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L. & LEEIRE, A ERE O ZE{(Table 1
BVRERAE DE VT, B h & ik R A 12 2RE
FCEBARDE, FOBRE, hHBREICSY
THEEZERIA N2 oz, BiLZE Y WTho
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BEL, MPEBEESRMI Lo TN LT, B
AR I, HbV/NRESBIR 2 AW B TR
TULEA, AWEBIMY v F AR E R OB TR, &
A%HLIELEVILBRELZ R L,

Table 1. Hemodynamics and blood lactate

concentration.
Measure time point

-ment baseline T1 T2 T3
mean arterial blood pressure (mmHg)
3XRL 833%9.2 32.5:4.0% | 80.0x13.7 | 56.0+204°
HbV 805137 | 302+3.1° | 87.8=148 68.7+53
central venous pressure (mmHg)
3XRL 40+0.6 33+1.9 45+14 3.7%0.5
HbV 42+1.2 4009 52x21 47%2.0
blood Lactate concentration (mmol/L)
3XRL 2.1£09 6.7+2.6° 63+2.6° 46£27
HbV 3211 5.8+ 1.0° 26+0.5 26+03
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T1, immediately after fluid resuscitation; T2, 1h after
resuscitation; T3, 2h after resuscitation

¥ significantly different than baseline (p<0.05)
*significantly different than RL group (p<0.05)

2. HIF-1ao. ®mRNADFIH (Fig. 1)
HIF-1 a mRNADRBRIZH>WT, BlEENE LD
fEER B VWTH, MIRELEICHWV DN EIRDE




WIZ Ko TEIEIR Do T2, BB ORBEOENT
IZ HIF-1 o DFERIT, DB TORLIHTE o T2,
BRAEBUER Y — 2 2R AEMN H o 77,

2. TNF- « ®mRNA D F I, (Fig.2)

TNF-a mRNADFEE &, BIE S L7z £ Dligasic
BWTH, BRELEICHV DL EIRDEWIZ X
STET R T2, BREORBEOEWTIE, I
TEnoT-, R F168FFM £ Tik. TNF-«
mRNADFEHIL, REFHIHEMNT 2 BEm B R o T,

= 2H
m 24H

T

O 72H
O 168H

A il

3XRL| HbV |3XRL| HbV |3XRL| HbV |3XRL| HbV |3XRL| HbV
heart lung liver kidney spleen

Fig.1. HIF-loo. mRNA expression. *significantly different from lung (p<0.05), ¥ significantly

different from heart (p<0.05)

100

@ 2H
= 24H
o 72H

O 168H

Fig. 2. TNF-o mRNA expression. *significantly different from lung (»<0.05)
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Table 1. AST and ALT values 6 hrs after resuscitaion
from hemorrhagic shock.

0o Oz CO- CO- control
HbV RBC HbV RBC
AST 249+ 211+
(U/mL) 104 109 185482 126454  64+13
ALT
(U/mL) 97+54 95473 5016 3349 3248
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Fig. 1. Schematic representation of the hamster
dorsal skin flap model. One branch of the small
artery was ligated to prepare ischemic part.

injectiond 2 Z L IZ L > THEBRB LN D HED
DWW T OREE & 2RI, i M E RS O # I %5
RIZHOWVWTHBREZEMR L7, AL, Prof.
Dominique Emi (Inselspital Hospital, Univ. of Bermn,

Switzerland) & D ELRAFZETH 5,

B. FRF &

24 Pt Syrian Golden Hamster (Charles River, 78 —
85g, NEXR V7 F#— )VIEBENE (100 mg/kg)ll X
DRREEL, HENERIC VT — T AV ERBA L,
R & /N R &/ NERAR D R TEEDS o T B E R
ZAERL L2 (Fig. 1)e Z D/NEVERIR IR AN T

