HemoAct™ il 2425 L, 7 H O MIKEGNE, LMD b 20 \ TIFERI L L To%kett
LATRIEZ DI S AT L7,

[3zik]

1) T. Komatsu, et al., ACS Omega 2019, 4, 3228.

2) T.Komatsu, et al., Sci. Rep. 2015, 5, 12778.

3) T. Komatsu, et al., Artif. Cells Nanomed. Biotechnol. 2018, 46, S621.
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02-3 HiftEZETAAMOT 7Y —AESOE > F/HF (SFHONP) DER
OERNIE, WA W IMes

ALK 22 B T 2530
komatsu@kc.chuo-u.ac.jp

[#88] ANTEEZERAROEEIMN THLANEZ T ¥ (Ho) X HEIERLIC & D 4 ICEEER ARE %
. 6, WY 3 v 7 BOTFHER TGRSR GERELKE (H,0,), A—S—FF T F7
ZF VA0, NI X ATHEFREEIRE 5729, Hb OBILAMME SN B BERH L. —F,
MERA S 2 b o< (FRIMERE) KO OAZFRELIZA O 7Y —~FEF T Y ¥ (SFHL) X, 1K1
WA 2 AT 2 ARTEBIRILRESR (7 ¥ 5 —F (Cat), A—/S—F F T FF 1 24 % —+HE(SOD))
EHLTWA. B L,SFHb 2 E/5 & 3 5% 100nm BEORIKK T2 RET S Z 8 TEL,
VL2 A9 20 L A TR FEERARIC R 2 LIRSS, REFZEIE, SFHb k- EEIC L b
M{E7 V7 3 ¥ (HSA) ZfE L7z X b= 7 ) —AEZ7 0¥ ¥+ k¥ (SFHDNP, Fig. 1) Z &k L, 100 nm

ZORESE, HREEGRE PURLEEHONCTE2Z L2 HME L. Fig. 1 Structure of HemoAct™

[ix] SFHb ¥ i {2 N-succinimidyl 3-maleimidopropionate % Il 2., & Y /X2 H 4T+ RWEIC~ L A4 I FEEMBEL 25 22HEA
Dithiothreitol & U S5 Z LI12L ) SFHb #EA L, SFHb DK T 21572, AT OEREIFK 72~ L A I NI & HSA @ Cys-34 %
WETAHIETaT- VIO SFHONP 24 L7, 5 5N 7z SFHONP OREMAT 2479 & & b2, MEEAREZEMLZ. 72,
H,O0, KIEEHIZ BT 5 oxySFHDNP @ UV-Vis. A7 b IVEALD S 2 RO Hb BRI 2 50 L, Zeth % 8Fifi L 7.

(R EEE] HIRPOLEELEIC X 2 RFMED S, SFHONP OREAH 90nm TH 2 I L # WO L. F7z, ERRE T HmsEps
75 SFHbNP D ERIRME 8 2 MERE L 7. MRFBIFMEDIREETH % Py 13 8Torr (pH7.4, 37C), WFRMEDIREETH 5 Hill 2% (n) X 1.4 TH
D, b MK (25Torr, 2.5) ICHNFEOVEBREBRAMEZ /R L. Ity 3 v 27 IREBICB T A EBEABANOBREZEH R 2 EICHENTH D &
ZAbN5.

oxySFHbNP @ H,0, /K& H (20uM, 25C)I2B1T % 2 B D Hb BR{LRIZ 5% TH Y, Hb 275 5 7% % HbNP(51%) & Hi L T
WHIEB LRE R R L7, X S ICHMERRICA S5 B LW ([H,0,]1=100uM) I2B VT 2 BERIHE O Hb BELERIZ 7% TH 1, EEFER
REDSHERF SN B Z Wb o 72,

[#558] KIfEAD 90nm @ SFHONP %A1k L, ZOfik & BEFHEAHREZ W S22 L7z, SFHDNP & H,0, AKIBEH I B W T b B E kAt %
MFETEBLZ b o7z, SFHONP X, EhDTHWIELEZETAH AN LBEERAETH 5.
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— % /B RE 2
02-4 M9 PEG #HWEATJOE N/ FOFILDIEE
OB 2, gk

R BT ER R R A B
mattu@naramed-u.ac.jp

(E] ~EZ/OE LV (HD)Z VI VT VT R LORGTAEHTT v ¥ AEA L THONLES Hb 2 N TEEFZERA L LCH
M3 W50k % R T Tw 525, RGBS B GOS0 BELRAWER A L. ZoRIEHII, KESEOBSH
WERPED NO 2T 2 Z LA BRO—2 L EZ 5N THEY, Hb ZE3IRICEAT 2 HENEBRTIE, B ORI TX 5.
72 bIE IR ETOMIET, #ER a8, MEAHEZ KT 5 Hb @ g #iF L% WK E MO PEG THiA LT, Hb 29V —FIRIC
PEG Bfi SN/ZERIRE /) v —%2 &L, FWRESIELZ L THhEPEGH R HIHA LB T RIS =P HEohbZ 2 R0l
720 S BITHNT, Lys-82(p) [t % IR 53T 4G § % #AZE bis- (3,5-dibromosalicyl) fumarate (DBBF) # Hi\C g4 72=> |k
MEYETH LT, BOTRIY—DOHb 2=y P2IAHATHEEL, B84 HD & PEG X HEEALHRRYIv—2AHL
72V AWSETIZ, Hb @ BEMZ AT A PEG ) ¥ A — X 2 AT 5 2 & T, $IRD Hb-PEG R ~— L2445 L, #
Hi&k 2 AT 570 U0, Far v efgEL 2.

[RER] b FARIMERD S HEE X7 Ho 12, 3UEH] (DBBF) % UG 34, BB 4G SN2 Hb (xIHb) # &K L7z, Kimlc~w L A I FEZAH
+ 55 F 5 10kDa DU PEG 2 L, 2 245 Native Hb £ 7213 xIHb Z )& &4, (XI)Hb 24~ L PEG S HRIZEMEG S NN, F
ar N E S

[#ER EEZE] Hb T 7213 xIHb DEFEE %8 2 T 10kDa DIUSME PEG & B &L 25, WENRHKEE TIXEHIRETH - 7228, 5
MEETIENA Fa 7 VA & L7z, Native Hb 20 5 £ 5 17247V (Hb-PEG-gel) 13 V) > BR#E 7453 (PBS, pH 7.4) IV L 72D 13T L,
xIHb % J5UBF & LT BN 727V (XIHb-PEG-gel) 1383, BIRER -7z, A4 X u~ b 757 4 —B X OBERKBEICX 545
HrOFER, Hb-PEG-gel 13 PU4 I PEG [Al+2SHb 2=y b aqf 72 =y MUMEAEN CTEMISES L, BT XV THLI LD
SIS o 7. —, XIHb-PEG-gel TIIE A FRAL L7z B SHOMITDIFED S, AR A THUE S NALFLEME S VT % Z L 25k
REINT. KREETE, BISTIVTHS Hb-PEG-gel &, LF4UE 7 )V TH 5 xIHb-PEG-gel DY ILAIIEE IOV TR 5.

(5] ARFE I SRHFE (368 C, SETE 5 21K12688) DHfiBh % 521 Tk H 7z,
[3iik]

1) Matsuhira, T., Yamamoto, K., and Sakai, H., Biomacromolecules 2019, 20 (4), 1592-1602.
2) Matsuhira, T. and Sakai, H., Biomacromolecules 2021, 22 (5), 1944-1954.
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025 FBERLIHT 5—BRRERLERELOBLRENE

OWFHHE ", wiHiE " MEEE Y, IR, ISR, SR R 2% WIREK Y, PEEHERET NHUIBER
Julr it

VNS SSRGS
AR RIS ERR PR AL E, ° SR
162p1042@st.kumamoto-u.ac.jp

SEAIAT AL, DTS B S RO Iy,
St

%
S,

(] I, BFEEEcH/ R M £ 2 ISR LT A mARE A L Twb, L LanslBIilFcid, WHLEY 75
ThoHADPHH I NG Z s, Akt ¥ 7 F VORI AR T2EET 2 ER I 2 ERE LCHERINL TS, —
F, —EALHE (CO) DAL Akt DIEMEALZ A L CREB TR B OFEA 2REST 2 Y. 22 TR TIE, KRBk (RBC) FOANE S
TV I Akt ¥ 7SOV LEEE AT 5 CO & HEA S472 CO-RBC Z 1R L, 70% MBI (PH) % Jtifh L 721 & O MR IFE 7 v~
ANZH$ 5 AT FFAEBE & BRAM L 7.

[FHi&] ~ ZARERMIRIZ CO T AZNTY) Y FT5Z LT, 100%DNEZBE VIZ COHHEE L7z CO-RBC #E# L7z ICR~Y
ANWZBT 2 2BMOEEGEMHFD) BEIC X DIRFE T V2B L7z, #E & (200uM) D23V 3 F 8% b N FHE HRAN R
(HepG2) IZHLiE$ % Z & T, FRMIITF 2 Bl L 72 in vitro SRR 2 A7 L 72,

[#ER &EZE] CO-RBC 2L BHFHHAD CO EEREZFMML72E 25, CO-RBC 25 Lz~ ATREN, WRHIFIZHITS CO s
ARIZHEMUZ. 70% PH % Jifly L 72 {8~ 7 X1Z CO-RBC # Hin#x5- L 72 & 2 A, 48 iR IS BT A IHFERZROMIN, 3 4b b A
DEHEATRD BTz, T OKE, CO-RBC 512 L 5 Akt ¥ 7 F VDTt % A 722 & 55, CO-RBC MR YDiE Y, CO Ik AL
MEx T84 5 2 LMD SNz, B CHREINALTFEEOETICHN LTS, CO-RBC DG IIZFDMKT 2 A FIHIHI L7225, 1
HIFE IR Y Akt DIFHALIZED Zh o7, FEAR, ZOHBTHALIAINTF—208ETE. 22T, TAVE—EAERICHE
HL,70% PH ZOIRIIT 2T L2225, TANVTF - EEZFE S AMP IEH L7057 4~ FF—¥ (AMPK) ifEE T2k 5 ATP L
NV OIRAZ RS 72, invivo 2B LT HepG2 MBI BRIE D /U I F U BERML72E 24, TR & A AMPK OIEVELR T 72
LWIZATP LNV ORALERDI-Z 00, RIFCERLABHEORENINS T ANF—EAERICER L5 25 2 EIVREN
72. —7J, CO-RBC i L L7z invitro, invivo DWEFHERIZHE VT, AMPK ZiEHALL, ATP LNV ZEIH S22 L5, CO-RBC
IIERGIF AR IR T L2 A VT —EAROERHILZ A LT, BUINOMAEZRET S Z LIRS N7

(#55R] HFA 0@ T %A T A OV F— G % IEi Bk CO-RBC &, MFFEREIIN T 2 HBlfifas s L ComEREEL D TY
5.

(3ziik]
1) Kuramitsu K, et al., Hepatology. 2011 Jun; 53 (6): 2016-26.
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O03-1 FYRAAIMFEHEEXE L TORYF XYV U EBHIMET7IVT I > (Aloxa™) DEE
OFFFEIE Y WAL, WA B, ANEPRIEE Az ? e °, RS, Maiz

PRROREIE TR, RO RF RS, G ERRRF RS, BN SR R
komatsu@kc.chuo-u.ac.jp

(#E] £ < DAtEEIZ XY PRETHY, FIZITHAD A 2 - & 3 fF (1813 HH) X Ao T (15
AT DNIT(1493 T3 N) 213 5 2012 Bl % . BiEHOBI ClRimiEE R & LT Fa¥ sy F )L A
& —F (HES) KiEH A b Twab, L L, HES XM rP w25 <, BV (i s i b s, g
REREE, Y avy, M7 I —E¥INa )0 570, Hiza Wi N TR ORI RE %
BfEAFE LN TVD, RUFTFH) Y (POX) IR TF L 7)) a—)V(PEG) & ) N/ REFN
AT NVANERFDL, RNICER L 2 WEREEEOSVKEERSFTH L. RIIEE, AFIES%T
ZIiET V7 3 ¥ (PSA) D4 TR POX % A L 72 POx 156 PSA (B4#14 “Aloxa™”, Fig. 1) % & L,
ZOREELEAEHEEPSMCT LI L EHNE L.

™

Fig. 1 Structure of Aloxa

(] PSA L& KImHA IV 7 FYE%E AT % POXx(POx-SH) % 2445 # N-Succinimidyl 3-maleimidopropionate TH#& L, Aloxa™ % &% L
7z T v MIE L Aloxa™E & A L, RIS ME T 5 2 & THLEE AP % 5740 L 72. Cy5.5 THOLIEE L 72 Aloxa™% J v
MPeG- L, M5 O #GHREE O EED S MR Z M L 72, Aloxa™ %5 L7259 v b oIiEIcat LT ELISA JlE % 17w, Hifk
FEEOHWEZFH L7z, 7y MY 3 v 7 &7V (FEBRILE R 0 50% % BillL) 2 7ER L, Aloxa™iEiliix 512 & b 8Ex2 7o 72 20
W E B ST 2= —2 e L, B A TS RF & L CofRM % 50 L 7.

