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Fig. 6. Manufacturing process of deoxy form under nitrogen atmoesphere
using bloed dialyzer.

Table 2. Stability of deoxy form albumin-heme at room temperature for 6

months.
Initial After 6 months

Appearances good good
Pso (Torr) 347 347
[rHSA] (%) 5.08 5.35
{Albumin-heme] {mM) 2.75 2,77
Met conversion (24) 107 1.08
Viscosity (¢P) 1.16 1.16
pH 7.13 7.14
(FeP]/[Alb] 3.3 3.4

co 426.5 426.5
UV Amee (nm} Oxy 4245 425.0

Deoxy 443.0 4435
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Fig. 7. Examples of filling product in glass vial
left; solution preparation, right: freeze-dried powder.

Fig. 8. Example of kit product consists of freeze-dried powder and
solvent for injection.
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Fig. 9. Rat exchange transfusion model.
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Fig. 10. Mean arterial pressure and hemodilution rate during exchange
transfusion by albumin-heme, rHSA and saline in urethanized
rats. The data represent means + SEM of 4.5 rats. Figures in
parenthesis show No. of animal survived.
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Fig. 11. New pBEX vector with superior character for high expression
and copy in colen bacillus.
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Table 3. List of culture condition employed

Host :Colon Bacillus strain BL21Gold {DE3)
Culture medium:Terrific Broth

Culture temperature:30C

Revolution of shaking:120rpm
Additive:hemin or aminolevulinic acid
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Fig. 12. Synthetic ¢cDNA of hemoglobin a and
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Fig. 14. Identification of expressed rHb (tetramer) by native-PAGE.

New facilities for the production of artificial oxygen carriers will
be constructed in this factory.
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Development and clinical application of hemoglobin vesicles as an
oxygen carrier using hemoglobin derived from human red blood cells

EASE KRB KHBX HAEHT RHEZE
Eugene Satoshi Takagi, Mitsuyo Ohmura, Katsuji Ohta, Yuko Suka, Akihiro Matsuura

FN321H$3
BARFFHE DG ShaHRThe FMRORE VEE, YA VARELEZANE/ O 2 YRy —ABRTERIC

HELANEZ OV VA (HbV) i, b bRIERE e LREIZH1/30L A3, ASORFEERELFTHIL
DHbVOWE(LEERE L Ul 4 DEREF VBV TR S, ROV FY ~ LG THEAL SN5I/MRE
AL, BHCBEAOEREOESTRESOREL ZWI EIHBL, E561T v b, PV ERAVARERIRIIBNT
LENTRABERIRAOAR o/, THOHDVOEERNICS T IRMBLREROFMEL ), EFBRACERT oY =

7 FELTHRELAEZBEE L -ARYFHEETHTHS.

Abstract
Hemeglobin vesicle (HbV) is prepared by encapsulating virus-free hemoglobin, which is purified from outdated human red blood

cells (RBCs) provided from Japanese Red Cross, into liposome with a phopholipid bilayer membrane. HbV with its diameter
approximately one-thirtyth smaller than that of RBC is proved to be effective as an oxygen carrier comparable to human red
blood cells as evidenced by various physicochemical and pharmacological experiments. Animal studies also demonstrated that
HbV was biologically conformable without platelet activation, accumulation in pulmonary and renal tissues and so on, which
have been recognized as problems of cenventional liposomes, and that HbV caused no notable adverse effect in safety studies
using rats and monkeys. Judging from these evidences, the development of HbV aiming at its clinical application is intensively

in progress as a national project by industry-university cooperation.

Keywords
hemoglobin vesicle, liposome, human hemoglobin, resuscitation, exchange transfusion, safety study
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Fig. 1. Schematic representation of hemoglobin vesicle (HbV) prepared
from human red blood cells
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Fig. 2. Resuscitation by hemoglobin vesicle (HbV) in Wistar rats
subjected to 50% hemorrhage shock.
Infusion of HbV suspended in recombinant human serum albumin
(rHSA) or tHSA was started at 15 min after the 50% bleeding.
and then mortality was recorded for 6 hrs, The non-treated group
did not receive a resuscitative fluid after the hemorrhage. Eight
rats were used for each group. {cited from Crit Care Med

2004;32:539-545)
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Fig. 3. HbV preserved arterial blood pressure and renal cortical oxygen
tension depressed in Wistar rats subjected to 90% exchange
transfusion
Ninety percent of estimated total circulating volume of blood (56
mL/kg) was exchanged with 5% human serum albumin (HSA,
n=6) or HbV suspended in HSA (HbV/HSA, n=6) at 2mL
withdrawal/infusion cycles at a rate of 2mL/min. Blood pressure
was monitored by a pressure transducer connected to a catheter
inserted into the common carotid artery. Renal cortical oxygen
tension was measured by a needle polargraphic oxygen electrode
placed in the cortex of the left kidney. {cited from ASAIO Journal
1097:43:289-297, Bioconjugate Chem 1997,8:23-30, Artif Cells Blood
Substitutes Immobilization Biotechnol 1997:25:357-366)
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&R VWHIE RS & LT [15-dipalmitoyl-L-glutamate-N-
succinic acid (DPEA) ¥B&L, 7 v FBXUH=Z 4N
BT ZOFMESFERL SRz, TbbIy McBwTE
Y HY — A%2 mL/body DI 5B TG L40AH R IRMH
OIUMRE % TS L2 R, O —a% ) Ky — A RSHR
TR IAMEAH2050% 54 LA 03 L, HbVTid& dmd
BIREL o™, ho2 A HNIZHDV 5, 10, 20 mL/kg®D
BESRESHOMMERE, #5% 2 AMcbl - THRE
ACHEBL, FLHONMOEHIALID SRk
(Fig. 4)°. BICE—BOZ YRV —LAH 5y 7ERBTE
HHON TR, 3XUBHAE/ O ORENRLN

Fig. 4. Platelet counts and bleeding time in rats treated with single HbV

administration in cynomolgus monkeys.

Intravenous infusion of HbV was carried out at doses of 5, 10, and
20 mL/kg {5 mL/min), and then venous platelet count and
bleeding time according to Simplate methed were measured.
Three animals were used for each group.

L ERORBRTHROAMBHKIZBSVTH, HbV 5, 10, 20
mL/kgDESIC X BRI BD LML h o P BELY,
HbVOAEBEEICOWTIHEZ LB SN 5.

4, HoVOER2Hds L UEENESR

WistarB#E 7 v FITHOVE20 mL/kg0Ix5-ETRBIR X
DHRE LS, BECER (AR olm, 7L 73
YORSEFRONEFVWTRIBEMTH o/ miFaL R
FO-—-NAERMCEML, B 2 0BCRREEED, 20
BEREA L 1 ARBICEEEICE L (Fig 507, MfIC4e
ST 2ELIRBD oot

H=7 A4 HFNIZHDVES, 108 X020 mL/kgh SR CER
BRARS L, BREBROMEPOHDVHRAEY DY ¥
(HbV-Hb) IBE#ERE 2EMIthbl-oTHELL. wiho
BEIBVWTHMEPOHLV-HdERMICET L, RilEE
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