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W EHERIND. —%, HbVEE 7T HEITE,
INEERORETHEFREOHAINEI 72
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EFHMTEIENTED R IUT TRk
ZRAWT, HbV THOE avI7EFTI Sy b E
FRE®R 4 HERD 7T HEORRERZHEIE L.

ZORE, ABEHIZ HbV 4% 4 HEICBWT
fEREBOK 1.5 4, —7, HbV &4 7 HETIE,

K2z ERL TWE (Fig. 11). INS5OHEK
v, HbV &4 4 HBOmEEFIREOHL, Mk
EHICK D HbV OF 7Y Z A0 TidR<, &
BEEOLEFEHES L TNWE RN,

/-, HoVEAE 7 HEIKE Z o 7= miEFEEORE
DITIFEREEO ERNEERERZRZLTY

AIREMEAVRIR E .

3. Ho A VIIZBIT 5L e b
3-1. — Rk
TRTDOHZTATFITBNWTH HbV FEEHIZ
K BHEHEE. REREICKTE T2 EEITHER
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Figure 8 Plasma concentration curve of
125].HbV after administration to normal
(opened circles), HSaay (gray circles) and
HS74day (closed circles) rats at a dose of 1400
mg Hb/kg. Each point represents the mean =+
SD (n=5). ** p<0.01 vs. normal rats. HS;

hemorrhagic shock.
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Figure 9 Tissue distributions of 125]-HbV at
24 hr after administration to normal
(opened column), HS44ay (gray column) and
HS7asy (closed column) rats at a dose of
1400 mg Hb/kg. Each point represents the
mean = SD (n=5). **p<0.01 vs. normal rats.
HS; hemorrhagic shock.
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Figure 10 The measurement of complement
activity in normal (opened column), HS4day
(gray column) and HS74ay (closed column) rats.
Each bar represents the mean £ SD (n=5).
*p<0.05, **p<0.01 vs. normal rats. HS;
hemorrhagic shock.
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Figure 11 The phagocyte index in normal
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HS74ay (closed column) rats. Carbon clearance
was estimated, and K was calculated from the
clearance of carbon particles. Each bar
represents the mean + SD (n=5). **p<0.01 vs.
normal rats. HS; hemorrhagic shock.
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%E’ XNz, FI T, HOV 285 L =ROI
%kémNﬁﬁﬁT%IGﬁ@187l4
WM ETfTo /2. T ORE. WT NORFH
k:}‘o VT H HbV #5012 & 5 IUHE A B OMRFR A
ICERGIIRER S 72 h o 7z, (data not shown)
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represents the mean + SD (n=4).
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BAUTOERAICBNTIEHVE, TiEE bIZEIER
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HEEZBEZ THRITTES BN,



13. NEJOE /NEEOBRKRINEEBERT
E—HBBRETEOEE

A. BIFEER
HbV OEERIGAZBEEA. TO%E 1 HHBREE
EZEET 2 Z E2MEERE L

B. Bf5EhHE

1) FAHAE THbVOEKIGA IO &R DERRE
EOWEE EFHQTHRICHVOBRBRE 2
28, TORSER (FRE, HE. Ho5V
ISR ELREEZEY) ITDWNW TR,

2) TS DORBERF TEIIBRETDOHRE.
FOEBEBDEARBRTOEE, AFHR
7 % B A5 B OBIE MRS RS & L ITRE,
BERLUTZ,

3) ZOEIREHOE—IRERETEEZIBEIIT
O EBEFEBAROBE, & ITHEEREAE
fEfTHiE =2 TR Lz,

C. IR
1) FENSEBEREETORERZRAEL. () 5

G VR D 72 D IR S SRIT IR S N7z B4,

(2) FHEIaFEMEAERTZET, HiGHE
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2 (D). (2 TBWTHEHHbVERIIZDWTOA >
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2) HB—HHBERIIBWTREEDOHIZLELT
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B LRI, (2) EARLIRBHEER, WIkELE
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FRAEICEEENRR L EHEORIERHREZS
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14. NEZOE /N EKEESSFACH L
ENE DHEERICEY 28