[#EREEE] Aloxa™% BN (5% U E) TEHRT 2 HEEMI L7z, Aloxa™mDH 4 PR 7 0~ b7 5 L05PSA £ 0 b &4 T4l
WCHR, BIREHELE IS X D RO 7R (13.4nm) 25 PSA(7.8nm) £ ) IR L7722 &5, PSAICPOX DSEASNTWAE Z L AR L
72 (POX FEEH 6 A). Aloxa™MDIBEEEIE L 36mmHg TH 1, 5% HSA i (20mmHg) D 1.8 5 & 7 - 72, I & Aloxa™ % {RA&
LTd 6% T TMERMDOZALIZ e d o 72 MUh IR 15 TH Y, PSAD 2 FICEE SN Ty MIZ Aloxa™Mz 5. L
THHLPSAPURDEREIZZT L BTHT, POX DEVHRIEZMA TV AUNHL,E 2o T v b OFHEIRILE (MAP) 1Z 50% i
12L& D 30mmHg BB F TIRT L7225, Aloxa™E oG L D MIifE & FREE TREL, HESH LKL TAREICEWEELHER L
7z.

[#55R] PSA O FRIEIZH 6 KD POX Z#EE L7z AloxaMZ S L7z, T v b2 HWABIWERD S Aloxa™OEN /- MKE S, 1

iR, e, AMEEMIS L7 Aloxa™ (ZEVH A LMAEEEH & L CERATRELHEAITH Y, 584 e HVRe) -
AR A .
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VREARRF R BAHEI EH ST, SRR T F A T RERE, P RORYE SRR SR BRI,
ERRF BRIRSEAITIEES e B RE G5 B
208y1008@st.kumamoto-u.ac.jp

[#BE] v MET VT I v (HSA) IZAEARNICEE AT 2AEEEES V28 ThAH. HSAX KL L/zF/ DDS F ¥ 7 O—D
2 HSA F /KL FA28F b, Abraxane® ICfRE SN2 7V 7 I VBANIERESEOE VT ) Fx ) 7L LU HWLNRTWS. K
W TIE, HSAF JRFIZ TV —F TV ANAANRY V¥ —ThHhALY TK Y ZHEWL 72 HSA F / ki F (EeNA: Edaravone-encapsulated
Nano-spherical Albumin) DR % kA, Z OBREIFME & BRIL A b L ZBBITH§ 2 4 1 2 50 L 7.

[(Fi&] BB NS FF 2 (GSH) E HHWTHFHNI ANT 4 FREGEMREEL 72 HSA IS LT ¥ 7R Y 2RI L EeNA Z/ERLL 7.
Concanavalin-A (Con-A, 12.5mg/kg) % BEHIRE S L CRMFEEE TV 7 X 2B L 7.

[(EREEE] SHBETHMEICLY, EeNAK TOIRREEZ MR L2 AIEPNRICEREE 28K L7z GSH /£ T C, EeNA IZHH O
WS E s E, BRI R 2Lz, ROSDHNTH—T7CTHb CM-H,DCF # W MidHh s, ~7u7 77—k
MR CTH 5 RAW264.7 MBI B ER LK SE 2 WL U A= U 7= MBI N ROS 12K L, EeNA X8\ ROS {HZIEME 2 M3 L 72, EeNA 3% 5-%%
BRI S UFBARIT L%, W20 77—V TH b7 v 8—HIBEARIT L. 512, Con-AESIZX DIERL -2
WFEEE <7 ZI2BWTED 5N MAER ALT L NAST O E5A- %, EeNA XA ZICHIHI L7z, ZoBENZIFR#ERDRIE, EeNA
7y —HIREABATL, MPNETCERBEICL VIRV 2RI LR TH D LRSS,

[#538] EeNA IZMIBMNE CEIRIA L Ty IR 2 L, MEEL7ZL Ky 7 AT ¥ 22 E R HBLT / PURILAI TS 5.

A EIWERL L7z HSA F 7 i 713k 4 IR AL AW 2 R TH 5720, LHERLEBICHTAF ) DDSEIKED TS5 v 7+ — 4
L0995,
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—figERE 3
033 MAMEREY KV — AEEHOFF b 70— L P450 707 7 1 LOE BN 5 & UMM THE
ORGARRA Y, IR 2 ®MER S, Aul fi, ikZz AN

PO SRS, P SR IE S, ° LR RS B T SR, RE AR AR A
mhashi@ph.sojo-u.ac.jp

[#85] H12-(ADP)-liposome i3, V) YJRE EWHEWIC 7 4 7Y 7 —4 > p $1 C KM (H12) Z23FFL, PIHERIC ADP 2 N4 L 7z /MK
REWTH Y, MBI ICET 5 IR EHT 52 EFRESIN TS, TN FE TIIFEK 4 1 H12-(ADP)-liposome %% EL T 7 34
BEEEEELTWL 2 EZWH S L TE A, H12-(ADP)-liposome 235 X 2 IR T Tid, H12-(ADP)-liposome [EED L < 1%
BHBIMOBEBEELMHT L L EZONE. ZOOREYEIRBIFE M, EUHEEHICIOWTHRET2LEIDH 5. I, R
VI F Ly 7)a—)v (PEG) i) RV — A OHGH—FMONF b 70— 2 P450 (CYP) 55 THEDFEHLIEEIEE A5 25 20 )
WL H Y, PEG15H) KV — A TH % H12-(ADP) -liposome F 5-BFI2 B W T S FIBEIC CYP OFB K OTEHIEEE 5 2 2 WD D
5. ThooBEDb &, H12-(ADP)-liposome #%-5-BDJF CYP DRI f BT 22 28 LIC D W CTEMEi 2 47 - 72.

[Fi&] s v Mo alK K O H12- (ADP)-liposome (10mg lipids/kg) % $%5-#% 24 BRI HPBS 2 SR L 72, BRECL 7B & 0 BT 3
7y —A%FH# L, western blotting 12 & ) CYP (CYP1A2, CYP2C11 TN CYP3A4) O ¥ /8 7 5%, ex vivo fLHHNEMET v £ 112
& b CYP (CYP1A2, CYP2C11 K UF CYP3A4) DX HHEME % F-MM L 7-.

[#5 8 &£ %] western blotting O & 5, A A K5 5 & H12-(ADP)-liposome % 5-# 12 3\ T, CYP (CYP1A2, CYP2C11 L UF
CYP3A4) ON Y FBEIZEALIZ R, CYP3GFHED Y U XN 7 BRBICEE LG 2w &R EN7z. F72, CYP (CYPLA2,
CYP2C11 K UF CYP3A4) OACHHEMEIC DWW T b A BT R 5. & H12- (ADP)-liposome ¢ 5-BE IZ#EWIZERD SN h o 72, MLEOKE
F XY, H12-(ADP)-liposome $5- 24 B[4 F CTldd 7 { & b CYP1A2, CYP2C11 X U CYP3A4 D5t E [ ONEMEIZE bIZ A <, ke
CYP CTUH S N 5 3W) & ORI 512 H12- (ADP) -liposome #%5- L CH MMM BRI S e EZ 5NE. L LAA 5, Hl12-
(ADP)-liposome @ AR -7 & 75 CYP OFEHRL G HE L 5.2 2 WEEEIIBETE R W &2 b, 5%, S5 L252MEPLETH
5.

[#558] &% 5 v MITBWT, H12-(ADP)-liposome % 5- 24 B[ @ CYP (CYP1A2, CYP2C11 J2 UF CYP3A4) IZ E &I J INE I ZEAb X
SN o7z
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[Introduction] Human red blood cells ("RBCs) possess a unique biconcave structure with a highly deformable cell membrane and condensed
cytosol hemoglobin for oxygen delivery. As an alternative of hRBCs, perluorocarbon (PFC)-based artificial oxygen carriers (OCs) have gained
attentions and intensive studies. Inspired by hRBCs, we have, for the first time, developed concave-shaped, deformable PFC-based OCs (cDFCs)
using the Shirasu porous glass (SPG) membrane emulsification. cDFCs have a perfluorooctyl bromide (PFOB) core of high oxygen solubility and
poly(lactide-co-caprolactone) (PLC) shell with high deformability. Their properties as OCs were examined.

[Experiments] 61 uL PFOB and 30 mg PLC were dissolved in 2 mL dichloromethane (DCM) as a dispersed phase, and then emulsified in 20 mL
2% polyvinyl alcohol (PVA) aqueous solution by SPG membrane. The obtained (O-F)/W emulsions (O-F: PFC dissolved in oil) were stirred at room
temperature for 4 h to completely remove DCM. The obtained particles (DFCs) were then immersed in a mixture of isopropanol (IPA) and pure water,
and slowly stirred for 12 h to induce the shape change to obtain cDFCs.

[Results and Discussion] cDFCs were successfully fabricated by batch-to-batch processes of SPG membrane emulsification, evaporation, and
solvent immersion. Similar to the structure of hRBCs, cDFC had a unique concave shape with size around 8 um, constructed by a PFOB-core and
deformable PLC-shell. Owing to their deformable shell and concave structure, cDFCs successfully passed through a 4.5-um-gap silicon microchannel
as a blood capillary model. Enhanced oxygen supply to multiple layered cells was also demonstrated, indicating their efficiency as OCs.

[Conclusion] We have successfully prepared PFC-based OCs with concave shape and deformable shell. The obtained OCs were highly deformable
with efficient oxygen supply to cultured cells.
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Applicability of Hemoglobin Vesicles as Transplantable Liver
Perfusion Preservation Solution
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Abstract

We herein report the application of hemoglobin vesicles (HbVs) contained with organ preservation solution, as an artificial
oxygen carrier (AOC) solution for split-liver grafts. The aim of this study was to clarify whether or not the use of HbVs-
containing preservation solution during machine perfusion (MP) improves the split-liver graft function. Porcine split-liver grafts
were created via 75% liver resection. MP system (CMP-X04W; Chuo Seiko, Asahikawa, Japan) experimental groups were divided
as two groups. 1. Subnormothermic machine perfusion (SNMP) group: liver grafts were perfused with SNMP (n = 3). 2.
SNMP+AQOC group: liver grafts were perfused with SNMP using HbVs-containing solution. After four hours of preservation, the
liver function was evaluated using an isolated liver reperfusion model. During MP, the changes of hepatic artery (HA) and portal
vein (PV) resistance in the SNMP+AOC group were decreased and maintained at low levels than the SNMP group. The liver
enzyme levels aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) during MP were lower than the SNMP
group. Histological findings showed edema and aggregation around the sinusoid was worsened in the SNMP group. In conclu-
sion, SNMP with AOC solution could alleviate hepatocellular reperfusion injury in the donor liver. Oxygenated SNMP using
AOC appears to be a promising preservation method that may improve the functional recovery of marginal split-liver.

Key words
Subnormothermic machine perfusion, machine perfusion preservation, liver preservation, human derived hemoglobin vesicles,
artificial oxygen carrier, isolated liver reperfusion model

Introduction

Hemoglobin vesicles (HbVs) are artificial oxygen carriers
(AOC) encapsulating a purified and concentrated hemoglobin
solution in phospholipid vesicles, like red blood cells (RBCs)?.
The characteristics of HbVs included no blood type, protec-
tion against infection due to pasteurization and nanofiltration,
protection against the toxic effects of molecular hemoglobin,
and stability and biocompatibility 2. On the other hand, with

the increasing number of patients waiting for liver transplan-
tation, donor shortage has become a serious problem.
Split-liver transplantation is an important method that can
increase the available donor pool; however, this can create
two extended-criteria grafts and increase the risk of trans-
plant failure?. Split-liver grafts may be regarded as marginal
grafts because of their small size and the degree of incurred
injury due to liver splitting, particularly when utilizing the ex
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vivo split procedure?®. Thus, the use of marginal donor livers
is associated with a high risk of primary graft dysfunction or
severe ischemic injury and can lead to poor outcomes. We
reported higher hepatocyte injury and vascular resistance
during reperfusion with split-liver grafts as compared to
those with whole liver grafts®.

Over the past 10 years, it has become clear that machine
perfusion (MP) preservation is a more useful and beneficial
than simple cold storage (CS) . In MP, oxygen, electrolytes,
and nutritional elements are continuously provided and harm-
ful metabolites are washed out. Therefore, MP can help
maintain, recover, and evaluate graft functions instead of con-
ventional static CS'?. In fact, in exposure of ischemic tissue to
oxygen under any temperature, oxygen delivery even under
cold conditions turned out to be very effective in increasing
cellular energy with only minor oxidative stress'’. On the
other hand, normothermic machine perfusion (NMP) requires
high level of oxygen and continuous control of anticoagulant.
Subnormothermic machine perfusion (SNMP) at around 22C
—25C needs lower level of oxygen carrier compared to NMP.

We herein report the application of HbVs contained to com-
mercially available organ preservation solution, as an oxygen
carrier solution for split-liver grafts in SNMP. The aim of this
study was to clarify whether or not the use of HbVs-containing
preservation solution during MP at room temperature
improves the split-liver graft function.

Materials and Methods
Animals
Domestic female cross-bred Large-Yorkshire, Landrace, and

Duroc pigs (approximately 25 kg, 2-3 months of age) were
purchased from Daisetsusanrokusya (Asahikawa, Japan). Pigs
were brought into the gauge 3—4 days before the experiment
and fed 1.2-1.5 kg of food each day. The gauge was equipped
with an automatic water supply system. The floor was made
of wire mesh, and excrement was cleaned out twice a day.

