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Blood Transfusion during the Meiji Era in Japan
A IS N
Toshio Mazda , Masaru Shimizu ©
33 %

HARIZBUT 2R AOEIMIZKIE S (1919) 4F 2 HICHRBEEIIC X VEf S, FoO®BEE 6 HICHBILEI W, 2
WCIKE ST T2 72 W) ODEH L o Twdb., L L, ZNUANHST TIZEILAfTbN Iz Em2 6N TWw 525, BiRE
BRELEIFR S TW W, 22T, bIUbIUIIRIML (1867-19104F) DPRSAFEIZFLIR X L Twv A2 B 5 % 3H H % $R5K
L7455, BBRRICHROMICEm D fTh Tz e LTHM L AREETIE AWV E BbN A FRICEAR 27 L Witk
BOHLZEBHLPII R o7z, Lad, BREEOARTIE R EFEE (1906 4FEF) ([CHMIMICET 2 FHEHIH D, Kl
(MERsNEE] 1D FOEMMELREICHETLFHAZL, Kbzt r2LEMO LR INTVWE. 2L %
Z IR, Wi % SERGES A 174 (X operation & FHEN U5 LM TH o722 W I A, BHOIMIZLE S BIVER (3R
ED ABO MM A A L A EIMS) WEBRICEEIN TV 222 TR, fmEMOBREICOWTH RS h
TW/eZERRETL2HDEEZ L. EHIT, Wil (BHEAKR dHAALN, WIOREZE L TRENPOBEHIAITZLE
FLR ENTWB Z NS, DYPEIZBIT 2EIZIMIMoORFE LTCEASNTE - EbRs. LA LARDS, BHGRA
RN WK G & FARIC, oGtk & FHROBEMES 2 55, bABEICBWTHIMIZEA SN2 L hotz. ZOHK,
WOK Tl ABO MERL 058 i (19004F), Z Mg~ (19124E8H), & HI2HE— KRRk (KIERR) (IZHIHT
DI Z HEE L 72 DA EOEMIC X 5 ENTOMIMOFERHNE B> T To e E2 505, ik, MEAEWELTO
ANTLBFZERROBFEDTTO 5N, RIMERImMOMAEEE LT E SbhianwZ s, XD EZeEWREHwE LT,
e & ARSI SN TVE 2 LI, FRIEVWR#HTH 5.

Abstract

The earliest record of blood transfusion was in 1919 in Japan. However, transfusions are said to have been done in the mid-Meiji
era by German doctors at Tokyo Imperial University but no record has been found. Transfusion was included by description
and illustration in the Meiji era in at least thirty books. Translations from German and English described multiple details about
different methods of direct donor-to-patient transfusion. Around 1880 to 1890 some Japanese doctors detailed practical procedures
about blood transfusion so well that could strongly suggest any medical persons to try blood transfusion in fact. In the 1890’s
books began to describe not only blood transfusion but also saline (0.6%) infusion. After that, books about intravenous injection in
Japan changed gradually as transfusion declined in the West and saline infusion increased. Saline (0.9%) was introduced around
the end of the Meiji era. In 1906, a Japanese jurist described the importance of informed consent from blood donors. From these
books, Japanese doctors of the Meiji era had already known well not only of adverse effects of blood transfusion to patients but
also dangers to blood donors. In the West blood transfusion developed quickly after 1900, with ABO blood typing, cross match
testing, citrated blood, etc. During World War 1, Japanese professors from both Kyushu Imperial University and Tokyo Imperial
University went to Europe and observed transfusion practice in field hospitals. They came back and described patient outcomes
in their own use of the therapy. After that, blood transfusion gained in popularity in Japan. Recently, development of blood
substitutes as an oxygen transporter were started. Those substitutes without blood type should have the safety of the saline
infusions of the Meiji era.

(1) HARFRA AL @ irge i i E AR T 135-8521 MR IX JREL2-1-67  Quality Control Department, Japanese Red Cross Central
Blood Institute Tatsumi 2-1-67, Koto-ku, Tokyo 135-8521, Japan

(2) EHFFEAVERHIHEFENEE T 0210871 & FIR—B /A% 2-43  Department of Internal Medicine, Saiki Hospital Hachiman 2-43, Ichinoseki,
Iwate Prefecture 021-0871, Japan
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Lk % i, a2z din Lsimz R Lfezh
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KoK WEZER [FEMAARLFH] [Z 7] 1 Friedrich von
Esmarch (1823-1908) ®» # 3 [Handbuch der Kriegschirurgischen
Technik] OWM (18774F]) ZFR L7z DT, 9EDOX L
LB, WIOFHEZFELHMALTWA, Esmarchid KA Y
ONFHET, HOEZ LT AV RN IZELTH 5.

AETIEIEMNE fwmE AL NSEdfimdkl & LT,
9, BHERMoOFE»ShF 5. LI Fig 3. OF
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BEVT B 720 ORI E (7 7V vb b RERIMIES g, avy >~
Rﬁﬁﬁmiﬂf%% Ny R IERIMES 22 &) 288 L, EHEO
W) [HOxE#EE] LawvwkHie, —4RICEAT 5 IE
iZSgi’Ct L, wEIZ, %’iﬁ)@ﬁ%ﬁﬁ% HE B i
& LT [®iREmmz:] ML Tnb
%3, Z®Esmarch® Fig. 4. IR THE=H =KL, [FEHE
i (Fi2) ] [(Z13], [SRIREBAR] [Z14], [AVRHRE (B2 ]
[Z23], [FBIVE

(F¥) ] [B25] IR TWD

il
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LT, EHSITHWMUMIED % W idZ Owi BRI RLE B T OMBATE L HM O W REME 2 7R3 5. ARTIE, ¢ M ZhREtksE
% O 7o ASFEAL ERL BRI R e M/ IR 2E & A T 2 O TF RN D THERE L 72\

Abstract

Human pluripotent stem cells are capable of proliferating infinitely in vitro and are a promising source for cell therapies. Of
note, human induced pluripotent stem cells (iPSCs), which can be generated from self-somatic cells by defined factors, are an
attractive tool towards clinical application because of avoiding ethical problems and immunological rejection. We have
previously demonstrated that human iPSC-derived platelets contribute to form thrombi in immune-deficient mice after
transfusion. However there have been unresolved issues including insufficient number of platelets obtained from standard in
vitro culture dishes thus far. To achieve the constant supply of huge amount of platelets with a given quality, we herein propose
the novel system of platelet production system using a cryopreserved megakaryocyte progenitor cells which show the “self-

replication” capability.

