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Development of Recombinant Human Serum Albumin

APHTE
Kobayashi Kaoru

ED& Lk
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I lhbmERizRvy. VAYEF LY PTAT IV (HSA) &, #EO/ 0~ 974 —BIVELETEIRTHESH
5. HBEUCHSAT ORERHERAMY L, 1ng/250mg tHSALL T CTH o 72, HEEUCHSAW, M¥EHEE 7V 7 3~ (nHSA) & [F UHE,
WAL MIREZ R L7, nHSAL B L TH - HESEFE LTV RWHAREL- LA, 200 RMIEITE SN, Bl &
EFN (59 b)) BAVS%HSAT 72 IEnHSADO HE AL 25, BEHFESICE VBEEEEA L (RSN, EGHRETT
ZEAbh oz, nHSAR XML T A2HKRIEERBR T, FSENYSE L URTEMINEHE SN2, HSARIETE, EHES, EXEH~D
g, BEGE, BEEECH 2 ENOFAPHEIN TS,

Abstract

The need to replace plasma proteins with those recombinantly produced is of great concern because of possible blood-transmitted viral and
bacterial pathogens. Recombinant human serum albumin (rHSA) produced in Pichia pastoris has been thus developed as a potential substitute
for plasma derived HSA (nHSA). Secreted rHSA in the culture broth is treated through several chromatographic and membrane filtration steps.
Yeast components in purified THSA are less than 1 ng/250mg rHSA. Purified rHSA has the correct stoichiometry identical to that of nHSA.
Structural and phisyco-chemical analyses have proved essentially the same profiles between rHSA and nHSA. No neo-antigenicity different from
nHSA was observed. Exchange-transfusion studies with rats using with either 5% rHSA or 5% nHSA have demonstrated that both the HSA
maintain colloid osmotic pressure (COP) thus giving prolongation of survival periods. Comparison studies in clinical trials between rHSA and
nHSA have shown the identical efficacy and safety data. Various uses such as additives, culture medium, oxygen carrier, ultrasound contrast
medium are being investigated.

Key words
Recombinant human serum albumin, Pichia pastoris, Fermentation, Antigenicity, Exchange-transfusion, Clinical studies
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Structure of the HSA expression plasmid and Pichia pastoris transformant.
P, pastoris GTS115 is a host strain which indicates histidine auxotrophy. The
HSA expression plasmid containing the HIS4 gene as a selective marker was

linearized and integrated into the chromosomal his4 locus in the P pastoris

ING3IEEREEICZUT LTI LOTERER
E L THOHSADHBIZRI LIzE WV HHDT
HYy, BeFEBzFMrCALAZTOY 27 b
DHTEOLERBELLODIDIZHLILNEY FTLL
Thhb.

KBTI, tHSADBERIZOWTLH T T L THT.

1. Pichia pastorist & 5 rHSAFEH

A DTHSAEEIZH VT W ATEERRIE, 25/ —VEILRER
Y A8 E L THS N5 Pichia pastorisT@H 5. P pastorisid,
*E, 7149 v 7A% (Phillips Petroleum Company) IZ& > TH
RED OB - MIESN-BERTH Y, L#idSingle Cell Protein
(BAET, Gy v 37 L& Twiz) & LTORESR
Aotz FDOW%, 74y TARIIBIZFRIEFMOER L &
L2, P pastoris\. BT HEE -7 ¥ —REMILL, HF L (B
BET A& RRLAY A BE—NZY—-RIETHEMN
740y TARIVEAL, tHSADRRBICHWAZ L L L1
IOZRTIR, TVva—14F ¥ —F¥o7ut—¥—2FHZ
N5, Lo, HSABEBZFE2 TV a— VA X8 —E7
OE—F—DFRICEELAREANRY ¥ -2 BEBPICEALL
BIEFHBZBILHETLE (K , ZOBBRERAY -0
2RV ICHSA R B P~ BRT A HE RO L)

GTS115. Transformants were selected as to histidine prototrophy.

Wb EBIETOE-Y—0ORRY 23 F8E4TE%
L T35 P pastorisiZ X HBrHSAKBOER I LRDOEBH T
H5.

2. THSADBLET 2

nHSABHE, LD LB 151 T d7:h12.5gd DHSA%:
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KON FD2d, A% ) —VEREY 7L LTOME
BAOHSAD T AR TEEAELERLTVDL. 2, EF
TEERNFAS ) —VEILEEFED LIV, GREOAY /-
VIIEEREE IS L THENIIHC D THE. b Al
MPHHLTWARIZAY J —ViBEDNA % (viv) Ll ETIZHEE
ZIZIZELELTLED). Lo, BEY V7D 4BEDD
REYHIBL, A /- VOERZPELSRVIHIICEELS
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rHSAIZBS R IC W EN D I L 25 ETEORE, TNEL
BREAZBRVWEELEPHEME L L CHSAER N
5. tHSARREBEBZBEELE LTEESNTWS Z &2 5, rtHSALL
NOKRMEWTH HBERRFITOVTIE, TR EBENICIDY B
CLENDHD. T, FARCERREINEOET OB 21LED
HD. FO-SH, HSADERIZBBERD /O b5 70— &
DESTEOR L A BBEHFOBAESFERHINSE. b0
AEDLEIZBVTRETFETI LT ENLENTEY, BHMEL
EENRE VIR LS LERETL LTV,

4212, BRI DWW T ng/mIDMR I EREE & H o BEE R IE
MEEZBE LHSAOMEZ ML T30 ZoflER%H
WTHHERBEOHSA 1 ml (250mg) 2 IngDEERERE 5 b IR H
SN Do/l 2o, BT D5 R /2rHSAD M I,
99.9999996% LA FThH b LEHEEN S,

3. rtHSAEnHSAE DRI—M
(1) AR L XL TOHE

TLU7TI G, ThEETHZIIBEOL ) ICESEEHF- T
Wi\, L7zAhYo T, rHSAE nHSA & DE —HI2 B L Cid, BUER
WKHBEOAHEBEY KRBT 2 HETRIEE S 255 o 7
RUFRADPBELZEEHO—FERL 7209 25 W O5HT
WKBWTHTHEOHZIIEZTZD SN h o 7-.

(2) PUEMED B

FaRD & I, rtHSAR VAR E 2 RO - EBE LX)V TnHSA
LEDFBDOON Dol 00, BEIIRRT A7 TR
RESMIIFELEZVDDEEZ LNB. T/, HEEOHSAH
WEBEBHRSIIBRE SN2 o722 L5050, FEFICEMEE 2 5
PELNTVWELDEEZ OGN L2 Lads, BEREMEOR
FZOoWTRTFIEETILENHD. ZD728, nHSAD %
V3 {3 rHSA % Freund's complete adjuvant& & & (274 FIIEfE L T
B pimEL AV CTHSADHEMS 2P M L 7. €VvEY 2 A

Anti-rHSA serum
absorbed by rHSA

Anti-rHSA serum
absorbed by nHS

Anti-rHSA serum
Anti-vehicle serum

Photo 1  Passive cutaneous anaphylaxis reaction in guinea pig with
anti-rHSA.

Anaphylaxis ractions were induced by intravenous adminis-
tration of rHsA after 4h anti-rHsA sera injection info the

back skin of guinea pig.
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Table 1. Test items to prove the coincidence between rHSA and
nHSA. 119

Item Contents

Primary structure N-terminal amino acid sequence
C-terminal amino acid
Entire amino acid sequence

Peptide map (reduced)

CD spectra
Peptide map (non-reduced)

Secondary structure

Number and positions of disulfide
bridges

Number and positions of sulfhydryl
groups

NMR analysis

X-ray crystallographic structual
analysis

Physicochemical properties  Molecular weight
Isoelectric point
Capillary electrophoresis

Ion exchange and reversed-phase
chromatography

Colloid osmotic pressure
Viscosity
Ligand binding properties

V2 /zPassive Cutaneous Anaphylaxis (PCA) RIEDER* HEH1
VIR L7 A, HUHSALIE IdnHSARKI TIRIVLE S 2 Z &2 & b
PCARUGABEMEAL T 5 2 E SRR SR, BA & L THRLHE
BV THHSALnHSATE 2 2HEMIE 2\ 2 L ATRIE & R
7.

4. rHSAOHR (T v FEMTHBET V)

7y PEROWIZBEEICL AT M) v MEX 10
FTCHERTAZLIEY, BHOMBEEREFIR LY OETE
WX DML ABAEEERVERESEE BV T BREE
AT o 125 A, 1051FR9B O BT I 108 LANIZFE T L /2. —
73, 5% rHSAK U'nHSA & ) ZCMEE 4 T2 > BB IC B W
T, FRENI0BIF 1 ~3FIIRTE AR ORI T E e h o 72
HSARFH S L WV BEBREEISECHBIRTB Y, G
REExdolTwadnrEZoNs (K2) .