Starting at 12 hours before the experiment, fasting manage-

ment was performed in order to ensure the safe administration

of general anesthesia. Excision procedures were conducted
under inhalation anesthesia with isoflurane (Forane VR;

Abbot Japan, Tokyo, Japan). All efforts were made to mini-

mize suffering. After confirming that sedation had been

sufficiently achieved, a midline abdominal incision was made,
and the animal was prepared for liver exposing. Surgical pro-
cedure was done as follows?.

i. The right common iliac artery was isolated, and a 14-Fr
Nelaton catheter (Terumo, Tokyo, Japan) was inserted into
the vein to procure approximately 1000 mL of autologous
whole blood.

44

ii. In preparation for liver exposure, the hepatic artery (HA),
portal vein (PV), bile duct, and both upper and lower parts
of the hepatic inferior vena cava were dissected and taped.

. The abdominal aorta was cross-clamped to start the period

—-

ii
of warm ischemia. At the same time, cardiac arrest was
induced with intravenous potassium chloride (2 mEq/kg).
No heparin was administered prior to cardiac arrest.

iv. Standard bench preparation was performed. Cannulation of
the portal and arterial systems was accomplished using
our original plastic perfusion cannulas of appropriate size.
The isolated liver was washed with 1000 mL of Euro-
Collins solution (Kyowa CritiCare, Atsugi, Japan) at 4°C.

v. Porcine split-liver grafts were created via 75% liver
resection.

All animal experiments were conducted according to the
Guide for the Care and Use of Laboratory Animals at
Asahikawa Medical University. All animal studies and proce-
dures were approved by Asahikawa Medical University
Animal Research Committee (permit no. 14172).

Perfusion preservation machine (Fig. 1)

MP system (CMP-X04W; Chuo Seiko, Asahikawa, Japan)
(Fig. 1) was developed in our institute. The perfusion pressure
was controlled at 5-8 mmHg for the PV and 30-50 mmHg for
the HA by adjusting the flow rate. The perfusion fluid was a
histidine-tryptophan-ketoglutarate (HTK) base solution at
8°C-10°C. The partial pressure of oxygen in the perfusate was
controlled at 250 mmHg (FiO; of 04 at 2 L/min). The perfu-

Figure 1 Perfusion preservation machine
Machine perfusion system (CMP-X04W; Chuo Seiko,
Asahikawa, Japan) was developed in our institute.
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sion time was set at four hours.

An oxygenator (HP0-06 H-C; Senko Medical Instrument,
Tokyo, Japan) was installed in the circuit for the PV and HA.
Two optical oxygen sensors (NeoFox; Ocean Optics, Seattle,
FL, USA) were installed to measure the oxygen concentration
of the perfusate in the PV circuit. The temperature of the
perfusate was controlled by a heat exchanger. The blending
of oxygen and air was controlled with using the air blender of
the oxygenator. The oxygen concentration was maintained to
hold the minimum dissolved oxygen concentration for the cal-
culation of the oxygen consumption at the outlet port.

Isolated liver perfusion (ILP)

After preservation, the liver function was evaluated using
an isolated liver reperfusion model'? for two hours. This
system consisted of PV and HA perfusion circuits, with each
circuit comprising a roller-type pump (Masterflex 7520-40;
Cole-Parmer, Bunker Court, IL, USA), electrical flow meter
(VNO5; Aichi Tokei, Aichi, Japan for the PV; FD-SS02; Keyence,
Osaka, Japan for the HA), ceramic capacitive pressure sensor
(KL76; Nagano Keiki, Nagano, Japan), and an air trap that was
developed in-house. An oxygenator (HP0-06 H-C; Senko
Medical Instrument, Tokyo, Japan) was installed in the circuit
for the PV and HA. PV reperfusion was set at 5—8 mmHg and
HA reperfusion was set at 80 mmHg, which are automatically
maintained by a roller pump connected to a pressure sensor
placed in the inflow line immediately before the arterial can-
nula. The reperfusion fluid was autologous whole blood
containing 30 mL of calcium gluconate hydrate (85%) and
heparin. The livers were subsequently re-perfused with oxy-
genated diluted autologous blood at 38°C. The hematocrit was
maintained at approximately 10%-12%. The oxygenator was
regulated to achieve physiological blood gas values (pO,,
approximately 150—200 mmHg; pCO,, approximately 30—50
mmHg) for the ILP using a blood gas analyzer (ABL300 FLEX;
Radiometer, Tokyo, Japan).

Viability assessment during MP
i. Machine perfusion preservation phase
The blood gas and lactate concentrations in perfusate

were measured using the iStat program (Abbott, Chicago,
NJ, USA). To assess tissue damage, aspartate aminotrans-
ferase (AST) and lactate dehydrogenase (LDH) were
analyzed. A blood gas analysis was performed to assess the
electrolyte (Na, K, Ca and Cl), lactate and glucose concen-
trations, and acid/base physiology (pH, pO. pCO.,
HCO; and base excess). Lactate was measured as a marker
of metabolic disorders. The PV and HA pressure were
monitored.

ARTIFICIAL BLOOD Vol. 29, No.1, 2021

ii. Reperfusion phase in ILP
AST and LDH and alkaline phosphatase (ALP) in the
perfusate were measured at every 60 min for the ILP for
two hours to determine the viability of preserved liver
grafts using standard biochemical methods (clinical grade).
iii. Histology
Tissue samples were collected to assess hepatocellular
injury after reperfusion. Liver biopsy was performed at the
end of the study. All liver samples were fixed in 10% buff-
ered formalin, embedded in paraffin, sectioned (5 mm) and
stained with hematoxylin and eosin for histological evalua-
tion after preservation and reperfusion.

Experimental design
Two experimental groups were performed in the present

study.

i. SNMP group: liver grafts were perfused with SNMP for
four hours (n = 3).

ii. SNMP+AOC group: liver grafts were perfused with SNMP
using HbVs-containing solution for four hours (n = 3). HbVs
was prepared from a purified human hemoglobin solution
and four kinds of lipids as reported previously . Human
hemoglobin was purified, via pasteurization and nanofiltra-
tion for virus inactivation and removal, from nucleic acid
amplification testing-inspected RBCs provided by the
Japanese Red Cross. We utilized HbVs which were stored
in a deoxygenated condition for 18-20 months in a refriger-
ator . HbVs were contained into 500 mL of HTK solution
(Dr. Franz Kohler Chemie GMBH, Bensheim, Germany),
250 mL of 5% albumin (Nihon Pharmaceutical, Tokyo,
Japan), vitamin (Vitaject®; Terumo, Tokyo, Japan), 200 mL
of amino acid (Hikarilevan®; Nihon Pharmaceutical, Tokyo,
Japan), 1000 mg of glutathione (Choseido Pharmaceutical,
Tokushima, Japan), 50 units of fast-acting insulin human
(Novo Nordisk Pharma, Tokyo, Japan), 250 mg of methyl-
prednisolone sodium succinate (Pfizer, Tokyo, Japan) and
20 mL of 84% sodium bicarbonate (Otsuka Pharmaceutical
Factory, Naruto, Japan).

Result
i. PV and HA resistance during MP (Fig. 2a, 2b)

In the SNMP group, the PV resistance was 0.018 = 0.01
mmHg/ml/min/100g at 120 min and 0.017 = 0.01 mmHg/
ml/min/100g at 240 min. The value in the SNMP+AQOC
group was 0.044 £ 0.02 mmHg/ml/min/100g at 120 min
and 0.047 = 0.02 mmHg/ml/min/100g at 240 min. In the
SNMP group, the HA resistance was 057 = 027 mmHg/
ml/min/100g at 120 min and 059 = 028 mmHg/ml/
min/100g at 240 min. In the SNMP+AOC group, the HA
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(2a) Portal vein (PV) resistance (mg/min/100g liver) and (2b) hepatic artery (HA) resistance (mg/min/100g liver)
value (mean * standard deviation) during machine perfusion. SNMP, Subnormothermic machine perfusion; AOC,

artificial oxygen carrier.
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(3a) Aspartate aminotransferase (AST) (IU/L) and (3b) lactate dehydrogenase (LDH) (IU/L) value (mean * standard
deviation) after machine perfusion. SNMP, Subnormothermic machine perfusion; AOC, artificial oxygen carrier.

resistance was 0.34 = 0.07 mmHg/ml/min/100g at 120 min
and 0.27 = 0.11 mmHg/ml/min/100g at 240 min. However,
the changes of these resistance were decreased in
SNMP+AOC group. These results showed that the
SNMP+AOC group was hemodynamically stable during
MP. But there was no significant difference between the
two groups.
The liver enzyme levels in perfusate after MP (Fig. 3a, 3b)
In the SNMP group, the AST level after 120 and 240
minutes of perfusion preservation was 253 * 57.9 IU/L and
363 = 89.2 IU/L, respectively. In the SNMP+AOC group,
the AST level after 120 and 240 minutes of perfusion pres-
ervation was 139 = 439 IU/L and 230 = 733 IU/L,

iii.

respectively. In the SNMP group, the LDH level after 120
and 240 minutes of perfusion preservation was 260 = 56.5
IU/L and 314 = 79.7 IU/L, respectively. In the SNMP+AOC
group, the LDH level after 120 and 240 minutes of perfu-
sion preservation was 147 = 454 IU/L and 200 * 61.0 IU/L,
respectively, which was lower than that of the SNMP
group.

Oxygen consumption during ILP (Fig. 4)

In the SNMP+AQOC group, the oxygen consumption at
120 minutes of reperfusion preservation was 1985 + 189.7
mg/min/100g liver compared to 97.7 £ 3.3 mg/min/100g
liver in SNMP group. Oxygen consumption during reperfu-
sion was higher in the SNMP+AOC group compared to the

AT Vol. 29 , No.l, 2021
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Oxygen consumption (mg/min/100g liver) during isolated liver reperfusion model.
SNMP, Subnormothermic machine perfusion; AOC, artificial oxygen carrier.
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Figure 5 The liver enzyme levels in perfusate after reperfusion in ILP
(5a) Aspartate aminotransferase (AST) (IU/L), (5b) lactate dehydrogenase (LDH) (IU/L) and alkaline phosphatase (ALP) (IU/L) value (mean
+ standard deviation) after isolated liver reperfusion model. SNMP, Subnormothermic machine perfusion; AOC, artificial oxygen carrier.

SNMP group. 122 + 15.0 IU/L.
iv. The liver enzyme levels after reperfusion in ILP (Fig. 5a, v. Histology (Fig. 6a, 6b)

5b) The comparison of the SNMP group revealed that disor-

In the SNMP+AOC group, the AST level was 412 = 49.1
TIU/L after 120 minutes of reperfusion. In the SNMP group,
the AST level was 315 * 50 IU/L after 120 minutes of rep-
erfusion was lower than SNMP+AOQC. In the SNMP+AOC
group, the LDH was 572 + 14.6 IU/L after 120 minutes of
reperfusion. In the SNMP group, the LDH level was 470 =
572 TU/L after 120 minutes of reperfusion, which was
lower than that of the SNMP+AOC group. However, there
was no significantly difference. But, the ALP level was 105
+ 9.0 IU/L after 120 minutes of reperfusion in SNMP+AQOC
group was lower than that of the SNMP group which was

ARTIFICIAL BLOOD Vol. 29, No.1, 2021

der around the central vein were suppressed in the
SNMP+AOC group. Edema and aggregation around the
sinusoid were worsened in the SNMP group. In the
SNMP+AOC group, no HbVs remained at the end of
reperfusion.

Discussion

In this study, organ preservation solution contained HbVs
was demonstrated the beneficial effects, particularly during
MP. The characteristics of HbVs include no blood type and a
long storage life. HbVs are 250 nm in size, which means they
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Figure 6a SNMP group
Figure 6 Histological findings

Figure 6b SNMP+AOC group

In the SNMP+AOC group (6b), disorder around the central vein and, edema and aggregation around the sinusoid were suppressed
compared to the SNMP group. SNMP, Subnormothermic machine perfusion; AOC, artificial oxygen carrier.

cannot pass through the liver sinusoid. The additional
advantages of the HbVs had unlimited availability, a long
storage period, and low risk of disease dissemination' 1.
HbVs are AOC created using expired RBCs?, and they have
demonstrated stability, encapsulation efficiency, and biocom-
patibility 2.

As shown in Fig. 2, the changes of PV and HA resistance in
the SNMP+AOC group were decreased compared to the
SNMP group. AST and LDH levels in the SNMP+AOC group
during MP showed relatively lower than the SNMP group.
ALP after reperfusion demonstrated lower in the SNMP+AOC
group which may protect bile duct injury as shown Fig. 5c.
As shown in Fig. 4, higher oxygen consumption after reperfu-
sion demonstrated in SNMP+AQOC group. Additionally, the
histological findings, as shown in Fig. 6 revealed that hepato-
cyte integrity was well maintained and less lipid form in the
SNMP+AOC group. From these results, AOC may support
the active metabolism for liver preservation in the room tem-
perature condition.

Traditional methods of preservation based on hypothermia
may not be best for marginal liver grafts because organs from
such a marginal graft have already suffered from tissue
damage secondary to hypoxia. Additional cold storage damage
to the organ caused by hypothermic conditions may limit the
ability to improve cellular function because metabolic activ-
ity is decreased in the cold. Cold-induced preservation injury
makes insufficiently normal cellular metabolic function or
induces the depletion of energy stores or the deleterious
direct effects of cooling!®'”. On the other hand, the principle
of normothermic perfusion is to recreate the physiological
environment by maintaining a normal temperature and
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providing the essential substrates for cellular metabolism,
oxygenation, and nutrition. In addition to a reduction in
ischemia-reperfusion injury, a further potential advantage of
normothermic perfusion is the assessment of viability: because
the organ is metabolically active, it is possible to measure its
function and to predict the post-transplant outcome. However,
the use of blood-based perfusates may increase the risk of
microvascular failure and sinusoidal plugging and bacterial
growth. Achieving normothermic organ preservation there-
fore remains a challenging problem.