Keywords
Human iPSCs, iPS-Sac, Megakaryocyte, Platelet, c-MYC

1. 1FC®IC
HEOMABITT R SN Y 27 2%, %L DR IHRE
DYWFIZHFGLTwD, oL, iE, HHEHP0s 3 5k
BOWL, 74N REGHEICTHG S NRILE OB X b,
FRILEEBE DG RO R EAIEA > T D (Fig. 1. & 520
ANBCEFNZ, MU RE 2 IRFF T 5 251220 ~24CTHRE H L
BRLRET S, 2ok, BRFIZE BN T 7 OB
% S 2 72 RS ETUE, I/ INCEEF O TR A 4 1
VN ERBIZEBE T ONRTWS, Lo T, EELMHD
NG Y AN—FART, BRI D BN — R % B%E3 505
DAEMEINTE /.

s <2 B L B F B dE s & — A & L Ui/ IMK
ZRAVCREA S 5 AATIE, BERERY 7 M/ MRE A DR S
7es Y, FEIMERHE B RO A IREAHE . ST v izd,
TEMICEIATETH 5.

—Ji CLREMEBRMIL T H A I (ES) Ml i ERl £ itk
% (iPS) Mg @ 3B N TRARAICHEEEETH ),
IR EGGIMFEMEO Y — 2 LTI TH 5. /MR
HROMLTH Y, SSITHIMATIZ 7 4 V& —I2 X 2 AT
DFRER BRI @ 203 2 H T, REMOHEIEST
HbH. DEOWENS, EH LI M iPSHINE 2 F v 721 /ME
BHERNZET L7,

TR R AZZIPSHIFEMTZERT (CIRA) BRIRICHZRM T 606-8507 HUARHT LR A 1 X BL # Bl J5HT 53 - Center for iPS Cell Research and Application
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2. B ~iPSHfEZ AW FIS

ISR LA L2 AL/ INAR B s - I sdtge L -C 34 L 7 WAk TE 2 i
IR IMANIG  (platelet transfusion refractoriness : PTR) & &
FSNb. PTROKEREIZ, FEREEWRT G2k, EYE, M
L) &ty (% /MBI 125 % AR
HLA (human leukocyte antigen]) (ZxFd 2HiARIC X 2 0kiE) (12
K E NG, FEGEIEFIHETE ER B OB L D GE» A
D5HLDLELVHY, PLHLAPURIZ X 5 PTR O & ITIEHLA #
A M/ AT ZE & 72 . HLA B M/MIE, HRDS K+ —
BB OmH L HLA @A T 2 Fr—Iciliinz Za L, A
AT B7280, REMGHERIBDO THETH 5.

WAERE . S NI 2 ML T 2 2B Th b e b
IPSHINBORIIZ LD, I ORERANOBIKITR S .
4 7 HLA Z# 52 iPSHIls 2N 7{b 3 AT, HLA#ES
MR % 2258 L CHRS 2 3 AT A0 iETH 5 (Fig. 2).
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Fig. 2. iPSHIE %2 F 7280 LWL S 2 7 &
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EHIZZ DY AT KIRINERZ & T MM s & e T
5.

3. kb MiPSHlBED 5 D iPS-sac DFFE

EHLIIINETIARA YA M I ALY, 74 —=F—HaD
MAGDLEEBREF L, HRETHO T FESHME, SEEE A
T A M/IMIOFFEIZE LT3 Y,

CORFERTIE, MENBZEIRE-F (VEGF) f#1£ T, C3H
~ 7 A DEMFH OB 10T 1/2541 & L3528 % 14 1 ke
F5Z & T, WEMBHRDOZ ko ki &4 (ESC-derived
sac like strycture;ES-Sac) 2%FE S, WIERICIZZ Lg% &
DB ML ATERANIE 25FEFEC & 5. ES-Sac N o3 il i BRANIG % %7 72
72 10T1/2/McH#E X L, SCF, TPO, ~/3) YR b THy2
L7:& 2 AR226 HRi ISR, £ OBERERD A EILE T
&, B BIHICRM/MGBIgE Sz, CoRERE VTR
B SR S I R R iPS M 0 S M/ b B & il & 2
%, ¥ 14 HHif2121PS-sac & OSE M ATERAIE 2S5 & S, ¥
26 HHIfRIIZERER, M/IMROBIE S .

FEAE XN MM D EARN TORERE Z RS 572012, HH
RFEFIBIGERZRNE O VIAGE & oL FIFZEIC L D), ml
P vl ik 2 AL MRS © & H v Cin vivo TOIMBRIERL % B
gL, TORTIE, 7o bRV 74) 5%, TVTY
L —H¥F—%2WY45Z & T, ROS (Reactive Oxygen Spiecies)
FEAEZENALC, SAEERNICMENRICEEEZ 525 2 &0
HETHhb.

TMRE (7 } 9 XF N T—¥ 3 Y TFVIAFN ; Kifita3)
THeAh L7z M iPSHIEH RIL/IME 2 REHIR 2> 5 hiER L~
ANZERIL L 72 & 2 A, A PBZ IR S AL Tl % 76 & 3963
T3 EBIgEIN. ), MENERERMVCIX, & MPS
MM SR I ASHE RS L, R A b HskoIfil/MILE & Ik %
T 52 DRI N (Fig. 3). MlE2s e MPSHIfLH
Fe MM/ IE R 72 A TE R RE & PR FE 3 5 2 L AMERR S 2.
4. & NiPSHERED 5 M/MREFEE S X 7 LDRE

t M iPSHINEA S FHE S Nz /IS, RO EENOIEH
DU REMEAVRIZ E 7.

L2L, My AT 2088 L LT, ORBHWTHS 7
DIZiX, HHOMBEND L ER IR, QAL ED~D
FLEWE R (17 Hiifk) Lo 2MERPRTHNS.

