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FAEMOI BIRE TS, L2 L—FTHIIILBIC R X 51 FHEAH o4 VAL LTE L ORERLEMITE S Lz,
WEZDbPLRNWI EIEE L H DD OOMPTOWNIEEENZ DML D, ZOLRFHLNIIER D DDOH L. — i TRk
JEICE & F ST REAKED 50 ZORICEHESIIT 5 2 &N 2 R OICHR O THE SN TB Y Hiz e ARAZo—HIZD o T
b, KiHTIEAE O Z OFEIRGHE [COVID-19] IZOW T INF TOHE SN TEX MR L S WKL DR DT - R 7 &
FHMIES Lo EEZ TV,
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2RI L
SY1-1 RIS & B ATHRMER (Ho-V) BEIOBEE Hb 5 7 & ILERIEOR L
O F, WIEK

Y WAV NG e S (e
kure@naramed-u.ac.jp

[BE] ATHRIMERK(NEZOVE Y RY 70V, Hb-V)IE, EEEANEZ OV (Hh) iz Y VIR /Mafk () Ky —2)ICa L2 AT
FHMATH Y, WARBOAR L ST ZOMOBERBHRE LTSNS 2 AW SR TS V2 BB B Y — 2 O F I
A4 DFFED SN T BA Y, JRIZ Hb-V HELUIZREkR, #HE(Z 7 2 bv—Y 3 VB BHWSRTE Y, g, VR —
LOKTERHEPES THLEOM BN EET H—HT, BHEEH AR E ReEOREREL ORI Ho-v OFRETIE, 74V
T =DM SR, WHHEOKEOBE 2 SEATELREORICERYED Y, 7 7 bRIEE LIPS N AR WEOR MDD - 7-.
ZZ T, bR dAl, SR — 2 P OHELEIHH S NSRS E, L Hb-V IR E LGEAL, &N RELT 52
xR HME L7

[3EB8] woills Hb ¥ (9 40g/dL) & IRA VR K (DPPC/Cholesterol/ DHSG/PEG-DSPE) % 7 7 1 » Bl B A 8412 AR, Hiik — A5 3
4 — (Thinky #1#) % v T 1,000 [l#sT 10 5 RS L7z, #F 5N /2_— X b2 BB THE L, BaE05 8 X ) RNED Hb
ZBRFEL Hb-VIKE L7z, ZoO—#HORBBIEICB W T(DRAIREOR, Q) H Bl OME, (3)RHRFHIZOVTR#E{LEIT> 72,
SN Hb-V RIS W, N2 Hb iR EE (g/dL), BREREE (g/dL), Hb/Lipid }, Ho 7 7w W Abxh3E (%), REEZ A (nm) Ol
TERATOVIER L 72

(BREEE] OERMBEZHVLILICE) HhBEREREGT2REMKEZ KIRICHETE W5/, FL2o85E, HER
=5/4/0.9/0.03 D & X2 Hb & 7 MERIEDN S > L B HE L, 584% Th -7z, (2)Hb IO < % 513 & Hb/Lipid }b & Hb % 7'+
MALRNE (%) 25 < 7% M S N7z BEETIE, BT 2 BHONEW OREEDE < % 513 ENFWITH 055 25K & <
%0, IDRFRELGRECTEZZZDLEEZONS. QRAIFHIPREVIZENTRIINS MR SN — kT, RERERH A
10 73 % TIER I 23% < 22 21224 HblLipid tb & Hb 7 72 WMALRDA (%) A3 < 72 S 5 7225, 10 7L ETIRIZIE—ETH o
7z. THUE, 10 BLFTIRY AY —AWBEORRIKRE C, ZRUETIZ) RY — 294 ZOBUMEORIRIKRE (BN 720 L E 2
bNb.

(#558] Hb-V OF LVl gl L CRSIEZ AV A 2 & T, MilRE Hb RIS KEOREM K MR 7@k~ — 2 b 28T, J§
HeRE M Eh I LWL Bo7z. TORR, HEREL DV IZ D2 Hb & 72 VAL R & f372.

(2]

1) Sakai H, J. Funct. Biomater. 2017, 8, 10.

2) Kure T and Sakai H, Langmuir. 2017, 33, 1533-1540.

3) Sakai H, Sou K, Tsuchida E. Methods Enzymol. 2009, 465, 363-384.

4) Sakai H, Hamada K, Takeoka S, Nishide H, Tsuchida E, Biotechnol. Prog. 1996, 12, 119-125.

14 AL Vol. 28, No.1, 2020



YR T) I
SY1-2 ERERIEMICHT 5 ATHRMIROEFERNRIC OV TOREE
OFMGEMS L, BUURAS KT 2° MIME T EARTHR Y WK AR, Mk wsEc

VR ER R ROR B AR AR, 2 i ER R AR A AR, P R R R AR AR SuE e e,
I ERBIRFRAER vy —  FRERRE, SR ER KRS LR E, © RERRSAERE Bt v v —
ishibashi19840528@gmail.com

[#&E]

FERHE R MM OG5 0SB NG E NI 22BN 0H 5B TH L. RAIFZUHICALRLEKO—->TH %
Hemoglobin vesicles (HoVs) 2N HILYE Y 3 v Z WA TH S 2 & 2R L7275, ERERWIIMICH 3 268 BRIcHEshTui
V. F TR AR Y F O ERME R I E TV ZER L, HbV O AR ORREE % 17 - 72.

[X5& - 7]

TR 3 X O FYIB 2 {1, THERZ S % 2 & CHERHERNHIMOIREE 3 2.

Wi B AR P2 00 iR & L C Bk (6% hydroxyethlen starch (HES)) Z 47\, BERHERRAYH ILIC - 7215 15 T HES % 5-% (6% HES,
n=7), HbV $5-% (HoVs with 25% human serum albumin (vol/vol=4:1), n=10), #lfii4%5-# (RBCs with platelet-poor plasma (RBC/PPP) (vol/
vol=1:1), n=8) ® 3 REIZHHHT 5. E e iiie: & W oK £ 72 (3l A 17w, LB S 60 45 F 72134 LAY 200mI 123 L
7R T CIRIMALE %2 47\, A5 HE O A AFIRE ] R0 04T Bh RE 55 2 JLichsesd L 7-.

[#E£]

W BAGH 30 40C, @Bl Hb 269/ d L LAT & BERHERRIW I OIREEIE L Tz, AFRFHNICEI L CTid HES B Cldik i # 6 et
TEFIET L2, Bl 53 &F AL L Tz, HoV #5833 BRI DS 45mmHg L, Hb b 6g/dL &7 ->THEY, 6 Kl
DIERITIE 8 41(80%) DA T & 72, EAAFHIIIZ O W IR G/ L D IZTPHRAR TH 57245 (p<0.01), HbV #EIZ HESHEL D b 47
BICTHRREIFCH - 72 (p=0.01).

60
HAER YL > 3 v 7128 5 ERHERR IO W BIERIZ, HoV IR E L CTHMZ TRER V1G5,
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YRV LA
SY1-3 1 XEHGIBRERE 30% HMEFIVICE U BAETOE S MIFES IO & 2BBEREOEL

OREMZ", WEHOLE S, NI, A S0 BHRKY FE0EH Y SRS, WIREARY A2
HRFIEZ

VR R IRV R R AEL A, P SRR A IR AVEE, S 7z F IR B R SR,
R RIBNIERAR P E AL AR
ohiwakana@gmail.com

(S]] NIRRT NG 7 & OMRZE KT U TR S LA Thb TV A A, WA 12 A TWS LI E TS <, Bl 555
THEY » MVIET L2 DD 5. BMAEHIDSE S TV LHERTH - THMEILRCEBEMEORBIED ) A7 BH 5. ~NEZFOL Y
AR (HDV) 1, ARIMERASANEZ B 2SS L, VR Y — A0, BRI % PEG 154 L TR % 250nm ICHHELL 728 1T
Ho. By 3 v 21 a8ERE L COBEISHSHE SN TW S5, SIEEE 0 g WARFTAR R o Kk Il k4 248 H 48
EENDL, MR, T4 NVAREOEREZPER SN, RIRT2EU EOMEITRETH 5720, PHEICHEHTE, woTIH
PR GRS R D EEZONDL,. ZNEFTOYY AR T v F OMYBRENYIHIILE TV TOMIET, ~NEZ70¥ V/MNIKOE
B 0SB AESRENRE & g S A T ENHL NI R o TS, FINEEPSONBEICSHO A EFLZEDT, RIS FEOR L
R L7z A XYM 247, FEHCBMS 2 BATHBILE 7V 28 L, ~NEZa ¥ /NS o Fx % i L.

[EER] 1 X (E—=27 VK, KER 10kg) (h L CaHRE:, ALEEEMTICTR 27072, ARBERE D 2T Ty hy—TF
NV OFEAEAKIREINR S 4 ¥ O 2 AT, MATEIREDE =% 1) ¥ & L MLl A AW CIHE O MEFEAL %2 354 L 72, A48 |G BRI
RO 30% (F 250ml) % 50mL/min DS TRILL, 5% TNV T7 I VIIANEZ B V/NNaRE 5SS 2ER(NEZ O ¥ Vik)E 8.6/
d) # WS- Lz, Faybu— e LTE%TNVT I VB E RS Lz, MiYIBRmit: & B, £z cimE, Ol =So
REEOBEOWE, MET ARG EITo7:. EMEEHERFL-TE, 1RMNILICSHHNETT— S RNET- 72,

[HER] Bk, BRMNEZEZSICERTLTY a vy 7 ho72d, ANEZ OV VMNERROEEICE Y, MEIFN—ZF 4 ¥ LN
ROLBELIZ 5% TNVT I YOG ETTRIR=AF 4 Y ETHHE L7 NEZOE NUFEG O BRI & = & BR
WML, 5% TV T I VIS EI D A AEICE P o2 ANEZ O VNN S EEO LRI BILET &M% TH o 72h8, 5% TS
IVBRGECIAERICHEmL 7.

(#&5R] MR OMEREAMLT LZZIRETY, 5% 7 V7 I YIZH B L7aANE T 1 ¥ 2 /NIRER OB 513 30% B 2 A M L C i

RHIEOMHLICHS L, MREEZLE ST EER N2 AARTRIREO KRR LT, ANE7ae /MIEORG AR T
b B REMEAURIR S N7z,
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YR T) I
SY1-4 HbV Z#E L TV 3 UKRY — AOHBER R RMEAN DR AHBE DR
O 98", RAIEAL HHB—H " FoRBmE", WK

NTERFRF N BB, P R REIER RS =
azumab p@asahikawa-med.ac.jp

(8] Hov it PARIMEREK Ho 0 F 2 IRE ZEREO Y R Y — A ICHNE L72b 0T, ERICHESZICHBEANERICIY AT 5
(endocytosis S5 ) HAFERL ST\ 5. Endocytosis 13Kk % < phagocytosis, macropinocytosis, pinocytosis {2 3 2125 ST w5, HbV
RSN T2 ) Ry — 475, MBENEROMBICID AETND ZEIZRENTVED, ZOKIC, 329 LD LT F 750
D ABRER 2 DT O T O AR REN I S T,

[RER] HbV 2 L T2 b 0 L [ — O & il 2 752 ) R Y — A ST DIl A2 A C—MiE L <o) v 7 L7z #H,
Raw?264.7 Ml i738# i 12 endocytosis D FHLER 2 M Z T30 A ¥ F 2= a3y L7zt SXY Y27 L7220 RY — 4% Raw MIFL TR
WL, 2HICLIRHMICICTA Y Fax—Yar L 20k, IX) T LEVRY - A2 L72MB%, flow cytometry 12
D L7z, M7z Endocytosis @ BH5E# X, Cytochalasin D (CytD), Ethylisopropyl amiloride (EIPA) % L T Chrolpromazine T&h 4. ) &
Y — DR T-OAIZ FITC £53% Zymosan Ki1-3 % & Alexa Fluor 647 £ %545 7-7 % A b » % endocytosis D FIHIRNH % FEAli 3 % 72
marira—Le LTHHALL.

[#53R &£2] Chlorpromazine (2 X 2 HIHNZFED SN o7z, LA L CytD KO EIPA IZ & D 50% L E DY AR ATFED &7z,
Chlorpromazine (& & L C pinocytosis # #lffil] 3% Z & 225, VRV — 2O AR, TOWFOMG I LHRwEEbNIS. CytD 1
actin O1EM % [E 3 % 0T, phagocysis & macropinocytosis DT 5 2 #ifl| 3 2% L vwbihiTWwAb. —75, EIPA IZ, macropinocytosis % fF42%
BIZHH T2 EELNTVE SEHOERTIE, KUKV —20DAADCyD & EIPAOMZ THH I N2 &hb,
macropinocytosis 23 D AR D L7 B THH EEZ N5,

[#558] HDV [TfEibN T W5 ) R Y — 2R F-ASMTEHE R R ICHLY 3A F 5 885 o 34K1%, macropinocytosis Ta 4. macropinocytosis % #
fll5 23 245 U X ) HbV OAKNERRMZ LV ERTL5ZEPTELWHEID 5.
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DUORIYALA
SY1-5 AIBEFRERAE (HoV) DEMMEY 3 v 7 EBSEMARBIREE FHIR & OBREBHIEEICRITTHE
ORMILT Y, FR&T 1 R B2 Y BRIk’
VRt ER KA BRI, PRI ERRIRE AL
(B8] ALERZIEHAA (HOV) 3 AR 2 LAY TH 5. HoV OIS 3 v 7 (HS) BT V2 BT 5 PIA KRR & L2 B
(HRV) I R332 2 et L 72,
[FiE] HS # &k 25 B MZEIC X 5 85%IMIEASHRE T v FEFIMIZB VT, 5% albumin (5%ALBEE, n=10), PEiEHRIMER (WRBC
n=10) 2 O° HbV #f (n=10) D AEHF=R % il L, optical mapping f#AT (OMP) & ZAE AL IR #3812 (brust H#) T HbV DOHIAEIRR R, &
A S T O D BT LI ZE B R RS (HRV) 2 f#4T L, HbV ORI %2 et L 72,
[#58] 5%ALB HTl, HS TABIFEL L7225, wRBC #, HbV T2 80% L EDAFEHRMHD Sz, OMP N TIX, 5%ALB D
action potential duration dispersion (APDd) & 5%ALB # C i (5%ALB B [29 = 9]vs. wRBC #: [12 = 1], HoV # [12 = 2]ms, P<0.05) % #2872,
brust #ll# T 5%ALB £ TIZ A BIBIEEAIENRASEIE SN 72HS, WRBC B - HbV BETIZSA R SN o 72, 5%ALB BEIZ B W T, wRBC

- HbV BB L C LF/HF 13 K& A - 72 ((1.5+1.1vs. 0.3£0.5,0.3*0.2, P<0.05).

[#558] APDd IERIREEZ EHL T 2 HSIZBWT, HbV ITPAIEMRAIF & Ll B R ES R A2 R§ 2 L AVRIR S 7.
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YR T) L2
SY2-1 COVID-19 BEHEKX T TOM/MREF OB & & OEMOREEICREY 2%
O=44%, R

RO FERERSY: - BRI JRIR) S A A R R~ B
tomo348@akane.waseda.jp

[#E]

COVID-19 D EGILRIEE, BRI A XY MMEPIEZ2 2R S, 2 AT L D MEEIIRE A LTE Y, MIAEAEHE
NTW5(1). COVID-19 ALK T TOZIEEE D M/IMLH] Ol 3 25, B X OVF OHE % 20 72 H AR 4L T o /NS oo Bk ifi
B DO ERIZOWTHAT 5 Z & T, COVID-19 &G KT T/ IMIEA O M A IR T A BRI E D X 9 g0 - 720 % 5§
5.

[3E&]
2020 4E 1 AD SO HARTFAL DO F — 2= FICHWEI N TV AHILEE, B X OMEEA OMLEREZ D L 12, COVID-19 &k
KT TORMOBIIRZFAEL 72 (2).

[(BREEZ]

MU/NERILE EL, 3 & OYH AR5 2 & S BEN O M/MURF O G A R IE, BEHREE S2%Es Sz 2020 4 4 AU, wih
DAY, HIEORH LB L THRA L Twz, 4&id, HAR 74D 5 BB O M/ MU O AR B OB %S, EBR O BERBLY,;
DX ) LA Tl L, EET5.

(#&5R

B THE LN TV B RRIE .
[3Zik]

1) F g AV REGRIHE ) M EAME A RIS 2 %2R E AM2E4 17 H
2) HABRAFAL  http://www.jrc.or.jp/activity/blood/data/ 2020 4E 9 H 4 HHrL
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ORIGL2
SY2-2 GRHEEENMREMICX T B H12-(ADP)-Y R — L % AU /= Damage control surgery
O, AW H° AT %% REER"’

b B R R A A B, 2 FIAVEL R, O R SRR A, R H R S B A SRR
hagisawa@ndmc.ac.jp

[#E] KEHILZ M) SMEIIH 2 T, EFIREZYEELTH ST O T4 L, critical Z2IREL2 S5 & EIF572012, BoSh/:
B CHEAT9 5. 2D &) AV A4V 7 7 1 —F % Damage control surgery & 08, (1)L & B “a>v bta—L" 07
DOMEITA, (2) EBFRFEOMIE, QWABERDZOOTEHTMO ML VBRI TWE Y. 40, BRBE%HIRES
X 2GR EEEE L FEE MY a v 7 2 50 LB E 7OVICK L C, H12-(ADP)-V R — A & v CEI DI M2 17, R Bk
M & Y ¥ 3 v 7 IREEZHHIE$ % Damage control surgery DA RIPEIZ D W THIES L 72.

[EEBR] KEOIEBRMARED 1.5 f51 MM 3 % 51 150mL/kg 2 BRIl U, /MK 50408k U CobiRmER 25800 U, K i - K
2 & B AREEE BT E 2 MR, 2k, BAIE LI RIEEIEHIR 2 YU L, 5 40 H i S &, /M8 5 x 10%ul BLUF 222 Hb 6g/dl LA
T CHEHENREA 30mmHg % F 5 MItEs 3 v 7B /e L 7-.