Our previous study showed that the oxygen consumption
was related to the preservation graft temperature and associ-
ated with liver injury'®. Therefore, oxygen should be added
effectively to be used by the liver grafts during MP. SNMP
itself, may be effective for reducing the rates of reperfusion
injury and shear stress. However, SNMP without any oxygen
carrier cannot support metabolic disorders. In recent years,
there have been some reports on the use of oxygen carriers
for perfusion of the donor liver. Fontes et al.’® performed
liver transplantation after SNMP with Hemopure 1 in a pig
model. This artificial hemoglobin was demonstrated to
improve the oxygen carrying ability. In the present study, we
investigated the influence of SNMP with AOC as oxygen car-
rier during MP and isolated liver reperfusion model. SNMP
using AOC produced better preconditioning effect for mar-
ginal liver grafts.

However, these findings had limitations regarding the opti-
mized oxygenated SNMP. In addition, the protective effect
was limited because of the short period of observation.
Further studies are needed to investigate the mechanisms
through which SNMP using AOC protects the bile duct blood
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supply and protects against injury after transplantation.

In conclusion, SNMP with AOC solution could alleviate
hepatocellular reperfusion injury in the donor liver.
Oxygenated SNMP using AOC appears to be a promising
preservation method that may improve the functional recov-

ery of marginal split-liver.
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Construction of Hemoglobin-Based Oxygen Carriers Using
Supramolecular Polymerization

B 55 ik = e Rk

Takashi Matsuhira, Keizo Yamamoto, Hiromi Sakai

DS

R BORHEEMNZE /v —2=y FALOKEFITHH L TR TR Y v — 2HET 20980, LHEEAITDRT
Wh, FBELRRER apf WEAHEZEK T HANEZ7OE Y (Hb) OY 7=y ML EHA R 1R <~ —OREIZHH
TERHLARBL, HhDpH72=y MAL2ZRSFKRZPEGHZALTRAETAZEICLVRRE/ v —2 50 L, HiRETH
REA S22 ETHb & PEG 2K HICHS S N 7IROM 1R ) ~ — 2 H#iZ L7z, Hb-PEG 3ikE / ~— & Hb-PEG B4 1-K
V2 — RIS UCTERARE 2 P IKTB I H 5. BRALEIRMIC p 7T 2=y MR ZAUGT 2 A UGHI 2 V5B 2 & T ayp, Ui
HEEZEE L, 0 FHE2% 1MDa (EHEE 13) O8IR Hb-PEG KEEGR ) v —2MET L LRI LA Zhid, 8o rE
HEAH L THEH#H SN HGHD 28T LT 70 —FETH L. ARTIE, Hb MR OB TR 3 —%2 4
K % 720 DRkEHRNS, Hb-PEG @0+ KY = —ORE, JAREICL Y EE SN Hb-PEG K'Y = — D N LRFEERA L LTo
THE, B XD RBRES T OBII AN ORI 2 AT 5.

Abstract

Recently, many studies have actively investigated the construction of supramolecular polymers using specific interactions of
proteins for associating monomer units. After conceiving that interaction between two af subunits of hemoglobin (Hb), which
forms a stable azf; tetramer, can be used to construct a supramolecular polymer, we synthesized a cyclic monomer by connecting
two B subunits of Hb via a long flexible PEG chain. The Hb-PEG cyclic monomer proceeded to reversible supramolecular ring-
opening polymerization at a higher concentration to construct an alternating Hb-PEG supramolecular polymer. The Hb-PEG
cyclic monomer and the Hb-PEG supramolecular polymer were in a concentration-dependent equilibrium. Using a well-known
cross-linker that selectively cross-links two 8 subunits, all a2f. units in both the monomer and the polymer were fixed. Thereby,
we obtained a covalently fixed Hb-PEG alternating polymer with molecular weight of about 1 MDa (degree of polymerization =
13). This new approach can synthesize structurally regulated polymerized-Hb based on supramolecular polymerization. This
paper introduces a strategy for Hb-based supramolecular polymer synthesis, describes Hb-PEG supramolecular polymer
construction, evaluates properties of a covalently fixed Hb-PEG polymer as an artificial oxygen carrier, and presents a
thermodynamic mechanism of supramolecular ring-opening polymerization.

Keywords
supramolecular chemistry, ring-opening polymerization, cross-linking, hemoglobin-PEG alternating polymer, subunit exchange
equilibrium, thermodynamic analysis
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1. #&

BT I A M EMENIC X - TRA Sh 228D %
ThORBREE S EGRER Y FMAHTHD. LARE
XD BE, Zr—FTHHENLEEEEATALIZOL ) M
HAEH I, #@OTHEOL=— 2 R=ZkochER, s g
HREDOKRE, BIUOARARY~—TRAOAZVWE S 2
LW 2 EZB L Tw b, BOFHE3E, ALK Eh
HCHESGKRZT TR, BERGFo Ak, 5T R
FUNRTEADT 3= NVTF 4 VT, BXOBELZEDFA -7
A MEFe DML, WIS, AWFEE OFBENREEIEEh
Twhb, EE BEEHETEDIL TV AR, Z“HOHEA
Wik 250 DNA, HEOBBEE PO 255 78Rk E, K
RIS BRI, BRWEBELZE TS T THbd
ANTVE, ANEZuY Y (Hb) 4T dHIRNT, 2200 «a
P72y b, 200 TI=y b, 4DDRVT7 4 VB
BIW4-o08 (1) 4+ v olb, BrTHEAKO 1HET
H5. Hb ZHSETHINSDN— 13, &B—EN T4,
FHEA, BREMEIEN, 77 SV T7—V 2, BIXUEHE
R EOI LA EMEHOMALHLEIZE o THANLTOHR,
M7z h, F—T7RERLEDVPOBEEZIEET L7201
BAREEBES THEEL THREL TV 5.

AR O 53 TR RE O ZEIE, AR 55 1 O o UM 38 il 4
DR, TORRNHEAEHEBERCIHEL TEDLNTE
7229 ZOEZITMAE, eSS NI TALF OB,
MY E LTS % 72008 Ly A TEER B /5K
R THIEDRTE S EMFESNSG. HEB, IEVY, KY
<=V —2% ZLTYVERY =LY vl TREEARE AT
W58 WA (Hb-based Oxygen Carrier, HBOCs) OHESIZ)IEH
M AMEFHE S TWS, 72, ERGBSTHE (501
it 36MDa, 5% 30nm) 2K T 5, =Y Aas NVt v
EIFENAETAALRI I XD Hb 2R 50283 WK TilEd
S5hTwa”,

A TALEE W) EMSHERB LA, /N bEEZE
# (1987 4F) @ Jean-Marie Lehn IKIZ & 0, HAINKEEE %

il

supramolecular
(A material

)
DB BB
protein

_specific
(B) [ interaction

(A, B) Protein-based supramolecular polymers

NMLTCE/R—FALPEZAEL LIS TR)—LITENS
AT CHEARD, 1990 4160 THG S, LR,
SHIZESL ETOI D30 REOMIC, EE—Y A ¥ F OB
BRAA M= A MIEAER R L, FITh A IR S
HAEHZFAHE LBS TR - —SBaRshTta . 8512,
YN EE) -2y PCBALLBG TR v —
(Protein-Based Supramolecular Polymer) %53 2 W% b 17
bRTELY. AT, KAL) LSl T 8
) — %S 5 Tk Hb O BA ST % 720 Ok,
Hb & PEG Z f K AL ICHO B+ R v — O HF K &,
HBOCs & LCHIAT 57D BRI AT L 2Bk, &
B & 7z Hb-PEG K EREARARY ~—oW:, 2L TS T-H
REGOBNHM A H = X 2OV THES S 5",

2. Hb-PEG A F K ¥ — DR

F N AR EZ LT A TR v — 2 iR 5Tk
X, 2HFICKANTE 5. 123 EHFEOBYTEERZHVT S v
RNy B E2RET 558 (Figure 1A), 9 1218 v 87
BHKROBS THEERZMEH LA HETHS (Figure 1B).
BEZLATONTORALMED S b\ L 200f 22 FE, [l
ELTIAR M= MEENY, SR—mETHa", %
Flrn-t Ay v F v 7O R oA EOME/EH TS ~
NI7BERLZzREGEE B FR)—PHEEhTws, £
722020 SIS RARFOMMREELY, TVTIVFEE
Hb 2 &E—MRA THEZAALCaG3E-8s TR < —
OWEDIHE I N2, —F, BHLELTRR, ¥y Eon
A—ALFEry MHEEHY, a4 v a4 VHEERY, b
FE—HROBEEHRBIR? ZHH L7 b0k ERRESh TV,
COEMEHCEBSTRY =L LTI, MERAWEEGEE
HIHI4A70C OB TFEARPRKRKEZDOMRIFEZE LD
W shTna®?,

BOFR)—IZBWT, BEHGEEHACHOhBHT
BRKOAGER (K) &E 73 —0fAREE (M],) 2L
BT A EDPMBNTVEY, ZhETICHESA TV,

inter-subunit interaction |
Cys-93(B)
y
A B I g\/\/@g\/\/@g\,
a a
Hb

(C) Hb-PEG supramolecular polymer

\ﬂ]s/-82([5) cross-linked |
W WWW

(D) Hb—-PEG alternative polymer

Figure 1 Strategy to construct protein-based supramolecular polymers: (A) non-covalent linkage of proteins using artificial supramolecular

materials, (B) supramolecular polymerization of proteins using their own specific non-covalent interactions, (C) Hb-PEG

supramolecular polymer using inter-subunit interactions between o8 dimers of Hb, and (D) covalently fixed Hb-PEG alternative

polymer by intramolecular cross-linking via two Lys-82 (f). Cited and partially modified from reference 14.
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R HOY Ty MEMEANER % Bz Figure 1B O
BEICHED AT R 2 —HEO—FICBWT, 20K, fEiX7
X1 M EHEShTWEY . —J, Hb DBy, af ¥4 <—
PO ayfy T P ITI—ANOXHEEBK, 1310°0~10° M ' L i
NTBEVT® Hb D apH 722y FIMEER IS TKY
S =R E TR RIS RO Z L 0sh a5, BB,
Hb ® 220 Cys93 (B) ®ANAT Iz AKEEEDE W
PEG 8812 & v #hi3UE, Hb D a, B, WRAHERE DK % BRE)
HELTE/?—2=y FHFEBRNICHESSA L%, Hb-PEG
REEGMOBL, TR —PHEINL L 27 (Figure
lC) 12, 14, 15>.

Z D51 Hb-PEG KU ~—%2 HBOC £ LTHHT A L %
ZRTYA, Bl RALBY, B TESIE /) v —RE
(IM1y) (288 S ARAET 2 PHORBIC D 5 72w, R Y~ =AW BRI
WISTHEASIND L P CHMENTRESHETLTLED
LEZONL, COMELEZIHT 5729121, Figure 1D I
AT LIS, HEINZMST Hb-PEG K v —D Hb 2= v
M, BB VEETAIENEREEZOND. BB,
Walder 512 & o THEEN723U45%] (bis-(3,5-dibromosalicyl)
fumarate: DBBF) ® Z H\W"C, a8, 7 b 73 —® 2DD Lys-82
(B) O7 37 KM EILARKEGTEFL .