VL oBEEA~OfFgR E LCEE 5, /MO R O
SRHENL T & 5 ERZER DO AU BN . Z HFG L T 5.

iPSHIIE 2 & 3538 U 72 3% M pi KA % & (5 -3 2 H TR
WALE R BRR 2 E R L, S HLAMWICNY 24352 & T,
HLA @A /MR 2 32 & <, M cERTREIc 252 &
BEIREE NS,

5. AEALERBRERDOFEI LV ; c-MYCERBEEIC L
B EXIRIETE, HMADERRE

AICALERER A2 VR 2 T 0 & LT, &S ITERERIC

BUIDcMYCOZLENCAKEH LA, Ly A vARy ¥ —%H
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Fig. 3. & M iPSHIRLHRIL/IMR D < 7 Z RN T O IR TR
TS BE 2 LR MBEMEE 2 H W T, v 2RI To MR K &
Bigt L 7. ¢ MPSHIMEHRIM/IMIE TMRE#f L, NOG~ ™7 A
DBENR & Y il L7 BRI TR &m%u%uén&#
72 (A). —hHANT MRV T 1) 5%, ArL—¥F—BEHC
M%W&Kﬁﬁ%ﬁit%mﬁm,kbﬁsmmm%m¢W(ﬁ@)
AREEMA R L, A FHRIVML (Bf) &k bicmks
EWd 52 EHHEETE 7 (B).
RO KSA BRI VR AR

WT 4 HF (OCT3/4, SOX2, KLF4, cMYC) KU, 3HT
(c-MYC%F<) %#EAT 2T & TR L 72 5 Ml H1 3k iPS
MDD 7 1 — > 2 ERIRICHLFEL 72 L 25 c-MYC %
Bl A WFTIER SN2 IPSHIIRTIE, 3 KT iPSHINER ESH
fo & B L, ERZEREDEM L Tz, BRFEBUBNT OFER,
RICIRTE Tl % ReEE AR A O SR (- Pk AR (
ALYy ) X DREIPPR SN TH72HRMED c-MYC
DI, BRI OINEHL L Twd 2 e AR S
7o, S OITEHICHINT 2 HED 5 & 4 R iPSHINGH T B i/l
DREANRII Rz o Twie, wihor o— > & FEALERET R
o @ BERE TIRAEE c-MYC D FHETEALIC & ) R B ERAS
BT 5%, DK c-MYCDFBAAUC X ) EAAERO

N 7 R R QAVAI

D% D HE % c-MYCOREBPHMFE SN2 0 - T, B
FERR IS VETH 5 GATAL OFEEP M Z o, KA
ALY, &5 »%E%%fk/%ﬁ)%ﬁéh% —J7, MR
DREWZ O —F, —#MEICc-MYCHHFIEL S 555, 20
FEBAMET L, %ﬂ 2t TGATAL, NFE27% Yo/
WICRHOBRE N FHEOFRBS LA L, WHAEBIKIIR S L%
Abhb. DENLHERLIE, ccMYCIZ & 2 EEREHAET IV
ZiME L7z (Fig.4) .
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cMYCAM$ % 2 & T, ERIKEMEI Mm%, €otke-
MYCH ERH LHilT5 &, INKAA/ARF 58l % EIF, KRB
TEMHKOEAL/FEEFET D, —F, -MYC ﬁffﬁTT 5ZET,
GATAIL, pf1-tubulin ®FHAEH L, WA BFEIC B/ E S
T/IMREEAZ 1 e-MYC D —@ P bghn & %@&@ﬁTVJ‘ HTH 5.

IS OHIREIEIZ, FE S IIATEALERERE O I8
L7: (Nakamura et al, ASH,abstract, 2011). Z ORIFakkiZ 3R
KX 2 BRI ®R D, RELTHTETHY, —EWMED
MR O L VEF MR R EZ 2R L Tw5

6. BHHWIZ

Z et T IR IR R T 5 — T, RS TIXHE
ML~ O F BRI, FEH 5 DR T 2 B L &
%\ X Z ORTERHIILEL B T OMBAICALHAMT 1%, FAERAEER
W7z, #ree®@ e LTOERZHEDO TR S

M4 72 HLA @ iPS A A 5 ASFEAL EARLBR bR % VR L A% ERAMI
fatkz N 7463 23T, FHHLA ISKHE L 72 /s %
TEMIRETE 2200 Lk, 5151, BIRANORITHF
2HLOMETH 5.
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Hemoglobin encapsulation in vesicles retards NO- and CO-binding and O.-release when
perfused through narrow gas-permeable tubes

IR, WHEANY, kg, bzl ®, KEEE Y, hHER Y

Hiromi Sakai™**, Naoto Okuda®, Atsushi Sato”, Tatsuya Yamaue”, Shinji Takeoka“®, and Eishun Tsuchida"

2 B

FERH LA O Hb WL 3 G- 12 B LI DG 2 5| & 3 H A3 A1
LNTWADY, ZHTMEERNT THLENORCO%E T S
Zl, FMEEZELH,ITHIMT Z72012, ME O BB R
BB 72D EEZ BN T W5, £ TINS H ARG O
ERRBI20, HRAEBEOD HMNMIE (WE25um) =
W, EEWREE (10g/dL) OHb%&H T 5 4MEW [k b
Hb, &Y Y Hb (Poly,Hb), Hb/Mafk (HbV), b bRk
(RBC)] % Imm/sOHULEHE THEGE S, HbEW O 7 A KUG
REPEMITTHEBINA R 7 PVIZE DFHIIL 72 M ZNOD 5
WIZCON ADEM L 72 RBWIIRE L 723546, deoxylREED
Hb, Poly;Hbix, HbVB L URBCL D b #EL A Z#HAEL, F
7:HbV ERBCIZMIE DM GHETH o 7o MIE 2 ERFAU
BL7E, BEZE LzHbE Poly,Hbix, HbVE X U'RBC
) B FNEEERM E/R L7 Poly;HbiZMEZBAIE L % b K
Wi, b HECERERINEEEZRLZ, FRIIBITHHTO
YEE 2 8) % Navier — Stokes3 & U'Maxwell — Stefana{ % v T
YIalb—varvliéZAh, heHD (6 nmfE) TiE,
FIEFAE L TRARDIRIEIMEAE SN B 25, FTFEDOKEVHLY
TIXZFD L) BECIEFIEIA SN R 572 ZOH BT D
WA, FARISEDENEAELTWD EEZ Bb, Mk
LA 2 E OMED, MEFDHHOFHEEZREL TV ERT
DVEDTHLWTHEEND S,

1. #E
JERIE A O HbFI A Lz EH K (Hb-based oxygen carrier,
HBOCs) 121, - TWNZUAER, EAR], PEGH AR &0 a5