A. S
Hb/NMaEIZ»whw 2 U RY —L8BEHD—DLD
EZB5N. BROEWDL. BEOBENED TEH
<([Hb] = 10 g/dL, [fEE] =5 -6 g/dL). BREED
2] MVICERAGENEEINSIETHD,
MBIERICHERBEEEEZDWREND D,
96> T. Hb/MEBEMRTFOLBREEL TOLF
OB E2H-> TB<EBIIWMOTEETH 5.
TIVTI U EAMEFIIRbBES<EFETLE
HETHD., MKEEBEDOBERELEZHST S
ZERXVBEBNEEERAGSL CnD, Wil E
BEZDHET, ZOBRRMKREOHFIIEETDH
598, Hb/NEAEIZRF O & DITHbAFAM%I30000
FEHEHAZINTNEOT, RMEKEFRICBEERS
FEERIBWN, 2T, REREIBLTE 7
WT I, BETFREBEATIVTI>, EROF
IFIINAY —FMHES)RTFA T 2 (DEX)
E, WhOsRAMEREOHANLELRD.
INETOHb/NIEDOEYH SRR TIEEITT IV
TIEMRLTERN. HEAENTIIHESD S
FEDORLZ S ONEEKRHBROEEIZH 2 DT,

SERBELTEARBRARAMBEHICOVWTHHAZ
BETHILNEND D EEZSNS, Hh/MNaEZY
W7 I URABIEEEEIIREED a— o ®
FikE 2355, HES®DEX/: & DKEME ST
WE— AR T SMAEER LT, U PRl
RO EOMFOBREZERET S I LS
NTW3, BIZHFENRKELRDIIHE>TID
BSIEEICRD, E2A5W, URY—LADEE
DHEFIZDNTIRE DN DOHINRE TN TS,
RIZHBENI o TWRW, £ TERHFETHE,
BENSTEROKEEES FOKBREERL. &
DFHEOEND BE EHBREBEMREEHEIL, B
HOEAES E/NBEDBREDCEEDOHEZHAN
5T EEEMELTZ

B. A&

1. Hb/hja#HbV) DS

Hb/NMaf 3 pEskizic e > THREB L 2. ffE279 +
95 nm, EHEHE/KITHHL . HhiRE 210 g/dLIZ
FEL 7z

2. KR ZT
ASEER T B WA mEEE 7 5 NS TR DK vE
B4FAETable 1ICE &=, BEEEYIF AR

Table 1. Molecular weights and colloid osmotic pressures (COP) of
plasma substitute solutions at 4 wt%.

Plasma

. Mw Mn COP
weoe Gp) oy SR
DEX4 42° 22° 1.9 29
DEXy 73% 38° 1.9 25
DEXoq0 1842 84° 2.2 18
DEXs00 505% - - 14
HESy, 68° 17° 4.0 21
HES 30 130° 50° 2.6 21
HES 500 240° 70° 3.4 15
HESé70 670° 194° 3.5 13
MFG 30° 23% 1.3 44
rHSA 67° 67° 1.0 13

DEX, dextran; HES, hydroxyethyl starch; MFG, modified fluid gelatin; rHSA,
recombinant human serum albumin; °Data provided by the manufacturer.
®Calculated from the concentration dependence of COP (unpublished data).
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(MFG, Gelofusin™, Mw 30 kDa, 4 wt% in saline)
¥ . B. Braun Melsungen AG (Melsungen,
Germany) X D2t % 21T 7z, MFGDEE4 wt%!d.
RAMBHOFT—FBENDT, HMOED TR
B3 RT4 wthlZfi— L7z, BIRTFHEBLZTIVT
2 2 (rHSA, Mw 67 kDa, 25 wt%)ld, =705
REEEZT, INZEEEEEK TIWt%ITTRL
THWEZ, BRIRODEXw0, DEX70, DEX200, &
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WAKICEBEMNL T4 wtnd& L7z, HES7o (U 2NA
™ Mw 70 kDa, 6 wt%)IZEMRBEENSEAL =,
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K DIREEZIT/2, HES7wE HES1301d4 wt%ITH
FR L 7z, HES200l I £ FR B KITHEM L Tawt% & L
7= HESe70 (Hextend™, Mw 670 kDa, 6 wt%)id
Hospira Inc. (Lake Forest, IL, USA)X DEEA L.
AHBEKTL wtB Il IHERL THWE,

