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Design of Hemoglobin-based Oxygen Carrier Considering

Interactions Between Hemoglobin and Nitric Oxide

A —BED, hHIE?, EREFY, KB L EY, BH B, TR, CEFE, L8 #H
Ichiro Sakuma?, Kunihiko Nakai®, Hiroko Togashi®, Jun Sakanoue®, Satoshi Fujii”, Mitsuhiro Yoshioka®,
Hiroshi Sato”, Akira Kitabatake"

HbR A TEEFERMAHBOC)H T, FRAT—HDO b OFE=MEBERAREZRT L, BEMITIETTICBRRICA ST S, LarL,
HbD—BH{LZZENOAFELERICERRAT 2 L E 2 0N AHE, HE, M/IMRBRETESORBERAVEER SIS, bhibhidlhb
OmEEE HiE L THbR#EOSHESE = bV L L 7:8-= } 1T VHb(SNO-Hb)DFIFH, &5 ICHVSFOE KRR ERL, i FEl
B - BEEFEMEIT - C& 7. BAFHVIEKRANTNOEEF & LTHERL, MELER & M/MURETI#ES X 723755, SNO-HbIZEHRNT
NOZHH L, #hE5fke L THERATLIZLSHL M E 2o 72, B8R Y F L 2 7)) O — W (PEGYEER % 17 - 72PEG-HbTIINO
HEIRITEALRD SN T, SNO-PEG-Hbidtr LANOMEH & L TEAT AWREMARENS. ZThoD5FREH & LA-HBOCT
IINOEZEIZ X ZBER Y EIEE S, BRIRMICEBRWTEEMND A, 512, FRAA-IL b —KRVEIBEOTEENELD 5.

Cell free hemoglobin(Hb) derivatives developed as Hb-based oxygen carrier(HBOC) are potent vasoconstrictors and can also enhance platelet
aggregation in vivo due to their nitric oxide(NO) scavenging action. Recently, S-nitrosohemoglobin(SNO-Hb) was shown to function as an NO-
donor and may be a good candidate for HBOC. More recently, we developed a new long chain polyethylene glycol(PEG)-conjugated Hb, which
possesses more desirable properties as an HBOC due to its large particle size. Platelet aggregation induced by ADP or collagen was significantly
enhanced by stroma-free Hb compared with saline control, reversed by SNO-Hb and PEG-HDb, and was significantly inhibited by SNO-PEG-Hb.
Thus, SNO-Hb and PEG-Hb would be clinically more desirable than stroma-free Hb because the formers are expected not to affect NO so much in
vivo. Furthermore, SNO-PEG-Hb seems to be a unique HBOC that has anti-aggregating effects and NO releasing properties, and it would be
clinically very valuable. Finally, we would like to refer to a possibility of manufacturing a new perfluorocarbon material. —Key words:
Hemoglobin, Hemoglobin-based oxygen carrier, Nitric oxide, Polyethylene glycol, Platelet, Perfluorocarbon. '
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LT, HoBHMDSHEIINODHEA L7:S-= b T VHb(SNO-Hb) % &
ELT&72. Cho3BERSEREZATLIOALLT, NOHE
ERD» A, bLILLANOMEAKRE LTERATAZ LN
Bohshol, I, HEEEHERIZFL 7Y
(PEGEHi 22 52 L12& ), HbIINOWEIERI L W 2% <
Y, PFEHKOERMIPFEERBOERbBFEINLZ LD
5, BB ANIBEMSEKOEM L 2 ATRE HSH. 251
Z OPEG-HbDSNOK(SNO-PEG-Hb) T 58 ) e NOHt 5-1EFH 381
gxh, MBENEER+*ET 2HbRATREMRSAEOAIH)HES
Fanas.

AR TIX, HoEEA L NOE DHEER#BEL, DWTAL
BESHEOH - %2 FH & L TDHDSNO-Hb, PEG-Hb, SNO-PEG-
HbiZBT 27— 9 28ATHE LD, 4HBODADLILOATL
BEEM AT ARETHICOWTER L2V,

1. AIBFEGHS & E L TOEMREHEEED LS

Hbi3 AR ILERPII BB EGmM) THEET 575, I OHb% HRIMER
PO L, BRSERE, BeoBfit T & BHRMHLR
Bk 3B # fA(Hb-based oxygen carrier: HBOC)A31% 5 1L 5 L 29(3K 1).
Hbidasl L PEED O 2 B 4 BHETHY, HoEEZHRE LGS,
off - PRI THREE L, BSOS OHRIC X Y DS Ak E
&N, HORE - BEBE2ERLTLEY). ZOMBRKELT,
o PHMICEBEEA LS TFHNEERHbSER SN, £
7z, & FARIMERATIE, 2,3-DPGABSENKIm & &4 L, HbDEE
FPAULETEHETVWEOT, 2,3-DPGZ A L 2VWHBOCH A

TEEZEMSAE U THEXEA40121E, HbofBO T A &
FERIC L BT, oS DAsn-108b—LysDEHRIZL 2 1
Kb LOFTHEHEZMZ 5LENS - 7.