NTBY, HRRBROREERICH2HHLH S, HBOCsD
FRIEHLNT, RHKZOEBIFEIN TS, MBI
i L METCHEOMED /-0, B SN /ANTF 222, i
FIMOREK E LT, EICmEmERTTHENOZ i3
5 2 ENEZ HLINTRHD, INEOHDS TS N %
E L CTHEWHLEFICETEEL, NOZIIRT 2 WD
%o ML CHYMIFRIZR TENKE VDT, ZOLIRT LT
IDLBWEEZEZLNL®Y, Ay P70 —FE Y FAF% ¥
YAREEIC XD, HbONOREREIX, HbE R TFNICNET S
CETHRTFHNICNODILHRRESTER S b 2 L TRIESNS 2
EBHB N> TWD, TOILHBEREDS TR S NS LML L
TiE, 1) WTFNOHbEERE W L&, i) MTENI A
WZ ETHH, \wbw % Liposome-encapsulated Hbix1977
D Djordjevici DI LK, % { DRFFEHE DL TR,
L4 OHb/MUARORRIX, 35g/dLOEREHbER ML L,
F 7R £ 25250-280 nmIC I S I, FO45 R E L CHbgEE
10g/dL% #EK LT\ 5, Hb VAN IHE R ML TTHE 2 At L 7
WHIH & LTIE, NOOHKAHESHbE RIS L TRV &
BETFHNSE, LA L, NOKEGHEE T RMERIC KT 5 & F72
WL, TARBMSHERR VY, KT ENKRE  MAERED S
BRI ETERETE W EARNTWEDOH» D Litkvy,
fi 75, HBOCs% #45- L 2B M4SN O I, NOJHE D
CERETFTIE RO, Fl 21X, FFEEEMIEDhemeoxygenase-
22X D ALDMREN D BWEETHEA XN SHCOK, HM/MESR
RSBV T MEN T & UThRd 5, MRAEDOHLS T,
I M4 Dfenestration 7 %8 L TDisselEIZHE L, CO% iR
T 5720, MEDGHEE#EREDO EAPRDENEY, 72, BRE
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BT A E A HE AR EIARRE IS X D DU L, MRFALRE & R
i 2010 NREOHMBHIR DI 51X BFE O etk
ZHFEL, MBI ZEET 2 & OMEIEOPDH LY, o
T, HBOCsIZ2WT, NODAZ% 5FCO, 0,& DRIz Dw
THM A2 BT 2 LD 5o HEK, Hb& H R 5T O R HE
EBERNLFEE LT, Ay T F78—5y FAFy
SNER, 7T v a2k MY Y RAERM ST LB En
L2aL, ¥y PNOHbRELZ2uM (80003g/dL) IZF T
HMT HUERDY, 5B 5 FEEMNREE (4-10g/dL) 12
WU CIREICAMRBIEL b F72, 7Ty aR b)) TR
BTIE, GBI X o THEEEL 720 A 50T OFRA RS % Bk
T 50, BFIERIMENDT (&= 05 for CO; 0.002 for NO)™,
HABRBOZTL —%2 ATV BICBX Wi D 5, 72
Hb/MaARRARIMERD & 9 RE KR T, fEEL 727 A
BAAHMIBU SN A AN G D 9 5 DT, KRR
WM B Z ENBETH B, BT B2 50 FETE,
M N THRT B F A S DAEBRRISAED S 7 0 B L 724
vz b,

HABBYED B B /NNIE 2 Hiug, EENREE Bl
1I£10g/dL) TIN SO H ARG % BT & 5570 @Iz
Frlz7 7oy BosyMIE (NE25um) 2V, BEOK
HIZOWTEM L Twa L, 4T3 HellumsX Winslow 5 &
TNW—TTHABBEEN Y 2V BOM/NEKEZ H TR
FHZOWTHE L Twd, SHFE 4 &, HUETVEHW,
O DA% 59, NOKA, COMBEIIDVWTLME L7z,
7z, IEEHbRARIMER & OME 2 ME) L7z 2 LT, KT D3k
ZEiE I 2b— 3 v L, H/Ma KOO R L DM
DWW TR L7z,

2. Hi&
1. Hb/hfafk (HbV), HbiE#, Poly,Hb, #RIfiLER R
Hb/MEARIEHERTEIHE > TIRE L 225097 HARIRA-FAEp
SALE- S N BREI LRI ER 2> S Hb 2 FF R HEE L 72, 71 X
TV v 7 WL LT, {LFMICA% %E % 2,3-diphosphoglyceric
acid®ftH 0 IZpyridoxal 5-phosphate (PLP, Sigma, St. Louis,
MO) =i L7, BREFIX, 1,2-dipalmitoyl-sn-glycero-3-
phosphatidylcholine, cholesterol, 1,5-O-dihexadecyl-N-succinyl-
L-glutamate (Nippon Fine Chemical Co. Ltd., Osaka, Japan),
B LU, 12-distearoyl-sn-glycerol-3-phosphatidylethanolamine-
N-PEG.,w (NOF Corp., Tokyo, Japan) X Vi &b, kit
PRI LI L & 0 JRET L 7=, HbiAiiE, PBSICHAR S 4,
PLP%PLP/Hb= 4 OFEEGTHRML 72, 1 b Hbil & A310 g/dL
275 X9 L7 F2 B RE LT, HEY T Hb (Poly,Hb,
Biopureft# Oxyglobin) % Hw72%Y, 13g/dLIEETHA I N
TWb5HDT, ZTN%PBSTI0g/dLIZAMR L THWz, Poly,Hb
FEEIHbERE O CTHE— AT RELZWE TH 1, BWEIRTIC
RSN DTH L, MEENENDH L LR, ZTD3T2%0°
FEEERTHL L2 L, SIS IEENTWE>Y, 72, 1
B e LT, b MRIMERE vz BRHKRS: [ANExg s

104

TAHMRICHET 2MHHEES] OREEZET, b bHEn %%
L, i AimEkkE7 v 5 0 (Pall Corp#) Z47w»
(PEHFRBCE #4720 ARFRAIRKIZ I S S HbIREZ10g/dLE L
720 WEEHAE I ZHemox AnalyzerlZ X Wil L7z. 7BGE D
FiEEIX L A —4% (Physica MCR 301; Anton Paarft#) (2 X
DlsE L7z (Table 1o

Table 1. Physicochemical properties of HbV, Poly,Hb, Hb, and RBC.