3. Hb/hMafk-KEEm s+ S8iROFASR
Hb/NEARIZEEEBEKIIHBEIN TS DT,
ZNEBE LD EEQ0,000g, 30 min) L., LEAZE
FRZE L. RRICEFEKBEES ST OKEHR 4 wt%)
BRML, RIVFv 7 ZAIFP—EEHANWTHD
N EESE S HhBE %10 g/dLICHHE L7z,
FLER0.45umD 7 ¢ V¥ %5 X B THIERIE DR
BT AWz, DEXs008 K UrHSAIZ B S B 7zHb
INBARICDWTIE, BI220/%. B FRBETH

WLZ05, EREHRRET O,

4. BEEBEOHIE L BEEFEOER
BEEEEOREIE I, BEERHEIEF (Wescor
Model 4420, BT & 10,0000% Wz, &5
FRBEEEEBEKTHERL, EBEICBITS
BERBEEHEL. BT OBEDIERT >
Dy VERTERENFAERXEZRANTET L. B
BEBEJD)EKEEES T ORECDERIZE
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1ELTHRES,

/C=RT/M,+RTBC Eq. 1
ZIZT, RITHAER, TI3HEHRE XK), M V&
HEEHTFE. BREZEUTIBRETHD., 1A
WOMHBREDOERELZERT., S&40TOM, 13,
I/ C& COMBEYT 57 DBR/N_FIENERD T,
BEEZDEENSRDZ, My & B ZEq. 21T
AL, BEERR)ZRDTZ,

2 1/3
R, :(_._3[Mn] BJ , Eq. 2

162N
ZZT. NE7RHAROEERT,

5. KEMEE ST ORERIE EREEREEOE
i
UMEE—TEOb &, BREEZL A A—F

(Physica MCR 301, Anton Paar)Z AW THIEL
fzo =27 L — FOEREE50 mm, 32— &7
L —hDAELTH 7z, HEE25CITTITo 7,
AREHATR650 pLaa—> &7 L — hORICIEE A,
KREOWEERER > THSRIEL 2. RENFE
R (BN, 1000 sUZBITAREEZ D LT, K
OFEXNSEH L7z, EEME . MEQDR
EREFEENSRDT,

(7] = lim ¢ 0 (sp/C) Eq.3

1sp= (7 — 19)/ g0 Eg. 4
ZIZT. nldBREORE. nopld@aFEROESR
HEZFET, Einstein®D¥ER(Eq 5)IZLD. [1)
1ZEq. 6D L DITERE D,

7=14d1+25) Eq. b

[g] =(@2.5-NVy /M Eq. 6
INEORITBNT, VldE o FOERERZER
L. Eq 7ELTHRETE S,

Ve = (4 A3 / 3 Eq.7
Eq. 6, XD, HAETTZHEERNL. BEq. 8& LT
=2,

j1/3

6. Hb/Nafk - 23 F /KR 2 BUR O R ERIE

h

Eq. 8

(3[77]M
102N



BIWTRAE £ 1097 5104 s T L X BT, HER
HEIL7Z, FBEDOHBIERNIEZ_2— F 2T, K
WETEREER TRELZ AR L THENES 25N
B BEEES T I NEEE L THREMNMET TS
Shear-thinningZ 7= L7z, AWFETIE. BHEDOR

A HES,, O DEX,,
A HES 4 © DEX,,
& HES,y, © DEXyq,
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Figure 1. (A) Colloid osmotic pressure data shown
as 7/ C versus C, where I7 is the colloid osmotic
pressure (Torr) and C is the polymer concentration
(g/dL). (B) Viscosity data of polymer solutions are
shown as 7,/C versus C, where 7, is the specific
viscosity (-) and C is the polymer concentration
(g/cm?).