3. Hb-PEGERRE/ ~—DRARES L, K< FEBICL DB
BFRY) Y —DEE
Hb ® 2250 Cys93 (B) DANH T MEIF, w143 Pk
BIRMICKIET 52 25 TWw5 Y, Figure 1C IR L7
Hb-PEG RHEEABOMBH TR v —1ik, MEKWmIZ~L A IF
HASEASN-PEGH#Z Hb & 1: 1 THRISXELZ L THK
ENnb. ERICEL TXEKZ 10kDa ® PEG #3556 &, M
DRARIZE D RELRBIRE ) v —OBRISWHEL Y, Lz

T, Hb-PEG BIRE / ~— (Cyclic Monomer, CM-10k) & Hb-
PEG #%¥ AR ~— (Supramolecular Polymer, SP-10k) A3
TL=y FOKERMEE N LKW ORECHEET S
(Figure 2). 1990 4£® Acker & OWFZEIC X i, Hb o721
=y PREJUBIZ T RNV F—FEREIVN S W2 D H I TOERD
WEcH ), -26CICHHT L L THUDTH T L=y PR
WAMEPC BRI SN B 2 A HEShTw Y, b,
BRLY: ayfe T P I — 2R T 254 F (¥, sub-mM D
B\ Hb #REE, pH 74 ORI ) 2BV, Cys93 (B) %
PEGA b L7z Hb & RBEio Hb L DI af ¥4 ¥ — DR
ISBBEGHETTHIE R, STFHNEEREEAVTHERLT
v Z) 11, 13)‘

Figure 2 2753 CM-10k & SP-10k 5 T-BIst d & 1L
L, vy M) ZOEMICE O ZKBRETIIRIRE ) v —
IS, FRETRBOTFREY)—MICBET 5. 0Ly
DFEFEX, BIROERGELE (Dynamic Light Scattering, DLS) T
W SN R TED, HbREL IR L2 LITED
BRIz (Table 1), F72, CM-10k OBHRE
J£ (Colloid Osmotic Pressure, COP) %, HZRIK%Z 5T BB
s RO Tl E L7z xI-CM-10k £ BT 52 THH LTS
n7z (Figure 3) ™. CM-10k ZBIBR L CHTRISE L, K
T SP-10k Z W MICEK T 5 Z LA TE 5728, xI-CM-10k 1
DIER afp 7 2=y MRWEE LEVOT, BEICLLT
E ) —EREEINS. xI-CM-10k ® COP ix, CM-10k &
LR 2[R L. ZofEiEx, CM-10k Tix SP-10k
FEETHIEICLD, xI-CM-10 & ik U TR BA53IT %
WA L7 2RB LTS,

WA THRESOFEHIREICDH 5 CM-10k & SP-10k i,
DBBF & KIS 3¢ THTWN BB EMEZAT) &, RIb%E Lk
W xI-CM-10 & xI-SP-10k \2&#3 5 Z &2 25CT& % (Figure 2,

B Supramolecular 7
355'938(5) AN ring-opening -
mal,-PEG polymerization + DBBF
- n ——————— %ﬁ N0 + L Ll
Reaction (1) Reaction (2)
n n
native Hb Cyclic monomer Supramolecular xI-CM-10k xI-SP-10k
(asB2) CM-10k polymer SP-10k (xI-: cross-linked-)
CO,H Cross-linking

0O
7 H (o] o)
q\/\rrfh \/\%O\/}HOM'}’ J'K/\ﬁ Br
o o} H
2]

10 kDa bi-functional maleimide-PEG (mal,-PEG)

peeTates

bis-(3,5-dibromosalicyl)fumarate (DBBF)

OBr « at Lys-8

Bro
HO,C

ys-93'%

Figure 2 Synthesis of Hb-PEG cyclic monomer (CM-10k) by reacting 10 kDa bi-functional maleimide-PEG with native Hb (reaction (1)),
and subsequent cross-linking of two 3 subunits in ezf: Hb units using bis-(3,5-dibromosalicyl) fumarate (DBBF) (reaction (2)).

CM-10k proceeds concentration-dependent reversible supramolecular ring-opening polymerization to produce Hb-PEG

supramolecular polymer (SP-10k). Bp-cross-linking of enubilated CM-10k and SP-10k produces corresponding fixed monomer
and polymer: xI-CM-10k and xI-SP-10k. The X-ray crystal structure (PDB ID: 1BIJ) of the BB-cross-linked Hb is shown,
particularly presenting the binding sites for maleimide (Cys-93 (3) and DBBF (Lys-82 (3)). Reproduced with permission from
references 12 and 15. Copyright 2019 and 2021 American Chemical Society.
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reaction (2))'"7. E /< —DtAAMEE (M],) 2% 2T CM-
10k # DBBF & )& &, ¥4 Xk o~ b 75 7 1 — (SEC)
WX BERDOERZIT 7225, Ml DHME & I
xI-CM-10k O =13 A L, b Y IiZ xI-SP-10k D M3 AN
L7z, b EiRED M]y=301mM T2 1T 7258, AR
WD HLEALTWAEIRE ) < —xI-CM-10k 1Z 8% TH D,
BB T O P IR TIE CM-10k @ 92% 75 SP-10k DHESEIZfl
HEhTwsZ edlbhro7z (Figure 4).

ZOxISP-10k ® 95 b, FICETTEOERS 25 A T LT
o< b5 74 —THHEL, HBOCs & LTl 2 17 -
72, 5Nz xI-SP-10k OEARE, W75, BERMEZ, K
54 Hb, Hb X3 2 )b, sRifilEk & Jik LT Table 2 13§ *%,
BRIk (SDS-PAGE) B XU SEC /M & v, xI-SP-10k A3
1 Hb & PEG O EM#EZ D, FH5 TRIH 1MDa, £
BEZH 13 TH D AR SN, 72 DLS WEDOHE, xI-
SP-10k O ¥R #8134 97nm TH VD, KIEHH Hb o 10 1%L
FOREEZHDL, HhRIYZ VI D HRR/NE0WGTFH A X
ZRL7z. TR TH72082-3T70Hb #NET5 Hb XY 7L
CHARTHRFH720 O Hb A3 13 AL 0b 6T, xI-
SP-10k 2SR & ki T2 R L7201%, HIROZUG Hb &
R ik PEG SHOR HEAMTH 5 xI-SP-10k 2%, KEHEH
TGV FLAf VR ZBR L CWE20EEZOND. —#
Mo v Frat V2 L 2R T3 E Y HHIDER
AEAL$ 5729, Hb & PEG O HEAKRY < — 23 RMERD
£ 9 WAL Z CEMIMAE %2 Wil 3 2 xS h b, BH#E
BAMEZ 4 % &, xI-SP-10k i% Cys-93 (8) @ PEGAL L Lys-
82 (B) ® BAAMGITRH LT, KRIMMIERE VBREER/ELLT VR

Table 1 Average particle diameters of CM-10k at different

B8 Hb £ 0 b, S HITECERZEBAEZ R L7z (Psy=52Torr).
—7F, MEFREEOBMEITX ) HFAEIZET L2 (e VER
L1). ECEEBAYEE AT 2 Hb R ¥ 2 VMG 5% & 21
LL7EREICRREMTH L EBMEShTE Y ®) 1
SP-10k b RO H R TOFIIHHTE 2.

70
A
60 xI-CM-10K
50 | B
é 40 ‘,.A
G 30t B
U ‘AI
2T & CM-10k
A
10 | K
D = L L L 1
0 2 4 6 8 10
[Hb] (g/dL)

Figure 3 Colloid osmotic pressure (COP) of CM-10k (circle)
and xI-CM-10k (triangle) as a function of the
concentration of Hb units, [Hb]. The COP of xI-CM-
10k was increased considerably, almost doubled,
compared to that of CM-10k. The result indicates
an almost half decrease in number of particles of
CM-10 compared with xI-CM-10 by forming a
supramolecular Hb polymer, SP-10k. Reproduced
with permission from reference 15. Copyright
2021 American Chemical Society.

100

concentrations. Reproduced with permission from
reference 12. Copyright 2019 American Chemical
Society. (92%)
80
Concentration of Particle diameter \?
CM-10k (mM) (avg. = SD, nm) %
o
0.02 106 £ 36 = 60
0.08 127 +53 =
= 40
0.16 150 £ 6.1 T
031 206 + 118 &
0.62 204 = 137 20 xI-CM-10k
(8%)
O L L L
Table 2 Comparison of particle size and oxygen affinity parameters of xI-SP-10k 0 100 200 3.00
with native Hb, Hb-vesicles, and Human red blood cells ' ' '
- 1 [M]o (mM)
Parameters xI-SP-10k™ | Native Hb' [Hb-vesicles®| 2" rem
blood cells® Figure 4 Relation between relative ratio (%) of xI-CM-10k or
No. of Hbs par one particle 13 1 9-3% 10" 3% 10° x1-SP-10k and initial monomer concentration [M]o,
(Molecular weight (kDa)) (1,000) (65) where relative ratio was obtained based on SEC
Particle diameter (nm) 97 77 294 8,000 analysis after fB-cross-linking of equivalated CM-
P. (Torr) 52 32 18 23 10k and SP-10k at different [M]o. Reproduced with
Ffo - : : permission from reference 15. Copyright 2021
Hill coefficient 1.1 22 2.1 2.7-3.0 American Chemical Society.
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4. BHFRIRES DM HFRIEEN

BATVEOBRRE /) ~—, REZEIZ VY, 92540, 5
JFF, Yrurnvhy, BRRz—FV, BIRFZAT7z—},
WRu x4 50, BEHER)—2 BRI 5REERIC
BOTR, BIRNEROTENHELESRTVD 2% fi72b
X, CM-10k OBHTFRRESTFHEHICBWTDH, ZOHI¥N
RN OFLEEHCTE B LEZ .

— BRI T ROBIRE ) v —OBBRESICBVTIE, &
EEnORSTH (P,) XL, £/ <—1 Yoo MERE
(EE) Loy (RES) 2FEEFICHEITL, Scheme 1 O
WIRBL AL T LDV TES,

Scheme 1 Macromolecular chain extension and monomer decomposition
equilibrium on general ring-opening polymerization

polymerization
ky
P + M P

—
n depolymerization

ka

n+l

polymer monomer extended polvmer

HEROE (k) EMEEDOS (k) OEEEBDILRTH 5 F
e B K &, AU ~—OlREP,), 1HAMELLZR) -0
RIEE[P,.l, BLUPHE < —RE M, ZHTX 1) T
ERINSD.
_ky_ [Pl
Keq kd [Pn] [M] eq
THCRY 2 =R LT84, [Pl E [P, 1 2ITIFHL
WERRTIENRTE, K, R (2) TEIND.

1
Keqzm ......... (2)

ed (>>>1)
BEREFOL Y ¥ VE—Z{LAH, L =¥ Fa ¥ —21LAS, i,
van't Hoff ®30IZHEVy, Mt T ol E LT, RAEEi
RzZMHWTK (3) THRINA.

AH,  AS,
RT R

K (2) 2 3) WMUAT B L, FRESOBIIFENFNICIA
CHW STV S Dainton O & FFZN LR, (4) 283,

InK,, = -

A, _AS,
RT R

In[M] =

FlzabR72 L B9, Dainton D3N%E W72 BB MATIZ IS
RO THEIN L R ES TAIEE S N2 BB E A @A
ENTEZD, REZ o TRREMAEGE VY ¥ L E—
ERBR O 5FRRES~OBHAAHE Sh2Y, febids
N2 S LB L, 5FR 64500 D% Y878 Thb Hb 45
F#% 10,000 D PEG # € < —HALI2H>, BERAGBRIRE )
~—CM-10k O T-BIBRE A @M L7,

LA AR IREE M), 2 ImM IZIREL, 4~45CORLRZMET

54

Table 3 Thermodynamic parameters of supramolecular ring-opening
polymerization equilibria of 1.00mM Hb-PEG cyclic monomers
(CMs). Adopted with permission from reference 15. Copyright
2021 American Chemical Society.

M, of PEG AH, AS, TAS, at 298 K
MONOMET | hinker (kDa) | (kJ'mol™) | (Jmol K™ |  (kJ-mol™)
CM-2k 20 -00 27 80
CM-5k 44 -03 27 81
CM-10k 105 -10 29 85
CM-20k 208 -02 33 99

FHAREICH S CM-10k & SP-10k 2 44F L, UGS hi€/
< —xI-CM-10k DIREEA S [M],, & ZhZ R L7z, Dainton
o (4) ZHEv, InMl, % VT IZxL7a v + UTHIE R
S ERAT - 728, AH, L AS, I3ZFhZh-1.0k]-mol ' B X
0'29]-mol "K' LA &7z (Table 3). CORMBREADH
i (298K) 2BF 5Ty Fu¥—%1L (TAS,) i3 85k]-mol ™
&, TUINE—EALAH THRTHFELLKREL, CM-10k »
BATHRESHKL Y P —RETEITLTWE I LS
Mol £72, PEG 05 Fi% 10kDa %5 2, 5, BXU
20kDa I2% 2 C Hb-PEG BHRE ) < — %24k L, AKOEE%
fio7zb 25, PEGOGTROMKIHEVAS, B KT 5 —
Ji, AHZFIZEHRTELEFENRSL, wFhdory bo¥—
BB CEANESTL, T/ —ORYA XAPREVEVPHEEL
TV EPHLN L 57 (Table 3).

5. #& &&
FHAERHEED ap 7=y FEMELEH ZFH L7z, Hb-
PEGBRIRE /) <= — DO FHRREFICL2BHTFR) ~—0H
#r, B HARAICIMEIC L > TR EEAR OFIK Hb-
PEG RV = —%&{K T A REOM%E %A L7z, ZEigtk PEG
% Hb @ Cys-93 (B) ITEIRWICHE S THEEL S 15 Hb-PEG
BRIRE/) ==, HTHTapI 71y PRWETH L
WX )RS FREREAL, HIRETHbL-PEGEBSTRY < —%
KT 5. PHARRBICH ZHBIRE )~ —BOTF R ~—I3,
Hb ® a,f, MmMAiEE 244G 5 2 L CRE s h, ANTH#EE
etk & UCoFBREYEZ A3 % Hb-PEG R EEARIAR Y v —
PRI Nz Tz, BUEERY O ERITIED  PRIRIE O 2
TFRRRTC X o C, B THERREEA T b ¥ —BRE) T
T35 EBWONIHh o7z, SN L28S TEEAZHW
THb #HEAT A HEEHAMICHD &) A -2 SE5
NB720, SYFLIEATAHHELIES Hb Ok ZIE
HEZHIBETEX 2R H 5. AL TR ST, —KIElC
B L7=384Ro Hb B Y = =751 T4 <, FADZRITHESL
ATHHb R — 2T HIEIMRETHHEEZOND.
SHOMEEMIEIfRFINS.

AT Vol. 29, No.1, 2021



@ &

AT A E B W& O T B : 26750149, Xz C:
17K01367, 21K12688) OBk z 2y THEIh T L $7z,
AWZECH 720 THHECHMEZTHE T L2, SEBVERX
FAFEEOBERIO I ) EH P L LT T

5| A3

1) Lehn JM. Perspectives in supramolecular chemistry - from
molecular recognition towards molecular information
processing and self-organization. Angew Chem Int Ed 1990;
27 (1): 89-112.

