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10H23H (K) October 23 (THU)

9:50~10:00 PRBISDE
10:00~12:00 > 2RI L [HIMEE L TOFAE]
JER LT AR CEEE X &) k)

1. Beagle X% H\W7240% B> 3 v 71281 2Hy/MBARO#RERE B L O EMAEFER O R &M MG
HH EE (BEME SRR AR A 2 AR

2. BHEIC L SHHARRBIMLE 7 VI 5NE 7 0¥ 2 /NMIFEORRAERR
P B (BIEFAR AR AHRIE 254

3. MBI X B HEAREIL LYY 3 v 7 OffAE— N TRFEERAEORRIZOWT—
Y2 W BN (BIEFRBR AR AR 250

4. =7 ZRGIEE + AT ILE 7V TONE 71 ¥ Mk 5o A i o ke
TTHF SER (B SRR R AR 2 /1)

5. ANLERFHEMRA NEZ T ¥ v/ afk (HbV) @ in vitro (2B 5 v b3 s/ 5 BEHH T~ o 58
W s (AbigE AR+ it v 4 —)
6. F1 7 VI N T S AR o B R SR S i L 2 1 ) 72 R
&H fh— (FVEKRSSEIERE L v 4 —)
12:00~13:20 BE& 12:00~12:30 HEEL
12:30~13:00 fRES
13:20~14:00 SE#EE
JER @ K fE— (BEMEFRELRSS)

HAF ¥ )7L LTONLEEEERAK S G
W2 B (BRI I K22 IR 2RI 23 VB

14 :00~15:00 —f%xOE
PEER R B (b#EAR T v v —)
1. v MEHETR-OIE T O R I—E R E 0 5 NE 7 8 E VMoo #sh B—i 38
bl w5 (Bt EREFR AR NER)

2. it 2 v 7 7V v MIBT BHERGREONE 70 € /MR O AR BY R R ffi
HET A (REA R AR AR B B 2 2R 22 2 3R

3. ANEZTE /NI (HbV) A3ERICKITTHE
F R (eiiEE AR i e > 7 —)

15:00~15:10 {K&EH
15:10~16: 30 [#EEME 2 |
JEE LR BEE] CRLRR IR R S B et B T 221 72 R

1 BHEBAEOR 5 72 VRN TR SRR O VEH
W f— (7 IV ERRASHAERE L v 5 —)

2. NEZ T /AR R FERE O R
oo BEORHR (AR FH K7 B 50 e B A=A 28 )
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3. TNTIV—75— L VMK & e
S Sz ORI R A T A B B T4 92 i)

4. MRS Z B ) 77— & LTADPZ UL 2 U R Y — A DIvMAEY & LT oIk RERHil
RS B (LA R ZA R A Be e B T2 JE A A i R k27 8 20

16 :30~17 : 00 &<
17 :00~17 :10 EAS D
17 :30~19:30 TEHS (FHH1E LAIIUFT7IVX)
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HAF XY T L LTONLIRFEERA & FifhER

VAL I T/
B JE SRR PR A 2 R

ISR R B LR B & LG, iR %247 Tw
%, BEYIBRDSBIEDOEHDO TR TH 5 A%, REN T
Miaf%217) 2 &b d b, MUIREGED I AZ, 1FEIRESE
D EHIIBALT B ITEH I T 2 BEELBERETH 5.

I ERAT DI B & MMERANEA L, MBIIREAS A4 LT
WRHZ RTINS, RO RIS Swan-Ganz 71 7 —
TV E BRI B LTI BR 2 DB D ZALIZ DWW T
HElr) &, MBI OHAREIZEART 5205, MEREIC P
Nido e LHEREO N L o7 Doz s, HifEER
(2B B IEIIRE 2 BUE S 2 R 3RO A TIE A nwZ &
PHOLNTH S, £/, FMIICEMNEGELE L 2EE T
IHENRITE D _ERHDFRD STz, MERDBA DA TIE R L,
MAGERD I > T 54 T ¥ ADWA LTV 5 T LEAURER Sz,
DX BIERZRE T HHEFZWH ST S 2 &MYk
BREVAT) OB EELEZ BN,

THEIIRIE %2 SRE 9 2 R T1E, B < DD, AT AH
HEKR T & LTHELS b TWA I ERHAILN TS, BEEIR
HALZBDFELTH A, WEIRD N — X A 2§ 5 EE %
Tl ZR Rz LT b, RERFEBREE T CIBIIRIE A B4 2 Bl
2%, Wb B Hypoxic pulmonary hypertension T& 0, HFE
FalZcomE2FHALT, iz mee L, mAe %
- 721li® Hypoxic vasoconstriction = FJH L T VQ A4 4
T REIHE, F AR E RE S TREIMBRZ4T > T
W5, CORISITHENTH L. T, BiREOMEL I
9 % &, Hyperoxia induced lung injury 251 &2 L, &
WO MERELE ERT S LBAMSNTWAS. Ratd
Hyperoxia lung injury €70V & HWTH A M A A v OB %
Rz Zh, BIRERERFZIZLD, TNFa, PDGF 25l
WTHEMHALL T BN ERY, BRELDO DDA A
R TRV &5, ZOAEBEMEIC X 0 ifEERIC
BN 52 EAGEHEIN TV S, b ) —DOEER A
YA AN, —BILEENOTH 5. NOIZILH TN A <
ST DI % RET A 8E 2 0o TS, BIfEBRIZIEW AL &
0 BHEIIR DYLIRDSFRD S, Wit E I o 72 OBl B IR % 4K
TEELIEHE L THEHEIN TN 5.

— B N CRRFEWARI AN TRE L BT 5720 1ICHBE S
72h%, BHEiNE B RO AN LERRERA T, %51
X 0IE, MEIREDS AT A2 WS E o7 T
ANTEFERADLINO ZWAE T 2720 THLEFELLNTE
7. L2L, NOZWAZSELZ LT, MEDLEAZHETE

46

HUTEEMEAVRIE S, MR ICIE O N, I D EREH B 5 =
EWEZOLND.

Fx BEFEPONE T ¥ L NNEAARTIE, Beagle 2 HV7-
50 %ol ML AE A FRER T 5 4 IS b 72 B — B OB EIIR DA E 7% b
APBIEE SNz, BESEEZEOWHEEOELIIMK TR TH D,
MENNORENIZEAE WD EEZON. /2, 2O
—HYEDRENRD LA A ¥ F A2 v OG- TIEPIHc &
Zedro 7z, Hb/MNIROFD — @O BBk 175043 Hb 0
ORKDO—BALEFHEBR TH WD D 5.

— WAL CO b RN TIEIEH TR 2 EFEE T A TH
D, NAFF T F—BIZXYEESNDD, BUETE CTERN
LY G o 1272002, WAIZ X B BEED AR ST
&7o. ANTHEFEHARIZCOR WAL SETHRGTHILITLD,
ERM R GHIEE 2, A2 OFREOHERIISHTE 5]
REMED S 5. IH O 1M UG % B L C, BRAsaETE & At L
BB Y3y 7 OWERT) AN E LT, 72, CORRM
L 7= 3R IR & L ClEer oM 2 M A ke 2 38
FE U TSR AL 2 4 L CRRAERDR 2 LT Ak L LT
BT 52 2REL TV A.

Ltk NTHEFZEMAONITE % 8 L CF A @Rk o B e
et &, R E LTORTERL, H-nBERE, &
FNEME T ZEESARINL LI b EEZ LN, NTHEE
SRR OKE L —2D R DL b5,
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VORI LA

YIRIT) L2

Beagle K& H\W7240 %ML a v 712810 5
Hb /MafkO#FRER RSB L P RINAEFZOR
M OBE

W EZ, W BN, HE SR, RO,
R BRERY, P ERE, IR HEST!, 5% BEORER?,
I FKe, L R, I fE—

1 BB SRR R A PR A T N et A

2 FORR FOR 22 B T2ty B B AP F e T

<HK>Hb/Mafk HbV) OERICH %% 2 72056, F0%
VWO BETH S, T F TITERES T 5 A0
EREMEIIOWTHA L AE XL VREP LS TE7 Dk
DE=Z7 NV REHWT50% MY 3y 7 EFVEERL,
HbViZ7 V7 2 v AR, BILME & RO &L FER D 5 2
LR ENT. AEZh R OO0 720, 10%H
MEFNVZLER L, HbV, F23BmmigzHuwcidL, #
OBREFEELZ EE L.

<KE>SH#M6 »r Ao — 7 VR 16FEZHH L7z, o kii%
1o 72812, ARBEIRICEIREE=%—M, BXOBMHE»
ATF—=TNVEHALZ., ERICERT A 22D, #ERD
Pehagg e L7z, GHllozo o265 L, WEIE/LL
T2 BRAARE 2 & 3R D 726 3R ML 8 D 40 240 24 = % Biaf L 72,
BLIMLICHE W I DAL 2 380, 604772 0 EHIMFE A3 50
mmHg % LM &5 0nwX ) ICHRFELZ. 2ok, B
(Autologous shed blood ASB#f), Hb/Mafksrgak (HbV %
5%T VT I VERIZHEL AR HbiRE X886 g/dl © HbV
#) ZHWTEAEZIT- 7. BRI G2 AR, SR RET
WCHEBRENE AR L -2 I P REORE L L, HE~NKE L.
U#1HH, 3HH, 7HH, 14HH, 28HH, 56 HH, 84 H
H, 168 HH, 365HHI2fk&E, CBC, Mt bz HlleE L 7.
F7228 HH, 168 HH % 7212365 H H 124 IE & -9 B Rk 2
IR b % M L 7.

<FEF L EL2> ASBREC7UH, HbVHECOUEME L/2. 28H,
168 H, 365 HCTASBHIX20H, 20, JUHMMIE S, HbVH
3T oMM s, el AL, HbVEIE ASBH#E
LR R Z R Lz, AREELIZ 2T L b FARICHIL,
365 H #1213 12kg (23 L7z, HetfHIZ HbV BECRRABIET L7z
H314 HTASBH: & %22l F5-L7-. WBC, PLTIZ2%: &
HITITIZFEKEDZA LR L2, AST, ALT, CPK2S1HHIZ
mAEE S FH L2253 HHICiZ baseline (2 L7z, Yavro
Lz 5. T-Cholix3, 7THHICHbVEET ER L2
M4HBDSZIZ2HEE Mk RZ /R L7, Lipaseld7, 14H
HICHbVEECTIRT L7228 H H LR IE 28 & b B ikl %
R U7 B EEAT TIZ Hb VAT 28 H HICEME < &
72 SHECHFNE, Pl B W TABOBOBOELE 2RO,
HbVofHERETHOEfLE E 2 bz, Zofh, L&, i,
Wl Wehs, N, Kbm, B, RE, W, BBVl
LW RE A RO Lo 7z,
<FEFH>HEYTORMY 3 v 7 BEETF V2 AR A
HFOEBRTOMAENES L O REM 2 ML 7.
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Sy
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& 2 X B HIEARE L E F VI A AN E
7 ua ¥ v /NEROERA R 3

E AH I/ N vl o I/ NS V| IS R B /0 O
TH MRS, K AL

1 BEME SR PR A TR 2 SR

2 BRI SRR R A R B R R

3 TR FH R 2 B A e B 22 JE e

[BY)] K& IR ORE% B U CRRK TR MY 7 Bk
ETOILTBY, MEAREELL. —J, AIFTIEERIZ
WEATOLNTE LT, MEMEREHEREOTTARTHL., 22
THEAR 250nm DM N THEFE SRR TH L T >~
N (HbV) ZWEICHV S 2 & T, MHEAE & 155 EEE
WAL L, AR EARNG LE L, EREiTo 7.

[J71:] 1RER 350g D Wistar ZHEVES v b &2 B R 70V 5 VA
R CHERE L, MEEE, i ORI A 7 — 7 v 2 i
Bl 08N, RAHARICBERBE L —F—Fy 7
J —IMiist 2 i L7z, BWICHES 2 W I sci L, ~<
7y MEZF /3T X728, BSR4
ZRIALTHI&ERY, BB 2 e Lz 20k, FHIk
JE (mAP) A330mmHg (KT L7k & @ % 56mL/kg/hr
TR L7z, Wik A2 mAP 2540mmHg Pl FIC E5R L7234
e 25k U, 35mmHg DL TSR T L2 33& 135 L T+
ZHIE L., BERIEHDVZ5%) a2 EF Yy RTAVT IV
(rHSA) 28k L 7= 8B (HbVHE) ROBATH 55%
rHSA ORI MAERE, M O MR OR3 ML L2, B
¥ mAP=30mmHg IFF 57 5 i K 60min F THENE L, R
D%, mAP, WPRE, BRFRSE, Midiw, I pLERfE K& oY
pHZME L7z, WIZAEFIFEM2 S Ihr 43, FBieE ko
M2 S R O BRI R bR 2 E M L7,

[ 5] HbV BRI AR O E L, BT EED R H - 7208,
ABHECTIE P IEFECRIA B L 72, B OFEBR LI 13 457
EL WA EIR LAY, HbVERZEW/NMETH - 72, EIZ
HbV L, BB TET L2 OO 10min 5 h 5%
%, mAP DS CER L7-t, Mtk v b mfl, WREDIT
BCIT L72d O 10min B2 S22 HER L7z, KAy
ST ER 2R L7z OO 10min B S A S 13 FHH TR
15mmHg 2% L, KM idEErhiciz e A L L 2h
o7z MBI T RS L, DI 2 E AR iR
U743, M ik U CHIsEm T - 72, pH I H e i &
DA AR T EIANCHERS L7, SIS OfS R MWERC I LT
%D EO BIF 2T - 72.

[Z£:2] WEAREBIMLIZ S L CATBEERIAZ H it %
ATz T A, AR M & LR L ¢, AR
UL 7 E AR BRI RASED STz, —TF, KRR TOmM
FOEIIME SN A RO EHTIE % S RKMIE LA S £ T
drolz, L LILERE R O pH R A 5, HbV %2 v 726%
BRI ERBOYGEICFS L2 EASRENTBY, Rk
D RO/ EWHDV 2V ML & T O &K T b MR % 58 ik
95 LRI
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VORIV Lg

IMAEREEC X 2 FIEA GRS 2 v 7 Offk
— AN TLESERAR DR ROV T—

Yz RN, B RN, O, R KRR,
P B/ N NV N /A I

1 BEME SR PR A TR 2 S

2 TR R 22 B 42ty B B 2P F e T

Wik > 3 v 7 oE# TRz ##E L, %A L7 0EER I =
REITAL, HEHEREZNBEI LI L I12H 5. ZHEBIYTH
M>T > b=V DO0R WG IR E T, WiREiTe
A OWET S Z EAMEFHITOIT WS, SR A & i
ZOWTIRBAETT, WAWALKEIITbRTE . 4,
MAFRGHC X A AR 2 v 7 EF VBT AANES
oY Ntk (HbV) OBRARNHZHRE L7
[J5:] MeMEWistar 5 v b (350g) Z2 v, BIBEL, MEEBKHE)
MR FEEFT L, 75 AFy 7RISR ES L, BRI
24Gl A HE S, HmAEER L7z, 140D FESmEH
20mmHg LT & 7 o 728 T2 fkHi L7z, 20mmHg LT
&l o 7o W THE 2 BIMG L, BLE RO T L2k
BZh7z5TMAP, HR, ME, Ht, FIEkE, Hb, FLEE,
VL e vBe e Lz, ERAERE, BXOWRARE LTl
D 3MfEEOAR, FmoOMMIME, 7V 7 I vEL, HbV A2
WTHGET L7z,

5] M 3 MR BE 8.0 + 09ml, ZEAEE14.3 +29ml, [d
T BRI AR 12.6 = 4.1ml, 5% rHSA#11.8 = 4.0ml, HbV #
98 =37ml TH o7z, EEHTIIMMED L L, WEZ RS
BCHEFFT A2 EIXTELR o728, oI ERERICL
THIME OB %872, HbVE Tl &0y, AR
BOER, L8 - LY VEBILOBILRDBD % B 7.