EZET/NT A—4 &L T. Flocculation Index
(F)%Eq. 9D LD ITEREL =,
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VeD4fEIZI2 5. €5 T Vedds Eq. 10& L TR
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10

BT KBEOEASEGERI NI A-F(0)

EEFETDH, THEEqQ 11ELTERETE S,

Ci= Vex C:N Eq. 11
ZZT. NEZT7AH RO, Cld@En F4wt%igE
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MEMAEERBHZHEL TS, BLXDOERITH
WT, Hb/MNaECERa = 140 nm)2Y, &4aF 31
WOKBRIZIOBLTWD EREL &,
Depletion-free attraction, Faeptd. i EEREN
RDTELODB/NINEZIZ, Eq. 12 L TERE
D,

-Eaep =(m Npl12) (2Rs- d)? (6a+ 4 Rg+

d kT Eq. 12
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Figure 2. Viscosity of HbVs suspended in various water-soluble
biopolymers. [Hb] = 10 g/dL, 25°C.



Z 2T, NEE S FDnumber density, HIR)LVY
< ER TEAENREE298 K) 2R . BITRE
MOEEL 2, 3, 4, 5, 6EH|ATEEL.
Flocculation Index (F) & -EuepDHBEZT 57 &
L TH7,

C. #&

1. BEBBEEKENS DR, Ry, Ve, COFHE
BOTFRBROBEEEEDZ. BEOZRL

SRTHZEL., ool TeE 7oy L Fig.

1A), 2 TOEDTKERIIDONWT, IZIXEARBEK

NA5H., BAZREICIVDERTHEY, HEL

YHMH5Eq 1, Eq 2ZAVWTREZEH L

(Table 2).

BN TRBEOBE CER LI ETHEZAE
L. L Tnep/C% 70y kL7 (Fig. 1B). &
INCRIBIC K VERTRD, [7]EEq.805RZEHE
H U720 "Vex, "Vex, "Ci, "CAZ. Ra, Be% FiVEq. 10,
Eq. 115 5EH L 7=(Table 2). DEX, HES& H12,
DTFEIERTBIZDONR, RBAIKEREZRL,
FRUTHE, Vex, Ci&EBHITHEARL 2. rHSAITZE/N
D CiERL Tz,
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Figure 2{ZHb/NE A 73 80K O #E B D 33 WriE B R

Table 2. Plasma substitute solutions and their physicochemical properties at 4 wt%.

Parameters obtained by 7

Plasma a8 Parameters obtained by /7
substitute
solutions [y ‘. HVC; . Ry ”Vi C;
(nm) (nm’) (nm) (nn1’)
DEX4o 0.957 4.1 1154 0.667 3.94 1025 0.591
DEX 0.550 5.9 3441 1.141 6.34 4270 1.416
DEX300 0.217 12 28952 3.784 9.97 16605 2.170
DEXs00 0.079 28.2 375747 17.92 15.98 68372 3.261
HES; 0.588 3.2 549 0.194 4.68 1717 0.608
HES 30 0.308 3.8 919 0.170 6.13 3859 0.715
HES00 0.167 6.4 4392 0.441 8.08 8838 0.887
HES¢7 0.060 10.5 19396 0.697 12.68 34159 1.228
MFG 1.333 3.9 994 0.798 3.83 941 0.756
rHSA 0.602 4.5 1527 0.553 3.08 490 0.177

Table 3. Viscosities of HbVs suspended in polymer
solutions (4 wt%) and flocculation index (F;). [Hb] = 10
g/dL.

Poly;ner sg)lution Viscosity (cP)

or HbV F;

suspension ag}O 1880

gl

DEX4 23.1 7.5 3.78
DEXy 64.3 9.3 8.84
DEX;00 146 13.3 14.22
DEX500 181.5 16.8 15.29
HES7o 1.7 4.9 1.88
HES30 9.7 5.5 2.10
HES00 15.6 6.1 3.21
HES¢70 53.0 8.9 8.05
MFG 46.7 9.3 5.91
rHSA 5.3 3.6 1.68
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Figure 3. Microscopic view of the flocculates of
HbV when suspended in DEXs00. The scale bar
is 100 um.
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Figure 4. Flocculation index () values of HbVs suspended in water-soluble
polymers are shown against (A) polymer sizes Rr and Ra (B) excluded volumes of
one polymer chain, ”Vexrand 7 Ve, and (C) the crowding index of the polymer

solution. 7C;and "C..
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Figure 5. Flocculation index (#) of HbVs
suspended in water-soluble polymers is
shown against depletion energies (-Ldep)
calculated assuming that the surface
distance, d, of flocculated HbVs is 1-6.
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REREEERA & U THUMEROIFFEICE A S
NTWBDEXswil DWW T, FRINTH Ol
EHBATWDAEERHD., TOZDEEEZER
LTnwaEEZ65N5,