Ischemic
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Fig. 2. Partial oxygen tension in the anatomically perfused and ischemic tissues at
baseline and after top-load infusion of 0.9% NaCl, and hemoglobin vesicles suspended in
NaCl at Hb concentrations of 5 g/dl (HbV5) and 10 g/dl (HbV10). Data represent mean
values and SD. #p < .05, ##p < .01 vs. baseline; *p <.05, **p < .01 vs. control.
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Fig. 3. Capillary hemodynamics in the anatomically perfused and ischemic tissues at baseline
and after top-load infusion of 0.9% NaCl, and hemoglobin vesicles suspended in NaCl at Hb
concentrations of 5 g/dl (HbV5) and 10 g/dl (HbV10). Data represent mean values and SD.
The values for capillary diameter and functional capillary density were expressed in
percentage of baseline. #p < .05, ##p < .01 vs. baseline; *p < .05, **p <.01 vs. control.
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Fig. 4. Macromolecular leakage in the anatomically perfused and ischemic
tissues at baseline and after top-load infusion of 0.9% NaCl, and hemoglobin
vesicles suspended in NaCl at Hb concentrations of 5 g/dl (HbVS5) and 10 g/dl
(HbV10). Data represent mean values and SD. #p < .05, ##p < .01 vs. baseline;

*p <.05, ¥*p < .01 vs. control.
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Fig. 5. Density of cells stained for TNF-a, IL-6
and of leukocytes in the anatomically perfused
and ischemic tissues 5 hrs after surgery and 4 hrs
after top-load infusion of 0.9% NaCl, and
hemoglobin vesicles suspended in NaCl at Hb
concentrations of 5 g/dl (HbV5) and 10 g/dl
(HbV10). #p < .05, ##p < .01 vs. baseline; *p
<.05, **p <.01 vs. control.

IR T L7z, HbVD G2 K - TRBC perfusion
Index(3d0E 4L, MIRAFTEAMARE TITHRI30% DK,
JE I AR TIE200% DI K & 72 o 7=, NaClEE Tl
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(I FRAFFEERNL TIE29% D K, B I 683k Tidd44%
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Fig. 6 o’ B-subustituted hemes and space-filling model of oxygenated FeAP.
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Scheme 1 Synthesis of o’ B-substituted heme.
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Bl A B e RO & e L 7z (Fig. 7)., %
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Fig. 7 UV-vis. absorption spectral changes of
HSA-0*BFeAP at 25°C. Blue line: deoxy, red
line: oxy, green line: carbonyl.



INBREERZIAL L, AT MRS =T
BRI EE R (A 427, 547 nm) ~ &8
TL. TOMBREMBIIBRESEICSELT
AW ORI £ R L 7z, HSA-0’BFeAP ®
HSA-0’BFeCP M EEREKEZTER T D DITH L
HSA-0’BFePP IIMFBRIC I VEL L. BER
BEERIIE LN o7 Y, HSA-0’BFeAP ©
FRZH Ak (Pso: 11 torr, 37°C) 1%, HSA-o’BFeCP

IR 23 EE < (P ld/hE W), ZTHITKRER
ko, (9.7 %) IZ#EK 3 5 (Table 2),

2. B HINLOBMBEFEAE (LT IFET)
BEHREBELBIRBEAEOMBEL LV HREIZ
TERED, & o’p BANLO MV UBERFPIZE
T EBBRG/NT A—F —EBIE LT, ’PFe AP
M UBEROERFAKTIZRE TS UV-vis.

Table 2 O, binding parameters of HSA-o’BFeXP in phosphate buffer

saline solution at 25°C.

Heme 107k, (M 's71)e 102 ko (s1)*  Psg (torr) [at 37°C]
03BFeAP 28 5.1 11 [33]
o*BFeCP 2.9 1.1 25 [45]

Absorbance (-)

x7

1 i 1

i ] 1
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Fig. 8 UV-vis. absorption spectral
changes of o’ BFeAP in toluene. Blue line:
deoxy, red line: oxy, green line: carbonyl.
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I 1 ] | L] 1 1
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Wavelength (nm)
Fig. 9 UV-vis. absorption spectral

changes of cx3|3FeAP at various O, partial
pressure in toluene.

Table 3 O, binding parameters of o’fFeXP in toluene at 25°C.