[Z%2] HIEAGROBIMYES 5 v 7 ORISR T 2 8ETIE,
KEDBERD A TIIAFEMEZIERE T2 LI13TET, BE
WA QR ICHNTH 5 L Bbhiz, i TocR
PEDOFEIE 2 AT 5 HIWTHLEE - ¥V E VB ZRE L7228
M & 28E T, FLRREVE Y RILO 1A 25287, HbV
& BT, YLV E VgL ER 2207228, K,
BB OIERE 25007, HbVIC L AT AEHFZIERE L,
ker OB 2 YGET DR D 5 L £ 2 Sz,
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~ 7 Z it + EATE e TV TCoNE ST
Y v Nake G- o G O KRGS

S oy (N U2 I = G 7 AR 112 8=

s BRRRY, P FRL, YR BN, R R
P/ S Wi

1 BEME SR PR A TR 2 S

2 TR R 22 B At BB L 2A i JE T

EIMoOH & LTI NizAEZ B e VMUKIE, ~NES
ov Ly MR MR SRR L, ) Y IRE/NE
RICNE L72/hERRE T (1548 & 250nm) CTdH 5. MiEHA % <,
74 VAT EORGIR 2 PERR, I T24EL Lo E AT EET
HY, INFTICEHEERMAE LCHET 2 2 LAMERS I,
Wity =3 v 78 4EH E L ToshE & 2atriimEmic s v
THEIEESNT V5. BRI % BB ANT-%  OIFZEHHEST
HCH 55, ARWFZE TR OHEA T TR~ O %
BETFNVICBWTHRE L7z, < RS0 R & 06 BRI
7 25%, BV 40 % ORI Z AT S, S A& AR L
LB E TSN BB ER L. C57BL/6~ 7 A, MMk, 8~
1038 (20~22g) & IV C A TIPGERAE J T LS A0 Bl 4 fiits
11572, 25 %Ki 3 v & VI L C I % k2 & S8 7:1%,
FEEHIR D & 87 B & AT o 72, 40% Sl (3 FHBIR IS 7
—FVERIHEAL, 0.1ml DRI & [0 EA RS- % 6 [l
DR L CTHBRIME R D40 %% I L7z, SOEFVEHW,
FLBY VAV, 5% T VT I VAR, v AMBEILE, F
LCAEZ U /MR HOR 2 i L, A, RERD,
iR, AREREOZLEBIZ L. REOMAEE KT 5
LT, NEZUE YMMUROERNE & et E RG22,
25% DM FEER T, iRz, WIhofFIZBnT
b RAFENAEFTRTH - 72, NEZ T I/ NMIROFRY-
W2k, MR ORERITIEE) ¥ XV L g LT
RS NAEPICH -7z, T2, BEEIIVONOREIIBWT
LMERITINT 9525, 7THH EF CHMTHEESAZRDT, b
L7z, MR L7z A5 E S m S BB A2 371
WMfE L7z, 72, 40% DM KRR Tl&, MafEmg, ~
EZTE VNAAE G X0 < 7 ZRAFILRIL &[5 o 4 A7 5
LN WO RERDB L 0N, AFEIEEONHED
ANEZ TV NMBRE SR E < AR S L TR S
RO dro Tz, TR X A ITREBEREICT, BERILREICT
RETANEZO Y /NBEPAERICEEE L7222 bz 1R
FELEEARICL 25 HOKETTIE, SRR ED S ORI
BRI B R 52 hhol. TRODKENDS, NS
o NMBRIE, SRS X B ISR LT EAeICE T
X B REMEAVRIE S 7z,
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NI FERIE, ~TZav v/hafk (HbV)
Din vitro 2B T 5 b b &I/ i EGH L~ o

HIH
B

R i, HCTE, DT e, AR R
I ke, L R, W AE!

1 bR+ >~ 4 —

2 UG B R 27 B LA Se T

[BRY] HbVIZ, BIWEFVIZBVWTZOEMEI RSN TY
5. FEHRRBDBBZ bbb 2T, HbVor I
~NOBEAEME RG0S H 5. HbVIdFk G4, FIZHIR,
W DIZ2, BRECH 0T 52 s, FRUIBIT 5 &R
IS LA b TE8ETLOTII W EEZ 5N F2
T bIEMATERAIIE O REFE - sk & Ok i/ wi BRI o> 1
IR0 B B2 O WT, in vitro DRFERICBWTEHMtiZ B
ol

(5] (D) BMarERAE oG - SAbOFHI @ & b RS
Biek & DML L7 CD34 BRI %, B2 20 3% v/v) %
T) OHBVEZRIML72A A2 780E SNV Ry afH# (+ 30%
FBS, IL-3, SCF) H'C, 10 HMOWAR#E* B oz, IR3#E
HAOMAE (CD235afEMEMlL) ~afbs 85720121
erythropoietin %, FHAROMAL (CD15 B PEMITE) ~H5 b s &
5 729121E GM-CSF + G-CSF # ZhZFN Fagis i L7z,
HbVEDA v F 2= g VHIMOFEL AR LA, HbV
TN L ReE L C CD34 Bk % 20 e[ 38 & O3 H K538
L, HbV %38, 10HH F TR L. (2) CD34M MM
ORWED A - confluentiZ L72 MEEEA b o —<HllakkIC
CD34 [ Ig 2 3l 244, HbV Z iR L 72 #1003 55 X-
VIVO 10 (+35M3Z3 A4 M A4 ) ([oCHsssg L. 180
BICEREOR A M, 2HM BB L 0" CD34 btk
MinzAo >y L7z, HBVEDAL v Fax—3 g VO
WA A%, HbVAELE T CCD34 MMl & 2 - o —<
Fakka 3 H M F 7213 7 0 H3LR 8%, HbV 2 krd:L, 280 H
FCHREREBI R o7

(8] (1) CD34 B EAiNa o#ifks; 2812 C, HbV A310 H Rk
WL TdhAHA1L, HbV OB IZARAE L T CD235a by itkiiia s
X ONCD15 M o 8GRI A A Sz, F 72, b Lok
FERRADOHMM (CD235a+CD45-) B X Ok Bk 2 o Ml
(CD15+CD33-) DEE M L. —J7, 20MB L 3H
FMOHDV £ DA ¥ F 2 xX— g »OBEI2IE, CD235a ke
Jlads & O°CDI5 B o B FEIHIE A S e oz, (2) &
MR A b a— <Mk & DR RIZB W T, HbV 25k
LTHBELAEICIE, HbVOREIKE L Tallifs L v
CD34 g o BRoPIHI A& Sz, HbVIZ7 HREBEL 72
WA 14 B & 2B R S 7228, SHEB LA
ZHIBELR & OYCD34 Bt B IR o JHNL IR T - 7-.
[£%2] HbV ISR XN 2 WIRICIRAE L T, b b aEimaibRi o
G - AL ORI 22 & O b 5 IR /1 BV 00 BE g o> B
MRA SN, In vivoTld, HbVIZE#H~ s o7 7 — I NIZ#
H#HI3HICERL, 7THTIHEMT 5. X5ICHbV &k Mk
Mg/ AT BRI & A EE T 2 2 23w E2 5N 5.
X oT, HbV & v b/ mr RN A E M BRI § 4 in
vitro D FASHRICB W T, 3HMZ S IEHIEIRI LR E v )
EIE, in vivolZBWTHDYV OFEIMANDBEIV LN &%
RET B EEZ HENB.
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BT VIS N TR 5 AR D Bl IR S BR 92 it L 2 1)
V7R

SH fh—
7 VERKEAL R T >~ & —

B L ML L) DAY, & B \WIZERE R & L C,
NTIEFZERARDEIRANDICHH A L TA L WA, R7ZEM
AL 72 B3 D& EIcdh 5. %, FDATMHOT—2 ¥ g
v FIZTAEZ O Y (Hb) FHIES 7wV TR
RIZOWT, ZORMBEESLD THIHRE SN, A TEREERAD
FFSICRE LEDSE XD ONEER S, —T, 7N
BN THFERARICBNTY, SRFETLLERIC, HhEH 7t
WMLS B2 EOFRME, VRY —ABH L LCoRE, et
1ZOWT, L DIFEREROONLZ EBTHEI NS, Frid,
b FRIMERASED Hb 2 ) B — 2AWIZH A L7 72V B
TEEFERA (LEH) ORFEZAT- THRAZDS, RIEEKTIE, |
WROPEADORIE S &, LEHOBHZEDOED HIZOWTHm
L7z,

EAREEOBUE 2 5 1E, LEH TR Y FE Y — A 8K 0Bk
5, HORIRIAIEREDR D, M EERA] & U COIRERSE GMP
(CHEL L 7o BE S R e TR R R EL TS, 72, Hbide
MIEICHETZHDTHY, LEHTIE, BEHTHE) R
V— NEFI L A SRR D S B SIS L X
NBHEEZTBY, Frls, ST REBBIFHEL BT 272,
REEEM, ) F—Y 3 YEET S T LENDH S,

F 72, ANLMESERAOEEZERAE I 12DV TiE, BEERIC
X, HbikE, MBI L BIIR, KRR COMES K
FENMAFT B 25, LEE SN HbIERE, MIEEE B
Ak D fedsE, BB OB, MH4Mc X 025 el
LHY, FROFHMDEHLEEZ TS, T2, VRV —2L8
FNZDOWTIE, EFEODDSBAIFHFEOMBE T, ZoaHMEE
MEIZHT AIEMBRE SN TETWS, LEHBZBIZE LT
X, HidlOHb %5 TR MET 2 EZROBIEICMAZE, ZhbD
TEMBIEH L, AR R0 M % D 5 LB H 5. b
12, UARY — ZBHNI A ARSI AT AT &
ERELCBY, HEOBWEEE WM X 5, BRERKZR
V27 ORE DTV, 512, MEAEDoRE, o
RV — ABHF L3 7 E O O KRG, o HLIRAESS,
HEARDEFEDRKRE G DN LT TORSPHEE SR,
T/, BFEEFHEAE LT, RIMRE~ORES JERE
FRERICRE Ui, ARBF O LM O M % %58 L 72 i
BT A EPNTEELFE L B,

72, BIRISAICIANT Cl, KMo BRI L
LEH X, ZORAOHEMHIEREEZ 5252 LRI T
By, FoxskEmaid s b, BBy e LT,
FERRERICBITEZRBEL Y FRS ¥ PORENEELIETDH
HERHBLTNAD.

VbEo X512, LEHOBRAIZHIT T, £ < OffE)s
HBHD, R, FrLWFE R - EENTHL L
5, 5%, BVEE2S, HlLE L oxErFEEo0, 4E
GEMICE LG 21T) 2 & T, BIRRBEBIZITEATY
ElonEEZTW5S,
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— A% 81 —fi% 782

Z v b 4 Lol T oD i ML P S U I L ox
T AHNEZ T Y NBROLRER R — 5 3

Tk i, BUAT EWD, B R, LR IR, MIE R,
MR IEf, Kén SC#
Bt BE A RS2 AR 1

[HW] #&41x, 7y Fofl.OEE 7 7~ PV 7i#RT %
FHiEEHWT, NEZOE MMk (HbV) A% M- PR
DOHEREZ A EICHIESELZ L 2W 50 LTE . Ak
Tix, Hb/MaKOOFRBERERIED 2 I = X A ZfHH$ % —
BELT, ZoxE 2 mitochondria K,mp-channel i % #H 3
LD ERET A 720, 2@ channel il 2 @RI HIH] 5
5-hydroxydecanoate (5-HD) %W CLLFOFEE T 72, &
M-TF#EREOOLHEEZMEIEIBESRE LT
mitochondria K,-channel opener ® diazoxide (Dia) &
ischemic preconditioning IPC) % 7=,

(5] 912380 Wistar REEVES » B izAs$Y) 21000 Uz
e 5-L, nembutal 60 mg/Kg % EIEANS L TRk L 7.
Ll ZEL) L, Krebs-Henseleit buffer (KH-buffer) % <
#KE100 cmH,0, 37CTI ¥4 Y FV 7R L7z, HOE
WCTT v I ANV—V &AL, LT VAT a—H—%4L
T, UM MRIIICRLEk L7z, HbV X, HbikEE-033 g/dL
127 % & 9 12 KH-buffer THAMR - F&H L, Dia &k 5-HDIZEH 5
3 100 uM T KH-buffer (2 X4, 37 CI2hniiL CT9%5% O, +
5% CO BN A %A L7z, #2041 KH-buffer T control if
AT 2%, xHEEE, HbVHE, 5HD + HbV#E, Diaff, 5-
HD + Dia#, IPC#, 5-HD + IPCED 7 (%#n =3) 2%
T CUTOFEEEEIT- 7. AEREETIE, control{ERDE, &
1ML 25 23 FH#E 0 30 73 DALTE % it L 7=, HbV #ETid, KR 255
PRV 30 0L OFTIZ, FOAR - MEE W % 10 70 FIETR L,
Diaff TIXZ 0B % 150 MR L7z, IPCHETIE, RlIi25
S3-FREETE 30 AL ORI, RIS -5 % S D K L
7z, 5-HD#EWIL, HbVIEEED 5\ IE Dia i OERE L O
IPCALE @ 10-15 4R 2> HE 2 Fga L, I 25 40-FFEE it 30 40
WL O HT F CTHERE L 72,

[FE3] © fm#Eci, &P CHERBOLEEFETEDONEIX
B SN Doz, @ Diafifk IPCEECIE, FERBBEIZIX
EPITEZFEEOREI R N, Z ORI BB GO
60%% B2 72. @ 5-HD 100 uM %3 5 = & T, Diak IPC
OO BRI R Tt s . @ HbVEETY, &l
THERBZEOLBIEIEONENRD bz, TORIFRITEY
ofz. ® HbVIZ X AOHEGEMER R L, 5-HD Tl S
o7,

[#Z%] ZhdoEEHRIE, HbV OREIM-FEREZ O ORGER
R A mitochondria K,pp-channel it % /i & o WITREE DD
HZT EwmREL7.

50

Witk 3 v 7 EF VS v MBI 58 xRS
REDANE 7 1 ¥ 2 /NaAR O RPN B BRI Sl

T AN, ALl fs, FHSE ik, Wk 2K,
TH MR, KK R0, /NHIYD R

1 REARR AR B R - I A FE

2 EARFRANEFE I T4 72V 5 —
3 =71 (W) BRFEabF 72T

VRS i NS e

5 BRI N F IR R AVR

[#=]

ANEZTVY NER HDV) 13 YIRE EREIC Y MR
KHRANEZOUE Y (Hb) % HEEICHE A LA T
FEWRIATH S, HE, H—8WITRY)ZFL 2 T7)a—
(PEG) iV RV — 28K %2, 1 HE5H%I1CH 555 M@
T2 G- %2479 L2l HELG- Sz Ry — 2 Mg
TEA1IHEARESRHFEoMPHEEAELIFELIKTT S
Accelerated Blood Clearance % (ABCHI%R) ST
W5, HbV O E I FARRe Km I cdh O, Hinlex
R PHENSL., 200, PEGBHi) RV — 28K TH D
HbVIZBWTH, ABCHRSHFEIN LW EEMEIEH5Ic#E 2
51, HbV OHiE 5 R OARNEIEORIE HbY 2 1§ %
LECHEETHSE., ZOLH)BEROT, K%L, HbVOW
WHbZ I v (D) EiL2%LHbV 2 v, 40 % i v
3y Z7ETIVT Y MCBU LB GRE L BRSO AP S)
% Ll L7z,

(]

FEBREIYE SD R HMELE T v b (638, 180 ~200g) & FHv 7z,
Wy a3y 7 EFVIy b oFERIZmMTE %2 3045/,
40mmHg PLFIZRE 200, EMiEED40% %2 il 52 &
CHIMEY 3 v 7 BTV EER L2, HbV G IE, I0DO-
GEN Z H\WW»LHbV # 8 L 7=, (ANEiREoMEHSE, Witk
a vy ZEFNVTy POERZIT, FEEMBHEDV %5
(1400mg/kg) THA L, 1EERIHICPTHDYV (1400mg/kg) %
FROES- L, #EWERICBIRE, $RI0S ORI - s 2 4 H L 7-.
MM B es O BIHEEE A — b v h v~ =Dy v & —
WX DHEE L, BHERIST A —F IEMULTIZ W L
72, F72, HbVEEWIgC L O IgM O i ELISA#EIC L )
S L 7.

[ 5 0 52]

WIS a v 72TV MBI A2 HERGHEOEIE
TR W G RIER L TB Y, oI a2 FL
ANVFETEIE L2, AT, BT - BlE~oafg, 508
TIZHAR SR TOAERD RV OO0, #5-5% 121
W2 X % &P 512 a0 A OBk & HEk o R IEAHE
BHoN Uk, RO TIZmEY 3 v ZKHZBWT
HbV Z4# 5 L CTH ABCHRIIFLE I N2V T L PMER S
N, HbVOBRMHICIF AT — 5 2R3 52
ENRTET
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—fi% 78E-3

NEZTE /MR (HbV) A3 iER12 &I

/
TpE

el ORI, MRJE W, RCRL, SR BEKHR?