AEBOFTESE L T, SEIZABMmMEER & T D
HEOESTEOEASTICREL TEREZTO
BTRHO., hFF 7 A4 OGRS
FIZDOWTIIME 2 Liah o7z, REMEIPEG
BICL o TS NAZD, BEITLEHREOE
2220, RTHEORBERDELRT D, #E-o
T, REBRERIL. £HEMRESNEEETOR
RICAZRNFREEDH D,

Hb/MNEESBIRO LA 02—, BET 287
FIZE o THENTELZEDWNWA D, FBIRAES
THRAEL THENSTEL2EEIRARNVESE
HITWEN, Fdid, ENESEVWANLEEIC
FIETHRISAME AL, MEHREZRL M E
BT BENIHMNENTE>TNS, > T,
Hb/Madk K& TFOREAEHOEIZL ST,
B rmMRE s L TRET TR EH LWIEAI
BN D D,

BawmE LT, AR TRLIEES FRIBBRDE
HEBEEERT/INT A—4% &L TCrowding Index
(C)EEHEL. INN1EBZZEET/NNAEDE
ENFEEICRDBEERASNCLEZ, ZOREDL
&, BOTHOEREARIIBREADKEZ HE
THZEIWZRD, MNAERERINDZ KDL T
BETD, ZONTA—FERVWIL, HBLlask
BB REOHECDWVWTOHENES TR
D

e
AHFEOHEICHZ0., R BEF #HFE, £ &
B (ERARPH)OHBHEERL. LU THEEZET
éo



1 5. NEFOE /NakORMNT RIS & mEE
PEDARES

A.

JEMI AL B O Hb R A A T Bz 32 5& it & (Hb-based
oxygen carrier, HBOCs)IZld, - FAREEEE, &
A8, PEGHEGEZENASN TR, EIRER
DERFEEEICH D 8EKHH D, HBOCsDF| I
5MNT, ESLZOEBEMH/FEINTVDA, M
EINKE S ETTEOBED =0, RS N/zBHE
WBEAEN, MEIEORREL TE, EICmE
MERTTHOINOERET DI ENEALNT
Kz, NRIEOHbS FISMENE 251l L THE
TR ETREEL . NOZHIET 2RIgEENDH D,
S LU THb/MNEEITR FENRENDT, TOXD
BRIEFRISRVWEELZEND, ALYy T RT
O—-FEy RAF ¥ »HEICK D, HbDONO#E
BEEIL. HbZRTHNICNET 2 I & THRTAIC
NODILHIEBE N S ND I L TEBIESND Z
EMHEMNIIR o TnDd, ZOIRBIEEEN B S
N5E&EELTIE, 1) RIFROHMRENE NI &
&, i) RIFBNLORENZIETH B, WHWOD
Liposome- encapsulated Hb & 1977 & @
Djordjevici DEFFELISRE. £ < OBFEENHL TH

il

728, Bx OHb/MNaEOREIL, 36g/dLDEIRE
HbiAg & WE L., E7/2HFR03250-280 nm T 4
XN, FOOBIEE LU THbIEE10g/dLEZR L T
W5, HbVAN IS I i P 2 Ak LR W E
m&LTid, NOO#EERENHWBKIZIEL T
BWI ENBIT5N5, UL, NOFAEHEEITLR
MERICHER T B & EEES, T @A R
W, RIFRNKE < MEBEDFLEALHEICETE]
ETERNWIENPNTNDONS LR, fl
7% . HBOCsZ#5 L /=B & IE DR K. NO
WD T TIRRN, FAE FEREMEO
hemeoxygenase-21Z & D NLMNSHEENDWBET
EAINBC0IE. FHU/MERRICBWL TIEMEE
KT &L TEET 3, NEOHbSFIE. FEiFm
& Dfenestration 2% i® L TDissefEICEE L. CO
PRIET D20, BN ERED LR

5B, /- BRIBZIIRD EMETEEHRLE
EEIC K DI L . BERAHEZRET T 5, MR
OHbEMIAE DR GITHmBED RERRE ZFEFRL .