0,

Heme 107 ko, M7s7h 107 kg (s7H) P, (Torr)
@’BFeAP 24 1 36
(13BFeCP 5.8 5.1 67
a3BFePP 8.6 5.6 50
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FRET 2 Z BB 2 &Ko 7 (Fig. 10),
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TIERL 725 & (ko BB T H720) EFHALTWY
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T, HFvIalb—raitdh) E~b0KHE
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BREATVD Z LA LN -T2 (Fig. 11),
EDTeD koy PET L, BBRBEFEREAD LTz L
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Fig. 10 The relationship between X and
kon Of a3BFeXP in toluene.
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Mz=hid,

D. %%
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Fig. 11 The esff forcefield simulation of o’BFeXP. Alternative minimizations and annealing

dynamic calculations using Insight II.

33



2 30K
1) Nakagawa, A. et al., Bioconjugate Chem.,
2005, 17, 146-151.

E. REARESR

YL

F. WFFEHER

1. WXEE

1. T. Atoji, M. Aihara, H. Sakai, E. Tsuchida, S.
Takeoka. Hemoglobin  vesicles containing
methemoglobin and L-tyrosine to  suppress

methemoglobin formation in vitro and in vivo.
Bioconjugate Chem. 17, 1241-1245 (2006).

. 'Y. Goto, K. Terajima, T. Tsueshita, M. Miyashita, H.
Horinouchi, H. Sakai, E. Tsuchida, A. Sakamoto.
Fluid resuscitation with hemoglobin-vesicle solution
does not increase hypoxia or inflammatory responses
in moderate hemorrhagic shock. Biomed. Res. 27,
283-288 (2006).

. Y. Huang, T. Komatsu, R.-M. Wang, A. Nakagawa,
E. Tsuchida.
human serum albumin including iron porphyrins:

Poly(ethylene glycol)-conjugated
Surface modification improves the Oj-transporting
ability. Bioconjugate Chem. 16, 393—398 (2006).

.Y. Huang, T. Komatsu, H. Yamamoto, H.
Horinouchi, K. Kobayashi, E. Tsuchida. PEGylated
albumin-heme as an oxygen-carrying plasma
expander: exchange transfusion into acute anemia rat

model. Biomaterials 27, 44774483 (20006).

. T. Satoh, H. Sakai, K. Sou, E. Tsuchida. Molecular
to cooperative dynamics and static structures of
PEG-conjugated phospholipid in aqueous micellar
solutions: dielectric spectroscopy and SAXS study. J.
Phys. Chem. B. 11, 1393-1401 (2007).

. J. Plock, A. E. Tromp, C. Contaldo, T. Spanholtz, D.
Sinovcic, H. Sakai, E. Tsuchida, M. Leunig, A.
Banic, D. Ernij,
hypoxia-related inflammation in critically ischemic
hamster flap tissue. Crit Care Med 35, 899-905

Hemoglobin vesicles reduce

34

(2007).

7. H. Sakai, H. Horinouchi, E. Tsuchida, K. Kobayashi.

1.

RS, BT,

One-year observation of Wistar rats after infusion of
Hb-vesicles (Artificial oxygen carriers). Artif. Cells
Blood Substitutes Biotechnol. 35, 81-91 (2007).

. T. Komatsu, Y. Huang, S. Wakamoto, H. Abe, M.

Fujihara, H. Azuma, H. lkeda, H.Yamamoto, H.
Horinouchi, K. Kobayashi, E. Tsuchida. Influence of
O,-carrying plasma hemoprotein “albumin-heme” on
complement system and platelet activation in vitro
and physiological responses to exchange transfusion.
J. Biomed. Mater. Res. A 80A, in press (2007).

. H. Abe, H. Azuma, M. Yamaguchi, M. Fujihara, H.

Sakai, S. Takeoka, E. Tsuchida, H. Ikeda. Effects of
hemoglobin vesicles, a liposomal artificial oxygen
carrier, on hematological responses, complement and
anaphylactic reactions in rats. Artif Cells Blood
Substitutes Biotechnol. (2007) in press.

(BB, EFERLY)

H. Sakai, E. Tsuchida. “Blood Substitutes”, In:
Wiley Encyclopedia of Biomedical Engineering. M.
Akay (Ed.), pp. 613-621, 2006, John Wiley & Sons,
Inc., Hoboken, NJ.

. H. Sakai, E. Tsuchida. Performances of PEG-

modified hemoglobin-vesicles as artificial oxygen

carriers in microcirculation. Clin. Hemorheol.

Microcirc. 34, 335-340 (2006).