5. ERPREER

tHSA% AV 72 S T ERIR BRI, BE R A B F 2 3 R1219934
B & s, B SRERTIE, 1.25 gbody & V) BRFERY126.25,
1258 U25.0 ghbhody £ THGEV M E N7z, KEXSHEBRICH
WU, 125 g/body/day T3 B R G- AT b7z, £ DS, rtHSA




(a) (b)

Survival rate (%)
COP (mmHg)

Time (h)

Fig 2

@ @O oL W

Bl (HSA(5% soln)
B nHSA(5% soln)
Ej; Hartman’s soln
. Saline

Time (h)

Changes of (a)survival rate, and (b)colloid osmotic pressure (COP) in the exchange-transfusion experiments with rats. The

experiments were performed using 10 rats per each group. Figures in parenthesis in the graph indicate number of the surviving

rats which could be determined COP.

BEILEARFRTOONT, WEMIHRI NI 72, rHSA
BEICL AMBEROINEOFRETRELAITDON LD o
o (F2) Mok, F2HRVCEIHBRABRNEBITL,
HSADEWEEM L AHM IR INTVWA. I FERIZE
BREAKESE E LB BV T, tHSA & nHSAD HLEGRER % 1T
BVEISENERIEES N TWA® | $/-, A 70— YEREIZLS
BRERIFEEIZL 2EKICBVTIE, tHSADHE LI 538
(tHSA% -~ G5 &N-BELAT, TNOPHERLTLVLT IV
HADOHEEPLEL SN-BEEAIIERS) EHIN.
INSORBRIIBNTHMBERSAEORETL T N ELHIIE
B 5N, IgE RIST, IgE RASTOHERIZ S BEIEZO O ho
785, TF 749 MYV RURIEEASKIIOVT R
L, rHSAKE D R LIS 2B 2 REWIHR I o0

=&

kB RHSAO AR E LT, BHla s L ToFA, HKTiX
NHSARE T F U AFHINTWAT 7 F U4 BENYER
FIANOFEMAE LTORMA, S5IZGMNERBTOMERRER
KL TORMBLREPBFINLY | F/2, RETIZHSAL N A
LRSS TBREMREKETHHFEL L SINTEB N2, HSA
BRANZWETH DO A HSAIZ DWW T L RBHEDL XAE
5.

T, KBETEBANLEN o720, xR L4 D
ENRE SHEBRREBICL > THHSADKEMH L HEHEH T
BENTVD, T4 DHRITEET TRE L 72rHSAL, BT, #
EADEHFDTH Y, ERMLICHT-RRERIIH D E VR 5.
Zhick ), EEOKRESTEEAIZE>TWAET VT I EH
DERPOBAT2LOE 55 EHHEFEINS. 2B, tHSAD
PHEEER TS ML, 1999F 108, LB TEHTICBILTE
D, BAEIm}, RAKREEES) mDIEEMIZE CTHEMI1007 N
A7 NVOHSAEEE FEL TV,

Table 2 Changes of anti-pichia yeast component antibody in healthy volunteers (Phase I).

Anti-Pichia Yeast Component Antibody (A.u.)

Dosage and Number of  Before 1 week after 1 month after 3 months after
administration patients administration completion of completion of completion of
administration administration administration
1.25 g/body 5 10.94%9.13 10.40£=8.30 11.72+9.51 11.86%+9.23
6.25 g/body 5 14.62+8.41 17.21+£10.69 17.41£10.65 18.92+£13.20
12.5 g/body 5 2.46+2.83 2.64+3.08 2.861+3.37 2.14%+2.40
25.0 g/body 5 9.36+10.99 9.71+£10.35 9.80+10.23 9.59+12.05
12.5g, Repeated 5 25.90+27.61 29.59+33.95 28.25+32.77 27.03£27.67
administration
for 3 days
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Liposome-based platelet substitutes

P+
Takako Nishiya
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M MRS, S ORE, BIYENZE, BB, FAEREORI L L4 OMEBESEBHEIN TV, Zh s ZHEADOMRE
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Abstract

Despite advances in human platelet concentrate preparation and storage, the available platelet products continue to be associated with significant
risks to recipients. These risks include: transmission of infectious diseases, febrile reaction, and development of alloimmunization. Furthermore,
the liquid-stored platelet preparations currently available have a limited shelf life, and they are often in short supply. In addition to products
derived from human platelets, there are platelet substitutes that are not platelet-derived, and have shown to be capable of hemostasis. In this
article reviewed are some of the novel approaches that have been taken to develop novel human platelet products and substitutes, focussed on the

preparation of liposomes with covalently bound recombinant platelet membrane glycoproteins.

Key words

Platelet substitutes, liposomes, recombinant GPlalla, recombinant GPIba, collagen, von Willebrand factor.
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FEDHE L, 1972 %ESinger-Nicolson 233218 L 7= fluid-mosaic & 7
VTHBEIN TS, £FREOERRNLEEIRYE —EET,
BEATHEESCERAR IS TRMEERICL Y, BHILEES
(lateral diffusion), 7Y v 77 1 v F(transverse diffusion), 5

BICHEBKNZEEZIMMNEL, T160-8582 HHERHTEX/Zi8HI35, Department of Internal Medicine, Keio University. 35 Shinanomachi, Shinjuku-ku, Tokyo,

160-8582, JAPAN.
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4} [O] 7 B (anisotropic axial rotation), h T > A — I — 3 2 Ll
EOS5FEEE L TWwA. 1964 £, Bangham 5 i, FI#E kX 7
TFINTY) L OKEBFEEYS, A4 I LT
V-2 AT ARAMNMNITHALZ L2 RHL, 1965 F12id, &
BREOEEETTH 2 Y IEE L RBHEPIBETL &, Bl
MEEERL, MIREOKBIZA T >R/ Va— R EOH
KEWEZADLLI B E2BRLL. 0L LM%
VRV —LEIRR, VRV - AORKRN L EEIBE _EET,
AEEOBELELLTWwAZ Ehs, B EERT 2B
WIELLAWSRTWA, F72, pH OBLIZIE L THFOBER
HEHPERTEIRY -4, MENTEVEGLZHE ) KV —
L, BBE¥HNALTELIFAUHYRY - L2 LRI,
FRoDBERFEIIBITIA2ERARFROOLNTWAL D, 1)K
V= LAIREROKBICHAEYEENA L, BEMSICIEEM
UYEEBEORAL LD TELDT, BEDORMIZEY R L%
BT HFIT v I FIN) =T AFLELTOHVSLRTW
5., VRV - LEREORNLHAEAR TS HFER
“targeting” EIFITNTHY, VHEY — LI Z0EMIIHT 55
WISERS BN R RS e R TRII R S 2w, 200101,
B L 2 AR HEOBEEIIE L TWANS L HENE L S
NTVDBH, EHELIMICERNICHFEETA2WEITLT
BVBAMZROWELY ) RV - 2 0XKEICEENT 2 HED
—EHIZAHVLR TS,
BEMIZ)FY — 2 & B2 /MUCEY ORI L v
BRKET—ICHOVHEATYS, FARICH L VRSO T
LEICBELAMO2OEZHE > TVWELDOTHS, 150 F£LL
Ll 2 5BILEOE» LR AL E X, —R, R,
BERTRECEZ 2 ATI/MEOAIR D, 21 i ORSEE LT
BODPORWERTIEDNTEEND LALZWVWERS DI,
DERHBUBILDELDTHS S D,

2. M/MREEMOLESE

EMEE L E MR BT A REHEE LT 2R
EXCHHBHEIER LAER, Fhoom@Er LT, &M
BEOEEUNS—BFBENL LI IZhoTnDE. LaL, &
MEBRFERRERE L COREROR# S T /- EE2RH
o TERTWE., BEDFDAOREIZL 5L, MEHKOKE
AT BEI1000AD ) B2TAI TV X BRED fE bk i X
NTVBEILPBELPIZE o4y, BEIOCEORIS, B
LOFEMREIEELLRBP LD, 2BBETREMEE LT
BREANTBY, %< ORFFEE L HK LM 5 B3 o ik 82K b
550, EIbMBERERORIE* KA TWA, RIMLEKIZOVT
BEANEZOY VEHiIER) Ry — 2 ABEIANES O L 2 8D
ALFRMERIZOWTHEREN UGS #D SR TV A5 6,
M/RERIT L, #HBYEEEE LTEOEESSHLTEBY, I
MEEANOER BB TIIEENI0% DML TW5E,. Mk
MM TOMBERE LT, AR & BERMEEAH O R
dHY, MoOMBRA L FEH, GnEERRBOGRRMEISS 5.
M/AEAII22TTIRE ) LTRESR, ZOEMBRITEAR
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TIE3HE, BKRTIISHBIZER O TS, BRIAH 2 5 7
FHEETILEE DS, M/AMRER O S AH L Ery B £
NTHER, BHRKERERIZBZOMEEAET LI LS
TFHEEINS., 70, EEMERIE> TWAEWERERE R & T3,
MARBEOARRIELNLMETHASS. 0L ZhMHELR
RY DB, MMREFNORIFEOSE, BREEDTIBL
DD ITANADTEERALLHEEIC DV TOFENThRATW
b. —7, REUIFRFITRE, FEEHTEE, BREEZIEOTE
A%, BOELEAT A RS /MG SO BER
R RDOEREOBIET —2 0L LTEB 4 EOHED
Twa., R, ThECIAAOKTEIUIMREARED O
F7 b, BIXUM/MIEAVTIZEIRIAZHFLTO ¥ b
RL7. 2T, The07ay s Moow TS 3 &
EHIZ, DHEETIIEIIEEE EELERERNEHE (AT
MEBASAZE] 12 & 0 MEk S 7 AT/ MRRFZRIE. & - T8
FEPED LN TV LM MULERY 2 BN T 5.