I B, JZN RS, K fE—0, R R
HEA RN

1 e+ > 7 —

R T PN S N 2

3 BEID AR AP AR e R

(Hi] ~EZroE s /Mafk HbV) &, mMEREE b
FUVUERERE - FETHEL, KiizR)FL 7
) a— VB L N TIREER A TH L. KLl T T,
HbV #5405 v MEgMlaric, 1% v HEsileo ConA i
Wz X AR 2 —d kil S e s Milu G E e 2 L &
L TE 7. ANk, AR o B 55 2 Ml okt
#5223 5 B TMHC classIIPUEOFEBIIAE H L CThat
21107z,

(5] WKAH 7 v MZ20%H4 DO HbV, *fHie LT
KEZ—FOURREET, REIRE D #EL, 16 BRI
T EAT > 72, G L 72 S sl fa e 2 sk L, o v
N MHC classIIHifk (0X6) #H&#MEY — X% v, MHC
classITFE®B & OBk 4% 431 L7z, £ ENDW5IZDn
THA P A 25K L, May-Grunwald Giemsa 44ff %17\,
BEMMEE T CHbV Mot s B L2, $7/2, 2he
NOM S OMIEREIC S 2 5 EBIZOWTHHMEZ 1T 72018, &
WP Z - RS HbVERE S v b A 50 L 72 MHC classIT
Btk d L OB % 111, 1020%&6L %5 L) ICRAL, K
IR ConA ML (03 u g/mL) WX BIEH T v kMO HE%E
B E L7z, 512U EY — 2 EEMBoMER~— 7 —
RS20, FITCHE#Z) Ry —axliEL, FERIC
MHC classI BB & OBl %2 5m L, 7a—4%4 b x—
¥ — % HWTEFNFNOW S BT 5 FITC MG, $74b
H)RY — A EEMBOMIER~ — & — &7,

(#52 - %] HbVEET v AT O classIT Btk B & O
PR 2 &5 512 HbV AEEMBRSEEN Tniz. WiEo
B PEAINE 3 1 classTT B PE I 4 C4 %, FEYEMIZ>T14%TH Y,
HbV & &M classTTBEEM 23 I BICE CAFTEL TW iz
(p<001). F7z, MIAMIHANOREZMERR L 7AER, ARULHP
MG o classITREPE (BPE) MM OEE ] 11 D54 Tk
classIT B, FEtEW3 oM 5T b PN %2 B 72235, 1:0.2
D 4Tl ClassIT BV 45T 0 A TEIIH] %2 380 72, Al
oMK~ — & — v o4 CD3-CD4mid,CDS8 a-,
CD11b bimodal, CD103-, CD43-T&H ~»7z. LLEDZ &2 5 HbV
Wtk T v RIS E F 2 MR EENC B 53 2 Ml
#£MIE MHC classll 3 T ORBOAEIZL Y, 2HHO Y 7 &
v MriFehbs bEEZ 5Nz
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BEETEEE FE

BB E: 2 5 72 VRN T E i
DIEH

S =, A ES, AR E, NEOE R,
M2t AF 55, /NS W, &I G, BH 5,
TRk 1, RN

TV ERR AT~ & —

[#5]

71 7 VI TSR L, © MRIMERfkoAE DY
v (Hb) #VARY—LHNIZEHALZBAITHL., 7 EIVE
NTEEFERAEA OB L LT, WKHo7ax71) v 7K
T-OmR, pHEDSEMIZ LV BEFRBAMEZ LA S 2R
WREREDS LTS NA. RIEERTIE, BRBMEDR L 2 8FH)
OERIZDWT, AR, ZeVEOBLE2 5N L7245 R %
535,

[ 5]

N LFE SR AR 35 © A 355 H-LHb (P, & 9-12torr),
BRI 3% TRM-645 (P, © 48-54torr) % HW 7.

Hie 7N JEYSD v MZBWT, Hespander™ % v
7240mL/kg O BilL, FFEFE 512 X 2 MR ARz 17, B2
20mL/kg DI, [ D Hespander™ Z it L, KW T5,
10, 20mL/kg O#FHI % $5-L, $5#, 3045, 1HERHZOM%E
LIRS & Il L7z,

M EE T HEEESD S v M2BWT, TRINENIRZ - A
O 2 RERETICE D 2REMPAZE S, —HEoRMBEmEZFRL
72, 0.2, 1, 5mL/kg ® 85| % BG4 30 712 5- L 7.
MLFE B 22 eI 212, PRSEIRZ B2 L, Mz L <Nt
RFaER, TTCYAf L, MM I TEHHI L 7= S 5 Im A &
) MIZERARRE 2 50 L 72,

FEREMI Hb i) @ MEMESD 5 v 2 20mL/kg @ 12 CTHFA)
5L, %51, 59, 6, 24BBEBICRIMZITY, Mk
FHbEEZ, ik b HbPulkz H W72 ELISAICL D, Hb X k
{bR% 7 A MHbEICL D lE L 7.

MAFPGEVER @ MEPESD T v M SR Z G, V) >~ ZIREAR
ZVE L, Krebs-Henseleit #iiH &I L, 95%0,+5%CO, DR
EH AL T T, phenylephrine @I M IR Ach 2 X %
Elﬂlﬁ"&ﬁiﬁﬁ WZRS 2 WA O 8 & F7li L 7.

ERP7S

Z v MBILE T VIZBT 5 MR AR LA S L, &l
P, AR O Lo B G 13 TR S5 0¥ -5 T AR 722 3]
MPEERL —F, —BEREIET VTS, [Mho@AD,
BeG- B ARAA N M AR O PIRIRI R 2 R L7228, mBifrEs
HOFPEHRE THEREEZR L. T2, MERAIT
TIHMT N O BHA)T b 5 = AT LGRS N A A s h
1205, METEN R EZRO o7z, M ToOHb OBRE, 2
MEDHEFTHEE I IZHANE TOREFN AT SRk d o
72, 2512, N ONGEMEICOWT S, BIRIR T 2
RO - 7.
€|

BB D B 7 2 WA O LIKIZ BT, RFETORImIZE
L CIEEBRAMEOBA 2L YRR TH 20 gEtEAR S 7z
B, B, REMOMhoE»S L, FEWREEREDSNER
Noiz.
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PEBETEER ZR 2

NE T L /NEARO FH FEFE O R

5 BEARS, W K, L Stk
SIS RS Po

[#E] ~Eroey (Hb) MMukcET 2 Zh T cosik
BB v b2 R & T 5 invirolR AR TIE, #iikR%
FURIERDEELREHALZ RO LW EDFER SN TV 5.
Hb /MNaARO S 22 REWED—o & L THEBEMRSTICE S
BRABITONSE., AFFETiE, Ho/MaRIEHLTWw5H
BT & A RETEM ORI S0 5 &I, ME
AP BT B R EROREEREICOWTHR AL 2 & %
Hige L7-.

[Jii:] Mo BREKBBHELY L —F—Fy 75—l Xk
DlEL, ¥Y—FEMEZRB LA, 72, NuRERO & EN
DN LEEMHAEAEHOE TV E LT, Ca¥, hFF vt
) I<—, hFFUUR) ~— % T EIRE /MR ORI TR
mu, €—%EMoLw % ME L. Bk Wistar 7 v b (K
25020 g) ISR L, =—7VEEEBREET, EEFFIRICHTE
ALl 2 A L OMatkRB 25 L2 (5= 56
mL/kg. 5% | lmL/min). 5% EEEE, 12w 24
REEI AR 2 SR L, 05 (1< 10° g, 10 min) 12X D)
BRI %2 B2, v ClE.O0E (3% 10° g 30 min) 12X
D /AR R B L7z, 155 72 30BHT D W T AT 2 30
L7z

o - £22] Hb /MRl L T 2 BRI
TI/MARFEN IR WABR 5 2,2 OEMIC L Y Hb
DOWERNFENM L3 5. ABRMFEGEOMRIEVE—-FE
PEATENTHR L CHERIEMM L5500, -30mVELT T
DORFIINET—E & %o 72, Hb/NAD JFE ALK TlZ-40mV
BEOY— Y EMEALTNDL I NS, AEHITEOE RS
BIEHPHICRE SN TS Z L 2R L. Bk, B &~
PR % A S A/MaR T, B5%ORMREE L= MG A
e EOHREE SN, REEMARREE O EERN EE 2 51T
Wb, AKEETid, Hb/MaRIcif L Tw 2 ABMIFEIZA
AT VIRE & FAE OB 2 /MUARRENC S 2, ZOBEMH
53 28ENHEERNOFAETH L Z LIRS, —H,
P 5-1% O MLE WA O AT < M MG AN I Z BB ) IR E % &
HEB/NIRDATHED SN2 S DFERIE, Ik
DAEBIIEOHEIERSI B A2 EELNTTHLHI %
T 5.

52

PEEETEE #ER 3

TNVT IV —=77—L YRt L e
1

AN ATV T =R ol [ SN e o I/
IRl —*

1 FURR RSB T2l Beas & WF eI B 22k 2T
2 BRI FER R S R A PR A A

b MIGET7 VT3 v (HSA) ZIMEEAE DR 60wt % % &
D AWMRG TR WHMELE (5 T866500) THD,
MHE TR B MR D132, Bk - (S 0%
B ORE ZHS TS, A MNEZTOE A SFEE L7
g D FarRELT74Y VIX (NI V) LM TIZHSAC
RS NFBAEEIZN S, -4 IFHSA-N I VKD XAk
SRS ICRII L, NI UASHSADH T F A4 VIBIZF 1
U161 EOBIFMIC I DAL TCWwWAZ EERHBLA (D
FITAEZTOVY Y (Hb) OALEYr v MEEBIZR SV,
{EF-HHEL R FAMIC X Y HSADOY 7 F AL YV IBRANBZAF TV ¥
GEAZHIE) ZEALTALE, BV L IZHEONMIRZ
HSA$k (D) RN 7 149 YIX (NA) $5KIZHb D X 9 12 E
FWRAETEDL X)o7 (2,3). EHICEMEBELEDT
I EEAEREMNZ AL, rHSA-NASEKRO MBI AR
TELZEbbhrol ). ), N2oHLERZ#k» S
FHIAMLTABE, B5N7-HSAZn (1) K741 4k
IIWHDEIREHC X W RER G ZEFIREZ R T 52 &H
T, HEauAf FEHWKORITHE OREZRARS)
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Welcome to the 6" CIBSR

Koichi Kobayashi

Professor Emeritus, Keio University, School of Medicine

It is our great pleasure to offer an honorable opportunity to serve as a president of the 6th Current
Issues on Blood substitute Research. This meeting is held in conjunction with the 15th Annual
Meeting of the Society of Blood Substitutes Japan for which Dr. H. Horinouchi, Associate
Professor of School of medicine, Keio University, is the president to give dense scientific sessions to
propel the research and development of this field.

Since artificial oxygen carriers should be injected into a blood stream, they cannot be free from
adverse effects or unexpected events. The history of artificial oxygen carrier is the history of
struggle against unsatisfactory reactions. Gold standard of oxygen therapeutics is allogeneic blood
transfusion. Decades ago, it seemed that the benefit of transfusion has been considered superior to
the artificial oxygen carrier, although blood transfusion will have a considerable complications. To
minimize the undesirable effect of artificial oxygen carrier, either cell-free or cellular, a lot of
innovation has been made. It has been always a big question to what extent we can permit the
undesirable effect when artificial oxygen carrier is brought in clinical use.

Meanwhile, understanding of vascular reaction to several gases has been deepened since gas
mediators were discovered in 90'. These gases seemed transferred to tissue by either specific gas
carriers or plasma. Oxygen compounds such as O,, NO, CO are carried by heme-based gas
carriers: namely hemoglobin, myoglobin, and cytoplasmic hemeprotein. Research in the field of gas
biology will give us new insights and ways to develop artificial oxygen carriers.

We hope each of you enjoy the meeting and also take the opportunity to enjoy beautiful autumn
days in Japan.
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6" CIBSR

Schedule

October 24 (FRI)
New Hospital Wing (Shinto) 11F

October 25 (SAT)
New Hospital Wing (Shinto) 11F

8:50
9:00

9:40

10:20
10:30

11:10

11:50
12:10

13:10

13:40
14:00

14:30

15:00

15:10

15:30

16:00

16:30

17:10

17:30

18:00

18:30

19:00

19:30

20:00

8:30
- Plenary Lecture Il Warren M. Zapol
Opening Remarks (Massachusetts General Hospital)
Plenary Lecture |  Makoto Suematsu 9:10
v (Keio University) Keynote Lecture 1l A. Gerson Greenbur
(Biopure Corporation
9:50
Keynote Lecture | Marcos Intaglietta 10:00 Coffee Break
(Univ. of California, San Diego) :
Coffee Break 10:30 Symposium |l
Educational Lecture Hirosuke Kobayashi Acceptable Vascular Reaction in HBOC
(Kitasato University) 11:00
New Material 11:20
Invited Lecture Jonathan S. Jahr
(Univ. of California, Los Angeles)
12:00
Lunch Time Symposium 12:30 | Lunch
13:00
Presidential Address Koichi Kobayashi Oral Session
(6th CIBSR) (Keio University) 13:30 _ _
Gas Carrier and Gas Biology
Symposium | PART | 14:00
Cutting Edge of Research of Artificial Oxygen Carriers 1430
Coffee Break 12(1)2 Closing Remarks
Symposium | PART II 15:30
Cutting Edge of Research of Artificial Oxygen Carriers 16:00
16:30
17:00
17:30
18:00
18:30
Banquet Tokyo Dome Hotel
19:00
19:30
20:00
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Map (Shinanomachi Campus of Keio University)

35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582 Phone +81-(0)3-3353-1211

['Meeting Site -11F New Hospital Wing (Shinto) |

A
T Shinjuk

X

| Kokuritu Kyougijyou Stn.

q

A Sobu Line: - %
SR Chuo Line 2 J8

‘ront Gate
| JR Shinanomachi Stn. |

1. New Hospital Wing 8. Clinical Research Institute 18. Ground
2. University Co-op 9. Clinical Research Hall 19. Clinical Research Institute
3. Wing 7 Wards 10. Wing 1 20. Health Consulting Center
4. Wing 6 Wards 11. Department of Rehabilitation Medicine and 21. Media Center (Kitasato Memorial Library)
5. Radiographic Diagnosis Center Division ofHospital Information System 22. The Waksman Foundation of Japan, Inc.
6. Central Wing: 5th Floor= Office of Planning, 12. Junior College of Nursing 23. Building for Preventive Medicine
2F= Secretarial Office, B1F= Personnel Division, 13. Rengakan and Public Health
Accounting and Finance Office, Academic Affairs  14. Institute of Integrated Medical Research 24. Nurse Dormitory (Kobai-ryo)
Office, Administrative Affairs Office, 15. East Lecture Hall 25. Nurse Dormitory (Hakubai-ryo)
Supplies Division 16. Second Lecture Hall
7. Restaurant 17. Education and Research Building:

1F= Student Affairs Office
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10824H (£) October 24 (FRI)

8:50~9:00 Opening Remarks
9:00~9:40 Plenary Lecture |
Chairperson : Koichi Kobayashi (Keio University)

Biomedical Application of Metabolome Analysis: Systematic Molecular Mining for Gaseous Signal Transducers
Makoto Suematsui (Keio University)

9:40~10:20 Keynote Lecture |
Chairperson : Hiromi Sakai (Waseda University)

Microvascular Reactions in Designing Oxygen Carrying Blood Substitutes
Marcos Intaglietta (University of California, San Diego)

10 : 20~10 : 30 Coffee Break
10 : 30~11 110 Educational Lecture
Chairperson : Hirohisa Horinouchi (Keio University)

Physiological Aspects of Oxygen Transport to Tissue
Hirosuke Kobayashi (Kitasato University)

11 :10~11 . 50 New Material
Chairperson : Shinji Takeoka (Waseda University)

Hemostatic Effects of Liposome Carrying Fibrinogen y-Chain

NM-1
Dodecapeptide on the Surface and Adenosine 5-Diphosphate Inside as a Platelet Substitute
Makoto Handa (Keio University)
NM-2 O, Binding Properties of Recombinant Albumin-heme Complexes Having Arginine at the Entrance of the Heme

Pocket
Akito Nakagawa (Waseda University)

12:10~13:10 Lunch Time Symposium
Chairperson : Koichi Kobayashi (Keio University)

LS-1 Hb-vesicle, a Cellular Hb-based Oxygen Carrier, Fulfills the Physiological Roles of the RBC Structure
Hiromi Sakai (Waseda University)

LS-2 The Effect of Hemoglobin Vesicle Administration on Ventilator Induced Lung Injury
Yotaro Izumi (Keio University)

Effect of Artificial Oxygen Carrier Hb Vesicle on Cerebral Blood Flow During and After Hemodiluted
Cardiopulmonary Bypass in Rat
Ryo Aeba (Keio University)

LS-3

13:10~13: 40 Presidential Address
Chairperson : Eishun Tsuchida (Waseda University)

Will Our Dream "Clinically Applicable Artificial Oxygen Carrier" Come True in Foreseeable Future?
Koichi Kobayashi (Keio University)
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13:40~15:00 Symposium I Cutting edge of research of artificial oxygen carriers (PART 1)

PART I Chairperson : Yotaro Izumi (Keio University)
SY-T-1 Second Generation PEGylated Hbs with a Range of O, Affinities to Improve Tissue Oxygenation without
Activating Autoregulation Induced Vasoconstriction
Seetharama A. Acharya (Albert Einstein College of Medicine of Yeshiva University)
SY-T-2 Effect of the Initially Injected Hemoglobin Vesicles (HbV) on the Pharmacokinetics of Second Injection of HbV in

Mice
Kazuaki Taguchi (Kumamoto University)

SY-1-3 Small Volume Resuscitation from Hemorrhagic Shock with Polymerized Bovine Hemoglobin
Pedro Cabrales (La Jolla Bioengineering Institute)

SY-T-4 Liposome-encapsulated Hemoglobin Transfusion Rescues Rats Undergoing Progressive Hemodilution from Lethal
Organ Hypoxia without Scavenging Nitric Oxide

Yashiro Nogami (National Defense Medical College)
15:00~15:10 Coffee Break
15:10~17 10 Symposium | Cutting Edge of Research of Artificial Oxygen Carriers (PART 2)
PART II Chairperson : Amy Tsai (University of California, San Diego)

SY-1-5 Pegylation Destabilizes the Haemoglobin Tetramer
Luca Ronda (University of Parma)

SY-1-6 Vanished Oxygen Affinity of Myoglobin by Pyridine-containing Heme
Saburo Neya (Chiba University)

SY-1-7 Hemospan®: Rational Design, Preclinical Effects, and Clinical Development of PEG-conjugated Human Hemoglobin
Mark A. Young (Sangart, Inc.)