Hb A TFREBERICL Y P HERBEREIZLERET L0
O, EBRMTITEEMTHL. FRPERICIIHOTFEE
KELTHLENSH L. BOFKidpyridoxal 5'-phosphate % 2,3-DPG
AR L, MEPAEZETIELE, HFFER) =
F L ¥ ) 2 — )V (PEG)SE THEHT L 72(PEG-Hb: 12 Apex|Z5EE)
(R1). ZOHFE, FRBINOOEBHDEFTERLL. F/-,
Hb B FOBEKILICIIHVS FR 2 EET 2 HiENH 55 FHEE
#IHb)(FE1).

HBOCH & ) k2D F 4 7L L TR RV — L 8EEHbN S
L. Z0FALTRObHFETRINVENHREDTHY, BEMSE
BN, F A A4 XATKE {(180-240nm), NOHZEERICED
CHMEEASOB/BROBEALIZLA LRV, L2L, R
BT hS y 7ENTHIEEN L Z & H 5, GHMOMEHETIZRM
Bl weBbhzd, BEHROGATIIRESRE~OEE LK
GEECHLTRET2MEbH 5.

2. Hof&ik(C & % mEURKE1EA

MENEEFEOMEMSEIE, EDRFDIIH, prostacyclin
(PGL) & M2 k85 E F(EDHF) I & o THIlE S h Tw 50
EDRFIINOTH A Z AL N E k> THB Y, Hbo HERIIR
59 5%L, NLIZEDRFTHANODRZ b, WEMKEROME
SR HTHIG] S M B AR, MBEIUEIEZ 29,

#£1 ALBRFEEREL L TOEMREANES DY BEEORREERRKR

47 REER BE D #)m
SFARER Baxter Healthcareft LB NA NZAFERICBT L RENSHDOREY#GE LT, 2FHESE
#IHb [HemAssist™ | OFR6] % FMNEERTICHET 2 bR T
L ERETER. LoL, SMEHY 3 v 21T AR HORERDIZE
“ CEROWIMAPEE SN/ 72 ORRFAER L B L. HemAssist Project b D
HOR % 199849 A 12K, —F. BUILL 7-Somatogentt DML A X Hiffi &
AL, ZFEOKEL, HOANLENOE OB LHIE L /-5 %Hb
1tk % B,
PEG-Hb
I~y Apex Biosciencett PHP (BROFEPEGHISHTHD) % FAVs 2 BUIAE B2 BV 5 BRI E % %
K& LT-RRETHRABRICEII L., FMMEFES. F/-. KEPHPO
S-= b ofb & @,
-
5T EAE Northfield Laboratoriestt i > 3 v 7 I LR AMBEED60% [CHLE T A2 EESHD

[PolyHeme™ | % %59 % R4 MAHREBR DA % 19974E4 F ICFDA X

URIEER

Biopurett:

TNENLTILVTE FEASE [OXYGLOBIN| BEREFEBRTT CIIEE

R, b MERTIEFEL b D% [HEMO2PURE] & L CERRS DHR
EXASEAT .
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HblZ L 2R ERGEIMO TIETERSND. LTIy
b TIESFREEEHL Y 125mg/keit 53 TR KA IE RS H 15
LN, WGEZHEMLTOMFERIZEALLER LAWY, OB
DHbREI30.16g/dLTH ), —F, EMFORMIKHbD BT
15g/dLTH 5. ZD &) IZ1%FEEOME OHO A M ILHE % Bk
T 524, RMERHbE 13874 ZNO/EDRFEEDEF*E 2 b4
EXbrLEIOLND.