3. M/MREROTOL 7 ~

MR E2CTRET 2RO FETIRI LI LOTES
VHEERERRT 25, M/MEORERFICE L T, 3
R, BRIRTOWKRBRE L EXRRALN TS (F 1. A).
FHERIETIE, M/ MRIIDMSO #* BiER#ER & LCHVT, <
A FAOCTHEMRIET 52 LA TE, MEZDM/AMEDE
L iZin vitro THI75%, in vivo TH33% EHE XN T WA,
L2*L, DMSO %5 & /MR % fRatk, &@ms 58712 A4
RREBREVPLETH H7:0, DMSO (2 2 HEERER & L
T, glycerol, mannitol, polyvinyl-pyrrolidone % & tri& AT X
NTW 58, FHERFI/MUIBEE, MIRBIRESE Sh,
—EDRRRINREE 5T I EATRENT VB8 9,

~MAZA/MRISEHI & D EIE L, RIRIEFERIE, 204&
BEGEIEL L2228 3H-> T, MIMROKREFEIFITDORT
Wi, IRODRERFOMBERBRT L7212, W oh
DEPHPHAA LN T VD, BEDOBFITIE, polar fishes D ML A
O BB X N7 antifreezed glycoproteins (AFGP) DEFE T T HEi 1L
MMREACTRET 5 &, KRRTFEIC L 2 MK OBEE TR
FHERECZ EATRET, Zhid, AFGP 2SIEEZILIC
LEOMER L MBANBYORBZHEZL5-0TH 5L L HRE
SNTWAHI I,

/MR O microparticles ISIRFEFICBRICER ST 2% TH 2
2R, BASIRIEHIE L C RS E LI LIl L - THHRK
ANs. M/MRIED 7 5 7 A~ b emicroparticles O Ik %) 8 1
DR 630 5T iohs, &, KEIDOPRPH A, BRI
/MR I3 & FOE SRS R AR S8 5 2 &2 & 0 /MR % 838
L, MALBZZRSEBREMNZHERE L. ZoWEE
Infusible Platelet Membrane™ (IPM), F 7z13Cyplex™ & I:iEh,
MBMEL L ThHEIDBPIED ) A7 PR nE &, HED
ROON WO RBERI DLW &, BIEROEAD LW
DTHRBRZ ORI VI L, RETEME RN WCT
367 R) JEnEDF MDY, BREMRBE T TTbA




#1. ThIFTIIRAS N/ MULEY

A f/MRERD 7O E 7 b

HAE R ML/ R

- ARIRTERIR A D1 /MR

L IMAEED 7 5 77 2 v+ Xidmicroparticles
. O LEERLEE L - MR

HOW N =

B. AT/ R (M/MRFFERE)

1. 7471 7 —% > LIIRGD peptides % A HE& TEMA
WCEEL L 2 RImER

2. FEICIVMREEEH 22U E Y — 4

3. REA 747 /=7 Ca—5{ 7 LTI I
R

7%, FOARECEMSELNFORKEARB IR LS.
MARBEEIZRAL TWAE YL ZAOBRERLTEERIIZEL
T, FF, psoralen % ultraviolet A (UVA) light & i\ 72 6{E%
ML A BN T H T L DR &N T %, Psoralen-UVA TR
B /MREENZIETE BRI ER OB T2/ I
BRIRICH T & DA H 5.

4. AT (M RIERH)

/MO #EEE, — Rk O, Mo, &%), oRibm
(AEEENEN), AR L IRE ICEET, MMRDOTXTO
B ATHIHEBT AL RATRE V- TELI2PRR
VW, ML/MREERED 2 A TR T RIERY E R D AN OE
ThLold, BELGRETHL. IO LITIN/IMIUREEERS,
7=k 2 IEGPIVIX/V %8 A ELGPlIb/Illa DR, FFEFEIZL -
THE R GEIEE SN L MR E, Bernard-Soulier EREE
RM/MMESEIC BT, HNERAFECROLNE e D
LN THA. EoT, ROEMEATI/IMLE LT, A
LREOBEYOIE Lo TWVAINLOESEREA L EY
RIEKICEEIL LD DEEZ LI LN TEDL., 72, BREFL
TV IEE R M/MRO HEE % HB), MIETE 2 X512, flZ,
EBALM AR E S LD 52717 /=4 ¥ RRGD X7F F%&
WU AEECEEELZOOLATI/IMRO—2EERHI L
MNTED.

BE(tT AH#%rEEN & L TkHA ICE E 4 von Willebrand factor
(VW) OEEAETH LGPIVIX/V EEE, 27 -7 ORHFH
TdH HGPlalla REE L ELRGPUbIN 2 EX VDG &, EFE
RIENE S IHEERET, MEFEEL T SIIE
+AMBENE TGO 27 -7 > 2vWf 288 & LT, MEHE
BEA R ER T AK TRAIA I TED. T2, T
{71) ) =4 v RRGD X7 F FEEEXBEWELLTHS
& IEMALMNE & R EER LI/ MRO SR O F112
EEXAITNLWERBIB I ENTEL. EIEXBYWELEEN

Tk E LTIE, EREATICENR, BERAE TOICEE
fCXABULRKEEEFHEODLONLI V. 0L BTATY
TILEOWT, TREITICHBEIRLVOPOWEE K] B
WZRL 7.

747 ) =47y R EEE MROERICEAEESTEEL LY
B2, EFMAMROGEROPIIESAT N, O/IMRED T v
MitkE5THET Yy FORMBMASERET S5 ErmEINT
V2519, Thromboerythrocytes & MHEN AKX, 717 /=7
COT I BREF O TGPIb/all Lo TR#EENLEER L
N TV AHRGD BRI 3 - 7 AR 7F F, Ac-CGGRGDF-NH,,
ARMEKE I AERATEELLLZDOT, JOWRHILESE
M/MVR & BRI EER LEERIZE X AT, /MUED
FEIBWTHMBERE2BEMT LI EAHESI TV L,
Deoxycholate TH[ L L 7-M/MRE&EA % ) KV — L1ZEE(L
L 7-Plateletsome |2, GPIb, GPlIb/Illa, GPIV % & 1STEHDE&EH
REATEY, MK S v b of/MMRERERE T v MK
543 LBUBEOHMENELTEIEFRESN TS,
Thrombosphere & Syntocytes (&, 7V 7 I VR FDEKE% 717
V=L THREAKS, XIWBAREIILIYI-F( 7L
bOT, M/MREER~NEXATR, M/MRORBE R % (2
L, ML TEy M5 T 58, ERLTWELY®D
W RSB ERENICERET A2 2 LPRESNTHE T ®

HATIE, 1997 £L VEAEHEEREFRMAFERICLDA
TH/MEREFE A& SR, o7adl =7 PO—RELT,
Ry, MESREERMEFREMIZERL, /B O MERE
OWEIFHEL R LD AWE L LT, MENKTHBOEBNT
THrHaAT—7 U RVWID L £ 7T % —TdH AHGPlalla HEHE X
GPlba D EEZTHABEZ L EEML L) R Y — 4, rGPlalla-
liposomes'?, rGPIba-liposomes'®: 20, B X U, 22D L £ 7 ¥ —%
BE{b L7y K — L4, rGPlalla-Iba-liposomes?, %810, £h
LOEEBKET THOI T -4y Fdvwf RE L OHEER %
BELTWA., 35 —47 Y OFHEKRTH HGPlalla 131-a 1271
LE=Eda A7) v, &P, DBEEETH S, HI-b DL
SEHEEMBA N AL v 2B VEEFAAMRZEE BV,
VWESZERE LTIE, Hl-c R L7ZGPIVIX/V BAEEDVWE 4
&AL, BElL, GPlba ONKIMMBLI N X A L IZFET 545
kDa %8I (7 3/ BRFEH1-302) OBETFHABZAEEH V.
rGPlalla-liposomes & rGPlalla-Iba-liposomes (&, 27 —7% » K
IR E S DL L TR IIHE L, REBIRETICBY
BI/MRD 25 —4 v ~OHE L FE, )RV — 4 LEOGPlalla
NI 4L EHEEREYBIT I EDHER SN, GPlalla-
liposomes & rGPlalla-Iba-liposomes (£ %2 % M/MRIVE & £ 2
SN BY, KAk EICFOEMIOVTORRIE, BZFH
A0z GPlalla HAKDEIFH OB 2 F/- 21Tl b 2.
Z ZTiE, rGPlbo-liposomes & /& Elvon Willebrandfi§(vWD)
BEIRA AN EEZEFERGPIbaD RIZFHABR LK,
M239V, ZEIEIEL 720 F Y — 4, rM239V-liposomes, D FiLEIR
BE T2 BT 2vWE £F, 8L OTHEEWE & OHEERIZOW
THERFAL, Thon) XV —L0FRAKIZDOVTERD.
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A2FTY a8+

i1d- soluble form
wild-type (recombinant)
Ligand binding Ligand binding
Pt o N——

COOH
a

COOH

(S.A. Santoro, 1995 Thromb Haemost 74, 813-821)