HbV Poly,Hb Hb RBC
[Hb] (g/dl) 10 10 10 10
Hb/PLP by mol. 1/25 - 1/4 -
K€ (10° M7's™) 21 27 21 0.65
K, N (10" M~ 1s7Y) 0.61 24 24 0.012
Ky (s™)in 50mM Na,$,0; 32 119 84 44
Py (Torr) 25-28 54 26 27
Size 279 nm 87—-502kDa® 65kDa 8um
Viscosity (mPa s)at 10% s7! 3.75 148 1.35 246
Viscosity (mPa s)at 10 s* 6.88 154 1.35 3.18

PerfusionPressure (kPa) 210-230 70-80 60-70 9.0-100

kN9 apparent NO-binding rate constant; &,,°?, apparent CO-binding rate
constant; k’gz,“m, apparent O.-releasing rate constant; Ps ; oxygen partial
pressure at which Hb is half-saturated.

2. MUMIE N OGS

REBRTHW /IS (W25 um, BEE375um, £
150mm) (&, e 2—7 v 74X DA L5, FEIL
7 v #F{bethylene-propylene copopymer CTHEAME, # A &M%
Thb, MED—IEHLHEEAS A > TWAHYHF—N—=% 72
HAE S, EWHT 7 UNMVRE TV 3 U E TR & R
L, M % KEOHITIRE L7z, FiE OB % Figure 113713
VAF—=N=% 2 7 NOERIINNRA ¥ —F — TR L7z, B
$i (Olympus IX-71) DAT—=VIZKFEIICHEE, JF—N—%
YWV Y ITHENENT S LT, HhiBRERE 72
EIEFEIE v — (AP-C30, ¥— v Aft#l) TE=%—1L
720 MAENOPLIEOMWEITIE, 74+ &4+ — FHMEEE
vy (Velocity Tracker Mod-102 B; Vista Electronics Co.) ™,
ETOERIZBVT] mm/sICHi L7z, COM#ELZEALZD
X, 12cmOMERBEHENT o FARSPBIITE 52, £
7zTateishi 5 D HEIH o722 EVHHATH H¥Y, 71 b ¥ A
F— FHEETIE, MERMOT Y bI X NOBEHPLELRD
T, ¥—7%¥#%W, HbV, PolyHbHMTIZHENH KRV, £
2T, 5vol%DRBCHBIRZRIML7ze ZOWRMETIX, AN
7 PVHIEISRESENZ 2 R L TV b, AMEICIRIE=F
WS U Y A (Na,S,0,, 10mM) OBz L, 22l
W2 PR L7zo NOKS & B X O COM &% 8 % Bl 3 23541
W&, KR EEKRENOA A (NO, 47%; N,, 95.3%) & %\ 1ZCO
#H A (CO, 14.14%; N,, 8586%) Til& L7 =F % ¥ EEKE
T L 720 Na,S,0,, I3 EFRAEL 9 2BFE LRI 50
WEMTH 5, MERBEITADADERTE, Na,S,0,3:E8
TE L\, HEMIIBIEISTIT o 720 REBRRIZBWT, HIEN
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DHEFEIE59x107°em?, TH Y, KEOKRFE (11cm’) IR L
THRD TR E W (1/180,000) . MEEBUHOFEERTIE, BRFEITM
BEohEETRMICHE SN, $72CO-, NO-#ADHERTIE, K
FZIZCOE 72 IENODS KR ITHAAE L, Mk L TR ISR
NaLDEE 27,

Chrer pgoecus snirkom
ronimining GO, WO, or b,

L Mermnt e
/
T ||r L CErEr Vil
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ol uraf =5
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cashlamearny O WOior M,

Fig. 1. (Top) Experimental setup of a gas-permeable artificial narrow tube
(red line) immersed in a water bath (light blue) made by the gap
between two transparent acrylic plates with a rubber supporting
plate. One end of the narrow tube was connected to a reservoir
(pink colored) of the Hb containing suspension. The reservoir is
pressurized by N, gas for perfusion of a fluid through the tube.
(Bottom) Microscopic view of a gas-permeable artificial narrow
tube. The tube, made of perfluoro polymer, is gas permeable. The
tube is immersed in water equilibrated with N,, low concentration
CO, or NO gases. The wall thickness, {(100-25)/2 = 37.5um!, is
important not only for regulation of measurable gas permeability
but also for the stiffness of the tube of greater than 12 cm traveling
distance. The centerline flow velocity was adjusted to 1 mm/s. To
monitor the velocity, a small amount of RBC solution is mixed.
Measurements of absorption spectrophotometry of the fluid in the
tube were performed at several traveling distances.

3. WEkE

WoESmE ORI, BV RIBARGEE (IX-71, &L v x40
ULWD CDPlan 40 PL, Olympus) ZBAfE A X7 bV %
(Photonic multi-channel analyzer Model PMA-11, A b=
JR) REHIETLOT, WHEN DT YT TR E L
Fa—TIHE L, 25umBEDO AR Y MIDWT194-956 nm D
FHPHOWINA R 7 bV aFHII L7z (A% v ~ #E100ms/scan,
100scan, 0.2nmMkE). 1 MOMWEIZIORZE L 7z, WERA
Y MEFICCCDA A FIZTHGE L, =% —THERA L.
4, MEFERIGEE N

RO R 2 8524 2560, M2 SRFEHROM =7
F VBT M) AKBRICEREL, BELZES L 7-HbEWR %
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IS, UEEEEEL0, 30, 50, 70, 90mm®M AK Y D AT b
V2R 5E L7ze Hbh/MNBARGHCRIZIEEELOD 72 0 1k £ 4 Tk
FHEIEDIZE 572" 100% 7+ F L E100% 4 F ¥ RD A
N7 MVEREL, QiFOFEWRIE (522, 586nm) % EH THE
OR—=254 &L, 555nm (45, A,. deoxyHb) 3B X U576
nm (Ay,, A, oxyHb) OWOLEEI (R = Ay/A5,) & BEFEAFIEE
(%) OWMEBZERLZ (Fig. 2. #RBOFKMERS ¥ b
IZBITF BHlER 3 FIfTY, meanxSDE LTHEiL L7z,
5. COMAREDNZE

COME A HEE DM E DHEEIZIZ, MAE 2 CODSERE L 721112
RIEL, deoxylREBOHbEH B L MR S 7z, MR LA A
DCOMEIE14.14% T, KRIEHWHIZIZ135 u MOCORSERE L
TWRHEIC 2 5, 1007 F F RO AT MV e, 100% 7
WRZNWEID AT bV EREL, ST (454, 578nm) %
EMTHEOINRN=2F 14 &L, 555nm (4, 4, deoxyHb) B
L U569nm (4sy, Ane HBCO) DWIGEELL (R = A,5/45,) £ CO
AT (%) OMEBEREZERLZ. MEROMHOBE & Mk
24175770
6. NOHGHEEDNE