SY-1-8 Transient Induction of Immune-suppressor Cells in Rat Spleen by Massive Injection of Hemoglobin-vesicle (HbV)
Hiroshi Azuma (Hokkaido Red Cross Blood Centre)

SY-T-9 Potential Tumor Oxygenation by Systemic Administration of Hemoglobin Vesicle in a Mouse Lewis Lung
Carcinoma Model

Yotaro Izumi (Keio University)

SY-1-10 Polymerized Placenta Hemoglobin Improves Cardiac Functional Recovery and Reduces Infarction Size of Isolated
Rat Heart

Qian Yang (Chengdu Medical College)

18 . 30~ Banquet at Tokyo Dome Hotel
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10H25H (*) October 25 (SA

8:.:30~9:10 Plenary Lecture Il
Chairperson : Koichi Kobayashi (Keio University)

Prevention of the Pulmonary Vasoconstrictor Effects of HBOC-201 in Awake Lambs by Continuously Breathing
Nitric Oxide
Warren M. Zapol (Massachusetts General Hospital)

9:10~9:50 Keynote Lecture I
Chairperson : Masuhiko Takaori (Higashitakarazuka Sato Hospital)

HBOCSs and Vasoactivity: An Alternate Perspective
A. Gerson Greenburg (Biopure Corporation and Brown University)

9:50~10:00 Coffee Break
10 : 00~11 20 Symposium Il Acceptable Vascular Reaction in HBOC
Chairperson : Hae Kim (Brown University)

SY-II-1 Hemoglobin-Based Oxygen Carrier Mediated Vasoactivity : Proposed Mechanisms and Potential Remedies
Hae W. Kim (Brown University)

SY-1I-2 Does Lowering Oxygen Affinity of Polyethylene Glycol Conjugated Hemoglobins Cause Arteriolar Vasoconstriction?
Amy G. Tsai (University of Carifornia, San Diego)

SY-1I-3 Mechanism to Avoid Vasoconstriction and Maintain Perfusion of Pegylated Hemoglobins
Pedro Cabrales (La Jolla Bioengineering Institute)

SY-1I-4 Effect of Artificial RBCs on Murine Hemorrhagic Shock Model
Yutaka Tomita (Keio University)

11 :20~12 200 Invited Lecture
Chairperson : Hiroshi Morisaki (Keio University)

Clinical and Translational Advances in HBOCs: One Investigator's Perspective
Jonathan S. Jahr (University of California, Los Angeles)

12:00~13:00 LUNCH
13 :00~15: 00 Oral Session Gas Carrier and Gas Biology
Chairperson : Teruyuki Komatsu (Waseda University)

S-1 Design and Evaluation of S-nitrosylated Human Serum Albumin as a Novel Anticancer Drug
Toru Maruyama (Kumamoto University)

S-2 Hemoglobin-vesicles as O,- and CO-carriers
Hiromi Sakai (Waseda University)

Injectable O-15 System for Oxygen Metabolism Studies Using Hemoblobin-vesicle (HbV): Automatic Labeling and
Application in Rats Using PET
Vijay Narayan Tiwari (University of Fukui)
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S-4

S-5

S-6

Comparison of Nitric Oxide-induced Oxidation of Recombinant Oxyhemoglobin Subunits Using a Competition
Experiment
Yen-Lin Lin (National Chung Cheng University)

Polymerized Human Placenta Hemoglobin Decreased the Pathological Nitric Oxide Production in Cold Stored Rat
Heart
Tao Li (Sichuan University)

Polymerized Human Placenta Hemoglobin Ameliorates Oxidative Stress and Energy Deficiency in Cold Stored
Rat Heart
Tao Li (Sichuan University)

15:00~15:15 Closing Remarks

PO-1

PO-2

PO-3

PO—4

62

Assessment of Inflammation-altered Intestinal Permeability Using Arterially Perfused Murine Jejunal Loop
Premysl Bercik (McMaster University)

Hemoglobin Encapsulation in Vesicles Retards the Reaction with NO by Intracellular Diffusion Barrier
Hiromi Sakai (Waseda University)

Effect of HbV as a Resuscitation Fluid in Uncontrolled Hemorrhage-shock Model: Blunt Kidney Injury Model
Yasuhisa Seishi (Keio University)

Resuscitation of Hemorrhagic Shock due to Uncontrolled Hemorrhage-effect of Hemoglobin-vesicle in Vascular
Injury Model
Hirohisa Horinouchi (Keio University)

N LI Vol. 16, No.2, 2008



ARTIFICIAL BLOOD Vol. 16, No.2, 2008

63



64

NOTE

N LI Vol. 16, No.2, 2008



Presidential Address

‘Presidentim Address‘ Will Our D.ream " Clinically Appllcable Artificial Oxygen Carrier"
Come True in Foreseeable Future?

Koichi Kobayashi, President of the Society of Blood Substitutes
Japan

Dept. General Thoracic Surgery, School of Medicine, Keiro University, Fapan

E-mail: kobayash@sc.itc.keio.ac.jp

In 20th Century, blood transfusion was one of the major therapeutic achievements, but still we have
been facing difficult task to keep transfusion medicine safe and reliable. LLooking at the newly
emerged blood borne infectious diseases and shortage of donor, developing artificial blood
component will promise the progress of medical science in 21st Century. Clinical trials of various
kinds of cell-free HBOCs are underway especially in North America. Some were suspended and
some are now in the final stage. However, the Natanson's paper recently published in JAMA was
very surprising. Meta-analysis of cell-free HBOCs clinical data showed that they increase the risk of
myocardial infarction and death. The Food and Drug Administration of the United States held a
public workshop entitled "Safety of Hemoglobin-Based Oxygen Carriers (HBOCs)" in the end of
April 2008. Recent results of clinical trials, safety issues of clinical and preclinical studies, remedies
to the side effects, and future directions were discussed. In response to the Natanson's paper, some
argument arose. Whatever, it has to be emphasized that HBOCs are necessary for unmet medical
needs; a situation where safe RBC transfusion is not available.

Research and development of Hb-vesicle (HbV) and synthetic hemes have been performed by close
collaboration of Waseda and Keio for more than 20 years. HbV is a cellular HBOC and it is
expected that toxic effects of cell-free HBOCs would be shielded by the cellular structure. Even
though we have not come to a clinical stage yet, the preclinical results of our safety and efficacy
evaluations of HbV make us confident in advancing to further development of HbV for eventual
realization.

Whether cell-free, or cellular HBOCs, I hope a clinically available oxygen carrier to save life and
alleviate human suffering will appear in foreseeable future.
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Keynote Lecture I

‘Keynote Lecture I‘ Microvascular Reactions in Designing Oxygen Carrying Blood
Substitutes

Marcos Intaglietta, Amy G. Tsai, Pedro Cabrales,
Beatriz Y. Salazar Vazquez

Department of Bioengineering, University of California San Diego, CA, USA

The effective restitution of blood volume and oxygen carrying capacity to the circulation requires
that the microcirculation, where blood exerts its primary role in gas and material exchange remains
functional in the presence of changes of the composition of blood. This requires normal capillary
perfusion (functional capillary density, FCD, capillaries with the passage of red blood cells), a
parameter that must be above a critical threshold to insure tissue survival. The key factor in
maintaining FCD is capillary pressure which is directly and linearly related to FCD. Capillary
pressure is the resultant of central blood pressure and how this is transmitted from the major blood
vessels through the arteriolar microcirculation, which depends on microvessel vasoactivity and
blood viscosity, factors directly affected by the local interaction of blood and the endothelium.
Maintenance or increased plasma viscosity is beneficial in resuscitation when the reduction of
hematocrit lowers blood viscosity, maintaining and/or increasing shear stress on the endothelium
and the production of nitric oxide (NO) and prostacyclin. Addition of oxygen carrying capacity
with hemoglobin based oxygen carriers must insure that the natural tendency of hemoglobin to
scavenge NO is balanced by its production via other mechanisms. Increased shear stress and
nitrate reductase activity provide such a balance. Over-oxygenation of the arteriolar walls due to
facilitated diffusion and low affinity oxygen carriers also constitute vasoconstrictive mechanisms
that impair microvascular function. Optimal microvascular function is determined by a varying
combination of oxygen transport properties and mechanical factors and not solely on blood's
intrinsic oxygen carrying capacity. This leads to effective resuscitation via mechanism that
emphasize either restoration of oxygen carrying capacity or improvement of microvascular
function, a situation that in many instances diminishes the need of restituting intrinsic oxygen
carrying capacity, if microvascular functionality can be augmented, as evidenced by retransfusion
procedures that promote vasodilatation.
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Keynote Lecture Il

‘Keynote Lecture ]1‘ HBOC:s and Vasoactivity: An Alternate Perspective

A Gerson Greenburg

VP Medical Affairs, Biopure Corporation; Professor of Surgery Emeritus, Brown
University, RI, USA

The observation of vasoactivity, often referred to as "hypertension" in the literature—in reality an
elevation of blood pressure—has plagued the development of hemoglobin based oxygen carriers,
HBOC:s, for over 20 years. Regulatory agencies have considered it the underlying basis for the
emergence of many of the significant and durable serious adverse events (SAE), e.g. myocardial
infarction, stroke, renal failure and death. Licensing and even approval for clinical trials has been
withheld with vasoactivity expressed as the reason.

HBOC-201, Hemopure®, was evaluated in regulatory agency specified preclinical protocols of
organ flow, organ oxygenation and microcirculation and in specific studies of coronary flow and
myocardial function in both animals and humans. The objective of the studies was to determine
whether there is vasoactivity and to what extent it can be localized to organs of concern. In
exchange models skeletal muscle was the only bed showing vasoconstriction, an observation
substantiated by the tissue oxygen and microcirculation studies. Top loading in patients with
coronary artery disease did not induce coronary vasoconstriction (direct observation of coronary
function) and perfusion of an occluded coronary artery for 3 minutes with oxygenated HBOC-201
preserved function fully without evidence of ischemia. These, and other studies, demonstrate that
vasoactivity is not the operative agent in the emergence of SAEs in a pivotal Phase 3 orthopedic
surgery trial. By properly done subset analysis of the 350 patients treated in this trial, the safety
profile of HBOC-201 was equal to that of blood when 3 or fewer units of red cells were used. In
this trial elevations in blood pressure were observed but only a few at levels that required treatment.
SAEs were not associated with the blood pressure changes.

In a series of 54 patients treated with HBOC-201 for various "anemia" indications, there were a few
instances of elevated blood pressure, investigators made aware of the possibility beforehand, and
these were successfully treated with nitrite donors, bets-blockers or calcium channel blocker with
good results. In some instances, an elevation in blood pressure may be helpful to insure tissue
perfusion. There is evidence in models of traumatic brain injury that the elevation in pressure is
beneficial in an otherwise lethal model. Moreover, there is evidence in the treatment of human
stroke that survival and improved recovery are achieved with elevated blood pressure. A new
definition of "hypotension”" has been proposed with systolic below 110 considered detrimental for
hypovolemic shock. Have we been generally under-resuscitating patients?

Vasoactivity is a known side effect of this class of agents. Evidence is accumulating to indicate it
may not be the basis for the emergence of SAEs. Optional explanations will be presented.
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Plenary Lecture I

‘P|enary Lecture I‘ Biomedical Application of Metabolome Analysis: Systematic
Molecular Mining for Gaseous Signal Transducers

Makoto Suematsu

Department of Biochemistry & Integrative Medical Biology, School of Medicine,
Kero University, Fapan

E-mail: gasbiology@z6.keto.jp

Gaseous metabolites such as NO, CO and H,S are too small to handle for mining their receptors
through nanobeads technology. We have recently applied metabolome analysis based on CE-MS
that allowed us to collect systematic information on small molecular metabolites responding to
disease conditions. Using differential metabolomics analyses, we compared alterations in the
metabolites, the molecular size of which are less than 1000, between normal and the
acetaminophen (AAP)-induced liver injury model using mice where CO was overproduced via
heme oxygenase (HO) through cytochrome P450 degradation. Results indicate increases in
methionine and S-adenosylmethionine in the liver and hyperhomocystinemia, and decreases
cystathionine, cysteine and GSH. Although the decreases in transsulfuration metabolites appeared
to result from consumption of thiols for the xenobiotic detoxification, mechanisms for the increases
in remethylation metabolites remain to be solved. Since the increases in the remethylation
metabolites were inhibited by blocking HO through Zn-protoporphyrin-IX, we hypothesized that
CO generated by HO might inhibit the heme-containing cystathionine [-synthase (CBS), the rate-
limiting enzyme for transsulfuration pathway. As expected, the recombinant enzyme was
inhibitable by CO but not by NO. These results suggest that the CO-CBS system serves as a
protective mechanism against xenobiotic detoxification. Moreover, heterozygous CBS-knockout
mice lacked CO responsiveness for regulating transsulfuration pathway. To note is that the
inhibitory action of CO on CBS is stabilized by H,S, an end product of the enzyme, suggesting a
product inhibition mechanism operated by multiple gases. Metabolome analysis appears a
powerful strategy for mining gas-responsive signal transducers in vivo. A variety of biomedical
application of this technology for Gas Biology will be shown in the lecture.
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Plenary Lecture I

‘P|enary Lecture ]I‘ Prevention of the Pulmonary Vasoconstrictor Effects of HBOC-
201 in Awake Lambs by Continuously Breathing Nitric Oxide

Binglan Yu, Gian Paolo Volpato, Kenneth D. Bloch,
Warren M. Zapol

Anesthesia Center for Critical Care Research, Department of Anesthesia and
Critical Care, Harvard Medical School at Massachusetts General Hospital, MA,
USA

Background:

Hemoglobin (Hb)-based oxygen-carrying solutions (HBOC) provide emergency alternatives to
blood transfusion to carry oxygen to tissues without the risks of disease transmission or transfusion
reaction. 'Two primary concerns hampering the clinical acceptance of acellular HBOC are the
occurrence of systemic and pulmonary vasoconstriction and the maintenance of the heme-iron in
the reduced state (Fe*?). We recently demonstrated that pretreatment with inhaled nitric oxide
(NO) prevents the systemic hypertension induced by HBOC-201 (polymerized bovine Hb)
infusion in awake mice and sheep without causing methemoglobinemia. In this study, we
investigated the pulmonary and systemic hemodynamic effects of breathing NO both before and
after the administration of HBOC-201 in awake lambs.

Methods and Results:

Intravenous administration of HBOC-201 (12 ml/kg; Biopure Corporation, Cambridge, MA) in
healthy, awake lambs induced prolonged systemic and pulmonary vasoconstriction. Pretreatment
with inhaled NO (80 parts per million (ppm) for 1 h) prevented the HBOC-201-induced increase
in mean arterial pressure, but not the increase of pulmonary arterial pressure, systemic vascular
resistance, or pulmonary vascular resistance. Pretreatment with inhaled NO (80 ppm, 1 h) followed
by breathing a lower concentration of NO (5 ppm) during and after HBOC-201 infusion prevented
systemic and pulmonary vasoconstriction without increasing methemoglobin levels.

Conclusions:

These findings demonstrate that pretreatment with inhaled NO followed by breathing a low
concentration of NO during and after administration of HBOC-201 may enable administration of
an acellular Hb substitute without vasoconstriction while preserving its oxygen-carrying capacity.
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Invited Lecture

\Invited Lecture\ Clinical and Translational Advances in HBOCs: One Investigator's
Perspective

Jonathan S. Jahr

Professor of Clinical Anesthesiology
David Geffen School of Medicine at UCLA, CA, USA

Extensive work from my laboratories over the past twelve years in translational and clinical models
has resulted in significant publications [1 - 5, 7 - 19]. Clinical Phase I, II, and III trials with
Biopure's Hemopure, Hemosol's Hemolink, and Alliance's Perflubron have produced useful data,
although both Hemosol and Alliance have not pursued these products, probably due to poor study
designs in cardiac surgery models, and lack of cooperation with independent investigators (refusal
to publish existing data, etc) (1,2). This has been reviewed (3,4). Northfield's PolyHeme and
Sangart's Hemospan are moving forward with Phase II and III trials, but have been reluctant to let
independent investigators test product critically (5,6). A recent meta-analysis has compared
mortality and morbidityof the current products (Hemopure, PolyHeme, and Hemospan and older
discontinued products, Hemolink and HemeAssist) not to primary or secondary endpoints, but to
mortality, all derived from post-hoc subset data analysis (6, 6a)

In our translational laboratories, large and small animal experiments have been important to
delineate product efficacy of oxygen delivery and safety in four HBOCs from three manufacturers
independently (7 - 19).