5. REPRET TVWIREEHEFERHTS YRV — LA
5—1. rGPlbo-liposomes's: 2

rGPIbo-liposomes & vWf R & DI EER L, SCIHEMES
HWTHIE L. ZT0HETIE, rhodamine TNV L7z K
V- LAASVWE R & HEIER T 287 % SR TR
L, 41 X=I70%y 4 — THIEHF T o722, rGPIba-
liposomes & vWf RE & DHEER IS T H )RV —LKRE\D
rGPIbo HE L vWI IREDOHEEZHARL 72O, VRV - LKEH
DrGPIba FEE A34000, 2800, 700 molecules/um? T A 3FEHH N 1)

A—F 14 > JICAVWEVWIBHKROBE SRED
vWFIRE & OREfR

3.0
2.5

2.0

A4390

HRP HRP HRP
H:02

OPD

AAA

Ad90

10 50 10 50 100
O—5F 4 LAV VW BHEDRE (Log ug/ml)

X2
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NH2

X1

GPIb-IX-V &%

GPIba
VWF and thrombin
binding site
GPV
GPIX GPIbg
Sm==gi
plasma
membrane 71//. o404
pos  (JABP
c interaction

Ry -k, 3EHEHOR L - LvWIBE 2B ORE X E- 7=,
B E{bvWf 1L, polycarbonate TI—F{> 27 LizH T A%
VWRETIZ4T TI2EEMIR L, RO OvWf 2PBS Tt L TIER
L, EEOVWSF 2 ldperoxidase S L7z 7HF e b
VW $ifk% VT, ELISA THIE L. a—F{ > FIZHW:
VWIS ORE EREOVWI BEOBRER2IRT. ER
121, 0.1, 1.0, £100 ug/ml OVWE BB E I — 51> ZIZHW,
BT RTHFEFRIMERS, N~ b2 ) v F37.5%, M/NMRERE
1.25 x 10%ul, 37 CT47 > 7z. rGPIba-liposomes & vWf K & D
MEERIITEN, BlL, VRV — 23 vWERE & EMmEEL
CEELTHET 20OTIERL, REXRBFO~BHL, %
DREEEE, REIEET L2HH, BLUKRAEHEERT S
VRV - 408, )RV - AKREOrGPIbo B & vWI B
WL TH D, vWf Rl &£ HHEMER 3 % rGPIbo-liposomes
®iE, VEY - AREDOGPIba HBE LvWI BEFE VL X1
KEL, TNLDEINS L B8 > THEA L (K3). 1.0
& 100 pg/mIDVWE Bl E AV TIES 7ovWE RE T, U RV —
LIZRMEDEMEARL LN LHEBFRANBH L, FOBEE
ik, )RV~ LKED rGPIbo B & vWF BBV & &2
S, TNLDOEPNEL 2RI > TRE R (H
4). 0.1 pg/mIDOVWIEHE Z AW TE> 2vWE RETIE, 1)
V- LIIERERE L BT A0AT, FEICHELET HRRHE,
rGPIba B RE %4000 molecules/um? Ta 5 1) RV — L TIE#250
ms, rGPIbo 8 FEA%2800 molecules/um? T&H 5 1) KV — 4 TlE33
ms LAF T, rGPIba % 43700 molecules/um? T 5 ') R — A
TIIRBLOHEERIR O b o/, T/, a5—-4 V&K
HEDHEERARRIOT, F)RENKELLLIDIIEST,
vWf Rl & #HEEH T ArGPIbo-liposomes D HUIHEINT 5 & v
I AEF (X5) &, rGPIba-liposomes (3 IEH M/IME & [FI#EIZvWE




HRENREE T TD rGPIba -liposomes &
vWi Rl & OHEEER IS T % rGPIba
BELE W BEOZE

control liposomes.

BXRED rGPlba BEH

i 4000 molecules/um? T# %

- rGPIba -liposomes
BREED rGPlba BEH
2800 molecules/um? T# 3
rGPlba -liposomes
BEED rGPIba EEH
700 molecules/um? T# %
rGPIba -liposomes

100 1 0.1
REE E BBV VW RBEOBRE (1 g/mi)

HE®S. DARBEESHRICE 2 F-HDT, UERGIL TV ERE
2400 s, AT kU U v b 37.5%, 37C.

23

RECBEWICHEERL, COREEREEL ZRERILT
B, BROKEADI Y 74 X =T a3 YIKE L - EBAME
HEBICL o THEBICHEENTVWEZ LA RELTWS, £
7ipreliminary Tl3# % 7%, rGPIba-liposomes % [L/MREA T v
MI#E 5 % & PSR O M/MRRCD B2 350 T H B O FE 4
D LN,

5—2. rM239V-liposomes

VW BMHEPICHFEET LH, BRILEFCBVWTIIEE
GPIV/IX/V HERLEE L2 W s, ZOHBEERIIER
BIE I 7 & UVIIRAY LIRS LD 72012, BB R &G T TO ARSI
AEZENDEIEHBIATVWBLDEEZ NS, EBRIWIZ
COMEERAET XEI T3 FEYE LEN % &4
BThbH. flzlE, wEFRrOEFL, T2, HEWEOY
A MEFUEMATES, VWIRET7 VWL L72BE, vWE &
BHLL72HBE, ETVIEATICBWEEEL LT, HIIER
WIZBIFAETVIEHI & 5 /MRS, WIVRREDEE
2AHLFLTEETHA. EHTIE, vWI KEBROM/IMIERE T80
dyne/em? (2100 s* OF ) HEIZH LT 2) UEOBET VRO

10

rGPIba -liposomes NDEERE (CX4T B
rGPlba BE & VWi BE D

200
’g W 1 ug/ml of vWI THE- 1-RE
E 150 - (1100 ug/mi of vWt THE > f- &
2
%
& 1004 T
®»
S
)
E 50
7]
Q
a
0 ]

700 2800 4000
ERED rGPIba BE (molecules/um?)

X4

rGPIba-liposomes & vWf il & D
HEERICHT ST REOZE

VWi RH

600 1200 2400
FTUEE (ST

E&i$. DPARBBSSRICE>EHDOT. VWi FMAd
100 g/ml VWF BT, 25 —4 > %iH iz 30 ug/ml O
AS—-SFBETHES

rGPIba -liposomes DFRE LD rGPlba B (L

4000 molecules/um?,

X5
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VWFERE LICH (TS
R — LOBENEE

x10°
20

rGPIba-liposomes

AIAMVWIIC L D U RY — LDRBRE

X10° rM239V-liposomes

50+ HEl GPlba-liposomes

[ rM239V-liposomes

20

vWf: 10 ug/ml VWF: 10 ug/ml

YRV = LOBREE (L m/sec)

100
Q=5 1 > 7BV W REORE (1 g/mi)

40~ .
0
30 0
x10°
20
20—
1.04
10+ R e
0 5 10 15
0 |—"'—| Time (min)
1

Time {min)

Small aggregates
Medium aggregates

EPC:61.519/ml
ML DOrGPlba & rM2390 B : 2.4 4 g/ml

—— | arge aggregates

X6

Iz & Vo 5559, M/AMRE von Willebrand 5%(vWD) &
BT, ZOBREDNS dyne/em? (400 s' DT Y FEEEITHNET D)
BEOETVICHOMMTOFEHIERLINL Z EAHRESI
TV 52, GPIba DNKIGHRIA ¥ X 4 Y IZHFFET 545 kDa
BOVWI G0 %0T, 239F 7 I / BiEEMet 25Val (12
BLULEBEFERSM/PIMREVWD BEIZRR SR, 78
F%31-302 OFT239 HFT I/ BEFREMet HVal [LER SN E
{ZF M A2 GPIbo, tM239V, I3 A b F U 2 FEWE &L LT
FHLALBAETIE, EER 1GPIba & EH L, KEEO.2
mg/ml) DY A+ FUEET TYWF LEEGT LI ENHL M
otz ¥, BEAMWMIOY R MEF&EE, IM239V
I IEEERrGPIba ICHRTHED TRIEE CHHIT L2 005,
IM239V {3 vWE 123t LW SRR Fo TV h b D e Bbh b
®, EHGIX, EEEIGPIba-liposomes & [5] U5 TIM239V %
EEL LAY RV — 24, tM239V-liposomes, % 811, vWf i,
RUOTEEVWE L OMEER I W T, EEErGPlba-
liposomes & HERIRET L 72, rM239V-liposomes ASvWf K1 % # Bl
T A EEL, EHERGPIba-liposomes NDEENHED11-14% & IE
FIZELC (K6), vWIRBEOERWEHEIZH, EFEGPIba-
liposomes O FK A i1 R HIZ#250 ms TH A DI L, rM239V-
liposomes Ti3#I830 ms Th o7z, WEHVWIHELE T TR, E¥
EIrGPIba-liposomes (IvWf EHEERH L % v2%, rM239V-
liposomes (IR IVWF LA L, BERFPO) KV —L413—>D
ORELEEHR L o772 (H7). Tho ORI, M239V 1
BEEfbvWF 23 L TR TR, THEEvWE I L Thb K& %
BHMARHOZLERLTED, vWD BETIE, E¥CIE®
LRI NIEL\WWIEGPIbo & DEEIE L, M/MREED
BRI, vWf SMU/MROBEBEBEAIRZ ) REmE 23
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7