7 4 F KBIIRIEAR % B V> Tacethylcholine(ACh)IZ & A EDRFR
B ERET 5L, HoiREKRFRICHRERLIHT S, 20
MEFRHEIEH % S#EHBOCTHE L/ L 2 5, EMEEMHbIZIZIZ
FIRE OB RIC IR Z R L7210, 2 0K RICH#IZPEG-HbT
BETAHICBHL, VRV - LAE8BEHbE RIOFTIIESICH
FBELA. L2 L, HoiEE0.1%L £ Tl &l bR 1o 2
MRRD HNT, invivoll BT 5 EHFIEHbO M) & MBEIUHEIER
EFHSICEEHATE R oz, £ CTEEHBOCKY 0T REL
%, BEMAOHbE &R E L, EDRERICZERL-EZ 5,
FIEAFHL TIZEDRFIGASBE & 12885 L, PEG-HbTidhb$
WZHRES, VRV — A @ERIHD & ARIMER T3 g L R S h
7z, KAEHIHbOEDRFHIHNILBEKFEETH D, F Z-EDRFRL
(IEFR & IR LTSRS 5 7210, B ERZ2% T VET
V7 I V(BSA)B L RS FET73,000Da0D2% 7 ¥ A b7 Y
TTIT9H &, MO FIIHbIZ X AEDRFIHIZ 8RR L 7. DB
Boo, ERREHLO MEDEIEROBFE L LT, HbA HEM
B2 6 MEBEFBHEICREAL, £ CNO/EDRF%HET 57
BEtEAURIE S 72 (=1). BSAR EDT I OS5 FIZHVOB AL
ETHLOLEREEIND. ARLERIT, Fy7 VLV TEICE
57y MOERERTLEL LM,

HbfE 860 M & P 5% B 1%

mape i g |WOVRESIS | v - hunp
PEG-Hb C(%

1. MEMICBTEANES T S (Hb)RBEEEREIC L 5 —F
LEEEAOEELS- = bu AT OV Vi X AR
PEG-Hb: polyethylene glycol-conjugated Hb.
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Hb D MERERE 25 MEBENEAT LR, NENGEIER
ENBVIHRHEE & SIZHRIET 4720, HBOCOIME MR &AM
EBRETo722, 7 U KEIRBRNENEMRE I -7 74
VF— LICHRBREL, BEMIE LSS TH~BE T 2BSA
B L UHBOC%* #HllE L 7.

FOKEF, HbEBSADGFREIZIZIZEHE L WIZH 2hb 6T,
FKIEHHbD EEHEEIIBSADRRETH - /2. FFREERHLT
bEBMIIBSAL D &<, HbOEEEM Xdimer~DFEMIZ X
550 TRLL, FTRRPAFRICEEShLEEZLON —
%, PEG-HbDEBMIIEL, TFH 4 XKk E HoEEHEIT L
FBBLIIC W EPRENT:, PEG-HbTIZT 3 /RN /-0
WMBEHIEDLY, TOVKRELGFLLTEBTAIEFREINT
Wwah,

AEREP?SH D, Holl X H2MEBENMIEHORF L LT, HbOT
PHEAERG»OMERIBATAILIEETH), TORE
EFF A4 XKL, BSFIT EMEIREEIER OBV 2 & AR
anh-. EE, MRS SR FREERHbIZER P I
Y USERICHET 2 L MEENTHE DY, HEBEOSFI A X
TIEAEMAIE N 7— L LTRSS L2V DEEZS
ha. f/:, FFHEERHD & REHHLIZIZIZES O MmN
fER %R L, PEGISEIC X D AEMERIIRITT AL SN TWBES,
I o DEWmEIE, HbEEEO M BRIEME & MEMNEE RN
BETAHAZIERZRET S,

DXy, mMHERMEE L, »ONOHII L 5B IUHE
fEH DA 2 VWHBOCE LT, PEGIL - EA&ILR LI E W 5FH A
X2 RELLIEMOREIEDONLREEZEZ LN, bhb
NIZZ Dt THBOCH S Fixet ¢ D T& /2. RUIRT L
2, FFED/NECHBOCOIEBRAER L 726 DD, PEGHKSTHD
ROFHEEEHOD & 5 ICFFEDKE ZHBOCHEERITI T EE
DD 5, &5 ZBaxter Healthcarett b Hb3 FOE KL% £ X
LTWBEEIL, bhbhOF$OZYULHBTLIONEED
na.