In a canine hypovolemia resuscitation model, Oxyglobin reconstituted splanchnic perfusion and
oxidatative metabolism in spite of pronounced systemic vasoconstriction and insufficient
restoration of cardiac output and DO,; it may improve diffusive oxygen transport in the
microvasculature by virtue of hemodilution an its high efficiency in the uptake and release of
oxygen (7)

In the same model as reference 7, a study confirmed that real-time (in vivo) microvascular studies,
which were conducted only in small rodent models in the past, can be performed simultaneously
with systemic function, hemodynamic, and oxygenation studies in a large animal model for relevant
data correlation (8).

In a similar canine model that included different resuscitation strategies after hemorrhagic shock,
Oxyglobin infusion may not improve oxygen delivery more than hetastarch, likely due to
hemodilution caused by its high colloid oncotic pressure, but may facilitate diffusive oxygen
transport to tissues (9)

In a more advanced canine model of hemorrhagic shock with pre-hospital and hospital resuscitation
modes, including use of vasopressin, we concluded that low-volume crystalloid or Oxyglobin
resuscitation posthemorrhage may improve (but not restore) macro- and microvascular functions
and tissue oxygenation, while arginine vasopressin infusion may only improve blood pressures and
result in lower overall systemic perfusion compared with low-volume saline or hemoglobin
glutamer-200 treatment and worsening of anaerobic conditions in skeletal muscle (10).
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In an attempt to use HBOC's to estimate circulating blood volumes, we concluded that circulating
plasma volume and circulating blood volume may be accurately estimated by using plasma
hemoglobin concentration measurements after HBOC infusion (11).

In a rabbit model using magnetic resonance imagining, noninvasive in vivo magnetic resonance
measurement of oxygen saturation is valid for whole blood mixed with stroma-free hemoglobin.
Therefore, magnetic resonance oximetry may be clinically useful for assessing oxygenation status in
patients resuscitated with an HBOC (12).

OxyVita, a new generation HBOC, and Oxyglobin, HBOCs with different molecular weights, had
similar effects on coagulation as measured by thrombelastography. The impairment of coagulation
by HBOCs and hetastarch occurred at doses corresponding to 12 ml./kg or a blood volume
replacement of 17%. The use of HBOCs at doses corresponding to 23 ml./kg or a blood volume
replacement of 33% significantly decreased coagulation to levels associated with increased clinical
bleeding in this preliminary study. Minimal coagulopathic effects are expected with use of OxyVita
at the manufacturer's anticipated effective dose of 10 g or 2 to 3 mIL/kg (13).

In a clinical laboratory, effects of Hemopure on coagulation testing were evaluated; mechanical
detection methods (fibrometer, STA, CS-190) and the MDA-180 methods were less affected by
increasing levels of Hemopure than optical detection devices for all test parameters (14)

In measuring hemoglobin, using a point of care device the HemoCue Plasma/l.ow Hemoglobin
System is a reliable instrument for detecting and measuring small concentrations of three different
HBOC:S in plasma (15). The B-hemoglobin photometer accurately determined the concentration
of three HBOC:s solutions dissolved in canine plasma.

The validity of arterial and mixed venous oxygen saturation measurements in a canine hemorrhage
model after resuscitation with varying concentrations of hemoglobin-based oxygen carrier was
determined (16). We concluded that the administration of this oxygen therapeutic may interfere
with the values of some monitors.

Lactate measurements with three HBOCs were evaluated, and based on the samples tested in this
study, results indicate true lactate levels in the presence of HBOC-200 may be consistently
underestimated when measured in a spectrophotometry-based lactate analyzer, especially at higher
lactate concentrations. The clinical implications of this study are that with increasing levels of an
HBOC in human plasma, lactate interpretation may become inaccurate when measured by a
spectrophotometric lactate analyzer, causing underestimation of "true" lactate values and possible
under-treatment of the patient. Therefore, caution must be exercised when interpreting lactate
results from the Synchron LX® 20 when a HBOC is present in plasma (17).

Methemoglobin concentration increases in patients receiving HBOCs. When interpreting lactate
concentrations from a patient with an HBOCpresent in plasma, underestimation of true lactate
levels may occur unrelated to methemoglobin concentrations (18).

High methemoglobin concentrations in Oxyglobin cause additive coagulation impairment that likely
results from the effects of oxidative substances on platelet function and coagulation proteins.
Oxidative products adversely react with coagulation factors and modify redoxsensitive sites in the
platelets. Therefore, if methemoglobinemia occurs as a result of HBOC administration and if the
levels are significantly elevated (greater than 10%), impairment of coagulation is possible (19) .
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In summary, work on HBOC:s is presented, providing independent validation of safety and efficacy,
crucial for FDA and other regulatory registration for any product, and increased acceptance.
Independent investigation, regardless of outcome, is crucial for good science to prevail.
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Educational Lecture

‘Educaﬁonm Lecture‘ Physiological Aspects of Oxygen Transport to Tissue

Hirosuke Kobayashi

Kitasato University School of Allied Health Sciences, Department of Medical
Engineering and Technology, Fapan

The oxygen metabolism at mitochondria is similar, but there is a considerable diversity in the
oxygen transport system among living things. Gill was developed in fish and has a fine counter-
current gas exchange system. L.ungs were developed from esophagus in amphibians, reptiles, birds
and mammals. Bird's lung has a cross-current efficient gas exchange system, while mammals have
pool lungs with large gas exchange area. Current topic is that dinosaurs had bird-type lungs and
some of them evolved into birds. The oxygen transport in the mammalian lungs is determined by
two limiting factors: perfusion limitation and diffusion limitation. In healthy humans, perfusion
limitation is the main limiting factor, except at high altitude on exercise, while the diffusion
limitation is the main limiting factor in patients with low diffusing capacity, particularly during
exercise. Circulation system can also be considered as a part of respiratory system, where oxygen
bound to oxygen carrier molecules is transported to microvessels. Arterial vessels and venous
vessels are running parallel, and gas exchange occurs between arterial and venous vessel. The Bohr
effect is considered to contribute to oxygen transport in the lungs and tissues. It is also possible that
peripheral oxygen pressure is stabilized through counter-current gas exchange between
microvessels in the presence of the Bohr effect.
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Symposium I

‘ SY—1-—1 ‘ Second Generation PEGylated Hbs with a Range of O, Affinities
to Improve Tissue Oxygenation without Activating Autoregulation
Induced Vasoconstriction

Seetharama A. Acharya', Fantao Meng?, Hongying Liang?,
Marcos Intaglietta’

'Department of Physiology and Biophysics & Department of Medicine, Albert
Einstein College of Medicine, NY, USA

‘Departments of Physiology and Biophysics, Albert Einstein College of Medicine,
NY, USA

‘Department of Bioengineering, University of California San Diego, CA, USA

HexaPEGylated Hb, (SP-PEG5K)-Hb, and its prototype MP4 are vasoinactive. The taming of
the vasoactivity of Hb on PEGylation has been attributed to (i) the plasma expander like properties
of hexaPEGylated Hb and (ii) high oxygen affinity. The high oxygen affinity minimizes the
oversupply of oxygen to vascular walls on the arterial side, thereby limiting the autoregulation
mediated vasoconstriction. This high oxygen affinity of hexaPEGylated Hbs, however, makes them
function predominantly as plasma expanders. To facilitate better tissue oxygenation, it is necessary
to delineate the correlation between the oxygen affinity of PEGylated Hb and tissue oxygenation
without activating the vasoconstrictive activity. We have now designed PEGylated Hbs with a range
of O, affinities using low O, affinity aa-fumaryl Hb (P5, ~30 mm Hg) as the primary substrate for
PEGylation and acylation chemistry mediated PEGylation to engineer optimal plasma expander
like properties. The oxygen affinity of ea-fumaryl Hb has been modulated either by NEM
modification of Cys-93(f) (Ps, ~12 mmHg) or by carboxymethylation of the a-amino group of
Val-1(f) (Ps, ~63 mm Hg). HexaPEGylation of aa-fumaryl Hb with site specific
carboxymethylation on Val-1(f), aa-fumaryl Hb and NEM modified aa-fumaryl Hb using SPA-
PEGSK generates products with a Ps, around 42, 20 and 10 mmHg, respectively. All the three
hexaPEGylated aa-Hb display a molecular radius of about 5.8 nm, and a COP and viscosity at 4%
around 53 mmHg and 1.9 cP, respectively. DecaPEGylation of ea-fumaryl Hb with site specific
carboxymethylation on Val-1(f) with SPA-PEG3K generates a product with a Ps, ~ 30 mmHg.
The oxygen affinity of these four PEGylated products is expected to facilitate the identification of
the optimum oxygen affinity and the concentration of Hb needed in the plasma to optimize the
tissues oxygenation with minimal impact on the autoregulation mediated vasoactivity.
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Symposium I

‘ SY—-1-2 ‘ Effect of th.e In.itially Injected Herpoglobin Ve.sicles. (HbV) on the
Pharmacokinetics of Second Injection of HbV in Mice

Kazuaki Taguchi!, Yukino Urata', Makoto Anraku’,
Toru Maruyama', Toshiya Kai', Daisuke Kadowaki',
Hiromi Sakai?, Koichi Kobayashi’, Eishun Tsuchida?,
Masaki Otagiri’

'Graduate School of Pharmaceutical Sciences, Kumamoto University, Fapan
‘Research Institute for Science and Engineering, Waseda University, Fapan
‘Department of Surgery, School of Medicine, Keio University, Japan

Objective: Hemoglobin-vesicle (HbV) is an artificial oxygen carrier and has liposome structure
with polyethylene glycol (PEG). Recently, it reported that PEG-liposome lose their long-circulating
characteristic when they are administrated twice in the same animals (referred to as "accelerated
blood clearance (ABC) phenomenon"), and anti-PEG IgM, which elicits a response by the spleen,
plays an essential role in induction of the ABC phenomenon. Therefore, we investigated whether
the first dose of HbV at a dose of 0.1mg/kg or 1400mg/kg have an effect on the pharmacokinetic
behavior of the second dose in mice. Additionally, we also studied the induction of IgG or IgM
against HbV. Method: Seven days after the first injection of non-labeled HbV (0.1 or 1400 mg
Hb/kg body weight), the male ddY mice received the 125I-HbV, which labeled the internal Hb of
HbV with iodine (the volume was identical to the volume of first injection). The IgG and IgM
against HbV were detected by ELISA. Result and Discussion: The second dose was cleared
rapidly from the circulation and was dramatically accumulated in liver, as compared to first
injection, when mice were received first dose at a dose of 0.1mg/kg, but not 1400mg/kg. However,
the amounts of IgM against HbV, which was promoted ABC phenomenon, were produced by
administration at a dose of both 0.1mg/kg and 1400mg/kg, while that of IgG against HbV was not
detected. These results show that IgM against HbV is elicited by even administration of HbV, and
the suppression of ABC phenomenon at a dose of 1400mg/kg would be saturation of phagocytic
processing. Therefore, it would need to consider the induction of ABC phenomenon in repeated
administration of HbV.
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Symposium I

‘ SY—-1-3 ‘ Small Volume Resuscitation from Hemorrhagic Shock with
Polymerized Bovine Hemoglobin

Pedro Cabrales', Amy Tsai?, Marcos Intaglietta?

'Bioengineering, La Jolla Bioengineering Institute, CA, USA
2Department of Bioengineering, University of California San Diego, CA, USA

Systemic and microvascular hemodynamic responses to hemorrhagic shock volume resuscitation
with hypertonic saline (HTS) followed by infusion of polymerized bovine Hb (PBH) at different
concentrations were studied in the hamster window chamber model, to determine role of plasma
oxygen carrying capacity and vasoactivity during resuscitation. Moderate hemorrhagic shock was
induced by arterial controlled bleeding of 50% of blood volume (BV), and a hypovolemic state was
maintained for one hour. Volume was restituted by infusion of HTS (7.5% NaCl) 3.5% of BV of
followed by 10% of BV of PBH at two different concentrations. Resuscitation was followed for 90
minutes and was carried out using 13gPBH/dl [PBH13], PBH diluted to 4gPBH/dl in albumin
solution at matching colloidal osmotic pressure (COP) [PBH4], and an albumin only solution at
matching COP [PBHO]. Systemic parameters, microvascular hemodynamics and functional
capillary density (FCD) were determined during hemorrhage, hypovolemic shock and
resuscitation. PBH13 caused higher arterial pressure without reverting vasoconstriction and
hypoperfusion. PBH4 and PBHO had lower MAP and partially reverted vasoconstriction. Only
treatment with PBH4 restored perfusion and FCD when compared to PBH13 and PBHO. Blood
gas parameters and acid-base balance recovered proportionally to microvascular perfusion. Tissue
pO2 was significantly improved in the PBH4 group showing that limited restoration of oxygen
carrying capacity is beneficial and compensates for the effects of vasoactivity characteristic of
molecular hemoglobin solutions proposed as blood substitutes. Supported by NIH BRP R24 -
HL64395, PPG HLL71064, grants RO1-HIL.62354, R0O1-HL.76182 and A RMY PR023075.
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Symposium I

‘ SY—-1—4 ‘ Liposome-encapsulated Hemoglobin Transfusion Rescues Rats
Undergoing Progressive Hemodilution from Lethal Organ
Hypoxia without Scavenging Nitric Oxide

Yashiro Nogami', Manabu Kinoshita?, Bonpei Takase?,
Satoshi Syono*, Shinichi Kaneda’, Daizou Saitoh®,
Makoto Kikuchi’, Masayuki Ishihara®, Tadaaki Maehara'

!Department of Surgery,National Defense Medical College, Fapan

‘Department of Immunology and Microbiology

‘Department of Intensive Care Medicine

*Department of Defense Medicine

*Terumo Research Institute

SDivision of Traumatology,National Defense Medical College Research Institute
"Department of Medical Engineering

tDivision of Biomedical Engineering, National Defense Medical College Research
Institute

Objective: To investigate the efficacy of liposome-encapsulated hemoglobin (ILHb) transfusion in
rats undergoing lethal progressive hemodilution. Summary Background Data: Unlike other
acellular hemoglobin-based oxygen carriers, LHb has lipid bilayer membranes, similar to
mammalian red blood cells (RBCs), which prevent hemoglobin from direct contact with blood
components and the endothelium. Acellular hemoglobin has high affinity to nitric oxide (NO), and
reportedly, acellular hemoglobin-based oxygen carriers have pressor effects on peripheral vessels,
because they behave as NO scavengers. The vasoconstrictor effects of acellular hemoglobin may
cause decreased peripheral perfusion in massive hemorrhage, thereby diminishing oxygen delivery.
Methods: Rats were subjected to blood withdrawal (0.2 ml./min) and simultaneously resuscitated
by isovolemic fluid transfusion with either ILHb, 5% albumin, or washed rat RBCs for 150 min
(n=15 in each group). Results: All rats transfused with LHb or RBCs were rescued from lethal
progressive hemodilution, whereas none of albumin-transfused rats survived. LHb did not affect
the plasma NO metabolite levels, suggesting it was not a potent NO scavenger. LHb also improved
hemodilution-induced metabolic acidosis, and reduced exaggerated neuroendocrine responses and
injuries to the heart, liver, and kidney. It suppressed expression of hypoxia-inducible factor-lalpha
in the liver and kidney, suggesting improvement of hypoxia at molecular response levels. However,
neither transfused LHb nor RBCs improved the acute lung injury seen after progressive
hemodilution. Conclusion: LHb transfusion is very effective in rescuing rats undergoing
progressive hemodilution from lethal organ hypoxia without scavenging NO. (Ann Surg 2008;248:
310-319)
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‘ SY—-1-5 ‘ Pegylation Destabilizes the Haemoglobin Tetramer

Luca Ronda’', Dario Caccia?, Raffaella Frassi?, Michele Perrella?,
FElena Del Favero?®, Stefano Bruno', Barbara Pioselli’,
Andrea Mozzarelli!