2) VanDun S, Ottmann C, Milroy LG, Brunsveld L. Supramolecular
chemistry targeting proteins. ] Am Chem Soc 2017; 139 (40):
13960-13968.

3) Fathalla M, Lawrence CM, Zhang N, Sessler JL, Jayawick-
ramarajah J. Base-pairing mediated non-covalent polymers.
Chem Soc Rev 2009; 38 (6): 1608-1620.

4) Bin L, Taihang L, Gao C, Xiaoyuan L, Lesan Y, Zhigang X,
Xiabin J, Yubin H. Regulation of conjugated hemoglobin on
micelles through copolymer chain sequences and the protein’s
isoelectric aggregation. Macromol Biosci 2013; 13 (7): 893-902.

5) Rameez S, Banerjee U, Fontes ], Roth A. Palmer AF.
Reactivity of polymersome encapsulated hemoglobin with
physiologically important gaseous ligands: Oxygen, carbon
monoxide, and nitric oxide. Macromolecules 2012; 45 (5):
2385-2389.

6) Sakai H, Sou K, Tsuchida E. Hemoglobin-vesicles as an
artificial oxygen carrier. Methods Enzymol 2009; 465; 363-384.

7) Le Meur Y, Badet L, Essig M, Thierry A, Biichler M, Drouin
S, Deruelle C, Morelon E, Pesteil F, Delpech PO, Boutin JM,
Renard F, Barrou B. First-in-human use of a marine oxygen
carrier (M101) for organ preservation: A safety and proof-
of-principle study. Am J Transplant 2020; 20 (6): 1729-1738.

8) Fouquey C, Lehn JM, Levelut AM. Molecular recognition
directed self-assembly of supramolecular liquid crystalline
polymers from complementary chiral components. Adv Mater
1990; 2 (5): 254-257.

9) IKEENE. BOTRY~—Lid. HARLEEH. BOTRY
~—. XA ABEFA, 2019 ; 20-27.

10) Luo Q, Dong Z, Hou C, Liu J. Protein-based supramolecular
polymers: progress and prospect. Chem Commun 2014; 50
(70): 9997-10007.

11) Matsuhira T, Kure T, Yamamoto K, Sakai H. Analysis of
dimeric af subunit exchange between PEGylated and native
hemoglobins (a,f, tetramer) in an equilibrated state by
intramolecular ff-crosslinking. Biomacromolecules 2018; 19
(8): 3412-3420.

12) Matsuhira T, Yamamoto K, Sakai H. Ring-opening polymeri-
zation of hemoglobin. Biomacromolecules 2019; 20 (4): 1592-

ARTIFICIAL BLOOD Vol. 29, No.1, 2021

1602.

13) Matsuhira T, Yamamoto K, Sakai H. Analysis of dimeric a8
subunit exchange between bis-PEGylated and native
hemoglobins. In: Chang TMS, Jahr ], Sakai H, Eds.
Nanobiotherapeutics Based Blood Substitutes (Regenerative
Medicine, Artificial Cells and Nanomedicine). Singapore:
World Scientific Publishing Co. Pte. Ltd,, (in press).

14) Matsuhira T, Yamamoto K, Sakai H. Ring-opening polymeri-
zation of hemoglobin based on supramolecular chemistry.
In: Chang TMS, Jahr J, Sakai H, Eds. Nanobiotherapeutics
Based Blood Substitutes (Regenerative Medicine, Artificial
Cells and Nanomedicine). Singapore: World Scientific
Publishing Co. Pte. Ltd., (in press).

15) Matsuhira T, Sakai H. Entropy-driven supramolecular ring-
opening polymerization of cyclic hemoglobin monomer for
constructing hemoglobin-PEG alternating polymer with
structural regularity. Biomacromolecules 2021; 22 (5): 1944-
1954.

16)Hou C, Li J, Zhao L, Zhang W, Luo Q, Dong Z, Xu J, Liu J.
Construction of protein nanowires through cucurbit [8] uril-
based highly specific host-guest interactions: an approach
to the assembly of functional proteins. Angew Chem Int Ed
2013; 52 (21): 5590-5593.

17) Zhang W, Luo Q, Miao L, Hou C, Bai Y, Dong Z, Xu K, Liu
J. Self-assembly of glutathione S-transferase into nanowires.
Nanoscale 2012; 4 (19): 5847-5851.

18) Petkau-Milroy K, Uhlenheuer DA, Spiering AJH, Vekemans
JAJM, Brunsveld L. Dynamic and bio-orthogonal protein-
assembly along a supramolecular polymer. Chem Sci 2013;
4: 2886-2891.

19) Adachi R, Suzuki S, Mitsuda T, Morita Y, Komatsu T.
Supramolecular linear coordination polymers of human serum
albumin and haemoglobin. Chem Commun 2020; 56: 11585-
11588.

20) Oohora K, Kajihara R, Fujimaki N, Uchihashi T, Hayashi T.
A ring-shaped hemoprotein trimer thermodynamically
controlled by the supramolecular heme-heme pocket
interaction. Chem Commun 2019; 55 (11): 1544-1547.

21) Staples JK, Oshabena KM, Horne WS. A modular synthetic
platform for the construction of protein-based supramolecular
polymers via coiled-coil self-assembly. Chem Sci 2012; 3:
3387-3392.

22)Bilgicer B, Thomas SW 3rd, Shaw BF, Kaufman GK,
Krishnamurthy VM, Estroff LA, Yang J, Whitesides GM. A
non-chromatographic method for the purification of a
bivalently active monoclonal IgG antibody from biological
fluids. ] Am Chem Soc 2009; 131 (26): 9361-9367.

23) Oohora K, Onoda A, Kitagishi H, Yamaguchi H, Harada A,
Hayashi T. A chemically-controlled supramolecular protein-

55



polymer formed by a myoglobin-based self-assembly system.
Chem Sci 2011; 2: 1033-1038.

24) Ono T, Hisaoka Y, Onoda A, Oohora K, Hayashi T. Oxygen-
binding protein fiber and microgel: Supramolecular
myoglobin-poly (acrylate) conjugates. Chem Asian J 2016;
11 (7): 1036-1042.

25) Bastings MMC, De Greef, TFA, Van Dongen JLJ, Merkx M,
Meijer EW. Macrocyclization of enzyme-based supramolecular
polymers. Chem Sci 2010; 1: 79-88.

26) De Greef TFA, Smulders MM]J, Wolffs M, Schenning APH],
Sijbesma RP, Meijer EW. Supramolecular polymerization.
Chem Rev 2009; 109 (11): 5687-5754.

27) Valdes R Jr. Modification of human haemoglobin with glucose
6-phosphate enhances tetramer-dimer subunit dissociation.
Biochem J 1986; 239 (3): 769-772.

28) Arisaka F, Nagai Y, Nagai M. Dimer-tetramer association
equilibria of human adult hemoglobin and its mutants as
observed by analytical ultracentrifugation. Methods 2011;
54 (1): 175-180.

29) Walder JA, Walder RY, Arnone A. Development of antisickling
compounds that chemically modify hemoglobin S specifically
within the 2,3-diphosphoglycerate binding-site. ] Mol Biol
1980; 141 (2): 195-216.

30)Manjula BN, Tsai A, Upadhya R, Perumalsamy K, Smith
PK, Malavalli A, Vandegriff K, Winslow RM, Intaglietta M,
Prabhakaran M, Friedman JM, Acharya SA. Site-specific
PEGylation of hemoglobin at Cys-93 (f): correlation between
the colligative properties of the PEGylated protein and the
length of the conjugated PEG chain. Bioconjugate Chem
2003; 14 (2): 464-472.

31)LiCata V], Speros PC, Rovida E, Ackers GK. Direct and
indirect pathways of functional coupling in human hemoglobin

56

are revealed by quantitative low-temperature isoelectric
focusing of mutant hybrids. Biochemistry 1990; 29 (42): 9771-
9783.

32) Sakai H, Yuasa M, Onuma H, Takeoka S, Tsuchida E. Synthesis
and physicochemical characterization of a series of
hemoglobin-based oxygen carriers: objective comparison
between cellular and acellular types. Bioconjugate Chem
2000; 11 (1): 56-64.

3B WHEA, XFaATIVLX, TIG V74, LHKER,
SNVIAAAL YF YTy F. NLRY— BT OMBYIR LT % —
WPEVERT S 2 E 7N & 7z Py i 7% 2 Hb /Mafko
MR E). A Ty 2006 ; 14(4) : 130-137.

34)Plock JA, Rafatmehr N, Sinovcic D, Schnider J, Sakai H,
Tsuchida E, Banic A, Erni D. Hemoglobin vesicles improve
wound healing and tissue survival in critically ischemic
skin in mice. Am J Phys, Heart Circ Physiol 2009; 297: H905-
909.

35)Duda A, Kawalski A. Thermodynamics and Kinetics of
Ring-Opening Polymerization. In: Dubois P, Coulembier O,
Raquez JM, eds. Handbook of Ring-Opening Polymerization.
Weinheim: Wiley-VCH Verlag GmbH & Co. KGaA, 2009;
1-52.

36) McGrath JE. Ring-Opening Polymerization: Introduction. In:
McGrath JE, Ed. Ring-Opening Polymerization, Kinetics,
Mechanisms, and Synthesis. Washington DC: American
Chemical Society, 1985; 1-22.

37) Dainton FS, Ivin KJ. Some thermodynamic and kinetic aspects
of addition polymerization. Q Rev, Chem Soc 1958; 12: 61-92.

38)Musgrave RA, Russell AD, Hayward DW, Whittell GR,
Lawrence PG, Gates PJ, Green JC, Manners 1. Main-chain
metallopolymers at the static-dynamic boundary based on
nickelocene. Nature Chem 2017; 9: 743-750.

AT Vol. 29, No.1, 2021



REY I X

—BRA b ik 3= SLEI B 5 D Ex AT HR

The Cutting Edge of The Development of
Carbon Monoxide Therapeutic Modality

BT R '™ /N g, B —i !
Kazuaki Taguchi, Masaki Otagiri, Kazuaki Matsumoto

DS

AR THBEWISEESIN TV L —RILE#E (CO) &, AkA AR 2 A LAGEROAEMEEIC S W TEERREH 2 ) AEBE
PHATH L. AR CO ZHMMITHAGT 5 EERERBOKBERZNHT 22 L2 0, CO ZHRME LH7z MmO
ZERFEAIEA AT, T E TICEAEREREZICH L7z CO WMARRER, Ko F—RILEHR LG AR THL=burs) Ly ¥
DOREFRGIEBEL 2 A L 724K CO 54K, 251213 CO EW#IICHET AANEZa L Y 2 H w7z CO BADPHEINTE 2. K
BT&, FBERT R L LTOBI 2RO COZODWTHEHR T S L 12, ENHATAALIR TS CO RFIFHFEDBURP
SAEBICHARL TW5D CO HANIOWTHMNT 5.

Abstract

Endogenous carbon monoxide (CO) has various physiological functions and plays a central role in maintaining homeostasis in
a wide variety of living organisms. Since CO, when supplied exogenously, suppresses the progression of various diseases,
research and development of new CO-based drugs have been actively carried out. Several types of CO preparations have been
developed such as CO inhalation and CO-releasing molecules that were designed based on hyperbaric oxygen therapy and
nitroglycerin, respectively. Furthermore, hemoglobin-based CO preparations were also developed by virtues of the reversible
binding capacity of hemoglobin with CO. In this review, we introduce an overview of basic knowledge of CO, and introduces
the current status of CO formulation development that is being attempted in Japan and overseas and the CO formulation that
the authors developed.

Keywords
Carbon monoxide, CO-releasing molecules, Hemoglobin, Red blood cell, Hemoglobin-vesicles
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—B biFE (CO) 3t - MEDOHFRAGFTHY, KERA
WHEPAZERET DR ET 5. 72, CO ZERERLD
RIEEMTRATSLE, HER - DTV - HiREE2WNOE L
PEEREIERIL, REOEAIILICES. FEBIZ, KK
WZBWTHKERIGRLXTIHCBT 5 CO MR F A EESR
HELTWwS, 20z, CO X4 “silent killer gas™ & M:Eh,

BOTALADPANLF F V7 F—ETRF SN 2B THEEWIZ
FHEINTBY, ZOWAR 164mmol/hr L EbRTWVS 2,
1990 4EARIC N RPE CO 2S4S VEB N -9 e hie (il Y & L
T ABEREATATH S Z EPHRTHES R, COE—
MRAL 3K & FARICAMR D A AriG B) % M ¢ 3 5 B CHEE RS
PARE L THEBEND LT hotz. 51T, CO ZHEIW
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MERILIEA
n7 K

K1 CO otk

AR T 2 L BPIiT7T R b= ZA1EH, HLIOEEH,
PRBILER 2 EOL B REIER 2R L, BERMREORIER
HERZMHT L ENW SN E 27220 Z0XH12COQ,
HHAALERTADO M2 RD, ZOMEANIEE SRR
F9sLEZH6NTVWA. 2%, CODHMEBAEIX 500ppm
(1BERLA) 25N THEY7, Shk ) ERED CO Ik
RICHEHFETEHEY, —J5T500ppm LA T OEKIRE CO XA B D
DOERENEICTIERTAL LTORT VY VEAT S (K
1). ZO7-DRIBED CO Z W I-EROMELI PG EN D D,
AEMEA ZTH B CO (MR : 354mL/dLY) 2 WAk~
59552 LIIHEETH S0, CO B E LAEREROEHIC
I3 CO L5 RDBAEPAMN R THAE. ChOHOHRELZT, &
RIERERBLEZ IO L7 CO WAEER, KT — bRt
S5kcHir=trur )ty yoftEEMEE2FH LAEST CO
fit 54k (CORMs; CO-releasing molecules) ASPZEE T & 7=,
F72, NEFOUEUPCO LWHWITHEGTLILICEHL

NEZFBY VEEBEE TS COMXY AT ADOREHESR CO fits
RO ITbNTE ., AREHTIX, 2hd COMGHhDR
OB IOV THEHT 5.