[(BREEE]

H12-(ADP)-1) R Y — A DR —F A5 (20mg/kg) 1251 EHiv T, 5 0 L E & S| ORMER & MO 1: 1M A4T) 2 LI12X D,
BRI MR E 2 4T 9 2 & 70 < BN MIZ S U CEIEIMFFRIE 18 45), 24 R OAEFRIZ 70% TH - 72, T bphx BT
B B ARIMER & M/ & IMAED 1011 1 BB IR MR 24 55 & 24 BRI AEAER 70% L A% TH o 72, W) BUNRETH 5
FRIMER & IMAED 1 1 i 1k i S 5A% 70% Td 1), 24 B OAELFHRIL 40% T - 72.

(#E5R] B RIBEBIAR 65 0 E L E 7 V12 BT, H12-(ADP) -V R Y — A DR — 5 A% 513 /R I & [7] %5 o 1k i gl 255 & o rz.
Wit 2 > b a— 58 L Wik EE @ Damage control surgery (281 2 HIMEAVRIE S LS.

[32#k]

1) Philip C. Spinella. Damage Control Resuscitation Identification and Treatment of Life-Threatening Hemorrhage 2020 Springer International
Publishing 978-3-030-20819-6.
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IURIGL2
SY2-3 AT’k H12-(ADP)-U Ry — LERKRHABROERICE (1T
OFRH YL HIENL KT %3 e

PR RT R R ERAVE 2, 2 ZEREAS, O SRR A, AR BRSBTS R
oishida2000@gmail.com

[#5] ATL/MK H12-(ADP)-V) RV — 2%, SN F CHAIGEM: M/ NMGRD € 7 VLRGBS 3 v 7 EFVEICBWTZEDOH
DR ENTEZ, BRISHOEREZE TS L, X 0REL TR % 37T O N5 ERRICB W CRIEERRER %179 LAV L
A, DIRIMENE TR ZICB W TR AT OB EREEZ TR E LT, MR UL LIRS S Ui/ Mignz 23 5 2 & b4
v ATOEIE F VIZB W T H12-(ADP) -V R Y — 2% 5- 04 HME, 24V % 5 L 72,

[2B&] NZW HR R (3kg) & Hl\ T ATtk 2 7OV 2 VB L7z, A0 T %, @ Platelet poor plasma HiAliPk 5- (PPP ) ,
() Platelet rich plasma ¥4l 5- (PRP #£), @ PPP + H12-(ADP)-Y Y — 4 (PPP + H12 #£), @ PRP + H12-(ADP)-Y Y — 4 (PRP+H12
) D 4 BRI MR G2 ATV, IS R R G 2 25 72 374l 2 47 - 72.

[#ER EEZZ=] PPP HE L PPP+HI12 BRI B W TR LK EERE 1 1L AE DL AT ST, H12-(ADP)-V R Y — A% 5-OR) F MBI ITHH O
(RITAL L T W) I/ G- 253 L oRIB S L7z, PRP BE & PRP+H12 BECIIM/MREL, LR I ReM A, M/ ARESRERRAS T I R &5
DUENH S NT2HS, BILEERBRAIZ BV TIE PRP + H12 BEASPRP B2 A =12 LM 583 % /R L 72 (PRP+H12 # : 263+ 111 vs PRP ¥ :
441 %108 sec, p<0.001). X 512 H12-(ADP)-YU RV — A ¥ 55O IR 2 8A L, BT BEMSE Tl MGEEESEPNICIR Y AT W) R
V= PEDFEO S F 2N, R, MR mAE PN IR &Y. U CTHEAET A U RV — 2MEDED Sz, TNHOFEDNS,
H12-(ADP)-1) RV — A SRR G SR A 12 B W T ISR SE 2 5 L Ik A T s 1 %2 S 5 2 XS L, B S NzERTo
ZEMBTERITE Z & W2 EATRE N

[#558] S I ORTHREMERICB VT, HI12-(ADP)-) RY — 2850, “atkivRahsz, ZoffRickos, A0z
W72 DRI VR AT R IC B U A AL/ H12- (ADP) -1 R Y — A% G- O R RBREBINC L 2B 27> T 5.
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B{alteyar

SS-1 BEINEJOEC HLVHBMANET/OE > 2V ATRRTERERFDOHARE
MRS

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

ARILERACE (N TEEZ B & L COBMANEs aE v BIXOHEIRZANEZ O Y ORERIIEH L, I Tlakkie 2 BAIDSHE S
NTETVDE., BRTHTIYANEZOE Y OESIKRTH S Hemopure® 13 2002 SEICH 7 7 V) & TN S NEERAH S -mMi—o N TEE
FEWAATH 5. IR L IMEN S C OO BANE, RIMEROGEE L TREMIZRLR D, WbWwbF V7 F(NEFO L v ifE
1K) DKETH HH, BHREMEDE Ko 2 b, BMAMEL L, BI3BZ v, EZERICBEAENRIEA TW S AN TBEERAED T &
AEDRIZIBHINEZ T VERITH L. MEE L IEMBEO N TBEERAEIZZNENOFEEENL, KEIHIZBWTHEWT
NTEDLLEEZONSL, HELIIINTT, L ME7T VT I V&2 ALBERERAICTEN T L W) a1, Be e b&WERHEL
T&72 20134E, NEZOEVII3H5TFOL MLIET VT I ¥ &25E L7228 L A THFE#K HemoAct M2 & L Y, 24tk iR,
AR E MR LTV B 2. R, IR R E OB L LA TH A I E LWL NI LY. ATZ O ORICH
ETHTNT I VRMBAA XMET VT I >, A FIME TNV T I VITERT 5L, K - MO HemoAct ™I 7425 ¥, 2019
i, BETHBZANEZOE Y ET VT I Y OMAAEDLET, FRIMEZ —W0NEE LRWEa i O HemoAct MZ S L7 Y. %
FOEAOME, TVTI v ORKBEGMNELZFEST A LT, BEKGOBEAME(TO AT v 788 2488 L, FRILER & [ UBEER
#4735 HemoAct MEHMIT L LB TE B Y.

HemoAct MDKEIE 15nm &/ Wiz, RO RN NLZ @B 2 EEFBETE LW, £2T, NEZFUE YV EEA
L72ERIRF 2 RTF%22<K Y, ZoREEZ L MIFETVT IV CHELZAT - Y2 VEIOANE 7T ¥ ¥ F /1 (HoNP, Fif%% 90nm)
EEW L7, PEBICHE2 A SEL 26T, 865N GTEL. —F, RV FL 7)) a—)V(PEG)BiiNEZ TV VT,
ke U C AT ZERAHIEOTRIZH 5. L L4, PLPEGHUMKDEADBEHREND X)X hoTE . £ THE S IX PEG
ORBWE LTRY A FH V) 2 (POX)IZHEH L7z, PEG [, HIBEFMATVAREZRT kL, GROESE, LAEMio LT ik
PEG L D dENL. TR, NEZOE V% POx (Mw: 5kDa) THi# L 728#] Hemoxa ™% BIS¢ L7z,  FAEZO U Y2V
Hemoxa™iZb M A THEERAL LT, F/277AEZ TV V&2 HW Hemoxa ™3 A - MO N TSR E L COFH A WIE:
T&5%.

Vb, FxDBBLTWABHIiNEZ O VB ORI Z AT OV ¥ %2 7 A LI EERAEH ORI >V CHST 5.

[3Z#k] T. Komatsu et al.

1) Biomacromolecules 2013, 14, 1816.
2) ACS Omega 2019, 4, 3228.

3) Sci. Rep. 2015, 5, 12778.

4) Artif. Cells Nanomed. Biotechnol. 2018, 46, S621.
5) Stroke 2018, 49, 1960

6) Brain Res. 2020,1746, 147012.

7) Sci. Rep. 2016, 6, 36782.

8) J. Mater. Chem. B 2018, 6, 2417.
9) J. Mater. Chem. B 2020, 8, 1139.
10) RSC Chem. Biol. 2020, 1, 128
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B{ilteyar

SS-2 Hm4Tav o7y k&AW HemoAct™ O F b4
ORA fit' BEEAEL EHERE' BA % /AEREE? R 2 akEz? Mgz !

PR AR AR, 2 B R E
komatsu@kc.chuo-u.ac.jp

[#E] HemoAct ™MiZk PAEZ T Y ¥ (HDA) 72137 Y ANEZ B E ¥ (HbBY) I 3 5T i
HT7IVT IV (HSA) e L7z N THEFZERK CTH % (HemoAct-H, HemoAct-B, Fig.1)*. TN E T,
FRGE A PERRER, M PR, Rt E TV, RBERIS N LR ERA L LTS 2%
FefZ TVBIEZWHLMILTEL?E RKRHRTIE50% MY 3 v 2 5 v M2 HemoAct-H £ 72
1% HemoAct-B Z$¢45- L, IEBRIPREMBILE, ML A A 50T, MEAA LM &, N THFERKE LT
DA %E G L 720 THE T 5.

Fig. 1 Structure of HemoAct™

[2ER] Wister REVES v b (8 2309) 12 R 7V T VIRAREEFCH 57— F IV ELASHBIFIRISEA L7z, 8RD 75— 7V X b el
D50% %W 5 & THIMMED 3 v Z7IKEE L, 15 5B IHIRA 7 — 7 )V X 0 AR D HemoAct-H, HemoAct-B ¥ ([Hb]=5g/dL)
P53 H 2 L TR L. B G 6 BEf A F T, PEIREYREMISE, MEREGE, MEAS A 5N & & ORBEE 21T 72, S 5ICER
MsmL Z$RIM L, ML A ZIT->72. SR, BT (SAB) &, MY » 7 ViEhE, BLXOFMOALD Sham #E & L7-.

[BREEE] FLEY V7V VBT T RTO T v MATARHBIPIZIETE L2 DI2x L, HemoAct-H, HemoAct-B, SAB, ¥ X UFSham
HTEITRTOT v M2v6 Wl T THA L7z 50%BMIC X 2K MFE CEABIIRINE @ 26 mmHg) i3 HemoAct-H, HemoAct-B D% 512
X0 SABRFEFHSFMECHMEL, AR VX VLD DARICEWELZHER Lz By 3 v 712y, ShIRIER 0 1 80m
L, BRI EALREFEDTE IR L72d D@, HemoAct-H, HemoAct-B D512k ) Zh 2 cEE L. /2 7Y F—¥
2 L FLMRMEO L5 S HemoAct-H, HemoAct-B #¢5-12 & ) eei S 7z, M A LA MEER TN O D 2 A E S hizs, &
BRESICRF IR RO 2 h o7z

[#55A] A THe A HemoAct-H, HemoAct-B 2SHIIMES 5 v 7 IREDBER & LTHINTH D ZENHOLNE o7z,
[3Cik]
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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SS-3 MIFEEEEEZE L L TO HemoAct™ DB
O aCHE -2, AAEIEE 2, DHkEER 2, IR ®

PE O AIRRE, C ACHRE R RRRARE, AR B T AR
abumiya@miyanomori.or.jp

NEZTY Y EAN L2 AT ZEE R (Hemoglobin-based oxygen carrier: HBOC) 1% % DR RS — MR ARIMER L D /hE W & XD,
WNMEBRCAHMICRFMRZ LE2 E£ 2 5N, INZEEREE L COWRMEIMET SN TE 72 HemoAct MIZANEZ B Y ¥ 155112
TIVT IV 35T HLMEREA L 72 (B R 15nm ; ARIMERD 1/500 D+ 4 X) 2 F2 I o HBOC TH 0, MIMEBRELE AR ED
BIKTH 2 BN TFHERGECOBRBENESIHESNS, T/, 7L 73I VIIBEEETE 25 L CEBIIEE 2S00 2 8, F7-0
ILVER 2 B0 T CThH A2 e L), ZOEETHNEEEBFRICANTH LML D 5.

Fa 1T v b OREMTFFEREEE TV E T, HemoAct ™ OIEEME A MET L T &7z hAMEIIRZ 2 REEIPAZER, TIREKEIC
FERIEBIIR & D HemoAct ™ & $25- L, 24 WERZ ISR S EE, AR 2 G974 &, HemoAct ™MPRGAZ X 0, keI & Ak 3,
A SERRE A/ L 72, R IMCF R 72 0 BURs RSB o IMEDSiR & €, BERBEEDEL L ZEPMbNTwAE. L DETFIVIC
B UMM RS & ORISR E DEOZB L 2 Maf L CTAh b L, RIEHF TILTHET 6 HEBZICWINHETLTL F 9 2%, HemoAct ™
B INLOE T 2AEICEEE Lz 72, RN OM/NILE COMRIREZRET S 5 &, RIBE CIERMERO M LA
L, MEFIEHRNMEL 7228, HemoAct ™% 5-Tid HemoAct ™ O#EFIMAE Bt HEFE S, MEROP/MED I Z STz, F7-R48
i /N LA PR R RIS 2 F O 72 T, IR R LIS X T U AR R 0 e AR TTHE 1L HemoAct ™M % 5- TR X h, Thix7 v
T I N X DHBALERIC & AT RS E 2 s Y.

P () U PR HE SRS 5 7OV T A L - A B EK & BRI R Y 12 ¥ 5- 3 2 RS HRE i 2SR iR R A R 2 L &2 i L T &
727 W7 BEBSRT, RPTGHBER L HemoAct ™ OB, %&b %, HemoAct ™ % 10CIZHH L TREIRMICIKSG T 5L, Zh?
NHARTIT o 72163 (L0C A &8 5, 37°C HemoAct ™ #%45:) X 0 PG (10C HemoAct ™ $%5-) O 2SHHINIY e 8 R % 70, T OHH#
FCIRRMIER % 5 FFENICER L C O MEEEM R 2Ry e ho e Y.

S OFEETIE TN S OBFFER R % K12 HemoAct ™ ORI ZEIREIE L L CORREIIODOWTRMNL, S 5ICE5HBOEMEDO R
DNTHF ML,

(3]

1) Gekka M, Abumiya T, Komatsu T, et al. Stroke. 2018, 49, 1960-1968

2) Kurisu K, Abumiya T, Nakamura H, et al. Neurosurgery. 2016, 79, 125-34

3) lto Y, Abumiya T, Komatsu T, et al. Brain Res. 2020, 1746, doi:10.1016/j.brainres.2020. 147012.
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¥ty a
SS-4 7OXFTUY IMBREFITIMHBEANTI/OAE L -FILTI NI —DER
OfHferk, mHa, FERE, M2

BRE NS LR 5
komatsu@kc.chuo-u.ac.jp

[# )] RilskCEw & 2 2 N TEFZERAE LT, BE L oBMinEZa v (Hh) BAFEGEINTE. LrL, WINnd Hb o
Fi Lys %> Cys-B93 DALAAE I X 1 TS ZALA IR S, BRI CEE 27O A7) v ZEPMETLTLE ) RV D7V,
ZOE)BREROL L, RAZTOAT) v 2R EAT 5 N THBEERADO AR MATYS *Y. AT, £9° Hb DMk
FEZEALIZEE G- L 72 v Lys-p120 % Cys (21 L 72 rtHb (BK120C) 122 2Dk MET V7 2 ¥ (HSA) 2 #i& Lz Z NEZ/a e -7 )L
73 ¥ MY —[rHb(BK120C)-HSA ] ZFE L 7=, S 512, AL £ 72 3B R B AIC XY, RIEk E 7] CIRF LR AT 5 ALK
FIEWARE AT 22 LIS L0 THET 5.

[ B&] Pichia ¥R 21 E & L CrHb(BKI20C) Z AL, A A v KMo u~ b 7574 —ICX DKLz, AL A I FEUEHILL,6-
bis (maleimido) hexane] Z W CHRIHB L 72~ L 4 3 FiHTEIL HSA(MA-HSA) % rHb (BK120C) & 3845 L, rHb(BK120C)-HSA, # A1k L 72,
FEHE Hb EmH D HSA G EIUE L, SESELKE2 S pl HZ2ME L. 72, HemoxAnalyzer 2 Fv> C B i & ik 4 %
ERL L (37C), MEZEHMMEDIRIETH B Py B L W FATEZ RS Hill 525 (n) Z8E L7z, IS, BEBAWEZ EBEICTIFS 720, L&
Wi & 72132858 A % 47 - 72, 3,5-dibromoaspirin Z FIV>C Hb @ Lys-a99 % #IRAIZ T £ F WAL L, acetyl-rHb(BK120C)-HSA, Z i L
7o, F72, Lys-B66 % Thr (i L 7228 544K % JFURHC rHb (BK66 T/PK120C) -HSA, # A L 72, £+ S /e 2 B o A TRk IS oW
T Py B X OHIll 8252 i L7z,

[#£ 2R &£%] rHb(BK120C) ® HPLC Mk, Native-PAGE, SDS-PAGE, CD ARz ki, KIkD Hb & —F L7z, rHb(BK120C)-HSA,
EHD 12 207D HSA DSKEA Lo ThH b, Z 0 pl X HSA D & A% Th - 72, WEFERH AWM. 5, rHb(BK120C)
SHSA X KK Ho W U, BEBAMEZ RT &b ho72(Py:12Tomn:24). S5, TEAT Yy ZHTFTH S
2,3-diphospoglycerate (DPG) % iShI 3 % & BEHEBAMEAMET L, K% Ho L [k Bohr i B 7R L7z, L2154 L 72 acetyl-rHb (BK120C)
-HSA, R°ZEFLE A L 72 rHb (BK66 T/BK120C) -HSA, DEEHMHEMARIZ, R Hb X 0 A 7 b L, WM MR L 2255 R 1mEk &
FEOEHREBANEZRTZ L2%b o7

[# ER] RO rHb(BK120C) Z EEAL L, Ok L2 B 5202 L7z, rHb(BK120C)-HSA, I KA Hb LD T TR 7Y v 7 %)
R, BEHOEEAL, SOIPBMEIEIEALZHb 25 2 8128, BRFHRAMEIGMEEIT L. Boni NTHE
FE AR DNill — AR 351F 2 B HE R A AR MIRIZ IS 5 Z & Avbaro 7z,

[ i)

1) Y. Morita, T. Yamada, M. Kureishi, K. Kihira, T. Komatsu, J. Phys. Chem. B, 2018, 122, 12031.
2) Y. Morita, K. Igarashi, R. Funaki, T. Komatsu, ChemBioChem 2019, 20, 1684.