'Department of Biochemustry and Molecular Biology, University of Parma, Italy

‘Department of Biomedical Sciences and Technologies, University of Milan, Italy

‘Department of Chemistry, Biochemistry and Biotechnology for Medicine,
University of Milan, Italy

Haemoglobin conjugated with 6-7 molecules of 5 kDa polyethylene glycol (PEG) exhibits a
prolonged life-time in the plasma circulation. This effect is due to the increase in the molecular
weight and hydrodynamic volume, which reduces renal filtration and endothelium permeation.
However, haemoglobin PEGylated under aerobic conditions shows high oxygen affinity, low
modulation of allosteric effectors and almost no cooperativity. To avoid these changes with respect
to HbA the PEG conjugation was carried out under anaerobic conditions. The product exhibits an
oxygen affinity, response to allosteric modulators, and cooperativity that are closer to HbA than
PEGylated oxy-haemoglobin. The alteration of functional properties is partly explained by an
increased dissociation of the PEGylated haemoglobin molecules into dimers as suggested by the
concentration dependence of the oxygen affinity and the elution profiles in size exclusion
chromatography. The chromatographic pattern is consistent with an altered tetramer-dimer
equilibrium due to a decreased rate of re-association of the dissociated subunits into tetrameric
species. We demonstrated by SDS-PAGE and MALDI-TOF analyses that PEG conjugation yields
a reproducible product with an average of 6.7 £ 1 PEG molecules per Hb tetramer and a predicted
broad PEG/haemoglobin ratio. This heterogeneity, possibly common to other PEGylated
haemoglobins, needs to be considered to evaluate in vivo physico-chemical and physiological
parameters in the perspective of their use as safe blood substitutes.
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‘ SY—-1—-6 ‘ Vanished Oxygen Affinity of Myoglobin by Pyridine-containing

eme

Saburo Neya', Masaaki Suzuki', Tyuji Hoshino’,
Teruyuki Komatsu?,

'Department of Physical Chemistry, Chiba University, Japan
‘Waseda University, Fapan

The iron complex of oxypyriporphyrin, a porphyrinoid containing a keto-substituted pyridine, was
coupled with apomyoglobin. The reconstituted ferric myoglobin was found to be five-coordinate
without iron-bound water molecule. The anionic ligands such as CN™ and N3 bound the
myoglobin with high affinities while neutral imidazole did not. The IR observation indicated that
azide complex was pure high-spin although the corresponding native protein was in the spin-state
equilibrium. The reduced myoglobin was five-coordinate, but exhibited no measurable affinity for
O,. The affinity for CO was lowered down to 1/2400 as compared with native myoglobin. These
anomalies were ascribed to the deformation in the iron coordination core by a relatively large
pyridine unit. The ligand binding analyses for the ferric and ferrous myoglobin suggests that the
proximal histidine pulls up the iron atom from the deformed core to reduce the interaction between
the iron and exogenous ligands. Similarity of the reconstituted myoglobin with guanylate cyclase, a
NO-responsive signaling hemoprotein, was pointed out.
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Symposium I

‘ SY—-1-7 ‘ Hemospan®: Rational Design, Preclinical Effects, and Clinical
Development of PEG-conjugated Human Hemoglobin

Mark A. Young', Peter Keipert', Kim D. Vandegriff’,
Robert M. Winslow"?

ISangart, Inc., San Diego, CA, USA
2Umiversity of California San Diego, CA, USA

The effectiveness of hemoglobin-based oxygen carriers (HBOCs) to deliver oxygen is dependent
on the profile of oxygen affinity, hemoglobin concentration and oxygen content, and cardiovascular
actions. The ideal molecular and solution properties for HBOCs and the associated actions in
animals and humans remain a subject of intense investigation. Hemospan® is polyethylene-glycol
(PEG)-conjugated human hemoglobin tetramer with a large molecular radius and high oxygen
affinity (P50 =5 mmHg), formulated at low hemoglobin concentration (4.3 g/dL.) and high colloid
osmotic pressure (70 mmHg). We have demonstrated that these characteristics limit facilitated
diffusion of oxygen from cell free hemoglobin and, as a result, avoid autoregulatory
vasoconstriction associated with oversupply of oxygen to the arteriolar smooth muscle. In a
number of experimental animal models, inspiration of 100% oxygen induces hypertension and a
decrease in cardiac output, effects which are mimicked by e« crosslinked Hb or unmodified
stroma-free Hb (SFH). The consequence of vasoconstriction with a« Hb or SFH is to compromise
oxygen delivery, acid base status and hemodynamic stability after hemodilution or hemorrhage. In
contrast, administration of Hemospan is not associated with vasoconstriction and, instead,
maintains oxygen delivery, cardiac output, and acid-base status following hemodilution or severe
hemorrhage. Thus Hemospan preserves perfusion and oxygen delivery compared with other
HBOCs exhibiting peripheral vasoconstriction. Measurement of perivascular nitric oxide after
administration of HBOCs suggests that the lack of vasoconstriction with Hemospan is not due to
differential NO scavenging. In addition to the critical lack of vasoconstriction, plasma volume
expansion with Hemospan is also important in maintenance of peripheral perfusion and oxygen
delivery. Hemospan expands the intravascular volume by approximately 1.6-fold the infused
volume, similar to that of 10% pentastarch, but significantly greater than that of «« Hb or the new-
generation hetastarch, Voluven. Our studies have demonstrated that the combined effects of
oxygen carrying capacity and volume expansion improve hemodynamic stability, acid-base status
and survival after hemodilution and hemorrhage relative to other HBOCs or matched colloids.

The clinical development program for Hemospan has strived to capitalize on the hemodynamic
stability and oxygen delivery observed in preclinical models. Phase II studies in orthopedic surgery
patients demonstrated significantly improved hemodynamic stability and maintenance of arterial
pressure during spinal anesthesia. Two PPhase III studies were deliberately designed to establish a
safety database in the controlled clinical setting of orthopedic surgery, with the avoidance of
surgical hypotension as the primary objective. Secondary endpoints were designed to capitalize on
the demonstrated hemodynamic stability to determine benefit in composite indices for organ
morbidity and ischemia. These trials have recently completed enrollment of approximately 850
patients and data analysis is currently underway.
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‘ SY—-1-—8 ‘ Transient Induction of Immune-suppressor Cells in Rat Spleen by
Massive Injection of Hemoglobin-vesicle(HbV)

Hiroshi Azuma', Hideki Abe', Daisuke Takahashi’,
Mitsuhiro Fujihara', Hiromi Sakai?, Keitarou Sou?,

Hirohisa Horinouchi®, Koichi Kobayashi’, Eishun Tsuchida?,
Hisami Ikeda'

!Research Division,Hokkaido Red Cross Blood Centre, Japan
‘Advanced Research Institute for Science and Enginnering, Waseda University,

Fapan
‘Department of Lung Surgery, Keio University School of Medicine, Japan

[Objective] HbV, a liposomal oxygen carrier containing human hemoglobin is one of the candidates
for artificial red blood cells. The safety and efficacy of HbV has been evaluated in various aspects.
However, its effects on immune system have not been fully estimated. [Materials and Methods]
HDbV or empty vesicle(EV) was intravenously infused into rats with or without pre-immunization by
Keyhole Limpet Hemocyanin (KILH). Then, splenic T cells (or lymph node T cells) derived from
the rats at various interval were cultured with Concanavalin A (Con A) and/or KLH. The cell
proliferation was evaluated by *H-thymidine incorporation into DNA. Expression of high affinity
IL.-2 receptor (CD25) on T cell and IL.-2 secretion from T cell were also evaluated by flow
cytometry. In some experiment, assay was done in the presence of inducible nitric oxide synthase
(AINOS) inhibitor. [Results] Con A(0.3ug/ml)-induced proliferation of splenic T cells derived from
rat loaded with HbV and/or EV was significantly suppressed compared with that from saline-loaded
rat. The proliferation of HbV-loaded lymph node T cells was also suppressed but the suppression
was not comparable to that of splenic T cells. Secondary response to KILH was also suppressed.
When splenocytes were taken 7days after HbV injection, no suppression was observed at all. HbV-
or EV- loaded splenocytes suppressed Con A-induced proliferation of saline-loaded splenic T cells.
No significant reduction of high affinity IL.2 receptor expression and IL.2 secretion was observed in
HbV-loaded splenic T cells. In addition, iNOS inhibitor was shown to restore T cell proliferation to
a certain extent. [Conclusion] Massive liposome injection induced immune-suppressor cells in rat
spleen, which lead to transient suppression of splenic T cell proliferative response to Con A and
KILH. Nitric oxide appeared to be involved in the suppression.
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Symposium I

‘ SY—-1-9 ‘ Potential Tumor Oxygenation by Systemic Administration of
Hemoglobin Vesicle in a Mouse Lewis Lung Carcinoma Model

Yotaro Izumi', Manabu Yamamoto', Ken Takeuchi’,
Masazumi Watanabe', Hirohisa Horinouchi', Yuji Teramura?,
Hiromi Sakai?, Shinji Takeoka?, Eishun Tsuchida?,

Koichi Kobayashi'

'Division of General Thoracic Surgery, Keio University School of Medicine, Fapan
‘Advanced Research Institute for Sci and Eng, Waseda University, Fapan

Background: Hemoglobin Vesicle (HbV) is currently being developed as an artificial oxygen
carrier. It contains concentrated hemoglobin solution within a phospholipid vesicle. Due to its
unique oxygen transporting capabilities in comparison to red blood cells, we hypothesized that it
may augment tumor tissue oxygen status. Methods: Lewis lung carcinoma fragments were
implanted in the right hindlegs of C57 mice. Once the tumors reached approximately 8 mm in
diameter, the animals were randomly assigned to receive systemic infusion of 0.9ml/kg of HbV
(HbV group) or saline (saline group). Tumor tissue oxygen tension was measured using
phosphorescence decay by Oxyspot before infusion, and up to 40 minutes after infusion. Also, in a
separate group of animals, the tumors were irradiated (20 Gy) after the completion of infusion.
Results: In the HbV group, tumor tissue oxygen tension increased significantly at approximately 10
to 20 minutes following infusion, after which it retuned to preinfusion range. This increase was not
observed in the saline group. Additionally, tumor tissue HIF1alpha level was decreased after HbV
administration. There was also a significant tumor growth delay after irradiation in the HbV group
compared to the saline group. Discussion: The present study suggests that systemic administration
of HbV transiently increases tumor tissue oxygen tension. The effect of irradiation given during
this period may be augmented, at least in part, by this effect.
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Symposium I

‘SY— I1—1 0‘ Polymerized Placenta Hemoglobin Improves Cardiac Functional
Recovery and Reduces Infarction Size of Isolated Rat Heart

Qian Yang', Tao Li% Jin Liu?, Wei Wu?, Mingliang Yi2,
Chengmin Yang®

Department of Medicinal Chemistry, School of Pharmacy, Chengdu Medical
College, People's Republic of China

‘Laboratory of Anesthesiology and Critical Care Medicine, West China Hospital,
Sichuan University, China

‘Institute of Tianjin Union Biotechnology Development, China

Objective: Polymerized human placenta hemoglobin (PPolyPHb) allowing transporting more O, to
the hypoxia tissues owing to its higher O, affinity than adult peripheral blood hemoglobin, as well
as having a lower viscosity and smaller mean diameter than human red blood cells, suggest
PolyPHb may be helpful to microcirculation perfusion and thereby alleviate myocardial
ischemia/reperfusion injury. This study was therefore designed to investigate its protective effect to
isolated rat heart. Methods and Results: Isolated rat hearts were perfused with Langendorff
model, after 30 minutes of baseline, the hearts were arrested and stored by St.’Thomas' solution
(STS) without (STS group) or with 0.5 gHb/dL PolyPHb (PolyPHb group) at 4°C for 8 hours,
then reperfused for 2 hours. Compared with STS group, PolyPHb in STS greatly improved the
recovery of left ventricular developed pressure (LVDP, P<0.01), maximum LVDP increase and
decrease rate (£ dp/dt, P<0.01), coronary flow rate (CEF, P<0.01). Also, both the cardiac enzyme
release, including creatine kinase (CK) and lactate dehydrogenase (LDH), and myocardial
infarction size were significantly reduced in PolyPHb group. Conclusion: our study provided
direct evidence that PolyPHb was beneficial to improving cardiac functional recovery and reducing
myocardial infarction of 8-hour hypothermic stored rat heart.
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Symposium II

‘ SY—-1I-—1 ‘ Hemoglobin-based Oxygen Carrier Mediated Vasoactivity :
Proposed Mechanisms and Potential Remedies

Hae Won Kim, Chi-Ming Hai
Brown University Medical School, Providence, RI, USA

A key impediment to regulatory approval of HBOCs appears to be an undesirable BP elevation
(hypertension) often observed following IV administration in preclinical and clinical studies. The
HBOC-mediated hypertension, as it occurs without increased cardiac output, appears to be
primarily mediated by systemic vasoconstriction. In fact, a recent statement by FDA indicates that
all HBOC products reviewed are vasoactive at the doses proposed for clinical use. Because
vasoconstriction can cause subnormal blood flow to affected organs, a crucial question is whether
HBOC administration could lead to critical organ dysfunction. However, there has not been any
published report that definitively links HBOC to observed serious organ dysfunction. While
potential benefits of moderate hypertension in certain patient groups (e.g., hemorrhagic shock) is
being debated, an acute BP elevation could be detrimental in vulnerable patients. Acceptable
vasoactivity is difficult to define generally since it depends on indications and individual patient's
condition. Vascular response to HBOCs may also be influenced by such factors as underlying
pathologies, concurrent medications, and infusion protocol. The etiology of HBOC-mediated
vasoactivity appears to be complex and may involve multiple pathways. Currently proposed
mechanisms include HBOC interference with endothelial NO, vascular autoregulatory
mechanisms, adrenergic receptors and activation of endothelin and other vasoactive agents.
Regardless of mechanisms, the HBOC-mediated hypertension could generally be modulated by
many conventional anti-hypertensive drugs including nitrovasodilators, Ca* channel blockers,
ACE inhibitors. It may also be possible to prevent the effect by pre- or co-administration of proper
vasodilators such as inhaled NO and nitrites. However, metHb formation (non-oxygen carrier)
and difficulty of proper dosing in hemodynamically unstable patients would pose significant
challenges. This presentation will primarily focus on mechanistic aspect of HBOC-mediated
vasoactivity and potential biochemical/pharmacologic means of modulation.
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‘ SY—-1I—-2 ‘ Does Lowering Oxygen Affinity of Polyethylene Glycol Conjugated

Hemoglobins Cause Arteriolar Vasoconstriction?

Amy G. Tsai', Pedro Cabrales?, Seetharama Acharya?,
Joel M. Friedman®, Marcos Intaglietta'

'Department of Bioengineering, University of California San Diego, CA, USA

’La Jolla Bioengineering Institute, CA, USA

*Department of Biophysics and Physiology and of Medicine, Albert Einstein College
of Medicine, NY, USA

Microvascular autoregulatory mechanisms prevent exposure of the tissue to extreme levels of
oxygen. The site of this control is the arterioles which vasodilate and vasocontrict thereby allow
and restrict oxygen delivery to tissue respectively. Sensitivity of these vessels to hyperoxia led to the
design of high oxygen affinity acellular hemoglobins. Their aim was to protect the arterioles from
exposure to high oxygen levels and to target oxygen delivery to anoxic tissue regions. Polyethylene
glycol conjugated hemoglobins (PEG-Hb) are ideally suitable since their P50 is very low
(approximately 4 - 6 mmHg). However in some clinical situations, it maybe advantageous to
deliver oxygen to tissue before it becomes nearly anoxic. The objective of these studies was to
determine if an increase in oxygen affinity of a PEG-Hb would result in vasoconstriction as well as
delivery oxygen to tissue. Microvascular studies were performed with the awake hamster window
model. Vasoactivity was studied in a topload experiment using PEGylated alpha-alpha Hb
molecule which has a much higher P50 of 30 mmHg compared to first generation PEG-Hbs.
Results show that arteriolar vasoconstriction obtained when the microcirculation is exposed to
approximately 0.5 g/dl alpha-alpha Hb (P50 = 23 mmHg) is eliminated when the same molecule is
PEGylated. Mean arterial pressure was slightly elevated without vasoconstriction. Extreme
exchange transfusion experiments with the PEGylated alpha-alpha Hb were also performed to
determine if tissue oxygenation is increased by this PEGylated alpha-alpha Hb.