2. CORMs

2002 4 12 Motterlini 12 & ) dimanganese decacarbonyl
(IMny(CO),,; CORM-1, KI2A) & tricarbonyldichlororutenium
(ID dimer ([Ru(CO),Cl,l,;; CORM-2, 2B) @ 21i¥ » CORM
A S 7z?. CORM-LIBBMIBIC X ) CO 2§ 201
LT, CORM-2 i ERLMFWITHERP T CO 2R+ 5.
ZD7-%, CORM-2 DRIFIE CO DA OERENIFE % BIN
W S 27225, KBEEMR (DMSO F723= % 7 —VIZiE
fi#) IERMAEC (K14 347 a8 SAHAE T e
WHIZ COMRFETE B W), in vivo EBRICEAME TH -
7. COMERERRT 572912, CORM-2 FE 4K TH
% tricarbonylchloro (glycinato) ruthenium (II) (Rul[COI,Cl-
glycinate; CORM-3, X 2C) A& S, KisthoMEE 2
SR L7228, 4&#E LT CORM-3 & B (<1485 3
F7aC UAE T TIEFREE I CORIFTE 2 09W00), A
HEHEANOMHIIHEETH > 7. 72, CORM-2 R CORM-3 i3&

58

(A) CORM-1 (B) CORM-2 (C) CORM-3
co co co co co
co co
| & oo | _a_] _-co SN |/ ©
OC—}Mn Mn CO /Ru\ /Ru\ \
o’ | oc oc” | e | “eo |
co co cl cl cl H2
(D) CORM-A1 (E) BW-CO-203 (F) CORCB-1
o}
Ph
z j N\ O
H o) =0 N
\ / + Ph o) N N\ )j\
H—B—C 2Na L\ B o
W \\o Ha

H3C(OH,CH,C)30

2 ZhIETITHIES h72FEINW % CORMs

O(CH,CH,0)3CH3

BEBRTHINTZILEZEALTNDLI LN, HNlkS
WV TF=y 2A0ERNERICL 2HEBEI . 22T
CORMs O BHEH~AOM M2 HIKEL, ChTTIlghks i
CORMs ApEETw5b. #lz21X, sodium boranocarbonate
(Na,[H;BCO,], CORM-A1, X2D) iX, EBE&EZ & T HRVAK
Y CORM TH 5 Z LTz, P 214 (347w
VAR T TR T CO PRIF T & 2 2E) & CORM-2 %
CORM:3 X D BVEMZHLTWSE Y. T2, AKBEERNER
FIHUZIS LT CO 23 %5 CORMs DIFFED AR S h
THY, pHIEEM CORM TH 5 BW-CO-203 itk (B
ALk %) W& CORM TdH % CORCB-1 (K 2F), CORM-
401 (H2G), E5HI121E, ERIMRICIBELTCO 27T 5
COR-BDPs (X 2H) % EXPFEER TV A, EETIE
CORMs V) RV — LA DJREBER I LV OBKITICHATS
TETCOZ%ET HAIKERMKDEHIATHE Y, Zhb
® CORMs % 3fg & L7z CO BANL, MBI, B
iE, VoXF, WUk EDOL LREBETFTVEIYIIH L TEW
BERREERT I ERME STV LAY, RZHRRB IR
FTTL7233 L, 4%, & MIBUT 2 REM R ORI D
flidsFf7=n 5.

3. FRIMEREFA L 7= CO W

ARIERIE, WD SHHY AAZZEEHR 2 BT R 2 35
mz, RN TELESIRZ CORPRTLYVIRALZ CODY
F—N—THY)FXxUTELTHIBELTVS. g, &K
HRPOANEZBE UHFCO EWHENIHET2EAREE AT
L270THDH. ZORIME (NEZOVY) OLEIEE T
L7-CO#AELT [COWARDL] & [CO AR i 2R
# 1 oI TR Tw5S (K3A, B).
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(A) CORAREE

(B) COfF & B IR MmEK

FRMmEREH

3 L e PPY;

500 ppmIAT D i!'.__ &
COHREIFERA —4/B
(C) CO-MP4, Sanguinate™ (D) CO#E&EIHb-V

PEG

ca. 280 nm

3 RMERZAH L COBHKEANETTY V2L L CO B3]

(A) CO W AP ; 500ppm LLF D CO H A ZphtBA S5, WAL
CO IZMAEMRMERICKE ST 52 & THENBERL, ERHMNEH%Eh
%. (B) COMEAMMRMER; WHER R L 2R MERIC CO T RAENTY V7
THIETERL, Ek~#57%. (C) CO-MP4, Sanguinate™; & ¥ 7=
e FANVKFIANESBE V5T 5000Da O PEG TH - 72 EE 4
T4, CO ZMBICIIMmEERA L LTSS, (D) CO A Hb-
V; E MNEZFOE VERERCTHEELZZAEZ 0 Y HH Y RY — A1
CO X/ CO BUbHI#EAKkE LTSz, CO 2R LR
BT ERERAA e LT HERRET 5.

3.1. COmAEEA

R A A DWW AFREIT MR EHE LTiibhTnb, fi
213, BAEBERERT ABHR KGR EOBRBIHVOR
By, —BLEFERL Heliox NV T A LBEORETR), B
AREEEZ & ARG TR S Tw b, 1970 4RI CO
A & B4 HBMEH O BAEZE 2 % B2 cfrbh, 100ppm T
SIFHIMA L7 HEICBWTHAEEMEM IR I o722
EAHEESNTVRY., Zoe MIBIFARRELERINH)
WEBROWERZ MK L T, BREE T, 500ppm T TOMBEE
D CO WA XA I L CRECHHTE 2 LEbhTw
57 ZHOOHFEIY, CO W AFED IR D HRMHIEY
COMATHBLEELZON, ThETITEED COWARRE
(20-400ppm) DI BIHFITH T AR T 2 BE 5 <
fibhTwa, MEOHE L, ST EHET 22, KRED CO
WA &) IR BB R %, e
R OFF, BRB, WiZe &), WomdE, Sk

% BT 2 ERRBRASENAA TirbhiTw s (K1), ARiT
1, SCEkE U CRRBRRG SR O 257 S T u 2 18P P ZE Pk Bl
L RIS PRI RHERE 12D W TR ISR T 5.

Bathoorn © %, &Mk PAZEM: My BRI 100-125ppm @ CO
TR (5 21 H2H, 4 HREGEHRA S,
PP IR EREL, BFOMiNG e, 12k PR R IR I B T 5 -
M RSB R LY. 208, COWAREICH
WCRE XU TE & R i REER BT SR I &2 R LAz, L
LaAS, ZOMOFMEE I COWARL TS5 XKW ARET
FERAE BB M A B CO W AFRE:E OB ik
FEMRIEIRON oz T2, COWMAREE 7T RWARE
THER OB R 5NT, CORADREMI MRS
720 F 72, FRFSUENG SR AEE B E I 100ppm F 721 200ppm @
CO F721x7 7R (BR) M2 H 1M 2K OWARD:Z
WiAT L, 12 R B OMESTEE 2 37 U 72 B R S0 A 25Ht
mEN2Y, ZORE, CO W ABRETH VMR D /3 4 F
R—H—THhAHMFEH< )y 72X asar7—¥ 7k
OWPIRA SN Rh o7z, Tz, BHMTERL 6 25 FAATHRE
DI CTHE R ZTME LS, CO WA O SRV Il M E 12
T BEBRIIRDON Lo/, DI, CO WA
TR PH RV i SR R0 S T VR il R RE JB A LR 5 B
LIRHN R Lo 7288, BWEBETFVICBWTIRIN 2 H
BIEERLTVD, XoT, FAMIIBWTCO KT 5K
ZHR CO OWBHBIIWNT H2HFH5BRL->TwHOrb LA
v, Sk, SYETREEIEBERER A Ly 2% &I A R
RBRE R OMEZLED, CO WABILE OB RER & B IR Bk
ROFEHEITOVWTHERT 2UENRHLLEEZONS.

3.2. COMEERRMERRA
FRMEKIZKBBMFCB T 28 EDT—VFRAF v F—F &
LCTHEHSNTWS, L2 LA23S, AR E I
X BIMIREICD 2 e 12T EZ MR T 5 - Dl O %
ML FFREGEAS 5 2 B3 5. M LT HE G40 55 O S B L0 Pk e
FHIC X 2BILEESRRIE, TRI—VR, =77V —%
EHBHICHS- LTBY, R FER EoER 2P <I2iE,
NS FAREL R T A3 2 e M P E ST 55 55 D F8hE B2 N % W%
MICE CADBULENRH L. 2070, EREEGEZET
% CO ZRIMLERICHFF S 72 CO AR AR IR Th§ % & &

# 1 CO WASRE OB AR

B, FETEPERRRAEE 2 &% R 2 bk e 4 AR

) o G BREABRE S ABRER =] R
Rk }I/ib\%" Zﬁ%‘ DI f) L R T P ZEPE Rl AR NCT00122694 Phase 2 %9 v % Completed
2E§g§£f£§;fbb;§;;§i’ TV A A NCTO01214187  Phase2 7 A% Completed
s LYIL T A
kIR 3 S RE T NCT02425579 Phasel 7 AU #4  Completed
b= AFEH, BUSIECER, PURE LR %
k@;¥7gﬁiﬂj§‘|‘i ﬁglﬂ Lj’j(hbb\;f'z r g NCT03799874 Phase 2 7 XY 4  Recruiting
W & 7 k/&’) TWD. CRLDOERE T KRS NCT01050712 Phase 2 %7 %  Terminated
. - \u] y
SN F TIT CO W AFE: I B SE P g PN Bz B i e < NCT03067701 Phasel 7 AYU# Completed
B RIEVEIGERE, 22 P IR 55 20 e TR S L SE A DR PR MRS UMIN000002080  Phase 1 HA Completed
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TR LU AL ) 09 00 15 5 D Fo e 2 AR I ISR T & 5
Lt s na. —J5, CORSERRIMERIZARIERT DI1Z1Z 100%
DANEZTE V2 CO ZHFFEE 5 - OMEEMITE R %
BEEE, RMBRBIMOALD HTH 284 BHEURS) %5
R A EEEINS. L Laeds, Mty gy
7B F NI Z 7 CO fARRIMIERDOERAEFIRT, CO K
A IR Bk L AR Bk & R AS o gk AR R R (R om L,
MEDOEBE, 73 F—Y 20%E) 26T52ERMESHT
B2 CO ZHIFSETHRMIROEIMEHA & LCTOHRE
B EhZEE£2 005, MAT, WHEL 280 M
Ya v ZEF VMBS CO REA IR ML BRI I 4 22
BOTHT R =Y 2/, +— 177 V-0, HiRbre
M, &S5RG VEDPIIAE e 2 I L, R ILERE L < 455
KN EHNoBnHERGEZ LR LTV LY, ek
T XIZ, COMAMARIMERIE CO A A % AR MR IR N7
VYT A ECRIEICHERTE S, XoT, COMARIMRIL
B ML R 5 4 PO T X 2 IR R ST Bl e i ) & L
TOWKREHIEES RS, /2005E, K4 1E CO AR
BB SRR ST LTI Iy v ayy Fu— AR
KRR DBRRDPTTRETH L 2 WL 227, Zodig
X, CO &AM Bk A S ML BLA) & LT3 Tl <
BHREL LCOATEL I EATERLTEBY, 4%, HEHA
HaHME L7z COfARRIMERDIRE Wi S h 5.

4. NEJOECEEMBE L COBE

CHETIT, b MRFEARZEWHEANET O Y Y2 AW
JERRETL B X ORI R~ 7 v ¥~ #%] (HBOCs; Hemoglobin-
based oxygen carriers) DI TN TE2=®. Kk, h
5® HBOCs MM (N TRMERSEA]) & LTHESH
TED, FRL7A2EHITAEZTE V12 CO EWHEMICHEE
T 572, FEMIRERLS X O HBOCs % 38 & L7z CO #
HOMEDREMEN TS (K3C, D).