3) Y. Morita, A. Saito, J. Yamaguchi, T. Komatsu, RSC Chem. Biol. 2020, 1, 128.
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SS-5 BAFHIRERZICAL 2 PEGERBANTI/OE LK) v — (NITERFERE) OGK
OfF 4, W3k

REITERFRFE A AL
mattu@naramed-u.ac.jp

(8] ~"E/ 0y HD)Z I VI LT AT R EORGTHEHTT v F2EALTRONS Hb B v —%& A TEEEEA L L
THH T DRk & OIS b IT WA A, BRREBR O E, Hb K Y <~ — 2 MAENGHE R O #ME s o RELEEH 2 5L S22
CEDBWSNIIR o, TRSOEWERIE, KESEORSAHEED NO ZHi#td 5 2 LAFHRO—2 25N THEOY, Hb 2
MRICEAT 2 HENEBRT T, FIEHOEBAMIEFTE 5. AWIETIE, Hb DEER o, MEAEEZEIKT 522 LIEH L,
JV— 7 IRIZ PEG 15fi S 72 Hb # B KL AR L CHEBREASEL 2L T, Ho D af 7 2= v MICE < FEA R A BN % v
LBGTRY v —%ME L BnT, RIS T2446#] (DBBF) # W T g7 1= v M2 4T 52 LT, B{HTE
VY —DHb 1= v b EIARATEEL, ARWITEDTFRO Hb B ~—%2 KT 5 Hikeir L2

[EB&] © bARIMERAD & HEES L7z Ho IZWRIGIC~ L A X N2 FED PEG (431 2, 5, 10, 20 kDa) & JUL S, o B, MEAERED D 5
2 fE AT D Cys-93(B) 2SN — FIRIC PEG AL EN 72 A DRI Hb £/~ — 2 Gk L7z, BIA XDORLLINSDBRIKH £/ v —%
B % 700 (0.32~35g/dL) IZFRFE L, Lys-82(B) [k & #IRMY I 5T N GG 3 % i3 bis- (3,5-dibromosalicyl) fumarate (DBBF) & S & 8,
EE A Ak ue~< 7974 —(SECICK D E& L7z,

[BREERE] Bk HD £/ ~— DOOHHMERIZ SEC & BAIKEIE (SDS-PAGE) 12X D 17572, AR ENZBIKHL £/ ~—1&, Bk
GLINE I B TR TSI & JRICEI NS A M AR S, BEREEMEICBVTEZE) TUVRBPSERTE L2 WRERMELZRL
2. TNHORRLD, BIRHb £/ ¥ —I1X PEG OW K IZHE S N7z of 7 2=y MHTH C BWHEMERZ, £/ 3 —REIDR
UCHTHNESTFRETIHEICY D BEZTHEY, EiLETIE Hb A3 PEG Tl SN-ME 2 OB R —%2BKLTwasr I &
DRI N, BIRHb €/ R —%2ZNEFNRLLE /) v —BETDBBF E KIn 8¢ THbh 2= M2 L, SEC ZH\WTHERW%E
i L72E A, KIRETDBBF & b 385 4G SNBIK HD £/ v —=2UB RIS NI L, SRETIIes et
72 Hb RV < —MEEIICAR L, FEERTOIREBIZB VT, BEIRHb T/ v =385 TR v~ — L OFHEIREICH 5 2 LRSI
7o, BERENZERHD €/ -0k, EAHBOBECHIHAT )/ ~—BEC,)ZH LA, BIAL ANKEVIZ
ECHETL, BIREADVHEITLRT VW MR IN. HBETIE, BRENHb R ~— D N TERFEERA L LToER, &
STEAZIGH L A THEERAOBEZIIOVT LIRS,

[EHEE] AWFZ I3RS (FL4g C, 17K01367) Dl % 21 THEd S 7.
SCHK

[1] williams, A. T. et al. ACS Appl. Bio Mater. 2020, 3 (5), 2976-2985.
[2] Matsuhira, T., Yamamoto, K., and Sakai, H., Biomacromolecules 2019, 20 (4), 1592-1602.
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A AR VNS S (2 E N NS o

[#E]

BHGOMNEHEOET 2 E T2V IR T7 OREZEEIZWEMNO —& 2505 — )T, AREBISH S 2 PRM 7 G R
ENTwRw, SEEHOPICR ) DOH 52NV IR TIHEOTIEME X = X205, BRI (I RX7F )0, 3 vavy
FOTHAE B 287 SR OMHED 3 HAERERE LTEHERTWS., —BILRE(CO)IZI by FY 7IFRSNICHA L, AMP
WAL 70 54 %9 —+¥(AMPK), p38 mitogen iI§HIb 70574 » FF =¥ (p3BMAPK) AL T, I ba ¥ FU 7HAMRERT
(PGC-1la) I A LA SEZ72FTH L, & 37 HGHNT (A EHALT 5. & 2 TRIIETIE, FRRICH THEZ CO #E AR
FE LT, RIMEK(RBC)HDOANEZ T V2 CO %IFIT 100% 401 L 72 CO MBI RIMER (CO-RBC) Z1ER L, 2 MO BMET IV~
v ANIXET B A & SRl L 7=

[EE&]

CO D4 THMEE, ~ 7 A3k C2C12 12 CO it 54K TH A CORM2(50uM) 2L, W T X% 7 a v b (AMPK, p38 MAPK),
7O0—H% A b A MY —(3I bar P 7EEMN) %7212 RT-gPCR (PGC-10) 12X W Ffli L7z, HERMEET NV~ AL LT, LEMiRz)
B LzBkee 7, Bz R0 BB ET S V2R Lz 7 AHEREE RBC I COF X217 ¥ 7 Lii# L7 CO-RBC
(1400mg/kg) % 38 2 [a], 2 B D REIRPPR S L 72,

[EREEE]

C2C12 12X} %5 CORM2 LB X, AMPK, p38MAPK Zifithfb &, PGC-la HH KO ba v FY TEEBEMNZ EA ¥ T/,
Akt OFEPEAL D B2 2 &5, CORMGRMIBICH LTI bay Y THE - ¥ X7 ARzt 5 2 L AVRE N, CO-RBCIZL D
B RAEND CO BERZ NI L7z 25, CO-RBC 25 L7z~ ATIXBHTHTO COMENSAZICHML 2. BT FIVIZ
BWTH, CO-RBC OF 513 AMPK - p38MAPK/PGC-1 o #R# % Akt A8 3 57217 Th <, I A F VOB IHIL, Bk
IVETLAMERZEHESEZ. NI TOBERBRD?S, I A5 F VHERNIC X 2HK L EBRE T L 222 & 250 55
Lo TWAh., #ZTCO-RBCIZEBERGENOEILZ FLy FINREBRTIMIIL7-& 25, BIKEREESIVCAHEIIT LB
BElX, CO-RBCHEG X DfEw L~V F CThE L7, EEREIZTEHHARTOI by FYTIEET A L s, COIIZL DIt
L7z by B THAED, EHEEDONBEICHFS L-b0LHEZEINS.

(#&5R]

CONVETLEL Y ok a gL L7 CO-RBC X, W) - Mz a@iimicmb3esZ 05, B axR=7TAOWYK»OF
D MeE e b 2 A HIEEINS.
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01-2 —EMbRFAMFEEMEFMEREIENICAUBREOREEZXET D
OZKIBEARIE ", HITRIIE 2, MR | PEHMEA Y, ATHE Y EIREK S, S IR /NHEIEE °, b i’

REARR IR 000, P B SRR A A R R SRR AT A, ° AR RIS IR R R R AR,
U R S B AR N A R, © SRR SR A
191y3003@st.kumamoto-u.ac.jp

[#E]

PEVER I (CKD) X E AL 2 45 & 375, RKIBAREDONA ) A7 RBTH A, 72, AMEERE (AKD SHERIZIZE % T CKD
ANESERT B Z &5, “AKl to CKD transition” & > ) #i 72 7 CKD ~O R 2538 S 7z, fE- T, AKIIETNIZ AKI to CKD transition
A AR I AR ] RE 2 BBl B RIS A R SN T b, —B bk FE (CO) I, MMEFHLEN T (HIF-1a) 21X LD, AMPIEHLT B 74
¥ — € (AMPK) P L A b L AEFRERE N T (Nrf2) OFFE% /- LT, BRECTELT 2 M - = AV — R - LA PL R
A RIE L, BRENICE . 2 TAZETIE, HRIMERK(RBC)HDOANEZ T Y 121313 100% CO 2145 2 & TR L7z CO fi
INEARIMER (CO-RBC) A%, AKI 2 U8 AKI to CKD transition (2% L CREBESAE - HERE % B3 2 B2 it L7z,

[ER]

BHAEF CORWEIFTAZ Y NI 7 4 —IZCTME L. BEHICHE, MM #ER (IRD @ 1 H X3 14 H%: % AKI KUY AKI to
CKD EF IV A& L7 CO-RBCIZ~Y ZAHKDIEHRBCIZCO T AZRNTY 7452 ETIERL, IRI® A X1, 3, 5
H 1412 CO-RBC(1,400mg Hb/kg) Z #5- L7z, & b RAME M (HK-2) 12343 % CORM-2(100uM) DALIEIZIN 2, Bk % Bifit L%
MBFELME (T 208y &7 #IREE 0.1% O,) 128 5 &0 T D5Bl % &Ml L 7-.

[(BREEE]

il < 7 A0 CO-RBC D51, BT COmE2ARIIHIME T, AKIEF VI L, CO-RBC IIHFRER T LA L - EBREE
< —7/—(BUN, SCr) J OEwBIf L& L7z, 20— T, RBC TIRFHME#ERREZROLE VI L5, RBCIHA L72 CO A
BABATL, AKI TEAL LB E - AV F—RH - LA ML AORTEZA L CERAEZWET A1 e %2 R L7, AKlto CKD
W2k LTH, CO-RBCIXEHAN ATP ORI A L ZDWE %A LT, HWREH CTRRD L N5 B L % B I L 7=, Co
& B RER R A & D FEIICHI R 5 720, HK-2 12 CORM-2 #/LiE L7-L 2 A, HIF-1a, YV YER{L AMPK, Nrf2 ZEBA8mL7-. &
B A AR L 7oA R RIS B VT D, CORM-2 IZ 2N S5 TF- 05 A %24 L TIRERHRIC & 0 A L7 /ila ATP w2 B 3¢ 572
FCR L, WML MBBAEEEERE WIS 5 2 b T, MIREGEE LR S 7.

(#5341

CO-RBC 12 & ) Elig~ &7z CO 1L, HIF-1a, V) Y L AMPK, Nrf2 38828 L, KEEE - A VX —fCHF - ML b L AR
B 2 SR A5 E, AKI J2 O AKI to CKD transition D F8HE - S & Z 3 L 7-.
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ORI “2, SRl Y g%z, ANH B

ARSI, AR I
taguchi-kz@pha.keio.ac.jp

(#E] ARiMmEREHN LA AN BT T 2. 2O L) LRAFRIMIREZ IS 2 2 & T4 L EARRUS 25 ZE 232 & 25HE
ENTVEDS, (RAERIMERER LA B RE R E ] 125 2 2 BICOVWTORE E v, KEBIMEZIZEWTIE, Rk X 3
B & D B VIR, MEEEZ IR & L4 OO E/PEE SNDE. Z070, BAFRIMERELADEF S A H
7 EORNE ISR MERER L & F 2 3R B A AT, ARIMERE M 2A I TS OB E RS ET 2 W EESEZ 5N 5.
Z 2 CABIZE T, TIEIC B 5 EESEY TR SR T 5 cytochrome P450 (CYP) (I H L, My a v 7 EFV I v MR 54
FEARILERAS CYP AT DR N ENREIC 5 2 % 528 % AR ek & Feemess L7z,

[E8&] 5 v MAIm & v gk U2 RimEk% 7 HR, WIRET 5 2 & CIRAARIMERZESL L 72, 50% Ik 3 v 7 EF V5 v MCHE
B L ORAARILERO W 2 Bl g & Sl L7z, i 24 BRI, I CYP3 4 FHii(CYPLA2, 2C11, 3A2) ® mRNA 53l =,
& X7 SR K OMCHNG % RT-PCR, Western blotting, in vitro 282 CHBIC CE NG L7z, 72, ERL CYP3 T
B IR DIRMFTE D EALIT O T H FRl L 72

[(EREBR] Mk a v 7TV T v b EFlEB L ORAFRIMIR T2 fE L, #5424 REHEHZ O CYP mRNA B2 FEMi L7z & &
%, sham Bf & Helg UC, WilminiE R 2 8Bl O F 2R Sz, BIREWZ 812, BAER MUERER ILAE I3 R Bk E i AE & 0
HEICHRBBEOR TR SN, 72, FFCYP TR 7 > 5 7 BoBlR L ARG 2 574 U 7285 5%, sham BE & Hole U < g
TCYP ¥ Y7 HOFMRBE L IHEOBRT AR IN 00, FHifkd L OPRAERIMLERIEINEE R C2Eid 2o 72 CYP ¥ 37 H5EH
B OTEPEDR TR, #fE 24 BRI tR o BIME S 3 v 2 EF V5 v MCBIF S CYP FEE O M A 88 PEIE sham #E & LR U CMj7RIMER
T CHB I L 72,

[#EER] R MR 2 PRAFRIMERER M ASHF CYP 70 7 7 £ WIC 5 2 2 B HE R MERIR M & 12 L A EE Db S .
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HRIEER R E
chie.ok.0707@gmail.com

(5] —Mfbix&E (CO)IIMEMEDAHETATH Y, HMEEBEESR, STET AN XA L L 0EFN T ZIZKEMEOMILIE
HBaRBIERIF. COPmICIZaMha & BEETENS 0, BIEMETPHIMENERD NE U728 H ~FE M #I24 U 5 ki E T
HbH. —HT, COPIIEMEMRCHMILIEM 24 L CTB ) Ml i CoRIMEEREEICEN & OMEH»H 5. CO DG HEITITWw
KONHBEN, ZO1OPNEZTE V/MIEMHDY) ZHWEHETHSH. COHHEA L7z HbV(CO-HbV) 3% e L TAHAEL, CO% 6
RERIHCH Uield 2 2 33k 5. S E TIZ, CO-HbV $%85:12 & K4 2R RE DB EER CRER SN C & 72V 2%, CO H ADHMEIC X o
TIWBEED A U AW R IO WTIE T RE D e ENT I hdh oz, F 2 TARIIFETIZ CO-HbV 512 & 5 iR R~ D 8 & 5
THIERHME L.

[EB&] 7-10 H¥DT v M2 A VT NVT VX 2 EHRRFICEE L, KBRS 7—F7 VE2E L7z, COMEE T VIR, &9k
T T 3000ppm @ CO |2 60 73 flEsE L, Bk 0,7,14,21 HIZHGRMREEA 2 (B Ui S 4R05 OFLEE 2 374 L 72. CO-HbV 581, &
BRI T ICAB BRI D 50% 121243 % D CO-HbV %% 5- L, #5514 14 HICHGHIRMEAR % /ER USR5 O R % 57l L 72,

[(EREEE] COFHET N TIZCOMERER 14 HITVEM L 72 AR A B 2 R IRGOREI R D KEH» - 72, CO-HbV 5.7
TIZ COWHIZ L HHEBREEGIEALN Lo ZOBERNELT2o0%256N05%. 1DOHIZCODESEDENTHS. COHEET IV
BT COBBEDINVEF IAEZ T Y Y (HBCO) I 60-70% T - 7275, CO-HbV % 5-F 2 B1F 5 CO-HbV % 5-% ? HbCO 1347 30%
THhotz. 22OHIZCODHGHEDENTD S, FRABEHEE SNz COTREEIRNICHES Sz Co &bk L CEtEdsifiv & o#H
wAH 5 2.

[#&5&] HbV 27z CO G IIMRABM 2T L KL T, MEHG 242U 2 WRREIKZETH 5.
[3ciik]

1) Taguchi K, Yamasaki K, Sakai H, Maruyama T,et al., J Pharm Sci. 2017, 106, 2392-2400.
2) Goldbaum L.R, Ramirez R.G,et al., Space Environ Med. 1975, 1289-91.
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01-5 ANEJOE/MNRFBRENF Y ADEBEIGERANRIFTHE
O Bt B, NEFYUER Y, KEmss ' WHERKY PR JEZNEAS, WEHREAK S 2 akEZ

VHUER F BRIV ORI SRR, 2 BB SREEE AR, 2 S e TR B AR,
AR LIS R R R A R A L
hryo@tokai.ac.jp

[#E] MM FROEBEL2GHED 12 TH Y, Y a v 7 RBICEL I TORRHRIMAK ) 9 5. M)k L2ga,
DT MM % D B & kg, RO DB F AR bz iuE s 5w, L LIRS 253 > Tw A ke T - ¢
b, WIMAEGEND 2 LI L o CMEIEREBEBIED ) A2 3B 5. Leho T, BRRICFINE TR 2 CHHTE 2 ATk
MIKDOBRISHPLEINS, B SNIAEZSBE Y ZNALZYRY =L THLANEZ 1Y V/NIE (Hemoglobin vesicle, HbV. TEAE,
250nm; P50, 28 Torn) IZ REIRAFAWRETH 0, MEINIE % <, ROV A7 b v, FWEICEMRT 2 LAFETH D, Firhoz
ROKE M EIE I TE 2 L W) B ZETEEZELTWS. TREITOIY AR T v b OMiYIERENYHILE 7V ToRsE
T, HbV DR G-DIPRIEBRERE A 28 KB T EAH SN R o TS, FHEELSONEIZHL WS HEFL AT, FRiisk
LHFEORRER L.