NO#: A E DR E DAL, M % NODEM L 721
i L, deoxyREDHbE A ZHER X872 WA LA A
DONOREEEZAT7% T, KAEEWAITI1Z88 u MONOAEM L T
72RHRC R 5 1002074 F D BDANRT ML e, 100%= 1
YNVBID AR MV ERE L, FWRIPUL (449, 592nm) % E
MTHONR=2F54 &L, 555nm (4y, A deoxyHb) 3B &
U575nm (s, A, HDNO) OWSEEE (R = A,5;/455) ENO
AR (%) OMEREERLZ. WE0 8, CoOMaGn
Yty L RARICAT o 720
7. Hb#EWB X CHb/MaAROWBEHDOI I 2V —va v

Hbs¥ (6 nm) B X OHb/Mafk (250nm) 2SHIE N % 5 H)
LTWABRBIZHEBERPED L) Il s s 2 Ho M IZT 572
B, MTFOL#HEHZYIaL—Yarlr, 22T, M
NOATIZB W TEBELEICH A L7k T 0 35 B) % 8 B
L7ze WHORL L, “HEORKIHEAT LI EZIEL,
Component-NZE LA 5 PEIIS5 umE TOHEBISHAL,
Component-2i, F#£115uma) 5 EEE CPEI25um) FTO
FHIIZHA L7z EE L7z, # LT Component-223% Hr Yt J5 )
WL TR EENG/RTFEZ Y Iab—Ya v L7
1) HbiEik

HbsrFORKEE (6nm) FHIENE 25um) IZHEKLT
FEEIZPNE W, T ZTIlE, Navier-Stokes X %2 H W,
incompressive condition& Ui v EJE)) p 2155,
pav/at)+(pv-V)v=—Vp+V" (n(vV+(Vv)’)) (Eq. 1)
ZIT, pldEE, nldkiE%ERY, An advection — diffusion
equation % vy, BHEOBEIZOVWTROATRE S,

aC;/9t+v-(-D,VC;)=—(v-V)C; (Eq. 2)

105



s

i

Ahsamancs |

Ae ARy

500 530 54 56 Bl B0
Wiareeiangih {rm)

3
-
|
| ]
: = 02 O ARy, 1‘
s oot owang |
L]
L]
i
]

.. U9 20 4D G0 B0 100
o o HEMO (%)

Abacrtanta [ - |

Warvalangth {rm)

Fig. 2. Calculation of reaction levels (A) HbO,, (B) HbCO, and (C) HbNO

106

from the absorption changes. For the oxygen saturation
determination, for example, two isosbestic points of the spectra of
deoxygenated (deoxy-) and oxygenated (oxy) HbVs (at 522 and
586 nm) were connected by a straight line (baseline). Based on
absorbances at 555 (A Ass;, Amee of deoxyHb) and 576 (AAszs, Amax
of oxyHb) nm from the baseline, linear relations between the level
of HbO, (%) and AAs; and AAg, are obtained individually as
shown in the inset. Then the ratio of the two absorbances (R =
Asss/As) was utilized to obtain the level of HbO,. The levels of
HbCO (B) and HbNO (C) were calculated similarly.

ZIT, CIEOMEE, D, ZIERETH S, mHEOflux
density ¥, XK THEEN 5,

N,=C,v-D,VC, (Eq. 3)

A BE I O B30T, Neumann condition % 5
HL7.

Ni'n=—D,~VC,~'n=0 (Eq4)

MEDANIBITAHC, #HET 2. MEOLNIBNTIE, &
JEA) LDV Neumann conditionZ#H L, N, -n=C,v-n& L
720 DAIRA TREN S,

D, =kT/(67n.d,) (Eq. 5)

2) Hb/hafk

Hb/MNafkoss41x, MENED1/100 & 4T X 2 Wik %
Forzo, HIROMMARK & LT\, M 2 Ao RAR )7
Wi & 4T > 720 Maxwell-Sterfan# it - L Z W7z, K
F LMo EZ MR H 0, ROWKEEIH V20 1)
HbV & RO B E TR E L v, i) KT L EIEEE
Lah o —fICmE)$ 5, i) MIEE G0) 13T &k
TIOFIN ENTIT B,

2 MDA v EIEN p IV CoEB RN, 4
A 2 HO 2 M O ) BEEEHZ A, Eq 6D X9 12E T 5,

p(av/a0)+(pv-)v==Tp+7-( pes (1=,) Yy Vi |+ V- (”(V"*(v")l)) (Eq. 6)
ZIT, pIFPEE, c 3O HAHOEREDR, v, 1d 2 HOM
MEETH Lo FERKTDHERTOMW Y HE v, 1%, Eq. 70 &
) FE Do

V= =[(p=p)d /(18910 % (Ba.7)
C T AR DELE, p IR T DEETD %o
EATROREIE n &, SHHOBEGH (¢) BLO (y), K
£ L, HbVOHGH ORISR O R 5Eq. 8 D & 9 12K
MERZORS

’7 (¢’ y) - 09 y — (025426 +0.250%) e4.1278¢ +4.2207 $* (Eq 8)

HEHDV AR BT 2 HAEIL B EZ BT 5 12H720,
Maxwell-Stefan® it « JLiHFEA %2 H v 720

99, /0t+V-(j;+o;v)=0 (Eq. 9)
ZIT, B EG O FRENILEGE, oA
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PHOR R, B O BEARSCENICL > TREL, £ T,
Eq. 91%, WO OB DI ZH LI EIZX 5T, XD XIH I
FE Db,

a9;/at+V-+ (¢iv_Di (v(bx”'(br%E)) =0

4121, Comsol Multiphysics & Chemical Engineering
Module (Comsol, Inc., Burlington, MA) % fj\»72, Table 2121Z,
VIial—¥avITHOE LN A= 2T LD,

Table 2. Parameters of Hb solution and HbV suspension at [Hb] =10g/dL
for diffusion simulation

Hb Diffusion coefficient’ 9% 107" m?s™!
Viscosity 1.0mPa s
Density of the solution? 1025 kg m™
[Hb] 10 g/dL, 1.55 mM
HbV Volume fraction 04
Particle diameter 250 nm
Viscosity of the suspending medium 09mPa s

Viscosity of the HbV suspension Data in Table 1

Density of the suspending medium? 1003.3kg m™®

Density of HbV particles® 1067.05kg m™®

1(55). *Measured by a Dynamic Capillary Rheometer (Anton Paar GmbH, Graz,
Austria). *Calculated from the density of the HbV suspension (10288kg m™2),
volume fraction (0.4) and the density of the suspending medium (1003.3kg m™®)
as (10288 — (1.0—0.4) x 1003.3) /04 = 1067.05(kg m™3).