3. AETOE EMKIC & 3 M/IMRBE R IER
HBOCONO/EDRF{EZ 280 ME EF I3 RN 7205, LR
ORFEIILIILEL IRV, o T, MELRIIEIEATIED
2500, Bl a v s RETRELAFEATHBELERS
ha. I/, o FMFT v ay T, FEERNOSHREEE
POEEINLKEONOIZE WV EHLEMENE U S,
HBOCIINOHZEIC X DEREELMEI LI EHBTE S,
HBOCO BRFRAEBRER I LR R SN -BIER IR RH 59, Zh
13, NANCHI#EHIR CE B % 5t#& 3 5NO%, HBOCIZ &
NEEENEDLEZ LI, AEEHFHEOMNE, KEH%
BEIREOTLE, BEEIEZ EHPRHOLNTN5,
NOIXM/MRADGMP % L &, IM/IMREE - $5% % #0%)5
5. ZD7:&, HBOCIKM/IMREE % RS AR H 50,
EES, Olsenb 37 v MEBROMERBEE VL H, T2
71 e E B Dcross-linked Hb % 3% 5 L 72354, WEFH B~ M/
WEEIHERT A2 L 2HELTWAD, ZONOEDRFEEIZE
B M/MRERE DML, IS/ MRUBEDOTTELIIRREICES T 5
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Saline
Collagen Hb
(10 pg/mt)
SNO-Hb
Saline p<0.05
(2-way ANOVA)
Hb
ADP SML
(5 uM) TN
SNO-Hb MeantSE, n=7-12
| ]
0 5 10 15
Number of aggregates (10)
2. Brown NorwayZ v b iIstroma free hemoglobin(Hb)$ L <

i3 S-nitroso-Hb(SNO-Hb) % 125mg/kg&hiE L, 100128
B L 7z /MR DADP 5uM$ & Ucollagen 10ug/mLIE & % &
ERIE. ZM/MRNAE O M/ MRERE L L —F - BELEE
WX DERELL. S /MNEER, M PEER, L. KERE
*.

E42 DR FEDPEG

Hb
SH : SH
SH

SH.

s-nitrosoft

AN

PEG Linker PEGILIC 3 A FEHIB s-Z hOVAE
IC&250F
FES
SHEH A &s-nitrosoft
“ysa ‘ “vsn a
BRI 3D TFERD s-= hOvit
3. BRRICHPHFINAANES OV v AMEEREO DT

gxst. E: polyethylene giycoliZ & ) 53F4 14 X & E K1k
L7z#81S, ~NEZ/OY OB %ES-= b vk, TER:ANE
7OV kSHEA ML TESLARIINES O U BiEE
S-= rua vk,

BIREEAL, BXIEZE, HRBL S DBEE~HBOCE 53 ABIZR
BLiy, LdMI/MUIEERNICH S DT, HBOCHH [ X%
KESLTHEBTELWATREN LS 5.

HBOCO 7 Fi%3t I, NANCHENDOIER R M/MREE 5%
BT 5 HiEE LT, bhubhidStamlerHS3RIE L 72S-nitroso-Hb
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Hb 125 mg/kg i.v.

nes BLge

(SNO-HbYDF|fH %% %2 7-. SNO-HbiZ, HbBS{NSHER = b
VLA DOTHD, NOEHRE LTORKEEAT HM. EE
SNO-Hb%2 AL, 7 v MIEKETHLMELRIZHEREZYD
THhTHY, Flex vivoD M/IMIEELIIH & 7/-(H2). &k,
bhbIHVS FICREPEGEEH 2 A S FH A X2 K& L
PEG-Hb%# R L, &L ZFN%S-= bavibLiF2aF
(SNO-PEG-Hb) % BI8 L(X3), Z0MH - £AEIEREHRFE L.
FRoIIMPHETEEM»E <, F/NOEDRFZII&A LHFEL
oz, E72, SNO-PEG-Hbiits L ANODE SR L L THEH
THI LD bhol., ThoOWEIZ4S T TOHBOCL IZEL S
bDOTHY, HERHBOCOHERKRIGH LRE E % - 72NO/EDRFH
FEAVERESNDZ &P 5, PEG-HbRSNO-PEG-Hbi EiE E
HHZRHBOCE % A fetd dh 5.