(=B8] BRI HT 5 HOV 508 %2 FMli$ 5 EB 2T o 72, <7 ATkl Z 2T, 40% DSR2 1T - 726, KBYOLE
O FELCTHBEL, BEAERM Y FTHEESmm OERBYIRAI 2/ L7z, B KERIIHELSS, v~ v 22205 -1
BEL7z. BI0% G EHGE L, MicroAnalyzer (Nihon Poradigital Co.) % flif L C3E REALERO M % M HllE L7z, I LA o mfE i3 Y]
WRIER ORI A2 5 U TN L7z, 5% A2 v MG 7 V7 3 &~ (tHSA) (288 L 72 HbV 2 #% 59 5 B (HbVIrHSA), rHSA
AR L7z~ 7 ARIER RBC % $55-9° A (SRBC/THSA), 5%tz & Mg 7V 7 I Y358 (tHSA), F 72 f LBy » 7 Vi 5
FELClgL 7.

[#5R] 40%MAEscH L, MHVBR L%, 3 XTOFT Y 213 FH 10 HMLLEAE L2, FEERILE o 4 7V —7THE
IR L7228, L) YA Vil EHRE L Vv — 7T, o 3 7 v —F L i U CANGRASASEN AR - 72, WfHREE L o 3
HEORMGHIME D13 5 HHICRKE %o 7278, M2 A EEZ RO LD o 72, sSRBCIHSA FEB X U HoVIFHSA BE D3 X T oAl
F9HHFTIZRAIC ERILE N, rHSAEB X OELIE) KV O3 XCoAIE1X 10 H H $ Tizsedic Bk .

(#E55R] KM ORIGERIZ, HbV OG5 X o TS AN S T H B E 2T ed o7z KR DSOS ORIGHER S E 2 2T %
RN LTI, REGEEE X% 5 2.
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016 YYRAREBRWEFIVICHY BATIOE L MEGEEEO EEFLEEERORIE

O/NBPURIEE Y, AR G Kanzs?, ime, LR Y WMERAK, JELEME 2 SRS WEIEEK
ANBRRE— 2, IR

VHOERYE BRIV RIFIRERIVRL A, 2 BRSO ROV, S o E ke MR ERAEL,
CRRIREERIR A BRI HE
h-onozawa@kcch.jp

[BE]

WM & L CRITE S hiz~E 7 a € 2/ afk (hemoglobin vesicle; HbV) 1, HIBREINEGIMA & b ARIMERA S ~NF 7 1 ¥ ¥ 2 HliHFg
L, VRV —LICHA, BERZ PEG BHi L7278 250nm Ok 7 TH 5. T TOMEERA L L CToMiER, Bty a v
DERENTBU 5 HENE, BEEIH A BTNV CHERIN. MEIICERRHHTE, BEOBZENI 2L, FMT24EMULE
OFEHIRETH 0, AR KB ER, SIS X ORIMEREM oA L L Toff»RATh, AMED D% 2%
G ERRBROMEMAHEA TV D, ARIFAFR O KRB L CHEBH R Gk L2 oh, F o 3MitIEREWE TNV T, HbV
DGV ENE TIRIPIRAE BRI 2 20 E X8, B BRNEICEE I EEZ RITShWI 2R L. —7, RILER X )RS
AV E W HBV RIS [ - 72 Rk O B/ 2 W B L CBETE L CRUIMIEBR 2 06 S € 280 52 A L, il tEs B3 2 A/ b ok
ENTWwD. F72, Py % 9Torr (KT S 7-HEEEHAI Hov <2, W2 PiE b, PLIOIEMEM 2 5883 5 —BR b ik HR5 41 Hov (Co-
HoV) DAER K D, S0 & 5 7% HoV I /MEBRA K - 72 BB OMEILICER TH 5 L, I35 15 5N A T eErd
5.

(8]

< AREWAEBME TV T HOV 2% 5 L, % T EMINE (subepithelial capillaries (SEC)) D IfiL it Z #i%2 L 72, ~ 7 A1 C57BL6J,
THEEEOD DR HE L7z, TTEHRTIC FF—oRIKE T2 00 E coRE2 ML, ARIREL TLACTHRET L. £
D%, ARV IYELY FOREIC2 ATy & 2479, BHZICEBHIRA 5 Hov i (Hb 1 10g/dL)0.3ml 2325 LHE S8 5
FTE D period THAEIE S8, 58 Z i LRERLRAAICEMT 2 1T 5 . REBRTIIP 5% 3.6.12.24 B CTOFHIi 2 177 - 7-.

[EREEE]

T BMAIZE ) B L HE Jeta TRIZE S N7z, it 6 B 52 C SEC ISR IMER K UK MBI S N, FERSHR I N 2ok T
P RTEMECHET L LR EHV Thab I AR INT. 3FOEELETIZ RBCIZHA LT HOV AATRHE L TWAD I L AR
hie.

HAEM D period T FETHHMEE T SEC DI 2D TE Y, FEMAFHERONY 2R TH 5.
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02-1 AINLZDN7BEETIVEEHICE 2EFN—BRIERFOBESRERTE
Oderise, €& b

[ AL B A
hkitagis@mail.doshisha.ac.jp

[BE] AF T ATH B —BILKEFE(CO)IE, MATHEMAANEZ TV Y (Hb) L #aT5 L E DI, KL 0L CTHEMARIN:
ZRT. MHICBITS COmPDMBB IO BRI, WHEEZERETLIFF I XA —F =TSN TS 7, EaEeHETICB
% CO IOV TIE, BERERTENZLVIDICMAI YRV, #2A70< 7574 —=(GO)IZL L ERIITONTE 1228,
GCHENLIETH L L, GC DGAILIHAEA Ol L7z CO ZEmT 5720, EEOCOmIN AR HMED 2 H Y, HE
BdhD. AWFETIE, LEicHk4 O RETER LEE L7z A LAL Y V87 B EF VLAY hemoCD 2 % CO Emitdi & L THWT,
eI E INAMEBCO R ERBTAHT v A 2L LDT, HiET 5.

[5288] hemoCD DRI THAH NN EL T4 ) v ey 7aFFA M) V¥4~ —1%, RADMEETER L. ThH2%EEVHE
TRA L 72K (met-hemoCD1) & 3 CH] (Na,S,0,) % T v kDY >~ 7V (5-20mg) (2N 2., WBE MR, mO0B X O AL
PUC X ) EWREE S, COBERICBIT S 422nm B L O 434nm ORGEZ ZRERMEL, Fhoofiz Hvb 2 & T E
FNLCOxMBBIOERL .

[#58R & E%] hemoCD1 X Hb @ RIREE L Y & CO BAIEAE 728, CO-Hb 75 hemoCDL NE ERMIZCONMNT Y A7 7 —T 52
EERMEEL. INETHSN TV EAKRNANL S V37 O T Hb-R & CO BAMED IR S S WEBEHICA S Z & 55, hemoCD1 (2l
BBIUHICE TN COZBESTIHINTRTH L EELONS. N CO DERMERICONT, (DM, (2) P
WA 2 B, (3 BEAED T (GC) TOMF L DIk, (4)h4k1E CO WG| L 7-BRDlEZiN CO A @ 4 SIZHEB L TF— % 2k
L, Miat L7z, 2%, (1)200pmol F2EE F THHAE, (2)ABARIKT I v ¥ ¥ 712X Z MR X D SR CO g A T fE,
(3)GC LY L L D COoDMMBENTS, (4)FRME CO BN CO WZIEFITHEL AT A ENWHLE o7

[#558] Fk 4 2%ESL L7z hemoCD 7 v & A 1%, FEkA i % g & & 3068 0O A TlgERM CO % pmol 4 — % — CIEMEIZ BT R <
THIEDVURETH o7z, TOFETIRIEE CO DRI ZHLNITHILENTE 720, COHHD A H = A LRI
ENTEDLESLDH Y.

et
>z

[3Ziik]

1) H. Kitagishi,et al., J. Am. Chem. Soc., 2016, 138, 5417-5425; 2017, 139, 5984-5991.
2) dvhrgss, ALIMiE, 2019, 27, 44-52.

3) EBFABLS, 27 M HARMBACERMFSERARS, i 54 (2020).
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022 EHRA—BILERFOSREMREICKURSNAMHFANETOE 2V ICL S —BRILRFHEDREEH
OF FBLY N 72 Juegse!

PEGEALR LA, 2 AR
hkitagis@mail.doshisha.ac.jp

[E] —W b (COIAHEFAELTHMONTEY, MHAEANEZTY ¥ (Hb) &AL, COHBENRIZIZIMNF CO-Hb L XVIZ
FEoONTHEDS BRSNS, LaL, MEENO COERMMAELDOEHMZRHTH S L) gl Vs s hTws, rldohs
TIZAMEN T CO 2 BIRMIZERZ T X 51LAM hemoCD % IV CTHETE CO DAEFEREICOWTHAE LTE 722, 40, hemoCD % H
W20 6 X D EFIREB L OV CO HAMBIRIZBWT T v FoKEERD COREZERL, Hb 2L 5 CO HaEf#1 7 % &
PRBLZ-0T, #HET 5.

[BR] T v b O&hEEE O, /AN, B, BT G, B X OFHR) I8 W TR CO 4341 % hemoCD % VW TEll-_7z. ¥&kIZ, 400ppm
D COH A% T v MI5, 10, 20, BL U807 MFELIKEIL, KIERIZBIT S IMH CO-Hb% % Il /7 R 430 61 (ABL825) % i\ Tl
WMLz, v boghEZRNDO CO &EZALIX hemoCD Z W27 v A 12X DBEERL 72,

[#ER &E%] 400ppm D CO H A 2 WA LT 550, KEesD CORIZCO ZMATAME B L THELL WML, LA Lads,
10, 20, B LU 8073 LML L TIRAZETH, I CO-Hb% IXEARMNTHIM T 22, Hhgar D CO ®id 5 FWABZ DR L L T
BREREMPSBR SN2 o7z, 2L CO T ADPHERPIZKIMEE L T LER SN LD, ZO#%I1E CO BT WILF O Ho & #%
ETHIEICLY, BANEPER I NS, Thbb, liH Ho 3EHFNTOME % CO DERZFILT 2B ENH LT LPEZLND.

[#55&] hemoCD % JH W74k CO BDERIZ L 1, I Hb DIFERIC L ) CO M AIZB T LMk~ D CO D44 & BRI S h,
CO FRFIRFIZ BT 5 I H Ho DOFRFER 2 B2 S b % 5 72,

[32AK]

1) J.J.Rose, L. Wang, Q. Xu, C. F. McTiernan, S. Shiva, J. Tejero, M. T. Gladwin, Am. J. Respir. Crit. Care Med. 2017, 195, 596-606.
2) S. Minegishi, I. Sagami, S. Negi, K. Kano, H. Kitagishi, Sci. Rep. 2018, 8, 11996.
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02-3 KRUFXHVU LEHANETOE > (Hemoxa™) D& R & B 1EFFi
ORBJEMRS Y, WA L' A B0 DNEUIEE® WEHOLRE® ARIEZ ° RHEREK Y, Makz®

PR AR AR, 2 B R BR
komatsu@kc.chuo-u.ac.jp

[#8S] ~Er ot s (Hb) KBTS WERES T ThbER)ZFL v Y a—)(PEG) &4 L7 PEG 166 Hb 5, ALM#
R LTRSS T v b Y. PEG IZIEFHIED D IS A 7V AR L, MR IR ORI E D35 5. L LIL4E,
PEG KM EE L, HLPEG HikZ AT 22 E2%b o> T X722, ¥ PEG Hifkld PEG 3G OBEBIERB L THHRAT 250D
D, EEINTHE. —F, RUFFHV) ¥ (POx) X PEG L FFRIZH A <, PEG X ) ENIZRIZFINAT VAL EZRT 20,
PEG DB E LTHEHZHEDTWS Y. A TIE, Hb O FHEIC POX Z#G L2K Y A F4 V) VBfinEr O ¥ ¥ (AL
“Hemoxa ™ ") &L, T v MIMMEY 3 v 7 EF VI X BRI 21T > 72O THET 5.

[3ER] Hb 1o ' REMEZUEH] © N-succinimidyl 3-maleimidopropionate % S 88, 4T RIEIC~ L A I FEZEA L72#K, KICA VA
7t % DD POX(POX-SH) % UG S8 5 Z L 12X D, Hemoxa ™z &k L7z, F 72, Wister RHEMES v (9 230g) o itk = v 7 €
7 V2 Hemoxa ™AL ([Hb]=5g/dL) ##%5- L, #4217 72. $5 6 Miffk ¥ CHBRBIEEIL S X M A A 590 217 - 72.

(R EEZE] Hemoxa ™MD A PR B~ N 75 AW Hh ICHARE S TREMICE =27 2R L7722 LA 5 Hb I POX ANEA SNTWD
Z & EFfERR L7z, Hemoxa ™MODFZEETE > 5 KD 72 POX DK G HUL 6~7 K Hb TH o 72, BEBAMEDIRETH % Py 1L 8Torr, 15
FEOFRETH 5 Hill FrE(n) ik 1.4 &7 0 (37C, pH7.4), b ML (25Torr, 2.5) 12\ WEERBIAIEZ /R L7z, Hb O Lys ek
& Cys-po3 7ML ai S, MR EELSHH SN Cnb o tEz 6N, Iy MIEY 3 v 7 EFVIZBWT, MY v 7V
WIXGHETIETNTOT v FAT4 BB UPNIHT L7202 L, Hemoxa ™MEED 5 v MIEBIH TG 6 Biith ¥ CTAELE L7z, 50% /5
12 & AIE CEFEEIIRMIE © % 30mmHg) 1& Hemoxa ™MD 512 X 0 [I4E L7z, Bl & » LA L 7-8hIR MEEZE 45+ & Hemoxa ™% 5-
W& | L 7.

[#554]
N LERFEWAK Hemoxa ™MASHIIME S 3 v ZIRREDBAER E L THITH A Z EDBW S0k oz,

[3Cik]

1) R. M. Winslow et al., Transfusion, 2003, 43, 509.

2) M. J. Vicent et al., Polym. Chem., 2011, 2, 1900.

3) T. X. Viegas et al., Bioconjugate Chem., 2011, 22, 976.
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02-4 ANEJOE>F/HF (HONP) D& & HRERF
OEMNE", WA i’ A &0° AEREES WEHOLE® ARIEZ’ Make!

PR TR, GRS R
komatsu@kc.chuo-u.ac.jp

EE] MR/ 2 2 B0 AR AN L (B2 90nm) % il 3 2 A THE AL, Bist
WZIEBS % & MAEHRR N T- T 5 CO Z#dift L, M NGk ) SRR EZ R I RE1D
L. b L, NEZBY Y (Hb) & ERG LT A 100nm BE QRN T2 EET 5 2 ERTEL,
FLOANTHEERAE 2250 WS b, AZETIX, Hb Ok %2k MILIET VT I ¥
(HSA) CHB L 7=~NEZ O ¥ v+ kT (HONP, Fig. 1) & L, ZOMiEE O, iamz oL
72OTHET L. 51T, 50%MIMICE 5Ty MDY 3 v 7 70V % Hva72 HONP O A R RFAM
AT 72O THETHET 5.

Fig. 1 structure of HbNP.

[EEB8] b F~FEZ 1Y ¥ (HbA) %1 N-succinimidyl 3-maleimidopropionate % il 2., 75 MilZ~ L 4 I FH:Z&RESE L 722, Dithiothreitol
EROBEHES T EI2L D HbA ZEA L, HDA DR F 2572, R FOEMMIZK -7z~ LA I FIERICHSAZK AT A28 TaT-vx
VIS HONP % & L 72, Wister RHEMEE T v b (FKE : %9 2209) o IS 5 v 7 E 70 (IHBRINE = O 50% % Bilil) {2 HONP & ([Hb]
=5g/dL, in 5% HSA) Z$45- L, BA%47o72. 5 6 Btk ¥ CHRBIEBIZ B X LK A 94 & 17 - 7-.

[(fER EEBE] BHOLHELEIC X 2RBNES S, HONP ORIEAK 900nm TH D Z L #WH ST L7z, F72, ERAE T MRS,
5 HONP DERIRKEE # TR L 72, MBIBAITEDIRIE TH 5 Py, 13 8Torr(PBS, 37°C), HTEDIFETH 5 Hill (2% (n)iZ 14 TH DY, b
I LI (25 Torr, 2.5) IZHREWEREBMME 2R Lz, Bty 3 v 7 RBI2B T IR~ OB % 7 S ICEN )R 2 5655
LEEZLNS.

Sy MRIMEY 3 v 72 EFMIIBWT, HAEBY VXV ERSGHTIITRTOT v M4BT LDk L, HbNP BTl
A 6 REf A F CTHAE L7z SFHEIMRIE X, 50%B0C & D& 30mmHg £ TIXT L7248, HoNP #5512 & Y Bilfipr & MR $ T
MEL, ZO®%IBELMEREZR L. Blfkic B3 U22BIRMEEE 5 1E, HbNP #5510 X 0 Bl & AR F chfE L, RKif
LB OHERR 2R L7z, LEOREREDS HONP 25t 2 v 75 v FOBAEICHNTH A Z LS e oz,

[#558] HONP Z &1L, ZoMiEe O, MamEH SN L. T2, Iy MHMMEY 3 v 7 EFNVICBIT A2 IERERERIE S X Ok
A AGH S, HONP ORIMERAEW & LCoOFMEZHS T L7
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02-5 AEJOE> & NADH EDHEMERBRICE S, X MEIFIRIR O A
OWMWFH, B 5, IARE=, mHFRK

Y WA NG S e S (e
m-yamada@naramed-u.ac.jp

[#E] HbO, ® X MUZHIHIT 2WED A7 ) —= v 7 &AT - 2HH, FIREO NADH 12D TRV A MEEIHIRIE2H ), HbO, &
HAET B BB A==+ F Y FF 4 ALY —E(SOD) B L UM A ¥ 5 — ¥ (CADIFEUASHRONSE Z ENWHLNM o7 Y. KJgE
T, BERE W72 BER S BT (Lineweaver-Burk 70 v ), HEIE{LO KD HPLC 43T, NADH @ *P NMR i#fll5E, 3 X U HbO,
ENADHO Ry ¥ 73 3ab—3 3 Y2 DS AITR 572, NADH 12X 5 HbO, D A MEBIHIZIED X # = XA 5 25T 5 2.