HEVIHFFRELEORE L —FH L TWw5,. M/AMTEYIL, B8
MEPTRERNERECEELVWIR I T -5 L IZx L TOAB W
HAMEEZ D ORETHAHDT, rM239V-liposomes (3 AT MI/MR
ELTEABEETHH25, £HEMIEMMERLRBHMARTEED 0
@4 B2 GPIb-vWf HEER ORI, GPIb 7 FHiw% & #As
B DIEAT 2 &L OTTREM A S 5.

6. f&Uf

CHETHERTEALLII, BARXYRY - LICEET S
CEILX D BEARROBELEREICHRT 5 2 LA H#E, &
512, BERSCHKBIITREZHST I LIZE->T, BHO
BWRELR )RV - LRV T I LA TESL. FIZE, B
OBBES R BILEEAIEIZLY, I5 =7 U RvWf BEAN
DRFEF D VRY —LAABEPOREEFETEXL0OT, d L,
VARV —=LIZ7 47 VERERET IHMEEALT A &N
TahiE, ELRED2OOBELF VRV —L%E5
ZENTEDL. BEFINLHSTFRooFEEKRE, —R, Z=28H
Y THoTH, EFRBEOFEIZRTNIEERTETH S
LWL, DTFFEHBICELIZEDTELLEZIZS 26N
THHETH Y, FLEORDEFEOREERBHITHS .

rGPlalla ®°rGPIbo Z#EE(L L 72 EV — 43, M/MRERO
WHEE BT, /MR EO D FEEBICEIWT, M/MRE
£ TDGPlalla &£ GPIba D#fEZ BRI IBEICTFTI AL &
N-b0THY, NLM/PMMR~OMEIWLET 7O —-FTh 5.
SHOBEL LY, MRRDEFNVEE AV R —
LD RMEE, WEESM, KHSE, Ry - L L MBEKS &
MEEALZ EIZOWToORER, ERRETEZ2EEEOBHW
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HOREY TH A M/ IMBEREOERITHEY 72\,
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Oxido-reductive Reactions and Modification of Human
Hemoglobin Caused by Homogentisic Acid

Yoichi YonedaV, Junko Koizumi”, Mami Akazawa', Masaru Takasaki", Jundo Yamaguchi?, Akio Tomoda»*

IR
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2, ARAEZOE VA FIAEZOEVIZBTLENL. SOL)BFRES VF I VBIZEBANESOY L OBLE TR IE5E
Pe7ORFY v 7B b4 ) P UAFH Y UBICE VRSN, FEFUF I VBIIEBAFIATITE L OB
B A =78 —F FH A4 FORLY —PHEETTELURESNAD, 755 FIZLhWEEINL, T2, AEFVF I VBRI
IAAPMAEFOVVOBTERGIEA =S —FFH A4 FYRLY —VPHEETTIEREESNLDY, 775 —FHEETCEIEEL X
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MOFTNVET I T2 —VBEFFOFEKIIOWTHIANETOY VORI S ZEVEL P L oo h, 0%
ARAESCF VB ARBER LR TV, 510, FEFVFUVEEL L PAESOE LV LERIDS Y D EERE
BEBRKETS N FICERERZNY FEBBEL, ShAPHFEOBHENE/ O THLILPHLPE ko7, ZOBMENES
OV IFEEDFFIAETOVE L ORILANRY MV EIZIZE—Th o724, SHEILHIER L, F-EEHEMEEEML T
7. BERAT IOV OREBIIOWTIEHELNIIEE 2o/, ZOLHIL, FEFXFUF IV VB PAES/OE VI LTRR
CBTERATAET AL b, BEERERTIEPFHLNE R

Abstracts

When human oxyhemoglobin was reacted with homogentisic acid, it was oxidized to methemoglobin. The reaction was accelerated in the
presence of inositol hexaphosphate, superoxide dismutase, but was prevented in the presence of catalase. But the oxidation of ferrous hemoglobin
by homogentisic acid did not occur under the anaerobic conditions. When human methemoglobin was reacted with homogentisic acid, it was
reduced to ferrous hemoglobin. The reaction was acccelerated in the presence of inositol hexaphosphate, inhibited by superoxide dismutase, and
was not affected by catalase. The reaction of human hemoglobin with homogentisic acid was compared with that with aromatic reductants such
as o-aminophenol and its derivatives. From these results, the reaction mechanism of human hemoglobin with homogentisic acid was deduced.
Furthermore, a novel cathodic hemoglobin band (designated as the homogentisic-acid-modified hemoglobin) was found, when human
hemoglobin was reacted with homogentisic acid. This homogentisic acid-monodified hemoglobin had absorption spectra similar to those of
normal oxyhemoglobin and methemoglobin, but had increased oxygen affinity and deleted SH reactivity. The identity of this modified
hemoglobin is still unclear.

Key words

human hemoglobin, homogentisic acid, oxidation and reduction, modification
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(+) cataiase
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o control
(&)
o
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. llo min[ . (+) SOD
Fig.I Oxidation of human oxyhemoglobin by homogentisic acid in

the presence or absence of inositol hexaphosphate, superoxide
dismutase and catalase. The oxidation of human
oxyhemoglobin by homogentisic acid in the presence or
absence of inositol hexaphosphate (P6-inositol), superoxide
dismutase and catalase was pursued by the decrease of optical
density at 578 nm. The control in the figure shows the
experiment with homogentisic acid and without inositol

hexaphosphate or enzymes.




Table 1
derivatives and homogentisic acid (LM heme/min)

Initial rates of oxidation of ferrous hemoglobin by o-aminophenol, its
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Table 2 Initial rates of reduction of ferric hemoglobin by o-aminophenol, its

derivative and homogentisic acid (1M heme/min)
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Fig.2 Isoelectric focusing patterns of the partially oxidized
hemoglobin with ferricyanide, and hemoglobin solution
reacted with homogentisic acid. A solution of purified
oxyhemoglobin (500 uM in heme) was mixed with
homogentisic acid (1.5 mM) and incubated, at 25°C for 25
min.
a. hemoglobin solution which was partially oxidized by
ferricyanide.
b. sample obtained by the reaction of oxyhemoglobin
with homogentisic acid.
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-, FEFVFTVVBRIZELBAMAEZTTOVY S (Ferv) O
BIURIBIE Y 2 =20 L ) IZETT 2 LEZLNS.

Scheme 2
Met-Hb Met-Hb

@T \ Hb(Fe“)@ \ Hb(Fe‘*)ﬁj

Hydroqumone form Semugunnone form Qumone form

R =~ CH,COOH

FEFCFIUBBONL FOF ) LRI A PAESOV L E
ESREL, £3IF /7 Y EIIRY, S50 3IF LRI A b
NESOVVEEBERGLY ) Y RICRBEShBEEION
5.

Table 2T/RY L ) ICBREFET CTHRES VF U UBRIZE B X
FAESTE Y ORTRIEASODIZ & » TIHEICHH S hie.
COMRERES P F Y VBEBEEORGTER SN A~
IS—F FHA KHAMAEZ TV Y BT 5O %SODHHE
LTCwaZ e TRMMKRD. 7o, MANEHTTOHRES Y
FUYRICEZ A MAETRE L BRREHEITL, L2 bEF
FMAHT LY b RIEEENFE, > 72, & ORRILIEREED




1.

0.