Research supported in part by NIH HI.L064395, NIH HI.071064 and HL.062318.
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‘ SY—-1I-3 ‘ Mechanism to Avoid Vasoconstriction and Maintain Perfusion of
Pegylated Hemoglobins

Pedro Cabrales', Amy G Tsai?, Joel M Friedman?®,
Marcos Intaglietta 2

'Bioengineering, La Jolla Bioengineering Institute, CA, USA

2Department of Broengineering, University of California San Diego, CA, USA

‘Department of Biophysics and Medicine, Albert Einstein College of Medicine, NY,
USA

Despite the advances in oxygen carrier blood substitutes, the development of materials that
effectively maintain blood volume, perfusion and oxygen delivery remain the priority for
emergency care and trauma. There is increasing evidence that blood transfusions per se, might not
be the optimal blood replacement fluid. Vasoconstriction due to nitric oxide (NO) scavenging and
oxygen autoregulation are the problem of small hemodynamic radius hemoglobin (Hb) based
oxygen carriers (HBOC). Conversely, Hb based materials with large hydrodynamics radius due to
Hb encapsulation and Hb surface conjugations of polyethylene glycol (PEG) are vasoinactive.
PEGylated Hb (PEG-HDb) traps water creating a shielding around the Hb, eliminating hypertension
and vasoconstriction and even inducing vasodilation. These effects may be related to PEG-HDb's
NO management, namely: i) Shear stress related production of NO by mechanotransduction due
to increased plasma viscosity and direct molecular interaction; ii) NO transport in an allosterically
controlled reversible chemical reaction, and, iii) Nitrite reductase activity of the PEG-Hb.
Additionally to increase mechanical interaction with the vascular endothelium, PEG-Hb novel
biochemical properties produces intermediates that extract an electron from nitrite, leading to the
formation of reaction residues which generate nitrosothiols. The concerns with these mechanisms
are: 1) How do these reactions generate bioactive NO? ii) How does free NO arrive to the site of
action without reacting or being sequestered?; and, iii) If free NO does not form nitrosothiols, how
are these being generated? These NO generating mechanisms attributed to PEG-Hb/NO
interaction are the pathways for PEGylated Hbs to remain vasoinactive, and may in some
conditions, cause them to act as vasodilators, even though PEG-Hb is an effective NO scavenger.
Supported by NIH BRP R24-HL.64395, PPG HL71064, grants RO1-HIL.62354, RO1-HL.76182
and ARMY PR023075.
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‘ SY—-1—4 ‘ Effect of Artificial RBCs on Murine Hemorrhagic Shock Model

Yutaka Tomita' 2, Haruki Toriumi?, Jemal Tatarishvili?,
Minoru Tomita?, Miyuki Unekawa?, Hiromi Sakai’,

Eishun Tsuchida’, Hirohisa Horinouchi‘, Koichi Kobayashi*,
Norihiro Suzuki?

Department of Preventive Medicine for Cerebrovascular Disease, School of
Medicine, Keio University, Fapan

‘Department of Neurology, Keio University, Fapan

‘Research Institute for Science and Engineering, Waseda University, Fapan
*Division of General Thoracic Surgery, Department of Surgery, Keio University,

Fapan

Purpose: Effect of artificial RBCs" injections on brain oxygen tension after withdrawal of blood
from the mice was examined. Methods: Under isoflurane anesthesia, a cranial window was opened
above the left parieto-temporal cortex of the head of C57BL/6] mice (n=8). An oxygen electrode
(Eikohkagaku) was placed in an avascular area near the branch of left MCA of the brain surface. A
femoral artery and a tail vein were catheterized. After withdrawal of 0.3-0.5 ml blood, the same
amount of saline (n=3) or artificial RBCs (n=5) was systemically injected. During injection, the
changes of brain microvasculature, blood pressure (Muromachi) and oxygen tension (PO,) were
observed. The movement of FI'TC-labeled RBCs running through single capillaries in the ROI of
the brain parenchyma (50 um depth) was monitored continuously with video camera (30 frames/s)
or high speed laser scanning confocal fluorescent microscope (500 frames/s) ?. Results: The control
values of blood pressure and PO, at the brain surface were 80.5 £ 15.5 mmHg and 32.9 = 4.1
mmHg respectively. After withdrawal of blood, these values decreased to 25.6 = 5.6 mmHg and
22.9 £ 2.9 mmHg (statistically significant; P < 0.05). Stoppage or decrease of velocities of RBCs in
the MCA branch was observed. In the group of saline injection, PO, at the brain surface elevated
transiently then decreased a few minutes later. On the other hand, in the group of artificial RBCs
injection, PO, at the brain surface slightly elevated and showed a transient unstable change, then
re-elevated to the basal control level and sustained. Velocities of RBCs in the microvessels
recovered. Conclusion: It was suggested that artificial RBCs injections during hemorrhagic shock
were effective to prevent profound microcirculatory injury of the brain. References:1) Artif Cells,
Blood Substitutes, Biotechnol. 35: 81-91, 2007. 2) Microcirculation. 15: 163-174, 2008.
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‘ S—1 ‘ Design and Evaluation of S-nitrosylated Human Serum Albumin
as a Novel Anticancer Drug

Toru Maruyama', Naohisa Katayama?, Keisuke Nakajou?,
Yu Ishima', Hisakazu Komori', Kunitoshi Uchida?,
Jun-ichi Yokoe?, Norikiyo Yasui?>, Hisashi Yamamoto?,
Toshiya Kai?, Makoto Sato?, Masaki Otagiri

!Department of Biopharmaceutics, Kumamoto University, Fapan
‘Pharmaceutical Research Center, Nipro Corporation, Fapan

Objective: In recent studies, the cytotoxic activity of NO has been investigated for its potential use
in anticancer therapies. Nitrosated human serum albumin (NO-HSA) may act as a reservoir of NO
in vivo. However, there are no published reports regarding the effects of NO-HSA on cancer.
Therefore, the present study was undertaken to investigate the antitumor activity of NO-HSA.
Method: NO-HSA was prepared by incubating HSA, which had been sulfhydrylated using
iminothiolane, with isopentyl nitrite (6.64 mol NO/mol HSA). Antitumor activity was examined in
vitro using murine colon 26 carcinoma (C26) cells and in vivo using C26 tumor-bearing mice.
Result and Discussion: Exposure to NO-HSA increased the production of reactive oxygen
species in C26 cells. Flow cytometric analysis using rhodamine 123 showed that NO-HSA caused
mitochondrial depolarization. Activation of caspase-3 and DNA fragmentation were observed in
C26 cells after incubation with 100 uM NO-HSA for 24 h, and NO-HSA inhibited the growth of
C26 cells in a concentration-dependent manner. The growth of C26 tumors in mice was
significantly inhibited by administration of NO-HSA compared with saline and HSA treatment.
Immunohistochemical analysis of tumor tissues demonstrated an increase in terminal
deoxynucleotidyl transferase dUTP nickend labeling-positive cells in NO-HSA-treated mice,
suggesting that inhibition of tumor growth by NO-HSA was mediated through induction of
apoptosis. Biochemical parameters (such as serum creatinine, blood urea nitrogen, aspartate
aminotransferase, and alanine aminotransferase) showed no significant differences among the three
treatment groups, indicating that NO-HSA did not cause hepatic or renal damage. Conclusion:
These results suggest that NO-HSA has the potential for chemopreventive and/or
chemotherapeutic activity with few side effects.
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‘ S—2 ‘ Hemoglobin-vesicles as O,- and CO-carriers

Hiromi Sakai', Hirohisa Horinouchi?, Koichi Kobayashi?,
Eishun Tsuchida'

'Research Institute for Science and Engineering, Waseda University, Fapan
’Department of Surgery, School of Medicine, Keio University, Fapan

E-mail: hiromi@waseda.jp

Hb-vesicles (HbVs, 250 nm) are artificial O,-carriers that encapsulate concentrated Hb solution in
phospholipid vesicles. We confirmed that the resuscitative effect of the HbV fluid was comparable
with that of RBC transfusion, though both O,-carrying fluids inevitably showed some oxidative
damage to the tissues (Crit Care Med 2004; Shock, in press). Recent reports on cytoprotective
effects of exogenous CO, by CO-inhalation and injection of CO-releasing molecules, urged us to
test infusion of CO-bound HbV (CO-HbV) and RBC (CO-RBC) to improve tissue viability over
that of O,-HbV and O,-RBC. Male Wistar rats were anesthetized with 1.5%-sevoflurane inhalation
(Fi0,=21%) while spontaneous breathing was maintained. Shock was induced by 50% blood
withdrawal from femoral artery. Fifteen min later, they received CO-HbV, CO-RBC, O,-HbV, O,-
RBC, or empty vesicles (EV) suspended in 5% rHSA. All groups showed prompt recovery of blood
pressure and blood gas parameters just after resuscitation, and survived for 6 h of observation
period. However, only EV group showed significant hypotension at 3 and 6 h. Plasma enzyme
levels were elevated at 6 h, especially in the O,-HbV, O,-RBC, and EV groups. They were
significantly lower in the CO-HbV and CO-RBC groups than in the O,-bound fluids groups.
Immunohistochemical staining of 3-nitrotyrosine exhibited less oxidative damage in the liver and
lung for CO-HbV and CO-RBC groups. Blood HbCO levels (26-39% immediately after infusion)
decreased to less than 3% at 6 h while CO was exhaled through the lung. Both HbV and RBC
gradually gained the O, transport function. Collectively, both CO-HbV and CO-RBC reduced
oxidative damage to organs in comparison to O,-HbV and O,-RBC. Adverse and poisonous effects
of CO gas were not evident in this experimental model.
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‘ S—3 ‘ Injectable O-15 System for Oxygen Metabolism Studies Using
Hemoblobin-vesicle (HbV) : Automatic Labeling and Application
in Rats Using PET.

Vijay Narayan Tiwari, Hidehiko Okazawa, Masato Kobayashi,
Tetsuya Mori, Shingo Kasamatsu, Yasuhisa Fujibayashi

Biomedical Imaging Research Center, University of Fukui, Fapan

Abstract: Artificial red blood cells have emerged as one of the most exciting and promising
developments to substitute normal blood at least for a transient period of time. Evidence from
experimental and clinical studies suggests that they are stable enough in vivo and hence can be used
as oxygen carrier for diagnostic purposes. Intravenously injectable O-15 preparations could be
more efficient in terms of utilization and safety than the established O-15 inhalation method for
measuring hemodynamic parameters like cerebral blood flow (CBF), oxygen extraction fraction
(OEF) and cerebral metabolic rate of oxygen (CMRO2) in brain using positron emission
tomography (PET). This study examined the possibility of developing an injectable O-15 system
using Hemoglobin vesicles (HbV) a type of artificial red blood cell and later to measure brain
oxygen consumption in rats using O-15 labeled HbV. Though primarily HbV were labeled with O-
15 gas using direct bubbling, various other strategies were employed to enhance the labeling
efficiency of HbV including the use of a vacuum pump to eliminate helium fraction from target gas,
bubbling combined with vortexing and addition of L.-Cysteine as reductant to protect hemoglobin
molecule from oxidation. [.-Cysteine was found to play a significant role in increasing the binding
of O-15 with HbV. A maximum radioactivity of 204 MBg/ml of HbV was obtained under optimal
conditions. CMRO2 values of 6.8 £ 1.4 mL.min-1.100g-1 (n=5) were obtained in rats using a
small animal PET scanner after the injection of O-15 labeled HbV. O-15 labeled HbV can be
successfully utilized to measure brain oxygen consumption in rats using PET which indicates that
HbV is capable of carrying oxygen in vivo and subsequently in delivering it to cerebral tissue.
Keywords: Hemoglobin-vesicle (HbV), Injectable O-15, L.-Cysteine, Labeling efficiency, Positron-
emission tomography (PET).
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‘ S—4 ‘ Comparison of Nitric Oxide-induced Oxidation of Recombinant
Oxyhemoglobin Subunits Using a Competition Experiment

Yen-Lin Lin, Kuang-Tse Huang

Department of Chemical Engineering, National Chung Cheng University, Taiwan

A low reaction rate with nitric oxide (NO) is one of the important characteristics of hemoglobin
(Hb)-based oxygen carriers. The reaction rate between oxyHb and NO is usually measured by
stopped-flow spectrophotometry. However, the reported rates vary due to the difficulty of
accurately determining the NO concentration and the limit of the instrument dead time. To
circumvent these problems, we developed an experiment using oxymyoglobin (oxyMb) to compete
with oxyHb for NO that is released from an NO donor. Determination of the rate constants in the
competition experiment no longer depends on accurate measurement of time or NO concentration,
since this approach instead measures the ratio of rate constants for the reaction of oxyHb and
oxyMb with NO. For recombinant mutant Hb «(LL29F) f3, the rates for «(IL29F) and f are
approximately 150- and 1.7-fold smaller than for wild-type Hb. In conclusion, the competition
experiment provides an alternative method for determination of relative reaction rates of
recombinant Hb subunits with NO.
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‘ S—5 ‘ Polymerized Human Placenta Hemoglobin Decreased the
Pathological Nitric Oxide Production in Cold Stored Rat Heart

Tao Li, Pu Zhang, Jin Liu, Ronghua Zhou, Guohua Li

Department of Anesthesiology, West China Hospital, Sichuan University, People's
Republic of China

Ischemia, inflammation and heart failure result in induced nitric oxide synthase (iNOS) expression
in heart, and the subsequent depression of contractile activity and oxygen consumption has been
attributed to nitric oxide (NO) inhibition of mitochondrial respiration, which caused damage to
myocardium. Considering hemoglobin was the largest reservoir for oxygen and NO in the body, we
speculated that polymerized human hemoglobin (PolyPHDb), the polymer of hemoglobin, might
have potential influence on the NO produced in ischemia/reperfusion (I/R) injury. Isolated
Sprague-Dawley rat hearts were divided into 3 groups: sham group, St.” Thomas' solution (STS)
group and STS+PPolyPHb group, and perfused with Langendorff apparatus. After basal perfused
for 30 minutes, the last 2 group hearts were arrested and stored with STS and STS plus PolyPHb
(0.5g/dL), respectively, at 4°C for 8 hours, then reperfused for 2 hours. The sham group hearts
were perfused for 2.5 hours without cold storage. PolyPHb added in STS greatly improved the left
ventricle contractile performance during reperfusion, including left ventricular developed pressure
(LVDP), maximum LVDP increase (+dp/dt) and decrease rate (-dp/dt). In 3 group hearts, no
differences in eNOS expression and eNOS phosphorylation were observed, whereas the iNOS
expression in STS group was greatly increased. PolyPHDb in STS inhibited the iNOS expression
and significantly decreased the NO formation in I/R heart, these results were further proved by the
less formation of peroxynitrite (ONOQO") in STS+PolyPHb group. In conclusion, PolyPHb in STS
is beneficial to the cardiac contractive function recovery and this effect was partially associated with
reduced iNOS-derived pathological NO production.
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‘ S—6 ‘ Polymerized Human Placenta Hemoglobin Ameliorates Oxidative

Stress and Energy Deficiency in Cold Stored Rat Heart

Tao Li, Pu Zhang, Jin Liu, Ronghua Zhou, Guohua Li

Department of Anesthesiology, West China Hospital, Sichuan University, People's
Republic of China

Growing evidence indicated that augmented superoxide, nitric oxide (NO) and other free radicals
from ischemia/reperfusion (I/R) injury caused the oxidative stress and further contributed to
energy deficiency. Excessive NO during I/R injury was implicated to an early reversible inhibition
of cytochrome-c oxydase in complex IV, then followed by a persistent inhibition of complex I,
which decreased the oxygen availability and ATP synthesis in I/R heart. Our previous studies have
demonstrated the cardioprotective effect of polymerized human placenta hemoglobin (PolyPHb) in
isolated rat heart, this study therefore was designed to investigated the underlying mechanism of
this protective effect. Using LLangendorff model, isolated Sprague-Dawley rat hearts were divided
into 3 groups: sham group, St. Thomas' solution (STS) group and STS+PolyPHb group. After
perfused for 30 minutes as baseline, the last 2 group hearts were arrested and stored with STS and
STS plus PolyPHb (0.5g/dL.), respectively, at 4 °C for 8 hours, then reperfused for 2 hours. The
sham group hearts were perfused for 2.5 hours without cold storage. Compared with sham group,
STS group exhibited significant increase in NO production, companied by increased oxidative
stress in left ventricular tissue, PolyPHb in STS greatly decreased the NO production and
ameliorated the oxidative stress, evidenced by elevated superoxide dismutase (SOD) activity and
inhibited malondialdehyde (MDA) formation. Consistent with these results, the mitochondria
hydrogen peroxide (H,0,) content and cytochrome-c release in STS+PolyPHb group were greatly
reduced, as compared to STS group. Further, the mitochondria ATP synthesis in STS+PPolyPHb
group was also significantly higher than that in STS group, which conjointly proved the
mitochondria respiratory chain was well preserved by PolyPHb after 8-hour cold storage and 2-
hour reperfusion. Therefore, our study demonstrated that the cardioprotective effect of PolyPHb
might be associated with attenuation of oxidative stress and restoration of energy synthesis in cold
stored rat heart.
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‘ NM—1 ‘ Hemostatic Effects of Liposomes Carrying Fibrinogen y-Chain
Dodecapeptide on the Surface and Adenosine 5'-Diphosphate
Inside as a Platelet Substitute
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University, Fapan

‘Department of Life Science and Medical Bio Science, Graduate School of Advanced
Science and Engineering, Waseda University, Fapan

‘Department of Internal Medicine, School of Medicine, Keio University, Fapan

E-mail: mhanda@sc.itc.keio.ac.jp

We studied platelet substitutes for treatment of bleeding by focusing on a dodecapeptide;
HHLGGAKQAGDV (H12), which corresponded to the fibrinogen y-chain carboxy-terminal
sequence (y400-411), a specific binding module of the ligand for platelet GPIIb/IIIa complex. In
this study, we conjugated H12 to the surface of a liposome into which adenosine 5'-diphosphate
(ADP) was included to prepare H12-(ADDP)liposome, and evaluated their iz vitro and in vivo
characteristics related to platelet hemostatic function.