[E58&] NADH & HbO, DR AHEBICH L, RIKED HbO, IZH F < AT 5 Z & 254 5 1L 5 inositol hexa-phosphate (IHP) & 7z 13
2,3-diphosphoglycerate (DPG) % [ #] & LThnz, # ML SOD, #. CAT ifHIZ> W T Z N Lineweaver-Burk 7’1 v b ZER L 72,
HPLC |2 C HE)MRIL % B85 L, HbO, @ o F 721& B SHOADMRAL L 7o A% 55 L 72, NADH IZx49 % HbO, DifvieE % 2L & & T P
NMR HIEZ 4TV, NADHIZEENB) Y CP)DY 7 F VD7 I ANy 7 b ERGEDZEAL % <72, HbO, & NADH Ok Sk % 3k
2, V7 87 =7 (MFmyPresto) x W T Ry ¥ 7y 3alb—va v (DS)xfroi.

[#ER &&Z] Lineweaver-Burk 70 v b2 556N 72 K A MM F—F —OKE %R L, IHP & DPG OFRIMIC & ) HiptfE 2R
L7222 &5 5, NADH & HbO, DM HAEMIE — MM 22l & EICHART2 R D I5WREATH D, NADH 1 IHP % DPG & [ U543
MAICHEALTWAZ EDEE SN, 72, HPLCIZX ) HbO, ® HENE L DA Z B L7 25, NADH Z 2R WHA T} o
FHONNEBHHONL L NBALEINRLTVOIZH L, NADH fFET Tld, asHONLDBILBELRWITHITHN TS Z LA SN I
otz 512, NADH (2 L HbO, DIRIMEZZIL S TP NMRHMIE 24T 5728 25, HbO, IZ#%4 L72 NADH i3fA L Twin
NADH IZIEX, V) VRT-O Y 7 F VMRS > 7 N LTl SNz, OS5 ME]R % HbO, IR L 71 v b L7z#E, NADH X
HbO, IZALF R G L TWA 2 Edbh oz, ikIC, DS 217-o 7245, NADH 28 HbO, D 2 D0 o $HICHRENI2KR T v M
HELIBEPRDBETH 72, ZOMETAIEER] (IHP, DPG) D& AT LM —TH D, BRAWFNOMELRLAHL T
72, DLEOFEBEEI D, NADH 254 MU ZEIIH]§ % #4651, NADH 25 HbO, @ a $HiIcikEF N/ R v M2 1:1 THRAT A2 L T,
NADH 5 o SiDONLA~NDOBETBEHFR Y, * MEZIHIT L EEZ2 515,

(#EER] FEEFIMRNT, HPLC Z3HT, P NMR, DS ®#i%:, NADH I3 HbO, @ o $5ICHF M=Ky v MRS L, HED o io~NLD
L il AT R WA N 0 N e r S el

[32#k]

1) Yamada M, Sakai H, ACS Chem.Biol. 2017, 12, 1820-1829.
2) Yamada M, Matsuhira T, Yamamoto K, Sakai H, Biochemistry 2019, 58, 1400-1410.

ARTIFICIAL BLOOD Vol. 28 , No.1, 2020 37



38

AL Vol. 28, No.1, 2020



55 27 ol H AR MU A RAERREORBEIZOE XL TIE, £ of3E, Hik - Bl
MR & Y T3k, SWHhZ2WZ20eTBY) 9, IR, N - Bldhiies z i
LTHBERLET,

The 27™ Annual Meeting of the SBSJ is partially supported by the following
companies and foundation.

(fir3)
ALK 7 7 — < bR ot
T AT T ABEERR A
T A b7 ¥R AR EH
IT - d—F— - A4 h V&
(LI 7 vt oa
750 AI A7 54 VA&
Varvy vk Yary rgpAstt
B T3 e
HAMRE bR
ANV A 7R
7V ERN &AL
W CH SRS
— AL BTN H AR I B A
HAA —F4 ) —AaH:

(RSN Y S W in

(A - B it e
Ptk AL AR it B AR 15 0 B
L AT Y7 7
BPREE ORIERFARARERAR A B R)
AL TR SEF I & AN B
WKV A B - T2
FRBENRIER T AW 7ERAE

(FAFME « 2020 4 10 H 26 HBI4E)

ARTIFICIAL BLOOD Vol. 28 , No.1, 2020



AMEMREHIM X T 5 ALK & Bl A5 D AT
The Cutting Edge of Transfusion for Applying Blood Substitutes

W BEA*, KT 2
Kohsuke Hagisawa, Manabu Kinoshita

FITHH %

B i oD R ST B AL AR F D, M ARARE O BIFE & M AR AR OISR~ E R L TE 2. L Lk
DO I TIAMEIC X 2 KEHIMAOREWIMIIZE L T, aRiRorid 5 b Ol ik LoobH 5. LA DKRIC
L ABE T, ARMERR MM T 2 MW OREICL Y, ShEORELRKE T LAAE S VIZEWTH A e
Wy % B ﬁi)ﬁ'%f)*?%"oho’)ﬁ)é MR & TOMBPED 2 ) &) R OPHPEBRTELHbEVEHET 2. H
YERAOHE Z P 2 72 1, #lifE B oHl# A4 7% <, universal (AW REZ AN LM IZWIM PO ZETNET -V EDFER D
DT BVESH H.

Abstract

Everyone who is interested in artificial blood must pursue the progress of blood transfusion to examine safety and the
effectiveness of the blood substitute. The history of blood transfusion seems like a pilot who always shows direction of research
and development for the blood substitute. To achieve sufficient oxygen supply and coagulation ability without immune reaction
and logistical limitation, artificial blood infusion might be suitable for prehospital resuscitative fluid instead of component
balanced transfusion and whole blood transfusion

Keywords
Component transfusion, Whole blood transfusion, Prehospital transfusion, Hemoglobin vesicle, H12-(ADP)-liposome, Damage
control surgery

iFU®IC

FE OB T MR OB RIS ISR HE L T 5 1i%E%
ZIELOE LT, MEABEWICFENELZFETVE) 4T
HY, WMPEEE V) DOICHHEBESNTWEHNRLVWEHE
5. FEHRLEEOMBANEY ORI 2 HEE L LTw 5 6f
e, FEBRCMEAAR 2 S v B R 2 e Uit
B OREERAEMEZBF L TH Y, WiFORATE2HE
DY ML ORI & - T, RO 2 LR
LT NDKEENAD L) BIFFELE T2 5. T X9 Bl
M5, WL HEIEOMAESDORE L 2R Y R A5, MBUERY
DEBOBZENIOVTIH LD L IZERIEVEEZD.

19 fiH#S A 5 20 tH#C : Bl %l & SR DT

L OMEL & IR R MM OIS DWEL & F VR 5 Z & A
T& 5. 1829 4E1Z Lancet #5238\ C Blundel 5 A% (41
i) ORI % AN Y L 72 013 % o K& ] T
HY, TIEMHZD SRy FY A N CEEN R 2 i L
2bDTHo (M), WEOBTN L &) EHEEHTH Y,
18324E12%°1% Y Lancet ikl Latta SAYYKE R /80 73 »
ZI o Twiza L T BMEICEEKERS LThKD, S HES
2L PR E LTV

W2EA % KR 2 R 7- 01k, 1900 4E12 Landsteiner 5
WCEDMBEMBERENIZEICE B LT ADRE W, 1907 4F
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THE LANCET.

Vor. IL] LONDON, SATURDAY, JUNE 13, [1828-9.
Tn the present state of our knowledge re-
OBSERVATIONS specting the operation, although it has not

been clearly shown to have proved fatal in
oN any one instance, yet not to mention possi=
TRANSFUSION OF BLOOD. ble, though unknown risks, inflammation of
the arm has certainly been produced by it
By Dr. BLUNDELL. on one or two occasions ; and therefore it
seems right, as the operation now stands, to
confine transfusion to the first class of cases
only, namely, those in which there seems
to be no hope for the patient, unless blood
can be thrown into the veins.

Srarrs of the body really requiring the | The object of the Gravitator is, to_ give
infusion of blood into the veins are probably | help in this last extremity, by transmitting
rare; yet we sometimes meet with cases in | the blood in a regulated stream from one in-
which the patient must die unless such ope- |dividual to another, with as little exposure
ration can be performed ; and still more fre-  8s may be to air, cold, and inanimate sur-
quently with cases which seem to require a jface; ordinary venesection being the only
supply of blood, in order to prevent the ill joperation performed on the person who
bealth which usually arises from large losses | emits the blood ; and the insertion of a
of the vital fluid, even when they do not |small tube into the vein usually laid open in
prove fatal. bleeding, being all the operation which it is
y to execute on the person who re-
cerves it.

The following plate represents the whole
apparatus connected for use and in action ==

With a Description of his Gravitator*

* The instrument is manufactured by
Messrs, Maw, 55, Aldermanbury,

Tab. 1.

Nae. 302, v

X 1. RO MEEEIE CoriE4ii) oA (Lancet 1829; 2: 321-324)

I Z7UAR Yy F 7 A MPER_SND LHITRD, OBIMEA
universal donor & LCHMENS LI 1% o72Y. 19154121
PuBtEAl & LCr VAR S, iK% % e L7 IRE TR
FTED L) o7, BREIE - RKEORPTHY, WY
TREZEDOMITEZWE L R0, G L7 O o4 % i
322 ENELfTbNE L) ITh o7z KikFED 1937 FFI1TK
[€ > # T® Cook County bt & & LT, BePICIMERIT %
LT B X ANEA, M OPAGAH D B S hTwo 7.
WOZEWTIIHE RIER K TH 5. 1940 4, KREHN—I3—
F K% o Cohn SAMIENRS TN T IV, Hr=wrary v,
TATY )= kT BEMZ BT L7 Y. Cohn &A%
L7277 V7 3 VAN, B D 1941 FO BB RETCOZEE
RN, Wity 3 v 7 BE~NOHHESED Sh7z Y.
MR TUE 1943 4E12, BUED ) V= v 7 4 — LR OGN 2 5
ET AR EMOARRPES PR, FYy—FVEM
DOPFEZ LY, Mmoo fCE: & U CTMEEH oM | A3 ia S
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M7z P MR, Ab MAED 5 SN VEBEROR A IR
BT bNE I L b DHo72A, 1942 4TI M RH D8 %
HivE LT, BEHTHLTFFA T VHHEEShEY. 2o
X9 ICHLBEA & & ISR R OB BBICHEATZDD 2
DETH - 7.

BRI D, W OPOMIENFAAL L TE 72, —DImAER
AOMHIC L 2P REROBIETHY, ) —D2ETFFALT
RFIRE NG & 2 AR B B (BREICT) o%ETh s Y.
INSOMEE — 2RI L T T, BRI AL A &
NCTwoiz, 20k, KRBk - M4 - /MR ZESEREL, &
P2 U § % B4l component transfusion 25T & 7z,
WAL & U CaRIMLER S 2 BRI 9~ 5 & & T, Al
CHAEMESD R THG LI ITRY, T X o TS
N5 BH DL 27 2 FH ORI & BIVER % B < & v o 727l
HL L2580 RO MIILEMNOEE L fHDNT v A%
oz LIZH Ko 7.

Vo lE), KoM oRFE LT, KRS LT8R
WMASLEEE 7 A CTlE, B ol A 3ol S L 2EC
HY, £ LTHEBEEL TS RMERSEGAEITTH &
%L o TLEIMIBRITONS, T/, M/MUILAE T fE
W2 Nz, B3 LHAMITHGTEL LI, 2
NOEZELED 2T, WA 4 FI4 v cl3fashg (5
B OG-247-> CMATENEZ AR L 2255, ART 5 I
W% ARMLER « AE - /MK ONETERM S & LA ST
wz O

21 8 - NT RGN 7 L (L MmEmmOEE

SAFRIC A S T, MBS & B ISR L TRV AR L ER D
TR L % 64T U 72306 WA Bk St [ e s o SHEE s L C L
T LD SN o TEL., INEMET 720, ARk -
MLAE -« M/ R B il 0] s & Rl o B Az e & LT, 101
1 T3 % balanced transfusion (/85 ¥ AilliL) OF 2 JiH
JIBE 77, %512 Damage control surgery Ok &% %
L, B35 502 © Wi % B3 % Prehospital transfusion 7%
RBEh, ZEFORGFRN EICHFSTL L E LI, R
RERTE B2 AW sh Y,

L2 LAa2sS, o X 95 HRIMER & mAE (G ek ShUhs 14
R ML IRAE ST DD 64T LT 2 5 5 DI LBk
RERATR & K 2 Y, FREES %247 9 (3R o a5k
g, L2d, REROBHPBEHRTELWFELCRY, HE
ELTHMEREDEHMSNTLE D, EBITHRMER - MmAE -
M/ Z RE OB 11 THH LSS, A< by
U v b 29%, HM/MREGE 90,000/ul 7Y, HERE DK TR D 4
Mo 62%REICR->TLE ). 9 LR OHR R OHNZ
Bk 28505, 2004 SEE & 0, Rl oY Tld e
MAFOHHENE L) hoTE R (&MIZE K DYA, ~
< b7V v b 3538%, Ii/MREIZ 150,000-200,000/uL TH 0,
B T D IR AT o 85% FEE 2 MEFE L T B)

2020 4E WD T, AL il & 5K il component transfusion
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DR E WBHGES 2 2 5 7 F ) Y ABHE S Y. Zhic
T 245 & 30 HOAELFRICHEET R L, Wi X
AERBIREN o7 L L, 2TOEEIZIEM 4 7 Limitation
Db, —DIE, AT TFH) Y ADIG E T o 72 12 KOG
FIARYEZBROTEAIMEETD SRR, WREHDE L HH
A2 F D IIHFERETH VRO DD LM, FoBMONEL L
T, B 2 A L7z ity & AR A 2 A A L 723 25 AE LT
WBHDPFETFONS, LILEDD, EHOHENTD L HKRE
R E BT SN0k, B3l component transfusion & B
&N TWw B HIZ balanced transfusion (/35 ¥ L) %47 -
TWVHHDR, THITELEVHELZTINTVERTHS. A
I 6 oD Y TRk E LT1:1: 054510
5:1 FTHERIINTOEND Y, 1KY D6 20HE "™ Tk
FRIMER E MIE DTG IR ONT WA R Y, &I X - Tidfim
NEPAFHTH L MEDRON, 2F5L 25, ARILEk - 1ML
M- M/MKZE 1211 Tl 9 % balanced transfusion (/%5
YA 1F, REABHICEREN TV L EEEVEVOD
FEETH 5.

F72, RADEZLAPBRAIOED L HIC, AWM TH A ) H
AR T A 5 A3, Wi B AMERIEEE (TRALD < 34
HAGEHBEAT (TACO) 7 oW X3 % RIVEH R & PHE
DRIEIZIE D25 2RI BE L 2T UE VT 2w,

ATIMEDYEE &R S h 2 152

INFE TRRZMMEDOERDIE R 2 AL L, BEHRE
PRiE 2 I Z 72 1T, MR BRI AR <, R d
B4R 7 < IEAC universal (ZfEF 2301 68 Cd 5 ML O B 56
CZRMFDOFETRET -V EDERZDLDTIERVTES I M.

IS I Z D T D A T HE S E k1K Hemoglobin
vesicle(HbV) (K27) &, VAV —2WNIZE FHEDANEY
Yy ENLLZEYE250nm OF k- Th b, HbV I3,
Hb i LT 10g/dl AN § 2 Btk 2 45 LT b 2%,

Deoxy HbV

27-Jyly-2012

2. HbV & H12-(ADP)-liposome
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RGO E Y & LT H12-(ADP)-liposome (X 2 £5)
CEH£170nm) 25, 0, R, WH 512X > TR Iz i
IR OB, WAL L2 OB o> GPIIb/Ia #aAk (%
B ~NOREEEANLTIEhD 7 4 7)) =5 ¥ BRI
TOREE o THESRIENE Y. 74 7)) =7V 5TD
GPIIb/IIa AR E OFREGEMIZ 3 AH Y, TDH B 2 AL
TATV ) =D all, HLO1AFEyHOANVEF Y
KinzHK s % 1207 3 /B (400 HHLGGAKQAGDV411 :
H12) ZBE &N 5. H12-(ADP)-liposome iZ¥# ® HI2 # V)
RY — ABOREIHAAE E EHIZ, U EY — LNFRIZIN
WISYALE 258 2 777 ¥ v 5-1) Y (ADP) 2N LT
w5 . H12-(ADP)-liposome & il #8718 L, 2 2 Clil
MM DL 2§ %, wWhIXIIMUGEBIAI TH 5. Ch
T TOMET HbV, H12-(ADP)-liposome 121 R Y — AR
ELTACOBBMENICHE L228A, 2 b 1EML, B
FWRE R L MR AR AR S N B S L 2 HER L TV P,

WINOBED, MEHSELZZET 2 LEP %L, F 72l
oY A b HA Y ERIZX S TRALI R TACO % EORIEH R
EPHEDERED 2w EZ 5D, HAKRTFAOR A
OB VTY, [0 HAFATRIMIRTILE % M L
Z OB % PR R% T 5 20, Y] 72 [ A o i
H 2 MFEHRREICHR T W LIl h b, ZhH5DMI
BT, NLRIMIRO MM FHE~OEA, Mty 57—k -
THRKERAY Y PERDBIDOTHAS. | LIEWHEINTVDS.