Optical Density

Wave Length (A)

Fig.3 Absorption spectra of oxyhemoglobin, methemoglobin, homogentisic acid-modified oxyhemoglobin and homogentisic acid-
modified methemoglobin.
straight lines: homogentisic acid-modified oxy- and methemoglobin
broken lines: normal oxy- and methemoglobin

Scheme 3
Hb (Feﬂ - 7-*1’”) F9H+) + OZ
N @an @NH
. —
o -quinoimine NH,
o -aminophenol :;:dfl::!;::l 2 02 \
of o -aminophenol
NH2
O
2-aminophenoxazine-3-one
H H NHe
Hb (Fe ) ﬂHb (Fe™)
OH
NH3 @NHz NH
oH o \ @0
Oz 02_
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Table 3 Oxygen equilibrium parameters of normal hemoglobin and the
homogentisic acid modified hemoglobin in the presence or absence of 13)

P6-inositol

EbNEFUC Y OBIEETEREF > T
F 72, Winterbourn5 39X F I F Y IIAES
O ORBRLETERPHAZEERLTVA,

ANEFOVYERBIET LA E LT T Y
ToAbh Uy L, HREEE, A 4, BEE{LKE

W EELDILEWMHHSENTVAED, ZhHD
LI A PAEFOE VBT LRV, T4
rANEZOV CE2RTTAILEWE LT, TR
INEVERREPALNTWS, L2LLRHSG,

P, (mmHg) Hill’sn
Hemoglobin A 7 3.1
Homogentisic acid
modified hemoglobin A 4 1.9
Hemoglobin A + Pg-inositol 80 2.2
Homogentisic acid
modified hemoglobin A + P¢-inositol 42 1.2

NEZSOE Y OBLER L BILERAY bR

FALEWIIOVWTIEI N E THRRMICRET SR T

Wizholz.
EHWERETFVF IV VBEFFIAETTE Y

Concentrations of hemoglobin A and homogentisic acid modified
Concentrations of P¢-inositol: 1 mM

hemoglobin A: 100 uM (in heme)
Buffer: 50 mM bis-Tris/acetate (pH 7.0) containing 0.1 M NaCl (25C)

Table 4 Titration of SH groups of the homogentisic acid modified hemoglobin A

and normal hemoglobin A

LR —EREREEE 5 LFig 2I2RT 912,
BRI LEOBBRAICHENOATITE O
FAHBE LS. FRSVEESERKE TIEIANE
FOVY AICA T XFIAETOVY L OBBAICE
B A, REXVFY VEEBHEAESOVY Y
BERREIBEHLTVWRZY, RBRZOAES
QY CAFEX F IO UBLVBHENFRO

normal hemoglobin A

homogentisic acid
modified hemoglobin A

N NEFOQE Y EZEZ, TOANETOY Y2 KEI
BRL, oYL ENEELRE L (Fig 3,

SH number titrated
(SH/hemoglobin tetramer) 1.8 0

Table 3, 4). FDOKER, ZOFEYVFIV VBB
FEIAET /O VIR A RS P VIZDOWTIRIE
HEOAXIAETOVE Y, A MAEFOV LT

EEELWELET T, SEX Y FIUBESMONLEEDE
BHILRELTWAZEERLTWAEEZLNAS.
DEOE»S, FEXF Y FULBIEIANESTVY  OBE{UIE
AL UBTERAOTADOERLS S 2 EAREN. ARk
ANEFOECOBILETI/ERAERTIEHELTEN T I/
T/ —NVEFDFEERNDH D (Table 1, 2). TORIBITA /
Th=AFHY) CBICEDEESINL D, SODBLUA Y
S —-EOEANALNEh o, TBRMEETCRAES
OV Y OB EFETE S, A MESTE ORI
RIGEFRESE T ERTREFEr o7z, IO DOHRD
5, ANVIT I/ 72/ - VBIFFOFEEKINEIOL Y
OB ETER =T, REFXFCF I UBILLBEAESTOY
COBILETRICE IR L ABBCRICIENTTALEEZLN
% (Schema 3). #FDA A A LIZDOVWTIE, BBEHFEAETTR
BAEITT AL 2D LFSODB LU ¥ 5 —EofEfdNIE
EAELWZ EDD, BEDEZ AT LREBENTE RV, &
B, AETRENTZA )V F=—UAFH ) CBEETTOAN
E/OECOBRILETRICOREIL, NEFOE &L O
{LBTH EDRIETRBE IR TS I H e, )Y b—Jb
AFH) CBOESILLANESOV VY OBSRBENEIIZL
HHDEEZ LNBIIN,

HEPRE LR TIE, KEBEETEML-FFRILEYT
33— FOxI 7 b9 VEE, 33—k FOF I FXLoUR
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EAEENRVH (Fig. 3), BEHMEIIREIC

& < (Table 3), SHRIEHIZ LR RhoTWAZ L
ARENT, REFEEIRESY VD F U VBEANESOVE VIKESL
TWwab (Table 4) TEZMEL, BADHEAATPREDOL
CHELRE R TWRW, ANEZ OV Y OSHENF S O
T7Uy 7 3NTWED, BIEESATVWELEZ LMD, Garel
LMIBTE N FF L EFFIAETTE VERRIDS
e, BBV F LV IENETTECDPRIZVAF L I
FE#EGL, SHEXF 7O v 7 &h, BEHEANEIEL o Tw
BIEERLE. BODRILIIZIDOAEZOE Y DFRS LV

BEHESRKE L TOMBIZIOWTREAMISREA TV W
B, BBEEICKESBELTWALBRRENTBEY, RBXT
RUIRETY F YV VBBHREAT /O OREE &~
LTV AT R BV,

RESVFT VA RMIREBBERA v Fa—-FT5L,
FRMERADANETTE LV IIKRBICKRES VF U BiERIAE
FJUE BT AIENRALRE -7 (KEAL, REET
—%). TOZEE, FEFSUVFIVIBPEHICh YV ERE
IR ICHEET AREREETALY T VREOSBETIE, #ill
RADANEZ TV VR ESF VF VU BBHEANES IV VI
FIULTWAZLRRELTVD, ZOKEE, FORETIEIA
ESUC L OBEBRMMEIEL LD, BEMLEMIREIZ L
TwaZELHBMENGE, T/, ERXBETLVA T NV REOA
FODEFBIZOVWTLRBELIENVZI AR LW, Th
LD LIZDVTISHOMEDOERIIF-N 5.
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Perflubron$LEIE 5 CEMFRIFOBMEBEI LB ENFTED
(Perflubron Emulsion Delays Blood Transfusions in Orthopedic Surgery)

Donat R. Spahn, Ronald van Brempt, Gregor Theilmeier, Jan-Peter Reibold, Martin Welte, Hartmut Heinzerling,
Katrin M. Brick, Peter E. Keipert, Konrad Messmer
g — 1 v 7¥PerflubronFLFIAff 35 77 — 7 (the European Perflubron Emulsion Study Group).

RREHHOAAL b

#o4t  PFCIL#H  (Perflubron LA/,
Alliance Pharm. Co.) DEEFR #5280 B HE
(1996 Jan. - 1997 Feb., BXJH Perflubron 5F{if
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MEORBHEEICBZEIIRLEEILND
DOTHFR(EE) Laxr MLz, &E
THMEHHRECHERABRF LR
NTWBDT, REBEERBECDOHRD2O
12, REEICNGFLTIEW .

Wh@ APFCILENE I F) +FEAR%E
(1970), Fluosol-DA & L TFDAZZE] (1990)
%700, FihE L REWOHED
Fe 4T (1993 I MEP IHIZE - T
Wb, FORSTHED—HEREIZE
L CPFCE D DRE X TR D ZHELL EIZ
mME&Y, BMEGBEOERZIN T
D H* Perflubron TdH 5.

Z O #E (3 Perflubron % FHTR OB
e LT AV, M mEARICER L
THIML-HCMm% FH%ICR L THE
mémomEs B LHOBHITDH
5. EMETF (EPO) #5112 X A HiREF
M AS—REHI 12 7% » TV AR OEE 5
RoL, MalFmoEES LEES 2
% % Perflubron FIADERh & FRT 5
HEE, FOEEVFBEIIRERINDINE
ThrdH. Phtde MBICEERT
ZMEENVHETEL LTI, BEH

PRHAF BIEREN LT > 5 —

WORKHAZRE LT, M avr®
RERE, BRALE, LAE% EITER
$ L RNFE O B L IAIE T & B BABAR
ELT, BCIZATE 2 ROMEIREE & B
ATAZETHEMIESTL2OTEZW
H. RERARKEROBRZHBITERS
NTEH, EFmEECER R CFIH
TEXLREADS, ThIFFREBEERSN
HREFRTHS ).

¥/, ZoBmEOPTEHRIEROAT,
BB MPIREBOBET VRS TW
5. BEFEE R T 5729 (2 Perflubron
BFRE I REEER () CREE) T
BohTEh, BRAIIEE bk
HEbEESN, REKELEDOLEDN
HHrEEbNDL. PFCIIILENIIED T
RET, ANES ST 2 &R 5 I
MERICHESh 0O RB ST,
BB PRI > TRRICHRES 1
A, BRERBEHOE 2 (sustainable
system) AERINSLHIIE-THED,
T o BB HMIKRR{CORR L % %
70 EBEERD (1995) [0k o TEBE
anzz. BZEENZBEEYLY Hkgdb D
PFCAKZN R H 8 N5 BREIIFIEFF &
nNhnwztTtdhdsb.