The effect of H12-(ADP)liposome (¢ 250 £ 80 nm) on agonist-induced platelet aggregation was
evaluated on an aggregometer (Hema Tracer 1638, Nico Bioscience, Tokyo). Thrombocytopenic
animals (rat or rabbit) were made by busulphan infusion, and a template-guided incision
(Quikheel™) was made 1 cm from the tip of tail or ear. The tail or ear was immersed in a 50 mL
cylinder of saline and the time taken to stop bleeding was measured. Using H12-liposomes having a
contrast dye, iopamidol inside, computed tomography (CT) analysis (eXplore Locus™, GE
Healthcare UK, Buckinghamshire, England) was performed to detect the accumulation of the
iopamidol-incorporated liposomes to the sites of vascular injury in normal rats.

As compared with the H12-liposomes, the H12-(ADDP)liposomes significantly enhanced the
collagen-induced platelet aggregation, suggesting that release of ADP from the H12-
(ADP)liposome was triggered by platelet aggregation. In vivo hemostatic effect was studied by
measuring the tail bleeding time of thrombocytopenic rats at 5 min after the intravenous
administration of the H12-(ADP)liposomes. The bleeding times of the normal ([platelet] = 8.1
0.9x10° /uL)) and thrombocytopenic rats ([platelet] = 2.0 = 0.3x10° /uL.) were 178 £ 56 and
682 = 198 s, respectively. The H12(ADDP)liposomes at a dose of 10 mg/kg shortened the tail
bleeding time to 349 £ 49 s, whereas the H12-liposomes at the same dose were without effects
(572 = 127 s). The similar hemostatic ability of the H12(ADDP)liposomes was also seen in
thrombocytopenic rabbits. It was thus suggested that the H12-(ADP)liposomes would amplify the
in vivo hemostatic ability by releasing ADP. Indeed, with CT analysis, the H12-liposomes were
shown to specifically accumulate at the sites of vascular injury. These results indicated that the
H12-liposomes would be a promising candidate as an ideal synthetic platelet substitute that is
specifically recruited to and exerts its hemostatic ability at sites of vascular injury.
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‘ NM—2 ‘ O, Binding Properties of Recombinant Albumin-heme Complexes
aving Arginine at the Entrance of the Heme Pocket

Akito Nakagawa', Teruyuki Komatsu'?, Stephen Curry?,
Eishun Tsuchida'

'Research Institute for Science and Engineering, Waseda University, Fapan
PRESTO, Fapan Science and Technology Agency.

*Division of Cell and Molecular Biology, Faculty of Natural Sciences, Imperial
College London, South Kensington Campus, UK

E-mail: akito@aoni.waseda.jp

In our blood stream, iron(IIl)-protoporphyrin IX (hemin) released from methemoglobin is bound
within a D-shaped hydrophobic cavity in subdomain IB of human serum albumin (HSA) with an
axial coordination of Tyr-161 and salt bridges between the porphyrin propionates and a triad of
basic amino acid residues (Arg-114, His-146 and Lys-190). We found that a pair of site-specific
mutations into the subdomain IB of HSA allows the heme to bind O,; (i) introduction of a
proximal His at the Leu-185 position and (ii) substitution of Tyr-161 with non-coordinating Leu
(rtHSA(HK)). The rHSA-heme could be an artificial O, carrier acting not only as a red blood cell
(RBC) substitute but also as an O,-providing therapeutic reagent. However, the rHSA(HK)-heme
showed two O,-binding affinities which are probably due to two different orientations of the heme
in rHSA. In this paper, we report new rHSA having Arg at entrance of the heme pocket (146
and/or 190 position) and its effect on O,-binding properties. The introduction of Arg yielded a
single O,-binding affinity (Ps,: 6-9 Torr, pH 7.0 at 22 °C); the value of which was almost the same
as that of RBC (8 Torr). Resonance Raman and infrared spectra of this rHSA-heme revealed that
the strained coordination disappeared by the introduction of the Arg at 146 and 190 position. We
can conclude that introduction of Arg into the entrance of the heme pocket of rHSA-heme is
effective at excluding the low O,-binding affinity conformer.
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‘ LS—1 ‘ Hb-vesicle, a Cellular Hb-based Oxygen Carrier, Fulfills the
Physiological Roles of the RBC Structure

Hiromi Sakai', Keitaro Sou', Yotaro Izumi?,
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'Research Institute for Science and Engineering, Waseda University, Fapan
‘Department of Surgery, School of Medicine, Keio University, Fapan

E-mail: hivomi@waseda.jp

Biconcave RBCs deform to a parachute-like configuration to flow through a narrower capillary.
This profile is believed to be effective to facilitate the gas exchange. On the other hand,
physicochemical analyses have revealed that O,-unloading and binding of Hb are significantly
retarded by compartmentalization in RBC. Why nature has selected such an inefficient cellular
structure for gas transport? Interestingly, some of the answers to this question have been revised by
the research of blood substitutes.

Hb-vesicles (HbV) are artificial oxygen carriers encapsulating concentrated Hb solution (35 g/dL)
with a phospholipid bilayer membrane. Concentration of the HbV suspension is extremely high
([Hb] = 10 g/dL, volume fraction, ca. 40 vol%) and it has an oxygen carrying capacity that is
comparable to that of blood. HbV is much smaller than RBC (250 vs. 8000 nm), but it recreates
the functions of RBCs; (i) The O, unloading of HbV is slower than that of a cell-free Hb solution;
(ii) COP is zero. For a massive dosage, HbV has to be co-injected with or suspended in a plasma
substitute such as albumin; (iii) The viscosity of HbV is adjustable to that of blood; (iv) HbV is
finally captured by RES, and then degraded and excreted promptly; (v) Co-encapsulation of an
allosteric effector regulates O, affinity; (vi) Hemolysis is minimal during circulation and the lipid
bilayer membrane prevents a direct contact of Hb and vasculature; (vii) Reaction of NO is retarded
by an intracellular diffusion barrier, and HbV does not induce vasoconstriction.

We admit HbV has only a few days of functional half-life after intravenous injection. On the other
hand, the obvious advantages are that it is pathogen-free and blood-type-antigen-free; moreover, it
can withstand long-term storage for stockpiling. HbV has a variety of potential applications not
only as a transfusion alternative but also as an O, or CO therapeutic fluid that cannot be attained by
the present RBC transfusion.
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'Division of General Thoracic Surgery, Keio University School of Medicine, Fapan
‘Department of Anesthesia, Keio University School of Medicine, Fapan
*Research Institute for Sci and Eng, Waseda University, Fapan

Hemoglobin Vesicle (HbV) is currently being actively developed as an artificial oxygen carrier. It
contains concentrated hemoglobin solution within a phospholipid vesicle. As a resuscitative fluid, it
will potentially be administered to patients receiving care in the intensive care unit, which includes
mechanical ventilation. Mechanical ventilation differs in a number of ways from physiological
breathing. LLung injury may be affected by positive pressure ventilation, known as ventilator
induced lung injury (VILI). In the present study, we studied the effects of HbV administration in a
rabbit VILI model. HbV did not affect lung function when administered under spontaneous
breathing. In this study, we administered HbV when the lung was mechanically ventilated. Rabbits
were mechanically ventilated (tidal volume, 30ml/kg), and 30%, or 60% exchange transfusion was
done with HbV, saline, or 5% albumin. Hemodynamics, and blood gas parameters were monitored
for 4 hours. The lung was then resected for histology. Wet to dry ratio was also measured. In the
30% exchange groups, there was no apparent change in systemic blood pressure in any of the
groups. Arterial oxygen tension tended to decrease gradually, but there was no significant
difference between groups. Slight lung edema was observed. There was no significant difference in
the wet to dry ration between the groups. The moderate decrease in arterial oxygen tension
suggested the presence of ventilation induced lung injury, but there was nothing to indicate that it
was aggravated by HbV administration. In the 60% exchange groups, HbV administration tended
to improve arterial oxygen tension. (Supported by MHLW of Japan)
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Background

Donor blood continues to be priming for clinical cardiopulmonary bypass (CPB) in neonate and
infant to avoid unacceptable level of hemodilution. We have previously demonstrated that
hemoglobin vesicle (HbV) has contributed preservation of neurocognitive function after
hemodiluted CPB in rat. The mechanism of the effect is to be clarified.

Method

Nine rats subjected CPB (90minutes and 200ml/kg/min of bypass flow), without the use of donor
blood priming. Hb V was added in the priming of CPB (Hb V group, n=4), whereas the other 5
animals served as control group. Brain tissue oxygen tension and regional cerebral blood flow
(rCBF) were monitored during and after CPB.

Result

In both the groups hematocrit decreased to 13.3+/- 0.5, 12.0+/-1.4 during CPB, but maintained
brain tissue oxygen tension during and after CPB. rCBF increased in both the groups during and
after CPB, although Hb V group showed less increase during CPB and more increase after CPB
(p=0.489) compared with the control group.

Discussion

In hemodiluted CPB Hb V may contribute in oxygen delivery and better maintain cerebral oxygen

metabolism after CPB. Thus the use of Hb V for clinical CPPB prime in neonates and infants should
be warranted.
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We have shown previously that arterial perfusion with hemoglobin vesicles (HbV) is superior to
oxygenated Krebs solution and maintains structural and functional integrity of the isolated jejunal
loop for up to 2 hours. In this study we investigated whether our model is able to detect changes in
intestinal permeability induced by chronic inflammation. Balb/c mice (n=30), healthy or infected
with Helicobacter pylori (Hp), received antibiotics or placebo for 2 weeks. Intestinal permeability
was measured 2 months later. 4-5 cm segment of jejunum was selected, the terminal branch of the
mesenteric artery was cannulated. The loop was perfused arterially with HbV dispensed in a
modified Krebs solution with 5% albumin. Macromolecular markers *'Cr-EDTA and “C-mannitol
were administered luminally. Their concentration in the venous outflow was measured using
scintillation counter and expressed as a percentage of the luminal content. Tissue samples were
taken and examined for Hp, inflammation and structural damage. Data are presented as means =*
SE. The perfusion with HbV resulted in a normal histology with preserved epithelium in 83.3% of
experiments while in 16.7% segments we found moderate/severe epithelial damage, mostly result of
prolonged surgical manipulation. Hp infection induced chronic gastritis but did not affect jejunum.
Paracellular permeability for **Cr-EDTA was higher in Hp infected mice compared to uninfected
controls (0.57 = 0.08 vs 0.27 = 0.07, p<0.05) and tended to improve after eradication treatment.
Membrane permeability for *C-mannitol was also higher in Hp infected mice compared to controls
(1.10 £ 0.10 vs 0.63 = 0.15, p<0.05) however this did not improve after eradication treatment
(1.15 = 0.16, p<0.05 vs control). In conclusion, Hp infection in mice impairs intestinal epithelial
barrier. Hp eradication partially improves paracellular permeability but does not affect membrane
permeability. HbV-perfused intestinal loop is a valuable tool for assessing gut function in both
health and disease.
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The reaction of NO, an endothelium-derived vasorelaxation factor, and Hb is restricted by
encapsulation in RBCs to prevent vasoconstriction. This essence is applied to an artificial O,
carrier, Hb-vesicles (HbV), that mimic the cellular structure of RBCs, and actually we confirmed
that HbV becomes vaso-inactive in blood circulation. However, the mechanism of the NO-binding
restriction is controversial; i) an extracellular diffusion barrier surrounding the RBC; ii) a RBC
cytoskeletal submembrane constituting a diffusion barrier; and iii) retardation of NO-diffusion due
to the viscous Hb in RBCs. To clarify the mechanism, we analyzed HbV with different intracellular
Hb concentrations, [Hb];,, and different particle sizes using stopped-flow spectrophotometry [1].

The apparent NO-binding rate constant, &'\, of deoxygenated HbV at [Hb];, = 1 g/dLL was almost
equal to kyo of molecular Hb, indicating that the lipid bilayer membrane cannot be a barrier. With
increasing [Hb];, to 35 g/dL, &'wo decreased by 1/3, which was further decreased by 1/5 with
enlarging particle diameter from 250 to 450 nm. For carbon monoxide (CO)-binding, which is
intrinsically much slower than NO-binding, &'yo did not change greatly with [Hb];, and the particle
diameter. Results obtained using diffusion simulations coupled with elementary reactions concur
with these tendencies and clarify that NO is trapped rapidly by Hb from the interior surface region
to the core of HbV at a higher [Hb];,, retarding NO-diffusion toward the core of HbV. In contrast,
slow CO-binding allows time for further CO-diffusion to the core. Simulations extrapolated to a
larger particle (8 um) showing retardation even for CO-binding. The obtained k'\xo and &'co yield
similar values to those reported for RBCs.

In summary, the intracellular diffusion barrier is predominant owing to the intrinsically rapid NO-
binding that induces a sink of NO from the interior surface to the core, retarding further NO-
diffusion and binding. A high [Hb];,, 35 g/dL, and a larger particle size are the key factors to

regulate the NO-binding and to optimize artificial O, carriers comprised of phospholipid vesicles.

Refs: [1] Sakai et al, JBC 2008;283:1508-17; BBA 2008;1784;1441-7.
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[Background] Blunt trauma is often accompanied by massive hemorrhage from solid organs'
injury such as liver, kidney, pancreas. A large amount of blood can be flow out into the peritoneal
space. Therefore fluid resuscitation to restore the circulation volume as well as maintenance of
organ perfusion is important for these patients. Artificial oxygen carrier with colloid solution may
act as volume resuscitation and oxygen infusion to tissues.

[Method] Male Wistar rats weighing 350g were used. After general anesthesia using sevofluren,
67% hemodilution was done by serial withdrawal and infusion with HES. Then left kidney was
destroyed by cutaneous manipulation. Macroscopic effect of this procedure revealed to resemble
blunt rupture of the kidney. After injury, MAP decreased and Fluid resuscitation was begun when
MAP reached 30mmHg. Animals were randomly divided into four groups, non-resuscitation
group, 5%HSA group, HbV group.

[Results] There are no deaths in HbV group and length of survival was good. Estimated
circulation volume decreased in each group but in HbV group, decrease of circulation volume was
smaller than other groups. MAP was maintained after initial drop in HbV group. Subcutaneous
blood flow decreased as well as PtO2 even after resuscitation in 5%HSA group and non
resuscitation group, but in HbV group, Pt O2 was maintained at the level of 15 Torr. Increase of
Lactate level was inhibited in HbV group after resuscitation.

[Discussion] Resuscitation with HbV could improve survival and circulatory indices after
traumatic abdominal uncontrolled hemorrhagic injury. Stable PtO2 and inhibition of Lactate
increase indicated HbV can carry enough oxygen at low blood pressure, low flow condition in
peripheral tissue.
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Uncontrolled hemorrhage is usually fatal if fluid resuscitation and adequate hemostasis cannot be
achieved. Low blood pressure causes sparse perfusion and hypoxia in peripheral tissue and organ
function is deteriorating in a short period. Artificial oxygen carrier may improve oxygen
metabolism of organs and elongate survival.

Method: Male Wistar rats were used. After general anesthesia with sevofluren, lapalotomy was
done. Uncontrolled hemorrhage was created by penetrating the aorta with 24 G needle. MAP
decreased swiftly and when MAP decreased lower than 20 mmHg within a minute, resuscitation
was initiated. Several resuscitation fluid such as large volume of saline, same volume of allogenic
blood, same volume of 5% albumin, HbV resolved in 5%HSA was administered. MAP, HR, WBC,
Ht, Hb, Lactate, Piruvate were measured. When animal died, time was recorded.

Results: Bleeding volume was 8.0+/-0.9ml in no resuscitation group, 14.3+/-2.9ml in high volume
saline group, 12.6+/-4.1ml in allogeneic transfusion group, 11.8+/-4.0ml in 5%HSA group, and
9.8+/-3.7ml. In high volume saline group, constant decrease of MAP was observed even large
resuscitation fluid was administered. There are significant difference in blood loss between saline
group and other groups. In HbV group, blood loss was significantly smaller in amount. Change of
Lactate/pyruvate ratio was smaller in allogeneic blood group and HbV group.

Discussion: In uncontrollable hemorrhage model, MAP could not be maintained by large volume
of crystalloid fluid. Colloid containing fluid seemed effective for elongation of survival. Oxygen
carrying capacity inhibited the increase of lactate/pyruvate ratio. HbV was thought to ameliorate
organ oxygen metabolism and increase the survival time.
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