VEXY, RAZZEBBCIBILZZ7LERAE 7 VOILEAL
B BRI 52 5 HbV B X O H12-(ADP)-liposome % 5-9 %
LW, BEOBEBKGHBECLVBELIOTRERIEEZ,
UTFRERRLEYETFT N TOMEEIT- 72, BB, DTFOER
Bt R R R B EBRAGEER B RO RKEE Z T FER L 7-.

ATEBRERE (Hov) ORSHERESICLHMMS 5y
7 DRETIE

H I 259 BRI D 50 % 7% 8 2 T EIRIEAS 20mmHg 7
BEICTERTLAEEOMIMEY 3 v 7 Tid, KMIME IR L
MEMEPERE 2D, COLIRLERICRERTLIZ L%
WA S OB - I E T A Z L MRS TWwA. HbV
IR AE25 250nm &/ E K, KiE B AR K TR PR 5 I E
LEZOND. BARBRRZHWT, MEIERT 2 IRIOH
My 3 v 7126 LT HbV I & 2 #%45 fide 5 o R dah 3 2 B
L7
EROKBENR & Y 25mL/kg D2EBiI % 4TV 125mL/kg
ZAEPAUKCHIS 5 &, Hb #EEEIE 5g/dL mifs, “FHEhR
JE1X 20mmHg Hi % F TRMITM T35, HH IG5 BRI
JNB O BT 28 5 > b Tdh S EZ-I0 PD 15mm (Teleflex
Medical #1) %MW CHHi 5V — 2R L7z Bllise T2
5 10 SIS T o F#ite 5% 47> 72. @ HbV 75mL/kg |2
Fl&BEE 5% 7 V73 Y 5ml/kg 285 L8, @5%7 VT
IV 125mL/kg 58, O L-AMF MY T A) XXV (5
77 v 7)375mL/kg B 58, @A (BEIMLIMLHE % & 1) 125 mL/
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EFETOR—)L

PE RS
40 mL/kg fii i
12 8
mL/kg mL/kg
0 10 15 20 (min)
HbV & 5% 7 /L7 2 5%7 )L
VB (n=10) HbVs 73._3 4
SHTNT S v s%7 v |§]| 5%7 v
8 (p=10) 74 e
20 mL/kg of Lactated Lactated
LR £ (n=10) normal saline ringer's ringer's
was infused for (36 (24
10 minutes. mi/kg) mEke)
£m#Emi (n=4)
IR0 EREG M A% 5%7 /v
(n=4) P
sampling sampling  sampling sampling

Blood sampling:

blood cell counts
coagulation factors
blood gas analysis
coagulation test

B3, %7 e ha— (k27 X Y E LTI

kg ¥ 58, GORIMER (FF—FKRI Y H 52 UOIER LTk
ARIMLER) 75mL/kg (251 &He& 5% 7 V7 I ¥ 5mL/kg 245
LB ER L7z (X 3).

HbV O vt 52 X ) Hb #281Z 7.1 g/dL 2, FHBIRAE
X 47mmHg £ CTHEL, 18 RMZDALEHRIZ 0% TH - 7-.
5% 7 N7 I O HbIRE, EFHEIIRTEL, 34 g/dL, 33mmig,
L-ABF b2 Y VEEETIE 40g/dL, 33mmHg TH 0,
Yav rhroONEIEEL, 12 B AP EBAET L.
AR AR MRS 5- T > Hb $REE & FH B IRIE X ENhZENn91g/
dL & 68mmHg, 80g/dL & 62mmHg T 1, BI0% 18 etk
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HAEHLLTOR (M4). T/, Wil s o e E g2 v T
Sonoclot” ZHWCEHli L7=L 25, 5% 7 V7 I v #E& LA
F MU LAY Y VHERE TG LEFERER (ACT) 25400
WCHER S 2 7 LSS E o ARV BE R B 2 B L7225, HbV
P 513 ACT 7% 200 R42 12 T4 R AR ML ER SR 5 D35 A5 & Bk
B B I T o 72 7,

CDXHIZ, HbV OB G I TV HRAE ¥ VOZAFEI;
TORBMLE BRI Rl O (i EmE) Lchde®
Zbhiz.
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HbV & 5% 7 LT3 EE (n=10)

5%7 LT3V (n=10)

2 MiFme¥ (n=4)

Lactatedringer's#f (n=10)

----------- - MBI MEE& 5% 7 )L TIUEE (n=4)

mean + SD

AA1°° _ B * p < 0.05 vs. other groups
o 90 A
:IE: 80 -
70 -
E o0
H 5
\-EE 30 4
R 20 -
L 10 4
= 0 T T T | v v v
Fr After  After  After _ After - After  After
baseline  plood 12 ml/kg 20 ml/kg baseline  blood 12 ml/kg 20 mUkg
withdrawal infusion infusion withdrawal infusion infusion
C 100 -T ........................................................... -
41
LT SO, *
9 i
SO 1
B 0 s T T
o b
#H o R
0 T 2l
0 12 24
B el
* p < 0.05vs. 5% HSA group and Lactatedringer’s group
Kaplan-Meier, log-rank, Cochran-Mantel-Haenszel test
B4, FHHRTEENEZ D VREOHR, AER COR27 X Y%L LTI

ATIBREMAE (Hov) & m/hREKEY (H12-(ADP)-
liposome) #AWHMMES 5 v 7 DEE

Wik > g v 7 g FRE GEKT) 260328, 7%
DVHEDCTARLY DI D, F2 T, BREERHIEELZHT S HbV
L IkIAEZ A3 5 H12-(ADP)-liposome Z P95 2 & T, %t
RS (BEEACT) DHIBWHRER T L ARAE Y MITBT 5 Hk4E
W (AR 2.3 57200 %2175 72,

KRD SIEBRIMAE O 2 51 Y5 55 200mL/ kg Z Biii L,
IL/NBRIE DSV M RR 2 % 3O 55 Bl L 7= B2 AR LRI 79 D A % R
M3 %z &, KatiifgoReigmic k2 A s m b 2
S 7z Eotk, FIZESE 5mm O PR O 22 FLH MR R
BEaER U7 IR ILER 0 LN R E SV — v 2 v

44

THAIEZ 7\ 72255, DIiZMK (Platelet Rich Plasma: PRP
15mL/kg © Jififi & U-CREDOBRIZ MG 6 HALZHIY), @
H12-(ADP)-liposome (JRE & LT 20mg/kg, & & LTIk
1mL/kg) &I (Platelet Poor Plasma: PPP 15mL/kg) Dk
Hi, F2EOMmAE (PPP 15mL/kg) DA% FHIRPIES- L 7.
5%V =V EBEL, ILMANER SRS T TROBBIZEL
72, 1RMIASER S N2KRBISH LT, FHEHIREZ 50mmig
PDLEIZT 5222 HENC, HbV 723 FF—FK B2 5 OFRIMER
% 10~20mL il L7z, 2otk SEMoLarHE L7

MR & > TRREOIML/MMEENZ 40,000/l LTI D,
M7 47 ) =7 YERT v F bu v 8 RSO F
EHMERADT E 2o/, HbRED 6g/dl i TAY b2
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80

70
=)
T 60
£
E
50
H
=
ﬁ 40
y
Bt
30
20
Before After
Blood exchange

Before After
transfusion

mean = SE

* p < 0.05Final transfusion period vs. 25minutes after liver injury period

(Group 3 and 4)
1 p <0.05vs. other groups

Group 1: H12-ADP-liposome/PPP + HbV (n=10)

Group 2: H12-ADP-liposome/PPP + 7~ Ek#& (n=10)
-———==== Group 3: PRP + HbV (n=10)
————— Group 4: PRP + (M ¥kiR (n=10)
.............................. Group 5 PRP + 50A))7Jb73t/ (n=6)

. _ Group 6: PPP (n:5)

5. FHBIREOHER (LK 29 & Y & L)

Uy bd20%HHE RS AR MYy POBIHLEME
N5 MR IE BRI R 25% DA E & 2 ), RESEFER A
% L7z Advanced trauma life support TOWIMYES 3 v 7 D2
J 254 % T class TITHIY§ % 12%FE - 72, PRP % H12-(ADP)-
liposome D% G-1Z X Y LIV OIEMA5E T35 TS, 56
12 15mL/kg 1 U, EHEIRAE DS 40mmHg PLF CTHIL & 95
BRIMH IR D 40% L EE %Y ¥ 3 v 7 classVDIRIEIZHE - 7-.
H12-(ADP)-liposome /PPP % #¢%5-L7-#Cl&, PRP 5 L
TR MRS AR CIEMICE I L2, wolE), PPP OAZH
B L72BCidikiiAsc& 3, SplkmsEL7. 251, kT
ERRRIHLT, FF—FKRLVDODLLDMERLTBWA
PR RIMLER Z 8l Ol & U TR E O RIEARIMERHE 5 B IZH
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W), FEHLDV 25352 LT, FHERE I 55mmHg
MiECHELY 3y 70 ETE (X5), 24 REfH 044
X 60-70%CFE L7z, S LT, IhEIZ5% T VT I ¥
ZRG L2RRBE T FHBIRES 40mmHg 2 FHY, ¥ av
IR TE TR LY, (1X6)

Z DX 9HIZ, H12-(ADP)-liposome % ML F W53 5 2
&T, MRS L RSO ESE SR, S 51T &kE
HbV 285352 L2k oTYyay 206 BTE 7. 1kiMLAE
RBFEHE LA L ALK o5&, SMEIC X 2 Wik
MERTA=E 7N -] 5 g ABVAREL 30T L R OF S ST
M ECoR b0 LEZ bz,
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100

[44]
o

12

2
@5)

Group 1: H12-ADP-liposome/PPP + HbV (n=10)

Group 2: H12-ADP-liposome/PPP + 7R Eki#& (n=10)

Group 3: PRP + HbV (n=10)

Group 4: PRP + =M Ek7E (n=10)
Group 5: PRP + 5%7 )L 7=/ (n=6)
Group 6: PPP (n=5)

B6. A (OCHK29 & ) & L)

BBhHhIZ

FIEAME 1203 % Fea oM ix, Damage control surgery,
permissive hypotension, Z¢EEROEHTH Y, #531U,
fif & 0 bRk L MATEEZMERT L EICHD. Thb
7T VARAE Y VOB THMITATH T & AR R E R
35, ATMHEIZZOEBIHIELL, FHILIZEETHL L
E25b.

HbV &, 22507 REHRIIMCH LT, mEkiciEb 53, v
DTHETTHUERFITHES L THMATE 2 A TR E A
ELTHIfEE NS, HbV 285 Lol 2R3 H Td
0, RIMEROFG 6y & S 5 LA, FHEEICEIRE LGl o
MRS TE 5 TORIEH 2w L FH 2 L TEhig,
VERAROTRIIM 2T 2 LICh2DTIERVESL ) 2. 7
LR 2 ¥ 5V T O O MG SR O BLE 2 5 b FEBIN
ThoHH, HbV G532 h 21, MEIRK T 5 itk
¥a v 7 OF LI ARIEICO 2235 & HIfFT 5.

H12-(ADP)-liposome ®F i & LT, AWM AE < WE
BHENEDTHDLILBBTONLD, K= AH5-05 1

46

THY, WEOMARIMN IR THRER) 2—2 202, #
MR Z MBI T & 2 M THEN TS, HbV LK
WML H R DGR ETH L L HEH SN D, LkoB)
MEBOFE RN S, 1mL/kg ® H12-(ADP)-liposome &1 &
L CRE O RIE M/ 6 HAL OB (ARFR OB /MK 15 .
7 0 250 mL (2AHY) & I2IFF SO MG FEERE 2 A5 5 Z L2
RENTEY ?, HRTOMMIFICIZRY 2 — LEHHESH I
HAHZELMHFETE S, F72, H12-(ADP)-liposome 75 Hi I B
MU DIEZH B W TMAESFORIEH 2 L5 2 Lk na
EHHERLTwD. & 512, M/MRA 2372 WIRPE T H12-(ADP)-
liposome Z 45 LCd, BEFREEELLZ L3 Eho72",
CHIFECICREORHBOETELRT LI LN LT L F
AEZ NV TOMMICBOWCEELZMALEEZ 5.

HbV & HI12-(ADP)-liposome ®3EAIZEL YD, LKA Z IV
2BV T H MBI PERCST 2 R3S, WHERRD
ETOMBRT ZH D &) B HMOBHIEITE L% 5
X, Wi & RO ENKRELSEDLE DL WFFL A OAR
ZLDHLIL D7,
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ARG TR L7250 — IR LT, JSPS FHFE 25462843,
16K11435 7 & NS H AREEHRIFFEBI F A8 (AMED) #F78%, %
PR > — XML SERE [ - a5 RE R AL
ARIMERBA] O EER~OEIE LIFGE ] OBz 20 % L.
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NADH ENEJBE > OHTFIC L SHBLERY 4 BB R &
ALFRMERANDISH

Antioxidative Pseudoenzymatic Activity of NADH coexisting with
Hemoglobin and Its Application to Artificial Red Cells

Wi $8F, ARF 55, A =, WIE Rk

Magohei Yamada, Takashi Matsuhira, Keizo Yamamoto, Hiromi Sakai

32 IER

FTXFIAEFTUE Y (HbO,) HHBILIZL D 2 MEL, REITMER/BERENMETTL2 21k, ~EZuy (Hbh) ZHw
HANTHBREEMAOHBICSCTIEOFETH S, FHHIZ, Hh BHRICEEVIRED Lo =aF Y 7I F7F= v U X
7 L4 F F (NADH) %M L72SA1C A MES KB Shs 2 e 2B L7z 72, NADH 12 Hb @ HBBRAL#E 2 KT &
52T THRL, A MEZESTIELHBLH (H,0, NO, NaNO,) ORI L TH R A MEZIHIT5 & AP LA
NOSOBKRIE, NADH & Hb AHAF L 728 ZITHWO TEWELA ¥ 5 — VI L BPA —R—F F ¥ F 51 AL 7 — B2 R T
CLIGENT LI Ebh o7, NADH ZNE L7z A LRMEKRZRBL2L 25, FEL WA MEHIORESA LN AT
13, NADH »34 MEZWHIT 5 2 H = X 2122w, Lineweaver-Burk 7a v I+, HABE{LO WA HPLC 4047, *'P NMR, Hb
ENADHO Ry v 27¥3Ial—ya iZX)BiFL, Hb® a¥ 7=y b & NADH OMIAEHA X MEIHICE S LTWw5
L EMRPL7-DOTRHRMNT 5.

Abstract

Oxyhemoglobin (HbO,) gradually autoxidizes to form metHb and loses its oxygen binding capacity. This is the common issue
for the development of Hb-based oxygen carriers. To solve this problem, we studied combination of reduced nicotinamide
adenine dinucleotides (NADH) and HbO, which demonstrated the highest anti-oxidative performance not only for autoxidation
but also for the oxidative reactions by addition of oxidants (H:O,, NO, NaNO,). We clarified that the antioxidative behavior of
NADH coexisting HbO is caused by pseudo-CAT and pseudo-SOD activities. Hb-V containing NADH showed the significant
inhibitions of metHb formation not only in vitro but also in vivo situations. In this review, we summarized the mechanism of
antioxidative function of NADH coexisting HbO,, which is evaluated by Lineweaver-Burk plot, HPLC, *'P NMR, and docking
simulation. The interaction between « subunits of Hb and NADH is the key for suppressing metHb formation. This finding will
contribute to prolonging the functional lifespan of Hb-V in a practical use.

Keywords
methemoglobin, NADH, catalase, superoxide dismutase, liposome, hemoglobin-vesicles, antioxidants

BT DY, COLER—N—FFI T4 (0,) B
HL (HbO,— metHb+0,), 5120, IEABILIISIZ X -

1. # 5
RMIRDOEE Y YR ETHIHINEFBLE Y (Hb) I3HBFELE

WHAICHA L, KRR OBRFERRE RO CHELW X 2
HoTwa, LaL, BEEZHEA L2 (ferrous, Fe™) ®
FTFIYANEZTE Y (HbO,) &, KEICHBBLIZ X - THEH
RO LWk 34l (ferric, Fe*') @ X FAEZ T E ¥ (metHb)

T#lEILAKE (H,0,) 12740, HbO, DMLEMRAET S, F72,
ARNTIZ, FIER, ~2a7 77—, MBS SHEES
NoiEMEEEM (Reactive oxygen species, ROS), & 5\ id L-
TUX= v ZBETHMLUTER SIS —BLEHE NO) L

R RR RS RIS E

T 634-8521 Zs BLULARJE O PUSHT 840 Department of Chemistry, Nara Medical University, 840 Shijo-cho, Kashihara, Nara 634-8521, Japan

WA 20204E7 H4H OB 20204E7 HOH
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DIEMEZEEM (Reactive nitrogen species, RNS) 23FfHEL, &
Nod Hb 2 A MESEZENICEL., EEMO=bTs ) L
VURINTFTANGZEDRMIZE Y NO 2 sh, 7,
P ER O NO W ABEITB VTS, Hb 2 4 MLT 5 EI1EH DS
»H5Y. WASEA+ > (NO,) b Hb Otz ittks 27, i
W YA (NaNO,) BENARY —k— Vi EEROHLG
MELTHOSRTEY Y, F72, WA 4> (NOy) %I
L7 E S TN OMAEWIZ X ) BIe ST NO, KT 5
CEDPWEHEERTVS .

ARIMLERN TlE metHb O FEZ K RO 72DIZ, metHb %
JET BARLAR, ROS Z K& BAMADTEET 2 Y. ARifzk
WNT metHb 23707 AAEM A, K¥I$ 2% & 2 FFAFAEL T
W5, IF—oHIZ, TRAINE VBRI VY T+ R EDR
TEAIDSEAE RS LT metHb 23803 28HETH 2 %Y. ok
X, BALICX W AR LT Fa 7 2al e VBRiLil 7 v
FFF VRIS L o TR SN THAH SN S, =D
Hix, BEEICL5®ICTHAS. NADH #3E & L, cytochrome
bs DSE T L LTl { NADH-cytochrome b; reductase %'V,
BWIL=aF VY 7I T F= VIR LA FFTIF AT 2— 1
(NADPH) #3E & L, flavin 258 T8k & L T { NADPH-
flavin reductase 28fE Sh<Twa P, —J, ROS 2ET 5
AL LT, O, % Hy0, ICEWMT 2 A—/8—FF T FF 1 A
L% —¥ (SOD) %, H,0, ZKIZEHT LA 55—+ (CAT)
AARMERPNAAEL T 5.