Wz &, RKFFEIZERN TPerflu-
bronfFEEE &% ML, £ < ORES
BREOSN, /6y EH, 1IBETHR &

T H FEfE - B K

N KBERBROZTHERETHY, BE
MEABRYFESICGBREFHOTA F7
1 ERERRES (RER: Mk &= 8%
(ExEK)] dbFEINRTVWDEOT, &
ETLInsHoO7U ba—LoRED,
LEITEFTOHREZE TV I &L
LTHA.

(L B)

®
FiEMESMmEEL & LT, HhigE%:
HeL LoEmaER (x) %, HiRE %
ZRELAVEENHLFRISREINT
W5, IO L THARIE il
R, BRIEE % HEFE L 223 MEAR
(Acute Normovolemic Hemodilution, ANH:
i AMAECMIRM) dH 5. #igiH
ChFmORESIMETHL L, FiE
I & 1 m & O Kh R b EERITah 5. ANHAL
B % OEHbIBEE FEFNI Ko TR L
REEIZZ2 5 OT, ANHIC ATLEEFEfE
PHELEHFEIENELEELONS,
ANHIZ & o THbiREZ T ¥ TR
shEREME, FEEEKEISMbDLZ
ECEMRETCOREHIMET 5.
NR—7 VA oftEgY (PFC) RALR
FERMAKRD —DT, PerflubronFL AL 552
o= EEILFTH 5. perfluorooctyl
(C4F;Br)

il

bromide &, perfluorodecyl-

* Transfusion trigger: triggeri3 RN E. WMBAKOB%E, WM ER
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bromide (C,F,Br) # L ¥+ T5L{kL
TWa., BERCIBILREZOBVEHE
rHL, BESELBEEMED LA
%1, HbDsigmoidal i & I BBHTH
L. EEAIo 42288 (58
1.8g/kg) . AREFFEO BAIIEZ, ANHIZHD
A Perflubron DFNF & ML H O T
HEEbil, EHLEM M) BERM
BEIIBOTABNGIIFR B 5
ZETH5b.

B &
MREIMR :

AR BRILRR M 62 E 1148 R 12 T,
199641 F 5 5 199742 B O B 12 BEE 5 4
a7 BE90ED D L, 1474 %4
RUUERSI N, WHNERMRIC, R
HERFH I CIFHFHOEET, 2-
6 1= b (1= MIS00mLERIMLH*)
DIRMIER/ Xy 7 BB L HR S/ BE
*ARFEOWTRE L.

AL, WATHLEE L~ 16g/dL,
& 5 FR B (isoflurane, fentanyl, vecuronium),
FigAR # 7 — 7 VA DA, HbBRE
9g/dLiCDANH, REZEEREE (FO,) %
1.0& U TSR & BRI EE & 5 E
A360mmHgll L2 R34 2 &, 72
F,0,=0.4\ZCANH L 7=, BA#IRMES
FESE (PvO,) H40mmHgbl ETH 5 =
. BRAL R, RN, AEM
il DIEL, FARIEPOIXS-, Perflubron
FLAR AT BT LV ¥ —, FHE
eI ASBF LA L, LEMBEEN 61 = v
FALEFHENDHE, HHERECHE
TEALRRER % 149 &, MR8 % 50 ) 72
BE, LREE, TREE, FHiERE,
BREEREE, IR, FOPIEERIRRA,
TRE Y, BERER, TMERER 0%
5, HMLEROBEA, RERSE, BYEE,
EUEREOBRA, 7LV 2 LeHKREILHO
BEAE. #7H0 B QM 3 & ORERERIR dL ke
FET RS BT FESEA/ ) Y OB 53K
2L 7z, PerflubronFL#| LA o LA 5% 13
MFRRIZAN LV (RAAEEIIART TR
boLF LRI HY).

HB7obra—-n:

AKRFFE TIX, ATAIE  (prospective), I
E, BB, \|EAER, £PEET,
BREREORBETHETH S, Per-
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flubronFLA] (Oxygent) iZ Alliance Pharm.
(San Diego, CA) 78 fit, T /-EEIKER
{ZR.W. Johnson Pharmaceutical Research
Institute (Zurich, Switzerland & Rartin, NJ)
DOFTIZL Y ER. Perflubron®37C, 15,
BT OBEEHREET6mM (193
vol%), BRILR REMEIL61.6 mM
(157 vol%) T 5.

FHEFR > HEIR L RRE: % BG. isoflurane
& fentanyl THRREE% #EREL, vecuronium T &
TEAEMELL. EREERTAVTIE
BRRREIS TR, BEEIR & By 7
—7 LV EFH AL, HbiERE9g/dLiz D ANH
W, B E AR5 & R ICAT o TER
(EFF 2, eFaFs nF )L A¥—F 200
kDa/0.5M, F/ide sET L 73I0).
ANHT%, & O MEEIAEHIE IXF,0,-0.412
THEM. R, RERE, MEIRE, it
IR AL (PCWP), LHHE, BIRILE
S URABEIRIM O A X 54, Hbil %
E. EfEBES T TIIFO, 2041288 72
(1),

WA RIS MIREN R ICE X, AHEEH
MeaFERE LTERLZ. Bk (LAEDS
ANH#E DED125%LL E, 712110
beats/minLl LD &5 LB HRIZZ SN
L&), RILE CPYEHIREIANHE O
BDT5%LLT, F7-1360mmHgLLT), &
DIHHE (ANHER LR ED150%L0 1),
F 7213{EPv0O, (38mmHgLA ) DE:% 4

HeEgmAERE L, AHEMNHDERIC
ETHHICHbEE6g/dLLL T 2R L7285
ERLERILEMZ R L BE L EE
BESEITHTIC, ANHRICE-BOMm
R0, EIEADE S TUELY ZIT7
B4, HbiE6g/dLUL T £ 7213 0 ERAS
LEMERLUED, £, £=Z0&HM
FHRE L7 HEREEMEGNAAREL
ST EEMBEFEETCELSSIERD
1 R DA
ERNEMFRISEL /%, BE%4
BEICEIEADE L. OEELERLE L
T, 450mLO B M (ANHH 1218 7-4010)
ZF0,=040IKE TS (ABB) ; @Per-
flubronFLANEH% 5-8, 0.9g/kg (1.5 mL/kg)
DRGET, 204 FERMLTEE
450 mL& L, FO,%1.0& LT#H45 (P,
#t) ; ®PerflubronFL A &% 5-8, 1.8g/kg
(3.0 mL/kg) OSET, 204 FER
ML THREZ40mLE L, FO,21.0& L
TS5 (P ) ;#LC, @auq FEE,
a0 A NEWHAS0 mLEFO,%1.0& LT
5 (COLE¥).
EHMFERIBNEEIX, ANHT
B7z12=v b+ (450mL) OHECH, B
il bRk Ny 2 (BCME 7
BEIEM) %, KEREOFO, XML L
BoEE L., FHFOEL L — -
(P OB IMEE B L Fgmy %) %7
L L7, BRmEIETECL (B

Hemodilution to Hb = 9 g/dI

K32

lF|02 = 0.4 *Normo-

volemia
Baseline = Post - Hemodilution «Stable
---------------------------------------- d ;- - Surgical bleeding: - - - Anesthesia
hst Transfusion Trigger-»Randomizationl
1L
v Y
AB P0.9 P1.8 COL
450 ml Autologous | |0.9 g/kg Perflubron| [1.8 g/kg Perflubron| | 450 m! Colloid
Blood + ad 450 mli Colloid| |+ ad 450 mi Colloid
+Fi02=04 +Fi02=1.0 + Fi02= 1.0 +Fi02=1.0
l i J L ] L J l
2
2nd Transfusion Trigger
Blood I

Fig. 1. Study protocol.
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JERLIZANHHFIZIE SR D, L t—
NI, £ L CHRTRIE L M), Kic
FEmEmE L7z, FRERTHE, £=
BIFRNZ LN, ANHTHE 2122
vyhOBHCH, Wity b O FRIMER
vz (BCM /-3 FERM) 2 %53 5. i
IAEABATE, FELSMmM ORI, FRAH
Cll % #4123 5 UHbig K % 8g/dLLL E i
WETT 5. BEIIFHH%28H T TEEIFHAE
2RA.