. E. Tsuchida, H. Sakai, H. Horinouchi, K. Kobayashi.

Hemoglobin-vesicles as a transfusion alternative.
Artif. Cells Blood Substitutes Biotechnol. 34, 581-588
(2006)

E ER, PIIEA, AN
i, M2 NEN, IMEE—, THRER. RY (=F
LY a—n) EHTAVT IV - Nb o BBE
X mIEERRI L L CoEEmE L #iE. AT
1M17% 14, 47-54 (2006).

BIEK. BZAEA. WAZE, HE R, ®



WEE., SirmE. THER, IiE—/~F7
7B/ RMaEMEHbY)-Y a2 e T AT I
STEEIRIC & 240% 2 #iEnM: Z v MEREAHLY
R EMICET 228 OBE GaXiLE.
Scondary Publication). H A #i M #fH G F = aE
53, 47-55 (2007)

JEHEK, Xk ATIFVA I G VA,
FTHER <VaXR A FV Ty H NLRAT—
BT OMENARMIEZ — @I ERT 257V %
W7o PsofE 23 B 72 D Hb/MNa A OB 58 FitHH 25 8)
(R BHE) A LM #E (in press).

. D. Emi, R. Wettstein, C. Contaldo, J. Plock, N.
Rafatmehr, H. Sakai, E. Tsuchida.
vesicles to treat hypoxia in critically ischemic tissue.
Artif. Blood (in press).

Hemoglobn

ERRR

CAERE B BEHEAK, REES., THES AT
FRMER/AC A SRR (KIEE R S TR RO LA
1 Y —fET BESSEIE S FERFERKE 2006
H5H/AHE

Rz REA, EHEER AR TAT
Tr-7a PAXNIRBITBA~NLRYT v MEE LB
REAROME " EsEmy TFERFERRE/
2006%E5 H /AR

. H. Sakai, H. Horinouchi, K. Kobayashi, E. Tsuchida
/ Hemoglobin-vesicles (HbV) as artificial oxygen
carriers: Recovery after acute hemodilution with
HbV suspended
albumin for 14 days / 52nd Annual Conference of
ASAIO/2006. 6. 8-10 / Chicago, USA.

in recombinant human serum

. Y. Izumi, M. Yamamoto, K. Takeuchi, M. Watanabe,
H. Horinouchi, Y. Teramura, H. Sakai, S. Takeoka, E.
Tsuchida, K. Kobayashi / Modification of radiation
response in Lewis lung carcinoma by administration
of hemoglobin vesicle / 52nd Annual Conference of
ASAIO/2006. 6. 8-10 / Chicago, USA.

. E. Tsuchida, H. Sakai, T. Komatsu. / Oxygen
Infusions (Artificial oxygen carriers); Hb-vesicles

35

and albumin hemes./ World Polymer Conference,
Macro 2006 / 2006. 7./ Rio de Janeiro / Brazil

. E. Tsuchida, T. Komatsu. / PEG Conjugated

Albumin-Heme as a Blood Substitute and Its
Medical (Invited Lecture) / 4th
International Conference on Porphyrins and
Phthalocyanines / 2-7 July 2006 / Rome, Italy.

Applications

. T. Komatsu, A. Nakagawa, E. Tsuchida. Oxygen

of Artificial
formed by Complexing Iron Protoporphyrin IX with
4th
Conference on Porphyrins and Phthalocyanines / 2-7
July 2006 / Rome, Italy.

Binding Properties Hemoproteins

Human Serum Albumin. / International

. A. Nakagawa, T. Komatsu, E. Tsuchida. / Human

Serum Albumin Hybrid

Porphyrinatoiron(Il) in the «,a,a, 8 -Conformer

Incorporating  Tailed

as an 0,-Binding Site / 4th International Conference
on Porphyrins and Phthalocyanines / 2—7 July 2006 /
Rome, Italy.