INE TS, RIMERDA T VLB L, ks L7
Hb #iz U Y IRE/RAE (VRY —2) ICHESETALR
MEK (Hb-vesicles, HbV) &35 Z &, Hb O#Mk % KRk T&
HIENPSPITENTEL DY NDRIMERDOAEIE, 1
By, BRERZzEET, ROBREISTELRZZLTHS.
BUE, HbV OBRBERE OISR 725l 2 #EdTHB Y, FEH
LS NNTHAEDERICE LOHEM S 2 b 725 L, Ml
OB O LA B EWES RS P ATRIILERICH W 5 Hb
e MRIED SRR L CB Y, FEEEWHRRAITH B 720,
MBLBE (60C) 2L BT 4 VADARHEILEF ) 74V L —
YavilEE YA NABREIREZEALTCWS, ZOTEIZE-
THRODTEEMDOE WAL RN Z BET LI LB TEX DL,
IRIMERPNCAEAE T B REF RIS TR S h o . WEo—#id
ARIMERNTIZ A MEFEZE 05% 2L FICHill3 2 %Hz#H->Tw5
72, RIS Hb 2 FRHIH W Hb-V 285 L7
WA, HEIBLICX D IRA A MEL, BEEERBEREAMET
LCTLE) 2R ETH - 7.

Hb-V QKIS H ORF%E "2 L 647 L, SETH L HEG5HD
A MUK % RS 5 ISV T ORI HED &
NT&7. Hb-VIGHIS, BFATAIT—F¥—ThHbAFL
YTV — (MB) ##%5 L, RIMEFKNOEFLEREZIHH LT
metHb Z#£ ) %L HbO, 1B ITTE 52 EARIMEN2P. MB
DA 5T, o Phenothiazine 2ta# TR DL E o oRh 5
Do b EBWSPITERS B,

COBEBFATA T —F—%fli) kL i3ic, &k, NADH

50

% HbO, & JAF &2 7213 TR MU S N2 R HHERE S
h72*. NADH i& HbO, E B k2K 5 2 LT, #PWIC
SOD % CAT &M UMk & (BBIEERTGTE), x MEZ #pil
LTWwWaZedbh ol RKEIH T, Lineweaver-Burk 7
oy b, HPLC,PNMR R Fv 7y 3alb—3avilksb
AMTIZ & o TH S22 &7z, NADH 2959 HbO, D * ML
W RT3 5. $72, NADH 2 W& L7z Hb-V
2Ty MG L2 &0 X MupilzhE=e, HRREZE LT,
JECRH LA P D BLIE 2> & 7 ¥ R D HbO, 12D W Tl L 72
RIZBFET 5. LBAFONEIZX, ACS Chemical Biology
(2018)% B X 0¥ Biochemistry (2019)? 1238k S 7= NFIC
DNTW5,

2. BEOHEFEHET THEH < X MENFIME DFESR

2-1. HBBEHOR7)—=> 5%

AR D% 13 ROS & D JUBYEZ RS 720 20 A
ROS il Z:iEZ 485, HbO, ® A MEZIIH]IT 2 Z AR sh
b, RHTE7 I /W, AMEGESST, M IZes fA1E
THEWR L, MENEGRICZEENPRVWEEZZ S5NA1L
EWITOVT, HbO, D A Mbz W3 21 H L0 A7 Y —
=V T RATo72. A MEHIwE B L LT, 9O T 3
J B, SHFOEKESERST, 10 MEONRBILFZ, 1/
dL D#ET HbO, ¥ (10g/dL) \CZhZREmL, 37C, 24
REIA O F2X—= 10X MEEZEKE L (RD. MM
LaWEE, BEBLIZE D X MERIZS3%ICETEAT LD
WAL, 73 BRI 32~43%, #5113 32~43%, HiERILAZ
17~49% 280 2 S 7=, NADH Z ¥ L 7= %412 2 MEXKI
17% & B, BNz X MEIHIRREE 2 /R L7228, BRILET
AL — O b= 2 Fi D, BALRICEMBE UM ()= -
0.32V) %753 NADPH Ti&, HEMILICX % 2 MLz 3
LRPREMEN (37%) L) BIRRWHE S Sz, 0
WOERIZOWTIE2-3 TihR5.

1. bulfb#l (1g/dL) Z¥&m L7z HbO, i (10g/dL) @ 37C, 24 I
%D x ML,

Antioxidant metHb Antioxidant metHb
(%) (%)
none 53 PEG200 39
L-tyrosine 38 hydroxyethyl stach 37
L-arginine 38 quercetine 42
L-glutamine 43 astaxanthin, 39
L-tryptophan 38 sodium gluconate 49
L-lysine 34 sodium L-ascorbate 37
L-histidine 32 D-glucose 36
L-asparagine 40 glycerol 38
L-cysteine 34 nicotinamide 34
L-methionine 41 ATP 44
Human albumin 32 NADPH 37
PEG2000 42 NADH 17
PEG400 43 - -

Hl : Yamada et al, ACS Chemical Biology 2017; 12: 1820-1829
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2-2. BB{EHFIC & B HbO, DEWERERISICHE T
NAD (P)H #7RF X MEAHISHER 227

B b# & L < H,0,, NaNO,, BXUNO Z#L < HbO, ®
HOBRILBUS % 4T > 72354728, NADH % 7213 NADPH (NAD
(P)H) %X MEEHIE) R 2R3 285 L7z, NADP)H a8
LRWEEIZIE, 40 551342 metHb ICEBIL s (K
). ZHICHL, HbO, & (0.1g/dL, 155uM) 23 LT NAD
(P)H #5EViiind 5 &, 2 MEFIZHK 50%FEEICE TIKT
L7z, CoORRELY, BILHZH V72 HbO, O VwBIbicB»
Ti%, NADPH & NADH & ki 2 MEHflsez A3 5 2 &
B ShE o7

<
2
@w I
-]
=
0 ) . .
0 19 20 3040
Time (min)
100 F Hb0,+NaNO,
= 60 +N3No: .
. O
S w0 [
I
HbO-.+NADH
20 o,
0 . .
0 10 20 30 40
Time (min)
100 }
S 0 NOC Af0s+NADPH
& 8t or
s ¥
(C) -Q 60 i ----3;-_-_--;
on
= 40 \
£ HbO,+NADH
20 / 0. 13r

0 10 20 30 40
Time (min)

1. NAD (P) H JEAFAE T EAF-4E FITB W T HbO, 2 (A) H,0,, (B)NaNO,,
(C)NOC7(NO) » B RALAIRMED X ML (metHb%) . NOC7
(1-hydroxy-2-0x0-3- (N-methyl-3-aminopropyl) -3-methyl-1-triazene)
AR L, NO 2% L C HbO, Z#{t$ 5. NAD(P)H

OFRME Y, X MEFIZ50%BREICHZ 5N 5.
Hid : Yamada et al, Biochemistry 2019; 58: 1400-1410
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2-3. NAD(P)H O{tFEZREM *©

NADH & NADPH @ * Meipfilskatix, MALAIC X 2 #w
AL T F RIS VDS, v HEERIE TId NADH (X
NADPH ® x MEPIHIRIRAMED - 7243, EORKNIZLFAENE
EVEDENIE DL DTH DI EDRDEE LD S H L7, PBS
(pH 74) W TNADPH & NADH # 37CTA Y FaN—Y 3 ¥
L, =357 3 FIGOBILIUE 2 88 L2458, =ookikE
FEORRAEEAR0% B L U 20% I \ZET HIER (L L) %Y
5%, NADH T t)s 2316 H, £, 2116 HTH B DI L,
NADPH Tl £)3 2802 H, t, 7312 HEIEHITHE L, 1bFWIC
REETHDLIEDPW SN Rtz ftoT, BIEHO B
{EIZB VT NADPH 34 MBS 2 BT & Led o 72013,
SRIZ X 52U NADPH OREKTBRKETH AL L EZ O
5.

3. NAD(P)H & HbO, M X MMEHNEID¥ER fZRH
3-1. NAD(P)H & HbO, DR &M 2%

B F TR L7 NAD(P)H 12 & 5 HbO, ® x ML,
MAbA & LTl < ROSR RNS ZHETHZEICXDFHLT
Wb E#z 5h5s. NAD(P)H & HbO, DFFEAE F Tl L7 H,0,
BEOEALZBY LA, HO, DWW RSN TWS Z & H 1
Sy, BPMWICH ¥ S5 —E¥ (CAT) ¢RUMEZLTw
5%z bz, NAD(P)HBRELZZE 2 CHMOIEBZ 1T\,
H,0, 53 H S5l CAT itk Z it b L7 f5 2 &K 212
R B CAT 511X NAD (P)H O EHRITHEVEL 2D
(No.1-5), Hb & %8I Lo NAD(P)H 22 284121, A b
U—=<7 Y —0OFEMIE (Noll) 12555 CAT £ ) dEWiGtE%
7R L7z, HbO, HAKTIZ#HM. CAT 15M: 2 #5723 (No.10), NAD
(P)H DA TIENEAE L AR E 2 n &5 5 (No69), H,0,
225 5 KA1, NAD(P)H & HbO, 3364 U CHI AR
HIEXEDRHELTWAEI LD DbRS.

IO ROS IHEBEREIZ A —S—FF ¥ F7 =4 (0,) 2
FLTHML ZEMER I N FK2ITRLAHL SOD Gk
&, HEOLCAT itE L MBkoMMZ 7L, NAD(P)H O #NEH
PN ARY AN (R N B

3-2. jEMREE Y

2 OBEEEIE A D S Lineweaver-Burk 772 » + 21K
L7z (M2). xfiiEoKkmbroRdDLND K 1%, #LCAT A3
(NADH: 1.8mM, NADPH: 1.4mM), ##f. SOD A3 (NADH: 2.3mM,
NADPH: 21mM) &, WiFhd mM A+ —%—& ) K& fliz
/~RL, HbO,## (10g/dL, 1.55mM) 2 ROS i Z: btk 2 1 5-
35720121, HbO, £ [H U mM *—%—® NAD(P)H 234 %
THAHZ EDVWMEE o7, NADH IZME T, K, i’
16uM & i & LT v b metHb 3% 76 % B % cytochrome b;
reductase DHIEHZ L LTHVWTWE I EBASRTWS 2,
HbO, & 347 U TN 2 /R 97720121, iz e~
FEHICHIREED NADH 2R SN B HER & 2o 7z

HbO, L5 AT 52 L2 SN 5 inositol hexaphosphos-
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# 2. NAD (P)H 447 F @ HbO, i OHEMAEESH (CAT, SOD) iiPEAl. ¢

No. State of Hb Hb (mM) NAD (P)H(mM) Pseudo-CAT Pseudo-SOD
(x10'TU/gHb) (x10°U/gHb)
1 HbO: 15 NADH (0.5) 52+1.1 15+14
NADPH (0.5) (6.2£1.7) (21£17)
2 HbO: 15 NADH (1.0) 17.6+2.1 6.7+2.1
NADPH (1.0) (19.2+1.4) (7.6+1.5)
3 HbO: 15 NADH(15) 23616 12.6=1.0
NADPH(15) (34.3£1.2) (15.6+0.9)
4 HbO: 15 NADH (3.0) 26.8+0.8 14.8+1.8
NADPH (3.0) (35.2+1.0) (16.0£1.2)
5 HbO: 15 NADH (15) 36.0x2.1 16.3+0.8
NADPH (15) (46.8+1.2) (20.4+1.4)
6 - - NADH(15) 3406 1.1£0.7°
NADPH(15) (36+04)" (1.120.7)?
7 - - NADH (3.0) 39+0.7° 1.2+0.7
NADPH (3.0) (4.1+0.8)" (1.3+1.6)®
8 - - NADH (30) 20.2+0.9 1.0+0.6*
NADPH (30) (19.2+0.6)* (0.6=0.6)°
9 NADH (45) 20.6+0.6" 1.7%0.7
NADPH (45) (19.9+0.8)* (1.6£05)?
10 HbO; 15 0 N.D. N.D.
11 SFHL (HbO2)¢ 15 - 20.1x14 21.6<1.7

ND. : Bl BRA AR, FHME+SD (n=3). “ HEBGHHENE X 1000 54 CRE L7z, "Hb #EE 15mM & A0E L TRl

F L7z, “SFHL: X bu—=7Y —OFMiE. 54755 CAT & SOD Oififkfliz /R L Tw5.