3. &R
1. O,JkHiZEs)

HbZ EHT AETOREIIONWT, MIBENEL RIS TS LK
FBIZART PVAZALL, HbO,HRD 2 DDOWIRE —2 (4,
541, 576nm) DWHEEHIET L, deoxyHbHRKDO Y -2 (4,..,
555nm) DWANE SNz (Fig. 3A). $#liZPoly;Hb & SFHbT
FOEALDHETH o 72 HbVERBCTIE, 9cmifidh L 7-F5
TLF7Z 2007 PR INTz, Fig 4A1X, TREhIHAE & B
EHMEOMEZ D757 THbD, 9emindh LkN
T, PolysHb& SFHbiZZENZEN, 27+£8%FB L U43+6%I2F T
KT L72%%, HbVB L URBCsIZZFNEN68£T% L 764%F
TORKTIZEE D, HbVERBCsIZFE%TH - 72
2. COMfZED)

DeoxyHbH R D ¥ — 7 13555 nmIZAFAES 5 285, MIE NGRS L
TCOZEMET HITHEV, &ETOHLEFHEWIZOWT, 540nm
E569nmA LI H 2% ¥ — 2 2B L 72 (Fig. 3B)o 9 cii®)
FFIZ, Poly;Hb& SFHbIZ94 3% B £ 90+ 3% DCOLFIZ F
THHEL2AY, HbVE X URBCslZZNEN71+3% L 66+4%
THY, KEICHTE -7 (Fig. 4B)o
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3. NOHWAXH)

HbNOIZ, 545nm & 575 nmIZH#1 7% ¥ — 7 27”9 Poly;Hb
ESFHbiZ & 12, 9 cmiBEI O S THBMMZ 2 20— D
HIARD 517z (Fig. 3C)s LA L, HbVERBCIZDWTIL,
575 nmAY T 12 ShoulderA328d SN 575, WL E— 27 3B L
%o 72o Hbd & UPoly,Hbid 9 cniiB) DI T, NOK A H
MENZENTO£5%, 65+5%I2F TH)E L 727 (Fig. 4C), RBCs
LHbVIZZNZEN36+3%, 39x6% L, RWEIZHE T 572,

4 . JEFPIC BT 5 HD, Hb/Mak o Bizss)

KDY I 2L —va yTiE, A—oWkzsa3 25 fE
DA (HbV-12HbV-2) ZiB S8, SO ED X ) ITRA
EINLEPEWHLNTTHT EEHE L7z, Figure 5AIZHDV
DV E 2 /R0 REIZHDV2AERELEICHA L7222
AL, TNASEE) L ISR, K&, KEIZEELTBY,
2 F YHbLV-22ER L THbV-1£ AL TWwE, HbV-20iEpE
METFTT 5 L%2RT, LaL, MENHEEA100 u mOBETH
F I3~ o TV RV, HiE, HbV-20 B OHl
HERL, FEEINS5umdE 2 AICH A LZZHbV-21Z, 100 um
WEIECIIEREIumD E AT TR LD 5 2 & 25IET 5,

fi )5, HoiEWOIHUIIETICH L, FRfEso 2 bidiiehiE
HEIO u mOIEIETIRERT LTHB Y, Adicy—IcHEshz
WS (Fig. 5B)o PIEILSumdD & 2 52 A L72Hb-2
&, 100 u mitEJRE TIEPE SumDETAHICETIHHML I A
L X BWRT 5o Hb-212 1 mmiiBhs % & &FH.0M2F THLET S
A%, HbV-2TIE25mmO i % B4 5,

4, ER

RIFFETH L% - 2 BER L, NOKA, COMA, M
FERH, EORIBIZBNTDH, S FIROHDER TR S iz
FOEAS, Hbz/MNaKIcHLEsE5 2 L, BIZHbARIMMLERNIC
AOTWBHBZLIZLHST, BEINAZZLETHE, 2D LI,
M B OHbE R O G- CMAEDHEAA R L, F72HbVRHR
MERTRIMAENGESER L 2w e L EERHLEDEEZ S
s>,

BILER BB W T, $72HBOCsORFZERISEIC BT 2
2050924050 1 |ff) A5 PN RE HH SR BBAE K- T b 5 NOASi$ S LTIl I
MEAVEME L, MUETCHE, KAMIGERBEE, MERESHFEIND
TEEBLHMLENTWVS, COICELTIE, CODFMUNMESRR
WCBWTHIRKNT-& LTEB LY, Zhd3a-TROHbICHi S
N5 EHMAE WG 5% 1Eo T, ARRHbARMERHIZAE
352813, NREONORCODTEMEEWHE & L Torkik
ERETLDICHOD TEHEHETH S L \VWR b, 5, HBOCs
WX AMEOMERR, HHEICEE L ERT 2 I AETH
HEEZONTOENT, FHETIE, BERLZICRLEINE
R L & 5 & BB SRR M) T A DU A A 3 2 B e A3
REINTVEY,

M4k (RBCree layer) 1%, ZRIMLER & M EED R F A4
WMOREEL 25 Z LIZERHMSNTW S, FEMBEIOHbE R IZ
CDOIMBERGIZ— 20T 5D T, HARSZMHET S LI
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Fig. 3. Spectroscopic changes in Q bands of the Hb containing fluids by perfusing through the narrow tube at the traveling distances of 1—
9cm. The red plot lines represent the absorption spectroscopy of 0 % and 100% reactions. The green lines represent the spectroscopy
at 9cm traveling distance. (A) Measurement of O,-releasing behavior by perfusing through the narrow tube immersed in an anaerobic

condition. Two characteristic peaks ( A

= 541 and 576nm) attributed to oxyHb decreased with the traveling distance. A new peak

(555nm) attributed to deoxyHb increased. (B) NO-binding perfused through the narrow tube. Two characteristic new peaks attributed

to HBNO ( A e =

545 and 575nm) increased with the traveling distance; deoxyHb (555nm) decreased. (C) Spectroscopic changes in

Q bands of the Hb containing fluids with CO-binding perfused through the narrow tube. Two new characteristic peaks attributed to
HbCO ( Amas = 540 and 569 nm) increased with the traveling distance; deoxyHb (555nm) decreased.