4. SHEOAIFRMEK - ATBRZEHRAEREORE

HBOCOHfZEIL, —EHANERA RN TEERBEFET LK
BEETEELZOOD, BWERICX DRARIMER L TW5E. &S
EzH VT H ALRMERRFEIS, EAEEORFMEBEINES
IO NEFESTHTHAE. L L, #EERDOHBOCTIINO/
EDRF{E £ % T 5 MBI, BEINE X O 2 M/MRE KR
HZEDRWERPER SN, FHHROLEY
PEEEZOLN:. FOREO—DLL
T, bhbhIZHBOCH 1 ADE AL L
S-=huavitERL, HELTE/.
Fe4- DS T DHBOCR BRI (ED 2 &
, COFSIMRRYTHo
TEEZTNES

4%, HBOCH 4 XDEK{LOFHK L
LT, HbFFASHEFZ A L-EEDH
I28-= bo v bk L7243 F(E3) 22w T
b, FORIRESRL, HELrEDLF
ETH5.

T/, NLEEFERAL LTidllan &
H3— 7 V& Tk — K (PFC)EH AT
RBENT0E, HRICEBRIFTERRI F
1) +7) TR & L /-Fluoso™iX, BgistE
OPFCHBIZ VALY 3 > OFE
LD BRERSEI/EN LR, B0
BIEE O - OBERICHIIRETH - 7-.
L& L, £0%EASE & 7-0Oxygent™(Alliance Pharmaceutical ft)
i, TV Ta ORBL2ECE VBERBKE=ZHICT THEAT
W5, PFCIINO/EDRFE*% €7, ¥/ RkmEReGmAEOA%
5%, BHESREECERH~OILAMEFENE. bhbh
ERE, RFOLILLFEZHVWCZLYa v 2 %R L,
Oxygent™L FIZPFCOEREREASH VW PFCEA 2 1R T 5 Z & IZHE
WL ABRAEKESHOEVPECE AFTENE, BFRICHET
BELPFCEAIVEIBINL LHFELTHBY, IR EDTVS
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Influence of High-Temperature Short-Time Heat Treatment by
Microwave Heating on Hemoglobin

Tetsuhiro Kimura, Kyoko Shimamura, Hideki Uchiyama, Shinichi Kaneda, Yoshitaka Ogata

AT B FEE# A (Neo Red Cell: NRC)DJEHR & 2 BHbD Y A VAHBRIZE BERED) A2 #KET A7-0\2, BARESEMBLE
(High-Temperature Short-Time Heat Treatment: HTSTH)Z <~ 4 7 O 77 = — 7I#IZ & D TV, FRESEANEZ OV SV HW RIZTHE
WDOWTHRET L7, BERpMmsLE, 70-103CORBEEHE TTVvy, MELEREL, FHNAML1.02sec, {70 2 —7
PB4 A%183msec, PRIFEERIAT1.9msecT, WEHIEEM 4D E D & TR TOMBLIEERI12.23sec TH o 72. TOLEHETTIE, uE
BE0C T COFBETEIZ L AHPEINKRDETIIZD 5N, T/, #IZX 2B FHYVE)DOHET D91 CHNBALIER C1LS%EET
Hotz. 6, HHORTEM R T 570, 85STRUSST TMEME L /-HbZ D HZEHIH, B4+ X r7u< P RUSEE
HEBEZKETHIT L. Z0OR, SHEHITICBVTUL, THERYY - LHHICARZ PVOERREO W Ed o7, 77,
A+ R|pruv b TR707 I AICERLRRONT, SELERKEDOKE /Y — L IZBWTOHbEAKD /N Y FIZELIZR
LhiewnwZ & 2L 7.

To enhance safety margin against virus contamination of the artificial oxygen carrier(Neo Red Cell), we studied high temperature ultra short time
heat treatment(HTSTH) of hemoglobin(Hb) and investigated influence of the treatment on Hb properties. The short time heat treatment was
performed at various temperatures from 70 to 103°C. The duration of heat treatment consisted of pre-heating(1.02sec), microwave irradiation
(183msec), peak temperature holding(1.9msec) and cooling(1.02sec), then the total heat treatment time was 2.23sec. Hb was not affected its yield
and content of metHb with short time heat treatment at which temperature under 90°C. The denaturation of Hb under the heat treatment was
confirmed by spectral analysis, cation exchange HPLC analysis and isoelectric focusing. Processing at 85C and 88C resulted no denaturation of
Hb on each analysis.—Key words: Short-time heat, Hemoglobin, Methemoglobin.