5 — Dendpoint | & 1M 375 K] (] 8 O F e B
BT, RMORE%Z 0o E2EE
DILE % thO 728, BT E®R 25T
T (FHMgERGETIT) Lo 0R E
LTI TORETHS. 5 Dendpoint
AR K % b8 L - BEOLE,
FEmMESNOVENY, BES 1 F3I7X;28

HEOBHEMTH5.
£ 2
(1) [ 147150BFHTEEEERL,

38% % COLBEID, 388 %P, BElZ, 36%&%
PsBFIl, €L T35 X ABHIIOE. &

MOMEBEIZBNWT, FHERME ISR
HETH-H, PISEETIIER L.
B EhAR £ X COLEE & P, JE Tl {b¢ 7§,
Po BE L ABEETIIfE D IR, LHIEIZ
EHTRE. LHREEP,, P, ABETH
KU7ZH, COLETII%RE. HRMEEE
SHEE (Faba—v@hil) CoL, Py,
P TR LAHPABETIIEILL &b
272, POB L UHIRIMNEE RGN IL4
BTHEAKL:. L2 LRBHROBERE LS
Tid, ABEOAFEEICKS o7, B
HRIMBEFZ S A EIIP,BEE X UP, FED A
WRLZD, COLEB L UABETIRE
bLdor:. BEREEREIIP, B, P,
B, BLUABRETH KL 4%, COLET
B3R L. BEHBRERIIEH L
7, BEMBERILSBTET L.
MR EE L -EEer—FEro
7oL, P BETHD, R\W\TP,, B,
COLRE, # L CAB# & o7, {&P,0,D
RERIL, ABBEIZHEIL TCOL, Py L OF
PBETEHCR LN (F2). BILE, #
Bk, SLUOHAEEDS OREIIBER THIC

ZRITED o 7. WA R E RO R
M (8 —endpoint) X, P, BET—HFE(,
RVATP,,, AB, COLEEDIEE % - 7=, #§
Ik, & OHEEE, B X THLEBE6g/ALL
ToOREE, FTHMBERE LTLEL
BWTHAKOBERTER. KMA P, B
(11%) & D HCOLEE (45%) T VK
L, PO, = 38mmHgd ABEE AL O BEIZ
HELTELR SN FHE28BAFT
DIETHENIEEL . [ m E RO
BREETHEETHY, BT TOHLME
LEMETH - 7.
BIfERIC X 2REPUITE, > 72, 5
2 BZEDBENVEELRBERAZ R LD,
ETARIFFEREICZEERRTH- 7. B
ERZRL-BEOESIE53%~69%T
FOREIBEIOIREDHREITH
D, BEICHEEZIIED> 72, /MK,
WL, BXOEEICET2EENP,ES
L UPBEIIBWT, COLEES &L UFABEE
L0 LEESCHE &SN/, Perflubron
5B O FH4AE 5 O BIE B 3 /MR
BAE, W, #%138 o l/MREO

Table 1. Data prior to and after First Treatment
Perflubron 0.9 g/kg Perflubron 1.8 g/kg Autologous Blood
Colloid (Fip, = 1.0) (Fio, = 1.0) (Fio, = 1.0) (Fio, = 0.4)
Pre Post Pre Post Pre Post Pre Post
Time from incision to
first transfusion
trigger [min} 50 + 36 45 + 32 51+ 37 57 £ 35
Time of first transfusion
trigger to end of
surgery [min] 91 + 63 75 = 55 80 = 48 82 + 58
Hemoglobin [g/dI] 7811 71 +14 8.1 +09 76 12" 7914 76 14" 78 +£1.0 79+1.0
PCWP [mmHg) 13+3 14+ 4 14+5 15 + 6* 14 +4 14+4 144 15+ 4
MAP [mmHg] 72 + 16 76 + 12 74 £ 16 78 = 18 75 £ 16 82 + 13" 70 = 14 76 + 15
MPAP [mmHg] 20+ 4 215 21*6 22 + 8 215 21*6 205 22 + 5*
HR [bpm] 70 > 14 69+ 15 70+ 12 73+ 14 67 + 13 69 + 12 68 >+ 15 74 + 15*
Clfi-min~'.m-3 32+11 32x10 3.0x08 3307 2810 3.0=*1.0" 29*08 3.1 +0.8*
Pag, [nmHg] 147 = 58 421 + 89* 157 = 66 407 * 124* 176 + 81 441 = 78* 160 = 41 164 + 431
pH 7.40 *+ 0.05 7.39 + 0.03 7.41 = 0.04 7.41 = 0.09 7.41 = 0.05 7.40 = 0.04* 7.39 = 0.05 7.38 = 0.05"
[mmHg] 375 374 374 374 364 374 375 38 +'5*
Pvo, [mmHg] 39x6 48 + 6* 39+5 50 = 10* 38+4 518" 384 40 + 4*t
Svoz[%] Mn+7 817 M=*7 82 + 8* 72+*6 83+ 7 70+*6 737t
Cag,z [mi/dl] 107 £ 1.4 108 +14 111 212 114 1.4 11019 11.7 £ 1.9* 108 = 1.3 109+14
Cvo, [ml/di] 76+13 79 12" 7811 83+13" 7714 86+ 19" 74+10 78 12"
Iimt-min='-m™3 349 + 129 362 + 125 33379 370 = 77 306 + 98 351 + 112* 31074 334 + 72*
Vo,! [ml - min~' - m~? 100 + 33 96 + 33 96 * 20 97 + 23 88 + 22 89 + 22 97 + 24 92 + 22
ozﬁxoverau[m 20+ 6 27 £ 5 30+6 27 + 6* 30+6 27+ 6* 32+5 28 + 6*
O,Ex hemoglobin [9] 28+7 197 27*+6 18 + 8* 27+ 6 177 29+6 26 + 6't
Temp [°C] 354 + 0.8 353 = 0.9 354 0.7 354+ 0.8 35.2 + 0.8 352+ 0.8 354 08 353 0.8

Values are mean + SD and [N (%)]. There are no significant differences between groups before treatment (PRE).

Flc,z = inspiratory O, fraction; PCWP = pulmonary artery wedge pressure; MAP = mean arterial pressure; MPAP = mean pulmonary artery pressure; HR = heart
rate; Cl = cardiac index; Pag, = arterial O, partial pressure; Paco, = arterial CO, partial pressure; Pvo, = mixed venous O, partial pressure; Svo, = mixed
venous O, saturation; Cag, = arterial O, content; Cvg, = mixed venous O, content; Dg,| = O, delivery index; \'I°2| = O, consumption index; O,Ex overall =
overall O, extraction ratio; O,Ex hemoglobin = hemoglobin O, extraction ratio; Temp = temperature.
* Significantly different (P < 0.05) versus pretreatment value.

t Significantly (P < 0.05) different from any other group.
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Table 2. Transfusion Trigger Reversal

Perflubron Perflubron Autologous
Colloid 0.9 g/kg 1.8 g/kg Blood

Flo, 1.0 1.0 1.0 0.4
Overall reversal of first transfusion

trigger [%) 76 82 97"t 60
Duration of first transfusion trigger

reversal [min] 30 (27-60) 59 (40-90)t 80 (60-100)*t 55 (30~70)
Censored observations [%)] 13 45 53 261
Reversal of tachycardia [N (%)] 3/6 (50) 2/4 (50) 4/5 (80) 1/4 (25)
Reversal of hypotension [N (%)] 10/15 (67) 10/12 (83) 10/10 (100) 17/19 (89)
Reversal CO > 150% [N (%)] 2/3 (67) 0/2 (0) 1/2 (50) 1/2 (50)
Reversal Pvg, < 38 mm Hg [N (%)] 22/23 (96)* 22/24 (92)* 26/26 (100)* 12/22 (585)
Values are median (95% confidence intervals) and [N (%)].
Fig, = inspiratory O, fraction; CO = cardiac output; Pvg, = mixed venous Po,.
* Significantly different (P < 0.05) versus autologous blood.
1 Significantly different (P < 0.05) versus colloid.
t Significantly different (P < 0.05) versus perflubron emulsion 1.8 g/kg.
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abstract

European Perflubron Emulsion (PFB) Study Group, Spahn, D.R. and his colleagues, reported a clinical trial on red blood cell substitute, such as
perflubron, in Anesthesiology 1999; 91: 1195-1208, and Dr. Tremper criticised it in the same issue. Reviewing the both, we made comment on
clinical trial concerned with red blood cell substitute. Dr. Spahn et al. scheduled that the investigators should start curative blood transfusion,
when certain unfavourable signs in patient’ s physical condition and non-physiological values in parameters monitored would be noted.
Decrease in blood pressure, increase in heart rate, changes in ST-segment on ECG and low hemoglobin value (less than 6.0 g/dl) are reasonably
accepted for the above transfusion trigger as routin and valuable parameters. These factors are noteworthy and useful to detect failure in vital
homeostasis and falling into irreversible state. Therefore we have better to apply them when a new trial will be designed for development of red
blood cell substitute in the future. On the other hand, monitoring of cardiac output and mixed venous oxygen partial pressure will be performed
in restricted patients alone and should be avoided for all subjects since these parameters remained in their normal range throughout the PFB
study and probably would do in the new trials. When we will try clinical study for new developing red cell substitute, it will likely efficeint to
compare the red cell substitute which can carry oxygen and plasma substitute which can not for the replacement of diminished blood volume for

autologous blood collection immediately before surgery and further replacement for additional bleeding, if possible.

key words

acute normovolemic hemodilution, autologous blood transfusion, red blood cell substitute, clinical trial, protocol design, review
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