9. BHZEK, THEKE ~FJ o /MaEOR

MNMFRL/ SR3EEAMEREDES
2006.8.24-25 /B K[E, K

0. BRI, 1LOEH, BHAEIE, RE, EHA

A, REEF, THEEL, WEAE In vivo I8
TB~E 7 v e /hNaEoEmaiEEE~0 R
B EBEAAMLBRREYWFES 2006.8.24-25
SBERE, B

11, SfERE, BERse, BRIERIE, A, WK,

RMET], THFERL, MAAET/ ~TJ/ o /h
JaEHbV) DN RERICRIETEE FEI13EH K
Mk REMES 2006.8.24-25,/ BFKE, BT

12. MEEE, WEREA, FHEBEFRET, REBKXEK,

PSP SE 5, N EM, NIRTHES EmHZEK, THE
%, /NFE— /Beagle K & AV 250% B 5 v
ZIZE T AH/MEEOBRA R B L OB R IER
RROFM " FHEBEAALBREWES
2006.8.24-25 /BFKIE, B



13. REBARER, WWAZ, MTNE, EIEM, BZ2ANE
A, SRR, WEHZEAK, REEF, TARE,
Wih— / N TEEFRERE~E J o v/ afic
L 2EREEOBR/, FE13E B AMBEREY
£ /2006.8.24-25, B KE, BT

14. /a2, H)IlgA, THESR BEEFHEEL
TNTIv-T7a hALNEEENLRDZH LVEEE
mE~LABEEORIE, F13E B ARKRED
%4 /2006.8.24-25, B KIE, BIK

15. )1 A. & FH, £ RE. MRz, £
H#ER/ R (mF LU a—iu) BTV
TIV-NLOBERAREEEH LW/ E13E
AAMEAREDESE 2006.8.24-25 B K[E, K
R

16. E. Tsuchida, H. Sakai, K Sou, H. Horinouichi, K.
Kobayashi / Hemoglobin-Vesicles as Artificial
Oxygen Carriers: Present Situation and Future
Visions. (INVITED LECTURE) / International
Visions on Blood Substitutes / 2006.9.17-20 / Parma,
Italy.

17. H. Sakai, H. Horinouichi, E. Tsuchida, K.
Kobayashi / Blood
Hemoglobin-Vesicles Suspended in Recombinant

Exchange with

Albumin: Profiles of hematopoiesis and metabolism
of HbV. (INVITED LECTURE) / International
Visions on Blood Substitutes / 2006.9.17-20 / Parma,
Italy.

18. P. Bercik, H. Sakai, J. Lu, E. Tsuchida, S.M.
Collins / Intestinal barrier function is preserved using
hemoglobin vesicles (HbV) as an oxygen carrier in a

model of isolated arterially perfused murine intestine.

/ International Visions on Blood Substitutes /
2006.9.17-20 / Parma, Italy.

19. Il A, 8F W, PRz, REEF., &
Bk /b AF P UFEREE~L2EQE LR
TNT IV EEGEOBEES RN/ E55EE S
FRE 2006559 8 /&1L

20. EHEAR, WZHEA, LHFER, IiE—/

ANLARMER(~E 7 1 B /NMEENS L 5509 H
sy 7 BEROEEIER,FHUEIREANTL
B2 2 KE,2006.1031-11.2/ /8 7 4 =244
e

21 . EHEK, RRES., TRERZ AL
FRIMER(~F 7 o v o /haE),/ R A 55 8
FRO LA u - E44E B ARANLBREES
K£,2006.10.31-11.2,/ 3V 7 ¢ affik

22, SREGARER, WAZ, MrNf, EOEM, oW
TN, FRBIE, BHAEK REES, LHKE
B, I — N TR ERE~T I /)
fafkiz & » EREEOBERL,FE44E HAANL
BEZAERE,2006.1031-11.2,/ 8V 7 4 2 4%
b

23, EEEE, MARZ PSRN EHEER AT
BARERA L L CHRET I NRET LT X -
~NLEEERBFEFOESEMEERART oy
S EERIRILE Y VR Y T A 200611,
22-24,/ |\ FF4E

24. H. Sakai, D. Erni, M. Intaglietta, E. Tsuchida /
Targeted Oxygen Delivery by Hb-vesicles. /
International Liposome Society Annual Meeting
2006 / Dec. 8-12/ London, UK.

25. H. Sakai, H. Horinouchi, E. Ikeda, K. Sou, K.
Kobayashi, E. Tsuchida. / Physiological Capacity of
RES for the Degradation of Hb-vesicles (Artificial
O, Carriers) after Massive Intravenous Doses by
Daily Repeated Infusions for 14 Days. / International
Liposome Society Annual Meeting 2006 / Dec. 8-12/
London, UK.