1. #5

BMERICHCZMESABRTH LU ERITEZ LoHEkE
WEIEWERDPHFET 5. MBPOBRESED 1L 2122w TS,
FRAEE LTIANRARAZ Y — =V FREINEEREELE
N, BIIZEBTANVABEDOY R 3P RY, WlLERD
BERIIPRYVBEL R >Tws, L, BENCAZ)—=2 7
BRETIIEBIT LI EOMELZVY 4 FYEY + FORESE»S
T ANVAREBREOHEMIEEL 2o TETWS, &5|2Y
YA EF Y M EFREOINA AEREBIIHT BTN ARE
LT A5 4 M54 UH%19974EICHIZ & Y g & huh, BERET
i, MERHACOVTRIOF S FS4 v OBAGBENTH S
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NRCEETE~NOEBAIETAIHELLTIANT—IlL D71
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FEIIDWTIE, %< OIFFHEIC X - TH4 LR Thh,
A OHFEIRREENTVAS2, LA L, NRCOEHR TH HHb
OB TREYEZ D&, HBMIERE60-70C) TRERIAREL
¥ A H#ETiINative-Hb DR EHORME» SABLTH Y, /-
BRI BV {EEAESOFERRIMOREYE, KEEOLE
HPOHMBRTRADEAIZGEES 2. #2T, 154>
THEBERICMEB L T2 SMEI X ARFELFEE L CBERES
BINBMERMHTSTH) D T i~ 4 7 0 = — 7HRIC X B0 %
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2.1. %4 7079 1 — ThENBEE
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Fig.1 Flow diagram of the Ultra Therm System. Microwave heating

was performed using the SkW continuous flow Ultra Therm.
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B HOE R OR T AEED 5N 725, 100CIIBVTHHT5%D
EINEHB SN, F7o, MEAMEIZL A2HbO X MEERIE,
IIELIBE T T TIRIZ L A LED O N o724, 100TH
HMALEERETId 2 MMEEHFI20% & #IT L 72 (Fig.2).

#kiZ X ZHbDIRBEALICHE D A7 MVERILE#E T 5 H
(T, 8SCRUBBCIZT~A 70y = — 7L LYV 7TV
WDOWTHRR LY — LHORINA 7 MV ERER L7,
2L AHOREDETIZR S N7zAs, TR Y — LA,
2y bE— )V RUSST, S8CHOEFHEHTANRY P VELIZED
57z B o 72 (Fig.3).
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Fig.2 Hb recovery and metHb formation in microwave-heated
hemoglobin solution. ((O): Hb recovery measured by atomic
absorption analysis, (A): metHb formation in microwave-
heated hemoglobin solution measured by hemoglobin cyanide
method.
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Fig.4 Cation-exchange HPLC analysis of microwave-heated
hemoglobin solution. 0.1% hemoglobin solution (50uL) was
applied to a column(1.5X 30mm) of Mono-S(SMART system,
Amersham Pharmacia biotech) equilibrated with 40mM
phospahte buffer containing 60mM NaCl(pH 5.8) at 4°C. The
column was eluted with a linear NaCl concentration gradient up
to 300mM at a flow rate of 100puL/min. The effluents were
monitored at 280nm(—) and 415nm(—). a: control hemoglobin
solution. b: microwave-heated hemoglobin solution at 85C. c:
microwave-heated hemoglobin solution at 88C.

360 380 400 420 440 460 480 460
Wavelength (nm)

500 540 580 620 660 700

Wavelength (nm)

Fig.3 Comparison of the visible absorption spectrum of Hb solution before and after microwave heating.
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rax b7 74 —SIOER, FE¥—7IEFEHSTDHbA, HE
B Td HHbAc, HbAARRH &N, HPAY =27 DL a L ¥ —
WZERSBRIL O Y — 2 RE &N/ 2 b=, w41
Tx—T7TRBLIWTHORBICBW T —27BIUE
MR DSAE 2 ITED 5 N h o 72 (Fig.4). Isoelectric
focusing(IEF) DR, &3V FIZERSDTH HHbA L HEH ST
 BHbA1c, HbA23B L 'HbADER 5 BEb W (02*B2, 02B2*), metHb
WIS L, PITONHEICHb DSy PR SR, 2 bo—i
RUBST, 88CORREMTNY FIz& BbiIZo o ro
7= (Fig.5).

Fig.5 Isoelectric focusing(IEF) of the microwave-heated hemoglobin
solutions on Ampholine plate gel. The isoelectric focusing was
carried out at 10°C, and stained with Coomassie blue. Lane a:
BIO-RAD IEF standard. Lane b:control hemoglobin solution.
Lane c: microwave-heated hemoglobin solution at 85°C. Lane d:
microwave-heated hemoglobin solution at 88°C.
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1. Recommended for adoption at step 4 of the ICH process on 5
March 1997 by the ICH steering committee. Viral safety evaluation
of biotechnology products derived from cell lines of human or
animal origin. ICH harmonized tripartite guideline 1997.