T B,

A oHb/NMak (HbV) &, HbGTHICHIKLAzHRKEW
25, ARIMERKICHE T 2 £1/308 /h& v, LA L, HbVOREIE
HAFISHAMEAE S NS Z L3, PR O 3 TH 4 [ SHbIA R
LHbVDEWNIL, Fa—TWERNLLBOHFOI NPT IO
EWTERT 20 TIE RV LENLEY, ol Lz ok
2557720, oy Ial—Yarz2iro/zb s, HbE
HbV CIEBEE 22 W silod b7z, /e Hb TIZHbVIC K
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Hbi&FE % 0.0024-0.032 g/dLIZ F THRT 5 LERDH 537,
B D FEERTIEAMRETI210g/dLOFEHMRE TOMETH Y,
ZOHDBE AR SEMICE L, TR0 4 O BOBHEEE X 1
b, KFDPOHT BHAE LTOFAUSICERYE D B L& 2
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The levels of the reactions are calculated from the data in Fig. 3.
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WENHETHH I EERRT 5, CO, NOGT& I, R
AREG A HHIEREN Z hnfik U<, BHWNIZELEL, W TKE S ICHD
WHHEETHDDEEZOLNL, BROHHEIMRMHESI NS LFIC
FLWHEET A IRt s, S MREINEZ LIk 5,
F 72, BRFEHOLICE U CIIERFRIR B A B A R b K & WAFRENT
POMBENHEL TV, ZOLALEEMEESINS EFEIC
REARDE ), BERDZIRESIELbDLEEZ NS,

Poly;HbidHbX ) b K& WO T, MEMLDEL 2L L E
FRLUADS, MICHL ol TN, MEDOKENIAEM L
(ZnZ2N148cP, 1.35cP), F7zPoly,HbiZ1Z372%bDE /<
— (Hb) 2FAELTWwAB T L, F7-Poly;HbEE 3 HM & A354
Torr LK<, K, 122V THHbX Y Poly,HbD SiA K E W
ENHHELTEZ SN 5, HbB X UPolyHb 122V T, d L
WEZMRK IS 2 ENMHETHNL, Stokes-EinsteinzUIZHiE
W T DI HH SN DT, TARSHEEEZKTTEX DD
DEEZOLNL, T2, MiEZHEARITNIE, MEREIZBITS
YRS ISR L, M IIRE T 0 A % R LB ILiki 58§
VHUREMD B 5. HE, FEMIHbICESRHEHESZRA L7z
D, HbIZPEGH ZFEA 845 2 & TH ARG B &, /b
EREPUFETEDL ZEFHHEINTVRE™,

AREBRORFL LT, ) ENH L VIIEN~O T ARE &
X, EOMELINBOFT AREITKAEL TWB T L, i) NE
25um, Fa—7ENP2cmIZBEEINSL T &, iii) KD
NO, COREIZAETMEHEILLIIFELIAFRLTVwE L, L
WETFONL, LHALINSIE, MNIENIZB 5 EEIRD
REBTHARIEDEALZ BILET 272D BELFMNTH 5,
HEENIZBWT, frhinE GEEIIR) o3I CTHY & OB
MEL SR ENDE I ERMENTVS, TOEKRT25 umid
WY EF2 b, BERHIE, TOH A XOMENRIZ, LS
ELUTBRBEER, SURIS), NOWREEZ S I2HUskic L LT,
EHMTEEZMH L TBE05TH b, Pagebid, # A EwPEH
WHOTH W) I TAZFFLTAmmOmEEEERL, B
FMIMEBEL T2, Zo%f, mENRMIZE? 1T
Hbo FWOHOFLICANRY PV S TRV, Mc
Carthy 5% EERET V2 W THBEREHEZ#HEZL T
50, COWMERMEBMELHEHLCBY, BEMZEHNE W
2 %o FAa DOIFIHMIIGET L YHDD AT M v b
BICH AR 2L LTBY, F72ME3 52HBOCsONO, CO
DIEEHEBZBE L LIV TRMO TOHRETH %,

R LT, MRBAHDLY & IR HbE R O 77 A BOSPEDH
HWDHKRT, MENHMEOHMEFHTE Lh, MABEFIZHBIT 5L
kL) BEOAL ST, LILEOMENE 2 &8 L TR
DfNZERR (HUMIEER O L 512 & % DissellE R, g &
MENEOERZ: L) IZFHET AL L) BlEIcBWT,
FARICHEPTFIET 2D TIEwWh e EZ D, FOM/NER
Tix, COZF 2 IINOAMAE AR T & LCEELE SN, soluble
guanylate cyclaselZ#%# L, guanosine triphosphate % cyclic
guanosine monophosphate (223 557229 w3 Olson 5 A%
RRTWD X5, NOMREGHEDRE (NOBAMEOMKT)
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Fig. 5. Schematic representation of the simulated density distribution and track of Hb molecule in a narrow tube
(<100 um traveling distance). We assumed that two different solutions with the same physicochemical
properties enter and flow through the same tube. The radius of the tube was 12.5 4 m: component-1 (blue
color) enters the core of the tube (radial distance from the centerline, 0—11 xm), and component-2 (red
color) enters near the wall (radial distance from the centerline, 11 —125 g m). Finally, both components are
mixed completely, but the rate is dependent on the physicochemical properties. (A) Diffusivity of HbV
particles as component-2. The concentration of the particle (HbV) is expressed as volume fraction (volume
fraction is 0.4 at [Hb]=10g/dL). (B) Diffusivity of Hb molecules as component-2. The color gradation reflects
the change of the component-2 concentration; the white lines represent tracking data of representative
particles. The concentration of Hb is expressed as heme concentration ([heme]=155mM at [Hb] =10g/dL).
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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.

et far

BFMBRAENFR &5E

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

Artificial Blood *

The Society of Blood Substitutes, Japan

Instructions for Authors (last revised Sept. 30, 2008)

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/home/index.html), 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
in the text using superscript letters as follows: ?, *¥, "9
References should be listed using the Vancouver style as follows:
Names of all authors. Title of paper. Title of journal. Year of

etc.

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 . Oxygen Infusion Project, Waseda University, Japan.
http://www.waseda.jp/prj-artifblood/index-ja.html (last
accessed Sept 2008)

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:

Attn: Artificial Blood Editorial Office

The Society of Blood Substitutes, Japan

Division of General Thoracic Surgery, Department of Surgery,
Keio University, School of Medicine

35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan

Tel: +81-3-5363-3493 Fax: +81-3-5363-3499

E-mail . amorjsbs@sc.itc.keio.ac.jp
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