26. H. Sakai, H. Horinouchi, K. Kobayashi, E.
Tsuchida. / Hb-vesicles suspended in recombinant
human serum albumin (rHSA) for fluid resuscitation
from hemorrhagic shock./ International Liposome
Society Annual Meeting 2006 / Dec. 8-12/ London,
UK.

27. H. Sakai, H. Horinouchi, E. Tsuchida, K.
Kobayashi / Exchange-transfusion with Hb-vesicles



(HbV) suspended in recombinant human serum .EFOMOTITY
albumin (rHSA) solution: degradation of HbV and A—=R—F g juv— - BT ARE, BHZ

erythropoiesis in a rat spleen for 2 weeks./, —¥72 MET4&) OEWH32. [ ATRMLEKBED
International Liposome Society Annual Meeting AR DR LB IR T B OBE 28R T D
2006 / Dec. 8-12/ London, UK. p.23,2006.5. (H)==—hrr 71X

G. M MEEDOHE - BRERT
HRLHREZ L

37



Bl4-6 FRRISFE EEFBHBEFERMHNE

(EFH - EEERESVY 5N - MR 5 EEE)
SEF IR E
MEMBNZEREDOT- DO ANTBRZERELZ AW REEE~OKBICET 305

SHEHBE  B/NEEoOLBEL - BEREEIC N TIREDR
{ERBEFF OFERA-1 : DARMERR T Dglucose, glycogeniit & & fif¥E REERIEE~DF

STHEMFEE K
i)
PIE s
g E
TN Me—
BIFT 2
B =

e
E®R

MAEEE

BAfTE R R
BATE R R
BARTER R
B ER KRR
B ERRFR
e SN2
BIfTEE R R AR

RSB
MR EHE
NEEEE=E
=
R =
AR =
NHFEH=E

iz

Bh#u%
=
=
WA
R
®RE

T MEHDED T 7 R TERET VBT, Hy/MNaAEMHDV) S B B RO O
BEZABICEET S, ZOBFEHLNCT D7D, AFETHLV 2 EMOERTIZ105 M
WL, EO%EMGOD)-FERGOS)LE ZiE L= LEo. #MikPelucose, glycogeniBE & L
HH i@ D subcellular fraction D AEFE REE R IEM AR E L7, HOVIFEEMHDbE L TI10 g/dLEH) %
Krebs-Henseleit buffer C30#%3 L VMO0 AR L 7= &R (Hb & L C0.33 g/dL L T00.10 g/dL)%
FETE UT-EBRBETIL, DAFRE Y DglucoselB & Dlcontrol BEIZ LB L THBICEE L 2o T2, *

DOMOEE Tk, HhVORIZIR 6N oT=, T bDRERIX,

FEERE LR LG

T, HOVA LA AR O MR R ICHIFIR 2R 2R AR S D Z & 2R LT,

A. BHIEEN

Brid, 7y FORBHLEBET S R T
W9 BT AV T, Ho/MaE(HLV) A & -
REOLEBEZFRICEEI T Z L EHLNIC
L. BEERE L72(BE k), AFFETIZ, HbV
DOREM-BEREO LEERESROA I =X n%
PR D720 DERO—IRE LT HOV TR L 72
DFRHLRE T Dglucose, glycogenii E & iRk % DEESR
EMHEZRIE L, SRED D WVIXEER/NME CHER
L7 DR C ORISR & el L7z,

B. iR FHE

38

1. AV sEos .

AUFFETIE. MEEEOBRES() TR 72RO
b o LFEREE R, Thex, ERICAH
VW ZHbVIZSN20041217, lot 6, xFRRE L THW=
ZEER/MIEA X, SN20041201, lot 2THh o7z, R
ROVERL, glucose, glycogeniB[E & fiffER DEERTE
PEOREIZIL, T ORIERE D 5\ iXSigma
(St Louis, MO)DRAEE AV 7z, /Kidth#kitig.2 M
QLLF o#EHA%E R,

2. A=y, OIBETRIER L VU ESREORIE -
MEEOHBEEIZR @Y THDIN, LTI