2. Roger YD. Viral contamination of blood components and
approaches for reduction of infectivity. Inmunol Invest 1995;24:
25-48.

3. Girish NV. Inactivation and removal of blood-borne viruses.
Transfusion 1995;35:367-70.

4. Gilles JG, Giambattista Mdi, Laub R, Saint-Remy JMR. Heating
lyophilised factor VIII does not alter its recognition by specific
antibodies. Vox Sang 1997;73:16-23.

5. Charm SE, Landau S, Williams B, Horowitz B, Prince AM, Pascual
D. High-temperature short-time heat inactivation of HIV and other
viruses in human blood plasma. Vox Sang 1992;62:12-20.
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- Polynitroxyl Hemoglobin (PNH): A
Hemoglobin Product with Antioxidant and
Anti-inflammatory Activity (Dr. Carle, et al,
SynZyme Technologies)

ft¥BEfHShi~NnEsror s
(Polynitroxy Hemoglobin, PNH) A1 E& LK

ELTCOBEE, ThbbA— %%

FRBRItKELHETHORBEALT
WBEWIRENDo. TDLD
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CBANBOBENOBREFELHZS

CEMHIFEND. BETIITIRRILA
LTOBNBIUBERRDO A =X 4
MREN, HEEL L TOTEESBR
Lhz.

+ Vascular Activity of Unmodified
Hemoglobin and S-nitroso Hemoglobin in
Rats (Dr. Nakai, Tokyo Univ})
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JedgERTFMAE L > ¥ —, T063-0002 FLIRETT
XD F242T H, Research Division,
Hokkaido Red Cross Blood Center, 2-2 Yamanote,
Nishi-ku, Sapporo 063-0002, Japan.
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- Clinical Development of RSR13, a
Synthetic Allosteric Modifier of
Hemoglobin (Dr. Gerber, Allos
Therapeutic Inc)

RSRIZE V) HRETHEH SN/ z~E
Fuv sEfiEicoOnTHRESRL. 2
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- The Application of Recombinant
Technology in the Discovery of Novel,
Second Generation, Hemoglobin
Therapeutics (Dr. Gorczynski et al,
Baxter)
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* Recent Development of Hemolink™
(Biro et al, Hemosol Inc)
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IBC's 6th Annual Conference on Blood Substitutes
and Oxygen Therapeutics
—Advancements Towards Clinical Use—

November 19-20, 1998 The Ritz-Carlton Pentagon City, Washington, DC

Thursday, November 19, 1998
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7:30

8:30

8:45

9:45

10:30

11:00

Registration, Exhibit and Poster Set-Up, Breakfast
Bakeries and Coffee

Introduction by Co-Chairpersons

Maria S Gawryl, PhD, Vice President, Research and
Development, Biopure Corporation

Keynote Presentation - Public Health Implications and
Rationale for Innovative Blood Substitutes and Oxygen
Therapeutics

C Everett Koop, MD, ScD

Summary Perspective: Blood Substitutes and Clinical
Targets

Harvey G Klein, MD, Chief, Department of Transfusion
Medicine, Warren G Magnuson Clinical Center, National
Institutes of Health

Overview of Human Blood Supply

Public Health Implications

Substitutes and Oxygen Therapeutics - Overview of
Potential Applications

Epidemiologic Review - Supply, Imminent Demand,
Current Safety

Barriers to Implementation Economic, Medical, Political
Review of Conference Objectives

Refreshment Break, Exhibit and Poster Viewing

BASIC SCIENCE TO CLINICAL MEDICINE:
THE CRITICAL LINK
Sub-Issues and Opportunities for
Blood Substitutes and Oxygen Therapeutics

Oncology and Tumor Oxygenation
Clinical Perspective

Emil Frei III, MD, Physician Emeritus, Dana-Farber Cancer
Institute

11:30

12:00

12:30

13:00

Blood Substitutes in Tumor Therapy

Mark DeWhirst, DVM, PhD, Professor, Department of
Radiation Oncology, Duke University

Anesthesiology

Colin F MacKenzie, MD, Professor and Vice Chairman,
School of Medicine Section, Chief, Anesthesiology, R
Adams Cowley Shock Trauma Center, University of
Maryland Medical Center