MENKEZAERT D EORENRDND S, >
T. HBOCsIiZDWT, NODHRZSTFCO, O2&D
IS DWW TEHMZRF T 20END D, K.
Hb & HAHFORBEREERZFHNSHEELT
i Ay T RyOo—-FEy RXF vy H0HES.

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

HbV PolygHb Hb RBC
[Hb] (g/dl) 10 10 10 10
Hb/PLP by mol. 1/2.5 - 1/4 -
£, 10° M's™ 2.1 2.7 2.1 0.65
5,89 10" M 0.61 2.4 24 0.012
k7% (s in 50 mM Na,S;04 32 119 84 4.4
Ps, (Torr) 25-28 54 26 27
Size 279 nm 87-502 kDa’ 65 kDa 8 um
Viscosity (mPa s) at 10°s™! 3.75 1.48 1.35 2.46
Viscosity (mPas) at 10 s™ 6.88 1.54 1.35 3.18
Perfusion Pressure (kPa) 21.0-23.0 7.0-8.0 6.0-7.0 9.0-10.0

k ’o,,(NO), apparent NO-binding rate constant; & ’0,,(CO), apparent CO-binding rate constant; &’y

02 apparent

O,-releasing rate constant; Ps; oxygen partial pressure at which Hb is half-saturated.
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PLP/Hb = 4D EIETHRML 7z (T HHbIREEHI10
gldLiZ/iz 5 XS5z, EEEBEHHEL T, B
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AWz, 18 g/dLBETHAINTWVWSDT, I
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MNsmEINTND, £z, BEHRELT, b
FRIMERZE AW, BRREKYE TAEZHRETD
WMEICET 2MEERER] ORRBER/T. b
e 2 ERELL . P L HImERBRE 7 4 )L & AL
(Pall Corp.&) 27 WFEFRBCE &7z, B AKX
ICHE S EHbBE 210g/dLE Lz, BRRBME
Hemox AnalyzeriZ & D HIE L7z, 28K OREEIX
L % A —# (Physica MCR 301; Anton Paart:£)
12 X D#EIE L 7= (Table 1),

Outer aqueous solution
containing CO, NO, or N,

Centerline velocity
=1 mm/s

Outeragueoussolon

 containing CO,NOorN, ot

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 N2 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 N2, low concentration CO, or
NO gases. The wall thickness, {(100-25)/2 = 37.5
pum}, 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.
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Fig. 2. Calculation of reaction levels (A) HbOs,
(B) HbCO, and (C) HbNO 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 (AAsss,
Amax of deoxyHb) and 576 (AAs76, Amax of oxyHDb)
nm from the baseline, linear relations between
the level of HbO2 (%) and AAsss and AAs7s are
obtained individually as shown in the inset.
Then the ratio of the two absorbances (K =
Asss/As7e) was utilized to -obtain the level of
HbO2. The levels of HbCO (B) and HbNO (C)
were calculated similarly.
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Fig. 3. Spectroscopic changes in @ bands of the Hb containing fluids by perfusing through the
narrow tube at the traveling distances of 1 — 9 cm. The red plot lines represent the absorption
spectroscopy of 0% and 100% reactions. The green lines represent the spectroscopy at 9 cm
traveling distance. (A) Measurement of Ogz-releasing behavior by perfusing through the
narrow tube immersed in an anaerobic condition. Two characteristic peaks (Amax = 541 and
576 nm) attributed to oxyHb decreased with the traveling distance. A new peak (555 nm)
attributed to deoxyHb increased. (B) NO-binding perfused through the narrow tube. Two
characteristic new peaks attributed to HbNO (Amax = 545 and 575 nm) increased with the
traveling distance; deoxyHb (555 nm) decreased. (C) Spectroscopic changes in € bands of the
Hb containing ﬂuids vgith ’CO-Rindipg perfused th‘rough the narrow tube. Two new
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Fig. 5. Schematic representation of the simulated density distribution and track of Hb molecule in a
narrow tube (< 100 pm 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
pm: component-1 (blue color) enters the core of the tube (radial distance from the centerline, 0-11
pm), and component-2 (red color) enters near the wall (radial distance from the centerline,
11-12.5um). 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] = 10 g/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] = 1.55 mM at [Hb] = 10 g/dL,).
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