0.24 [ 0.24
NADH+IHP
= 0.16 o NADPH + IHP
P 5 076
> @ NADH+DPG > NADPH + DPG
- . -
— 0.08 . A‘ - 0.08 . e
..... L 2 O
NADH e NADPH
Laeeeis N s . e .
-1.50 -1.00 050 000 050 100 150 -1.50 -1.00 0.50 0.00 050 1.00 1.50
1/ NADH (mM1) 1/NADPH (mM-)
048 0.48
NADPH + IHP
a NADPH + DPG
g o0 5 o0 e
&~ »” Af
> - prag
~ ~
— 0.16 - 016 . Qs
~~~~~ NADPH
oo A , . DY ,
150 -1.00 050 000 050 100 150 -1.50 -1.00 0.50 0.00 050 1.00 1.50
1/ NADH (mM) 1/NADPH (mM)

2. lEA L LCIHP & DPG 2R L7258 SR L e h - 728560, NAD(P)H FTFICHIT 5
HbO, DH#EMEEZE (CAT KT SOD) %Pk Lineweaver-Burk 72 » b. Veur Pseudo-CAT, x
10'TU/g Hb. Viop; Pseudo-SOD, x 10°U/g Hb.

L © Yamada et al, Biochemistry 2019; 58: 1400-1410

(K) &, THP 2517~32mM &, DPG ® 58~99mM & » K\
fli %Y, IHP X HbO, 2 & ik < 4 LT NAD(P)H O#idL
EEETE 2K T 8T 5. THP, DPG d Tense RED deoxyHb
O BHMIITRATHIERLILLAMONTVEA P Relax K
BED HbO, D o BAMICHETH I L HWME STV 063,

phate (IHP) ¥ 721 2,3-diphosphoglycerate (DPG) # NAD (P)H
ENRECIRIL, MR Lineweaver-Burk 71 v b &K L
7z ZORE, WIFRSHEARRMI L Y K, #iZ LA L7228,
Ve OFEIZFLEHN B ITIZE U2 R L, #EAAS y il
TRAT 2 MAW R FEHHERRZR L2 (M2). BHEEK

52 AL Vol. 28, No.1, 2020



#t- T, NAD (P)H i3 2 1 & BEH oM &5 & [F U (HbO,
Do ) 12, BETHIIICHAGLTVALEESNS.

7B, HEAORDLYICTE AT Y v 7 NTTH 5 pyridoxal
phosphate (PLP) 2 LAl NAD", NADP" #ML7-& 2 5,
Viax B LK IXETEALE T, BSEEHZR S Lh 572 PLP
3o e BHONKMCHAT LI ERAMONTED ™, #
¥4 FAINADH &3R4 572D ICHEMEH 2R E Rh o2
LEZOND.

3-3. NAD(P)H & HbO, D&t nrEsR 2
NADHE=a2F > 7IFETF=yDOMIZ220DY V%
ALTEBY, “PNMR TiZ 7Y —d NADH & HbO, IHs &
72NADH 3# %%y 7 F e LTHMl X b, NADH IZH L
T HbO, DRZZELEE, ¥ 7 F VORSRELD S HbO, &
A L7 NADH o4 %25 L7z 2%, NADH i HbO, ®
o, IR E 101 DILF RGN AR A Z R L TV 5D EHH
STz

¥ 72, HbO, D HEEALIS % HPLC (2 & DBERL, #o0W
WCEBIL SN EROBHZIT > 72, ZORE, o SHOADE
LENTz 0, B, D, BHOAPBILSNT: a,p," (KT D HIXF
Y— 7 ER (o, B/ anfs’) &, NADH ZRINL 2o 728
Glliglleaektzmlcl2E —~HLTHEL, afio~nlidp
BOANLEDBILI NPT VDI L, NADH 12 T TiX 09
DUFICHZ 5, NADH 7% o S0~ 2 OFEAL 2 8 Wiy
5T NS RoT2.

CHODOFF LY, NADH A5 HbO, D a $iD N L DEEIS
1:1 OV TIRFREICH A L, HbO, OEEILZ #iH L T
WBIZEARBEEND.

3-4. NADH £ HDO, D Ky %> 31L—v 2%
NAD (P)H 28 BARIIZ HbO, LD EDMEIZHA L TW» 59
FEBRHCHSPICT 20N EETH L. 22T, HLO, &
NADH D # 5% 312, V7 b7 (MF myPresto, #
TA4T7I9vI7R) EHWCRNy Ry 7y 3Ialb—Ya ryzfio
72 (X3). ZokE, NADH & HbO, D 22D o ${D Lys99
L Argldl IZH:E =94 M, 1.85~340A Lo i<
SO LSS R EE Tholz. TOREY A4 M, THP, X
DPG 258583 23 2 48 LTw5 *. HbO, ¥ NADH®D F v
FUrvIal—ya ilBnT, BILBETICHS TS0y
FUT I NORFEANLGHOGFEE OB TR, 1008 A
LT BB AR HiEE 2 ICHEE L CTB Y, NADH 22 HAAA
DBEFPEIZI Y A MEZBH LT AT REMEAVRIR X7z (X
3). NADH ®ftb D IZNADPH Z W TN Y I 2L —Y 3
VaATo7:2 2 A, NADH LI UHEYA MIHEL, =35
YT IFEANLOREED 10A LT THo 72

ZD XS, NAD(P)H & HbO, 2554 L TN L DRI
NAD(P)H 2 X h2 2 L2k Y, SETFICROS 258 L7
Al Hb ISR L7z NADH 2MUb D IS5 2 & TROS
ZMEL (P SOD, # CAT iM% 7R L), HbO, » % ML

ARTIFICIAL BLOOD Vol. 28 , No.1, 2020

T 2@ &2 LTCwb EEZONS. HbO, D o SHMIZHE
L7 NAD(P)H 2%, mWHiEECHEET 2 g HONL DML E
T2 3REETHSH LEZOND. BALF 23 L7z
WA MERIBIZBWTIE, NAD(P)H ORI & o TPRofE
FTL2IH Y (K1), F72 HbO, \Zxk L K#EE o NAD
PHZFMLZzE LTH HBR L Z 24l 2 2 L3 T
EwvE v EBRREE, BHONLZOBLIIHI SIS
ZLITENT S LSS NS,

—7J)i, deoxyHb * NADHO Ky F o7y 3Ialb—var%
172625, aBiTIERL B8O Lys82 & Hisld3 IHiA L
7ohs, = aF VT I FEALEKOEMIE, Brheme: 1984 A,
Brheme: 1832A &, B BB WRELHE T 2N o7 T
NICHEFyF U ryIal—Ya ryoiEs HPLC OB{kh

- o -Arglat

I“ [ ﬁ.-Lysss

a

.. ?; f;« 'g
NADH

>l

i % 3 P
i b il NAD*
; k-b S8 (H,0)

3. MF myPresto Z W7z HbO, ENADH D Fy F 7Y Ialb—3¥ 3
YORRE, AV A o kK. HbO, & NADH 2SHAEAEMIC X
DBIEREIEET 5 & THRMESE (SOD, CAT) iGtE%/RL, it
WEEZHL T MWl shs eEzoh5.

L © Yamada et al, Biochemistry 2019; 58: 1400-1410
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MARD A A5, NADH I E1Z HbO, D o SHOBRALIPH ) X
L)X MEZHHI L TWwBdbDEEZHNS.

4. Hb-V ANDISH &S EDER
4-1. NADH ‘3 Ho-V D& & X MEIFIR 2
K58 HbO, ¥ (40g/dL, 62mM) (2%} L, NADH % 0,
31, 62, 125, 7213 25mM (0, 05, 1, 2, 4 %&) #®ML%
WA NG Sz A TRILER (Hb-V) 38 L7z, Hb-V % 37C
TAVFaxR—Yary Lt DX MEE (metHb%) %388k
L72& 2%, NADH OREHNIEV 2 MEROM AW Z 5
h7: (X4 (A)). 72, NADH EEE 24 Bpfijed X MEED
Bfrz 7oy b35E, 2 ME3KIE NADH BEEH KISV K
AL, Hb IZH L TEENEL EO NADH 2R L7- & 2123
—ZDMH ($10%) ZRTIENISNIL 7 (M4 (B)).
X2, [NADH] =[Hb] =62mM TH#HE L7z Hb-V IZH LT,
BAt#l & LT H,0,, NaNO,, BXUNOC7 Zi#&ML7zE X1
NADH A9R§ A MEHIHIZI R Z MG L7, NADH 2 &4/ L&
W Hb-V OEAIIZBALA ORI X - T A MEASH#EITL, 40
S#ICIXIEIZ4 T metHb ICE# S Nz, Zhicai L, NADH
WA EE Hb-V @ 40 500 2 MEEKIZ, wWIhdiTiF30%
Hith £ CHIRl S 7z, $72, NADH % &M L 7= Hb-V O#ME:
FiGM: (CAT,SOD) ##lleL7-& 2%, NADH/Hb=1Dk &
B FIGEIE (CAT: 17.10x 10" TU/g Hb, SOD: 1244 x10* U/g

NADH(mM)
0.0

metHb (%)
N W &

PR e

N . C3d

3 8 12 16 20 24
Time (h)

60

= 50 ®3)
- 40
2 30
= 20

g
E10
0 1 1 1 1
0 5 10 15 20 25
[NADH] in Hb-V (mM)
4. (A) R 280 NADH 254/ 3 % Hb-V @, 37C, pH 74 2B
%X ML (metHb%) O#EKF2 k. (B) NADH OB & 24 K #
@ metHb % D Bz,
Hi : Yamada et al, ACS Chemical Biology 2017; 12: 1820-1829

) at 24

tHb (%

54

Hb), NADH/Hb=2 ®» & &EEGME (CAT: 1790 x 10" 1U/
g Hb, SOD: 12.80 x10* U/g Hb), NADH/Hb=4 D % % (CAT:
2150 x 10'TU/g Hb, SOD: 16.82x10°U/g Hb) TH Y, Xy 7 v
WEHALTH Hb B & M0 S wEDEEEEE 2R Lz,

PlEX D, Hb-VIZBWTH NADH # HbO, & 58D ETH
WEEHIEITED, BIEIhd v Hb ICHMBILEEE 215
L, A MEEIHITEX S LAVRE NI,

4-2. NADH ‘@#EHo-V DJ v hADES?

Hb 2L 0, 1, 2%%® NADH 2 &4 X€7 Hb-V %, i
¥ [Hb]=10g/dL IZHEL, v bOFIRICHES L7 (10mL/
kg 1mL/min). #EKFRICHERIM L, Hb-V 5 #H D * ML
(metHb%) ZBEFL7-2 2%, NADH # &4 L& Hb-V i
A MU W LT 7 RERIBICI38 40% 12 L 220 H L,
NADH &4 Hb-V TiZ * MR EoREICHH S h
(K5). NADH OEA®RA ] B e 2 451 E Tidx MERITK
ELAINHONT, NADH OFALAI R 1 Y& THKRISH:E
LCTWwaEEZONSE., ZOFYHLERRIZE Y Hb-VIZBW
THETH - 725 5% 0 2 MEE oW, NADH % ILICHE
SEDZZLICEDFLLUBSINLZ LWL R 72

4-3. 7 Hb OFA
ANTFERAOE R & 42 % Hb (2 MERIMIE GRILER) H
kLSO Hb 2R TE UL, X O RER % ER ORI AT
Lk, FE, vYHEOHb I P Hb EHEMEL, AL
BHEEAROBERE LTHWSRTE 2, 22T, NAD(P)H
A Y Hb I LT 2 MEBHIRIRZ R T 2B L7z, v
HbO,(10g/dL) % 37°C, pH 74 T24 WA ¥ Fa—y 3>
L7z, AMEKIZ3B%ERY, & b Hb DY (53%)
WCHARTHBIMILIC X 2 2 MESIS OB IZE A S
72. %7 ¥ HbO, 125V NADH %3 L TR DEER Z 17 -
7ol Zh, A MEFKIZ23% F T FL, & b Hb & MBI NADH
WMASH B AL %2 W3 % 2 LAl &z, £72, NAD(P)H

60

NADH /Hb
- 0

17
=]
T

=

metllb (%)
w &

[

Time (h)

5. 7 v b~® NADH &4 Hb-V (INADH]/[Hb] =0, 1, BL U2 HH&)
G550 X MEE (metHb%) OFERFLEIL (n=3).
HidL : Yamada et al, ACS Chemical Biology 2017; 12: 1820-1829
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& Y Hb D IERICB LA (H,0, NaNO,, 8 X FNO
ZIATHNOCT) LDOUBICBWTD, v N Hh DY L
KRIZHT 50% F2)E F T A MEAHIH] S 7.

NAD(P)H &7 ¥ Hb ®3:4£% (INAD (P)H] = [Hb] = 1.5mM)
2B WT, #BCAT i%TEEZ NADH %308 (NADPH %% 34.9)
x 10'TU/gHb, 4. SOD 1%+%1& NADH #5144 (NADPH #%13.8)
x10°U/gHb &, & b Hb O35 EIZIEFH L NV OGP Z 7R L
72. ¥ Hb #iH L72%4ATH NAD(P)H 291§ HuLrE
ke b Hb & L, v b Hb OfUNM RS L
THaiiific& sz on5b.

5. #& &

BER %2 VI A MEZR P L 22 A TR ER 2 35 % FB:
ELT, MR L HAELE AT ETHIELR TV HD HE
WCHRRALEERE 2 53 2 T ORAEZRAN LI, A7) —=
X ) HH &7 NAD(P)H I HbO, D 20D o $iTH T h
TAEETA MSREL, ERFICVET S a HONLABANDOET
PHIC X 5 TROS ZHET 2 L), WiERNHZ 17T
ZEPHSMICENT. NADH Z N SECTHBE L7 Hb-V T
%, in vitro 7217 CT% < in vivo THHEHK D Hb-V 12X metHb
O PG TR 52 EATE, BRERAE LT
BB AHFRASKIEICERE S5, 72, 2O ROSHEREIZY ¥
Hb & NADH & DHMAEDLRICI o THHEIUL I ELS, ¥
¥ Hb 2k E L7 N TRFEEHAICBWTH, NADH A X b
LR & LChRET 2L E 2 b 5.

MHNZAFAET % metHb ZEIGHEROFIH R, SOD, CAT OF
I & ) A TEEFER RO 2 MEAIHIT 2 A 2E L fThh
TWaH, ISP OREEZ —YMEHE3I12 Hb HHIZ ROS
HARE (B SOD Mk, #HEPLCAT k) #HE7-¢ 202813,
CORHTHA LA NDTTH L. AIEMIEICB TS v
NIAZEEDN—F x VA2 ) ==V 7D LI, FuFy
7v3Ialb—varyoFEeHwTHbO, D gHDONL DI
WCHRET AP LA G TE L, o 2T TR D
BAEA DL ADOREL, & OICHVIIERILEER % F5o A Tk
MEEZEHRTEDLEZONL. SHOMEOMEBEIZMFEL 72
V.

B &

AR = e e i & (k4 B 25282136, 4% B 17H
02087) Z#Z\FCHifES iz, T2, RifICHh) THhe D
WExHE T L= HARPAEWERARO -S4 S580% L
SEPHERERR, 43 R IRFFR LR S O A 165 i
FAPRE SEROY 7Y O AN L R B o i
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AR & BFR
Contents vs. Naming

=T ARE
Masuhiko Takaori

AR

0 THRAGLIET ORI OWEERBY RO E % 9 5 72D IRMEEAE I 5~8ml/kg BEDWMAM 21772, ZLTIh%
“75 2 L FRLTE L OUIETHOREBNEIS LTz, 72 American Association of Blood Banks (AABB) @ Technical
Manual ®—#, HCEM#ILIC B3 % HO R 24K 0H S N 7218 1213 3% T o preservation technique, isovolemic hemodilution,
salvaging system % Z W ZhHria 3 A, AR ECmigm, L <hilEtE ciinfgi e “HAfigm” 24 L CRR L.
E B F mic e 9 499, TACO (transfusion associated circulatory overloading) % transfusion induced hypervolemic
complication (TIHC), & %\ iZ adverse hypervolemia by transfusion (AHBT) & ZNOMBEIHETH 5 2 & 2 WAEIRT 2
WKIRETRBZVPEREL. TobbEHRESTFTOWE, BEOAKHTLZOLDODORIK, BELREDZOL0DHLER
BOAL ST, Z2OHOOMEH, MHE, AR, BWaEFAESIRLSC, #YICEIAT LI Ao RELEEZ X 5.

Abstract

We used a term of “plus transfusion” which was transfused 5~8mlkg of blood into patients who would be anesthetized and
operated for their cardiac diseases in order to prevent considerable hypotension following induction of anesthesia. This procedure
was actually an overloading for the patient’s circulation, nevertheless it was very effective to maintain their circulatory
dynamics stationary. One of the autologous blood transfusions, “isovolemic hemodilution”, described in AABB technical manual
issued 1985 was named as “hemodilutional autologous transfusion” in the Japanese edition by the author. This naming was not
exactly proper for the original name, but it was an actual procedure in transfusion practice and also easily understood for all
clinicians in our country. Recently circulatory overloading associated with transfusion, namely TACO has been used in field of
transfusion medicine. However, it is clearly understood which is one of the complications associated with transfusion and not
therapeutic procedure, such as “plus transfusion” as described above. Therefore, it seems to me named likely as transfusion
induced hypervolemic complication. Every things and every procedures in medicine should be named as expressed their figure,
utility and value as possible as clearly understandable for all of doctors in clinical practice.

PO THEEHDDBFM OREEZ Y LTz 196842 5, H
AANRY Y —VTIHREEEAZAT) L BHOMEIMRT LT, K
IEPHMETIOmMmHg LT &b ehHo7z. FD7
DTz VI T YERELTMEZNMBESES Z EHE 0o
7o, COMERTORKNIE, OB T OWBRAE % &
PR O BRI X 2 AR OIHEIZ X D SRR T 2 MR L Cw
ZRETH L. CHICHLTHBEZEATLILIZEY D

I G — IRl S h b 72 & E 2 7. 22Tk
FROMAE 2 — RSB S B EIRGR TR O 2 BiF i s
DIMEAL T 25T 2 DT WA L% 2, FRFHE AR 5~8ml/
kg 2 IE DI A4 % 47 - 72,

ZOBAEZX Y FHEEY FRRoOMERT 285 <2 A k7.
COMIEAEKICE > TGHEZMEEAMNTH Y, Ak 51E

NG ERF K 2% % 3% Professor Emeritus, Kawasaki Medical University

SERE IS RN 9 Tt 21 &
E-mail: mtakaori@a.zaq.jp
SR 0 2020 4E 4 H 20 H
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HFEFLWEEE ZEVWHEWSDTH S, LErLZERIZE - TH
W A% OMEBRB B ZE LAEROMH 22 5 2 L sk
7o, FO7=0Z O, BRI FR (B OE BB A
AR DD, 75 235b0L LT TS AN EHLTE
L DLIEF R OREFNEIE LTz V.t b ARRFE I
TS WM & o THREARROMPERIZHEIT L, T 72
FEECHE D RS RAEREOMIAFIZ L B R WIEBRR DL E L Tz,
ZDDTAPH N T 5 AWM % % AP BRE R &
KT ITATHDTHYRAMTHoI2LBFE LTS,

Z @ % 1985 4F 12 3 # & American Association of Blood
Banks (AABB) ORI X 0 [A4kASHAL L Tw % Technical
Manual ®—#B, H M3 2 HOMREKFI W, £
DO BE, JEF TIiE 4 H C L L % preservation technique,
isovolemic hemodilution, salvaging system & #i L C autologous
transfusion & ) ZHAMF VTV AR o7z FRIEZIR S
RS N TW723HH 2% autotranfusion & =) HH TH - 72D T,
AABB & L T & autotransfuiosn & % \» i autologous trans-
fusion 2 A LEMEN LV EFBRL TS, L
PLINGZNENDWHEICHCMRN TH S L EZRT I
WCHATERTIEIRT 20 E LWEE X T, Ths Il
KNHECMmEm, AHFRXECmEL, Z U<t E S &
“HCHEL” % L7 2. B2 isovolemic hemodilution (2B
LT ENBRRZE~D NG %, HHN 2 MEARE Bbh,
ZNAH ML DO —D L IXFR L3S H 5 0 THib) 4
HRTHo72LBLTAE. ZLARKFERIALWTAD)
EBHEROBIIBWTEHEN TV AEAIZIEE Y LT “AHE
Mg 2L a < THIRMEEL 2w sZOBEZMICL
PMER L2 W EIEEIREE, F7-8iZh 55 % REECTHLD
Wb WERMIICE > TERFWIMETH L L2355 L5 % H
BICTRETE RN EE X2, T L TRXHFICRAT BRI
FHCIMEN E LT 5 ERUHATH L LE X7

58

BOlE, ELE#E DT TACO (transfusion associated circu-
latory overloading) & W9 APHEOWMEVNRONE. ZOABE
iV A U Cliin & AT L 72 BRI B o BImE X ) 3% w»
ROEIMZ TV, ZOoBMbk0ASEOMIE L5, Bk
HHVIENiIKELR EORREET LEHETH L. ZOHRKBD
I “overloading” L B RBAVH LD TH R LD EFNINE
i, HUTHLLIEEDbNT, PR EDZRASIPEMEKIE
FLALELREZRLTVS, L LEOREZEHEICAR
CIFE L2 LEBRETHL L LA TERRV. ARt
Lo “79 2" OXH)HEREEAERTHL L T2RH
TR ARVDT, TORGITE “GE" 22583, HHEf L
Ji AR, WY TRl B2 5. B Z XAk A
B9 transfusion induced hypervolemic complication (TIHC),
3 %\ Z adverse hypervolemia by transfusion (AHBT) 7% &
EFRETIEELVPLEZS. TRTHIESOWH, BIED
HHTHZDDDDOIR, BfEL LIZZDH0DH 5 XEIRE,
ZObOOEM, FIRMMifE, HZz EFHEBRELS L, #
WIZEBTHEIITOTONERELEZ D,

BE, AT, &0 b A TEHZERAROREED Sh
TWa, WEEFEMLINDIRBITE S > TORRVATEWIFE
HSE L LCRFHRLGCEL T LBbNE. TOBRICZDD
OVHFTFONE DL LTIIBICBFEEINZH00% DS
VEFZBFEMELTEF S v 2 FHAEE, HLC (hemoglobin
liposome cell) 7 EMBBFELR, BN HETH > THRAD
HEATGCTHR T2 M, &Mkl L i3i% 20520825
HOMRRMBHRIEET LI LITEREITRETHAH. wih
WCLTHZOHMIMG L, ZRABRICE D A TR
THAHZLEZMHMHIIRLZDDTHAIENETN L.

51X

) &R, SieE, BA E OETEROMEERE 7
F AWM WT, HAEIKR 1968 : 8 ; 2237-2241.

2) HOWIL Technical Manual HAGERM (45 8 B #R. A-fCH

W 1985. (Am. Assoc. Blood Banks 1985; 319-326).
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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.

ALMA 5

BAMBRABENFE |5
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
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