Military Perspective

Michael Fitzpatrick, LTC, PhD, Deputy Director, Armed
Services Blood Programs Offices

Luncheon

INDUSTRY UPDATES - LATEST PRE-CLINICAL AND

14:15

14:45

15:10

CLINICAL DEVELOPMENTS

Current Development Status of PHP for the Treatment
of Nitric Oxide-Induced Shock

Joseph DeAngelo, MS, Vice President of Research, Apex
Bioscience, Inc
Vipin K Garg, PhD, Vice President of Operations, Apex
Bioscience, Inc

Hemoglobin-Based Blood Substitutes: Oxygen Carriers,
Pressor Agents or Oxidants

Abdu I Alayash, PhD, Center for Biologics Evaluation and
Research, US Food and Drug Administration

Clinical Development of RSR13, a Synthetic Allosteric
Modifier of Hemoglobin

Michael J Gerber, MD, Vice President, Medical Affairs,
Allos Therapeutics, Inc
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15:35

16:00

16:25

17:00

17:05

Refreshment Break, Exhibit and Poster Viewing

Enhancement of Tissue Oxygenation by Intracellular
Introduction of Inositol Hexaphosphate by Flow
Electroporation of Red Blood Cells

Vin Singh, MS, Manager, Cell Permeation Technology,
EntreMed, Inc

Blood and Blood Product Needs in Brazil

Eliete Bouskela, MD, PhD, Professor, Laboratério de
Pesquesas em Microcirculagio, Universidade do Estado do
Rio de Janeiro, Brazil

Mauricio Rocha e Silva, Professor, Faculdade de Medicina,
Universidade de S3o Paulo, Brazil

Rob Shorr, PhD, DIC, Managing Director, Diamond
Investment Group Inc

Closing Remarks from Conference Co-Chairpersons

Close of Day One

Friday, November 20, 1998

7:00

7:45

8:00

9:00

Exhibit and Poster Viewing, Breakfast Bakeries and

Coffee

Chairperson's Remarks

Maria S Gawryl, PhD

Terri Clark

Recent Development of Hemolink™

George P Biro, PhD, MD, Vice President, Preclinical
Science, Hemosol Inc; Professor, Department of Cellular
and Molecular Medicine, Faculty of Medicine, University
of Ottawa, Canada

FJ Lou Carmichael, PhD, MD, FRCP(C), Director of
Clinical Trials, Hemosol Inc; Professor, Department of
Anesthesiology and Pharmacology, Faculty of Medicine,
University of Tronto, Canada

Wilfred Lieberthal, MD, Associate Professor, Boston
University School of Medicine and Boston Medical Center

Recent Progress in the Clinical Development of
Oxygent™ (Perflubron Emulsion) as a Temporary
Oxygen Carrier for Elective Surgery
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9:45

10:15

10:40

11:40

12:30

13:45

Peter E Keipert, PhD, Program Director, Oxygen Carriers
Development, Alliance Pharmaceutical Corporation

Perflubron Emulsion Oxygent™ Delays Blood
Transfusion in Orthopedic Surgery: Results of a
Multicenter Phase IIb Study

Donat R Spahn, MD, Professor of Anesthesiology,
University Hospital Zurich, Switzerland

Refreshment Break, Exhibit Poster Viewing

Polynitroxyl Hemoglobin(PNH): A Hemoglobin
Product with Antioxidant and Anti-Inflammatory
Activity

Carleton JC Hsia, PhD, President and Chief Executive
Officer, SynZyme Technologies, L.L.C.

Characterization of Hemoglobin Vasoactivity - An
Update

Timothy N Estep, PhD, Vice President, Research and
Development, Hemoglobin-Therapeutics Division, Baxter
Healthcare Corporation

Clinical Update of the DCLHb Traumatic Hemorrhagic
Shock Program

Edward P Sloan, MD, MPH, Research Development
Director, Department of Emergency Medicine, University
of Illinois College of Medicine

The Application of Recombinant Technology in the
Discovery of Novel, Second Generation, Hemoglobin
Therapeutics

Richard J Gorczynski, PhD, Senior Vice President,
Research and Development, Baxter, Hemoglobin
Therapeutic Division
Douglas D Lemon, PhD, Scientist, Baxter, Hemoglobin
Therapeutic Division

Lunch on Your Own

PolyHeme™: A Large Volume O:-Carrying Blood
Replacement - An Update

Richard DeWoskin, Chairman and Chief Executive Officer,
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