41, KUITFL>F)a—)v (PEG) BEiNES/OE >
t bAEZ T Y Y% PEG B4 L7/ HBOCs ##<TH

Prolong Pharmaceuticals #LiZPEGfiiy Y NEZa ¥ v
DIFITI0%DANEZTTE VIZCOZI0%FEE S &7
Sanguinate® % L7=. Sanguinate” iX, PEG (MW: 5000 Da)
KWDAZ YA ITVNIEET INETRBE VEHDY T U5
HKERHEIELILETPEGHBiZL TS, ThETIS, £
DEVREVEDT v b - T8 - F RO RECEIES R,
ZDt%, % DEIRABVBERBIN TS (K2). EEHBE
B GeRAR M ERAE B, KA EBES 235 L L7z Phase
1 HRERIZBWT, Sanguinate” (BAPxE R : 320mg/kg) %%
HLTHNA VRS A —F—, 5, R RE
BRE LMotz Fh, BE5EHPIC Sanguinate” XA &
EEIICHR L TWiz, 20X ) aRwRaEt: L@ 2 kNE)E
ek (rpJEEMEM) XV, Sanguinate™ @ 27 EETF HIMLIZ X
% B33 % Phase 2 REEA LS 2™, 12 Ao 7 T
TS X 2 Mg % 12 Sanguinate” (160-320mg/kg) % 4%
B U728, BE5EBIC—E80 B MEBA BV 5 I & o
BR SN2 ZORHRIX, Sanguinate® 2 5 E 72 CO I
X % M AR R AL 3 i % 20 LT A T RE k2 /R LT
W5, LaLAaDS, MeEko R U <o i u s 3mE
ENF, Sanguinate® DM IMLIZ T 5 HEREN BRI R EN TH
ALEZ oMl BBIMOMIZDH, THIEYEZ LS gtk sk
hER 55 P 28 % 1F 9 SRR i BRI, RIS X % Sanguinate”
@ Phase 2B EITLTBY, ThoHORFEREI NS,

42. NEJOE/IMEE (Hb-V; Hemoglobin-vesicles)
Hb-V i e M RMEREA X 0 HEERE R L 7-~NEs 0
Y e YIRERBICE A LZIEER 280nm O fa% HBOCs #
HTHsY. Hb-VIZ, TOAFY vy 7HFEZANEFOE VL
P AT S L THRAEEWRE (P50) ZRIMEkE FMFICRS X
HTHBEEN TS, $72, PEG ZRTFERNEATHI LI
X 0, Hb-V R T B OBEEERIH] & 5B M X 0 isIRE T 2
EL FEORRBENETH 572503 TH L, MR
X AWM EWHT A TRV EBNZEI LTS, &
D X 512, Hb-V ORERE & BEAE IR T2 % Bt & AR ER & W AR
REFENTEY, Hb-VIZRIMERDNAL F I A5 1 v 7 8K &

A MP4 12 CO fHB# S €72 CO-MP4 2B S 7z, CO-MP4 1, BZ5. BAE, Hb-V I ATARIMEREHA & LB #ED DN
36 AKD 5000Da D PEG TNEZR ¥ V2o
THEY. THEFIZ100%DNEZ T E V12 CO A F2 ~NEFUVE Y ERIEMEL L7z CO B OB REBRDI
FMLTws., ThETIZ, COLBEDT 2T B RS BHRBTET  RBBR i
VI AERE LoD E S, O CO-MP4 SRR I R NCT01356485 ~ Phase 1 ~ Completed
%"P%ﬁﬂkﬂﬁ[ﬂlﬂ?ﬁ VXS 2 IGHERY R By Wy IR Sanguinate® et NCT02754999 Phase 1 Completed
lb%é“tmm~:“%@%%%§”’ﬁﬁﬁ Sanguinate” M i NCT02323685  Phase 2 Completed
InERAE 512 3317 5 CO-MP4 ? Phase 1b BB Sanguinate® St LB NCT01848925  Phase 1  Completed
%?)ﬁ f iL’N C(?];l\iP:_ ;f ix“ff‘f; ‘ﬁ%;/f i:) 7 Hzf Sanguinate”® KA E NCT02437422 Phase 1  Completed
- NCT02672540 Phase 2 Completed

E’Jtﬁj:ﬂ?b‘o"% LENBHDOD, FofoiePEiaEE Sanguinate” Il PA%E % £ 9 SRR ERE

RS IEAS N o7 31 L LAdsS, CO- ' NCT02411708 Phase 2 Completed
MP4 DY MERIE 1253 5 Phase 2 B i Sanguinate®  THESE % D SEIRRIMERRE  NCT02600390 Phase 2  Completed
BHAEDEZAEELhTWS (3£2). Sanguinate® R Al NCT02490202 Phase 2/3 Completed
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TBY, HSM24E10 H LY [mfk%e LTHwWAANEZBE
YRV 7 VEFINMU-HbV OfFER A B Z G e L2 TH
ZEWRE GRCT2011200004) | A BIEI N TS, Kfid “3.
ARIMERZ FUH L7z CO A" THEF L7z & 9 ISHRIMERADT CO i
BHARL LTHHINTWAHELY, TAIRIMERD N A F
IATF 4 v ZHHITH S Hb-V 2 CO ik e LCTIGH$ 5
MRZEBLTWSY, R 212, CO AR Hb-V i3,
Hb-V 283 2 MBICBW RS2 L B WHETH 5720 Hb-V
LH—DBES 4 CRLI AWML, T2, HRILERE WA
WZ Hb-VEEHEICCO TR ZNTY) U 7552 8Lk - THE
FTHIEDNETHS. ZOLHITLTHERLEZCOBEER
Hb-VIZWNIFENIAEZTOE VDI LA COPRELTE
D, BRFEPEMIRGERE Y R K Y, BRI, sk
S SOBEBRE 220 LTI R 2R L7z, & S IO
AL, PRI EIET 525, CO AR Hb-V ORI,
CO #E&M Hb-V 22 b S 72 CO 1T & A k% NADPH
FE VT —EOWEEIHIT A LIS BHBILIEHE, ~ 70
77—V OWHMEOHIEIZEEMI <2727 7 —Ih5DRE
Y4 bAA COREAIFEHIE M2 <2707 77—V 5O KA
WAt H A4 OB EXERERNAE T 5 2 L ICRK
LTWABZELHONE Lo TWS, BATORIMEREGN > X 5
2 TIRARIMERERIMNC X 2 &) 2 7 R EHGHR 7 Lotk %
SEEHERRT 5 2 LK T, F72, BARDFERAOORED L
DT EEALEZRIC L Y 5%, BILMEAWAT 5 L EbhTw
%. —J5, Hb-VIiZ¥ £ v R &R MR A#E 4 4 & o fa btk
b, RURAERBERRMEREZ HAMT 2 2 & TREMRHA
Mikc& %, 2ok, REURLEEMROW TALIRE
TWABRILERDO D Y 12 Hb-V % CO #kfifk & LTI L7z
PBRMEOMBEIWFRFEND.

5. #&&E

SR B EZ AT 5 CO BFBIES T R & L ThA ¥R
BT T HHME Y — AL LTRT YUy VAT S, FRICH
REEHIT 30T H A W E L 05 PR X0 SAE A FAE D I &
%o TV 2 HBMEREO T 7 VEIWI N U CTRIN 2 GEHRAR 2
ARLTWEIENDLY, THOHBRBOP72 RGBT D20
HERBZLDPMHEINL. BRERI LIS, AWTRELALL)
CHAERTEH O CO HAIDZ B EBR TR WARPEZ R L
TWRIZHHDLLT, BIRIRICEAZZHIZS bTHITH 5.
Gk, Wb CORADAEMIERREND T — 7 HBEMI N,
CO 2t L2 RBOEHDFIN 5.

HEF

AREETRN L— 0SB, JSPS B o Bk %2 % <t
HEXNnz, 72, EXKRIEZAT o TWi272wiz Curtin University
® Victor Tuan Giam Chuang 1200 & D ISR L LW 9.
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Call for Papers

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.

AL S

BAMBEYFE 25
http://www.blood-sub.jp/

Artificial Blood -

The Society of Blood Substitutes, Japan

Instructions for Authors (last revised Nov. 20, 2013)

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.

Manuscripts should, as a rule, be prepared by word-processor.
However, handwritten manuscripts may be accepted.

1) Articles should be categorized into one of the followings:
original articles, review articles, conference reports, topical
pieces, and opinion pieces. The category into which a
manuscript falls should be clearly indicated at the top right-hand
corner of the first page. Manuscripts that do not fall into any of
these categories may also be accepted, and manuscripts may
also be re-categorized depending on the opinion of the
reviewers. Submit your manuscripts to the Editor-in-Chief by

either of the following methods with a covering letter (of any
format):

i) Submission by email of electronic files of the text and figures
(indicate the software used). Text and tables should be in DOC
or TXT formats, and figures should be in PPT, JPG, or TIFF
formats.

ii) Submission by post of four sets of hardcopies.

2) Manuscripts are reviewed by researchers in the field of
artificial blood selected by the Editor-in-Chief, and revisions may
be required depending on the opinion of the reviewers. Revised
manuscripts should be submitted with a "Response to
Reviewers" to the covering letter that responds to each of the
points made by the reviewers, indicating any revisions made to
the manuscript.

3) Once informed of the decision to accept for publication, the
author should send by post files containing the text and figures
of the accepted paper saved in electronic media to the address
specified (indicate the software used). Text and tables should be
in DOC or TXT format, and figures should be in PPT, JPG, or
TIFF format.

4) Manuscripts should be typed on A4 or letter size paper. The
title page should include the title, names of authors, institutions
to which all the authors belong, and the address of the
corresponding author. Handwritten manuscript should be
written consisting of 20 lines to 1 page.
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5) Original articles, review articles, topical pieces, and opinion
pieces should include an abstract and about 6 keywords on the
second or subsequent pages.

6) Research conducted with the aid of an official grant must be
acknowledged, and any conflict of interests (for example, if the
author has an interest in a company distributing the drug
described in the manuscript: being an employee or consultant to
that company, receiving research funding, owning shares or
patents, and so on) must be described in a footnote on the first
page or in acknowledgment section.

7) If a manuscript describes the results of research on humans
or animals, it should be indicated that such research was
performed in accordance with the guidelines of the institute
concerned in the methods or other appropriate sections of the
manuscript.

8) Abbreviations should be spelled out on their first appearance.
The names of drugs, medical drugs, laboratory equipment, and
so on should be given. The type, distributor (manufacturer) and
the address should also be indicated.

Example: Rhodamine B (Sigma-Aldrich, St. Louis, USA)
Polygraph system (LEG-1000; Nihon Kohden Corporation,
Tokyo).

9) The English fonts should be Times, Helvetica, Courier, or
Symbol. Text should be typed in lower-case one byte characters.
However, sentences and proper nouns should begin with an
upper-case letter.

10) Figures should be expressed in Arabic numerals. Weights
and measurements should be expressed in units such as the
followings: m, cm, mm, um, L, mL, 4L, mol, g, mg, ug, ng, pg,
fg, N/10.

11) Figures and tables should be numbered in order of citation,
and it should be clearly indicated where they are to appear in
the main text. The title, legends and description in tables and
figures should be written in English. Figures will be printed by
direct offset printing. Tables will be inputted by the Editorials
as originals.

12) References should be cited numerically in order of appearance

2) 35 1, 46)
, , etc.

in the text using superscript letters as follows:
References should be listed using the Vancouver style as follows:
Names of all authors. Title of paper. Title of journal. Year of
publication; volume number: inclusive page numbers.
Abbreviations of journal names should be in accordance with
Index Medicus. References to books should be given as follows:
Names of all authors. Title of paper. Name of editor(s). Book
title. Place of publication: Publisher, year; inclusive page
numbers.

References to electronic sources should be given as follows:

Name of website.
Address on new line (month and year of last access).

Examples:

1. Wong NS, Chang TM. Polyhemoglobin-fibrinogen: a novel
oxygen carrier with platelet-like properties in a hemodiluted
setting. Artif Cells Blood Substit Immobil Biotechnol 2007; 35:
481-489.

2. Natanson C, Kern SJ, Lurie P, Banks SM, Wolfe SM. Cell-free
hemoglobin-based blood substitutes and risk of myocardial
infarction and death: a meta-analysis. ] Am Med Assoc 2008;
299: 2304-2312.

3.Sakai H, Sou K, Takeoka S, Kobayashi K, Tsuchida E.
Hemoglobin vesicles as a Molecular Assembly. Characteristics
of Preparation Process and Performances or Artificial
Oxygen Carriers. In: Winslow RM, ed. Blood Substitutes.
London: Academic Press (Elsevier), 2006; 514-522.

4 . Department of Chemistry, Nara Medical University, Japan.
http://www.naramed-u.ac.jp/~chem/ENGLISH_PAGE/e_
invest_blood. html (last accessed Nov. 2013)

13) In the case of citation or reproduction of previously
published figures or tables and other content, the permission of
the copyright holder (s) must first be obtained. Copyright in the
published papers shall belong to the Society.

14) Regarding secondary use and copyright in works published
in the Journal, secondary use may be made of the Journal, in
whole or in part, via media such as CD-ROM or the Internet.
Reproduction rights, translation rights, film rights, dominion, and
public transmission rights (including the right to make the
works transmittable) are transferred to the Society by the
author's submission of the aforementioned Copyright Transfer
Agreement. This clause shall not restrict reuse by the author
himself/herself, but the Editor-in-Chief must be informed in the
event of reuse.

15) No publication fee is charged for publication in the Journal,
and the author(s) shall receive as a gift 30 offprints of their
contributions. Authors will be charged for copies in excess of
this number (approximately 100 yen per copy). Authors wanting
prints of color photos or on art paper, etc. must pay the actual
cost of such prints.

16) Address for manuscripts to be sent:

Prof Hiromi Sakai

Editor of Artificial Blood

Department of Chemistry

Nara Medical University

840 Shijo-cho, Kashihara, Nara 634-8521, Japan
E-mail © artificial-blood@naramed-u.ac.jp
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