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In vitro Expansion of Hematopoietic Stem Cells
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Tatsutoshi Nakahata
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L7330 CTRIAZ LI NL D, Y4 MO M D%
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2) gp130&KITS JF IV % v S S AR D IEIE

LIFiZ BB HIHIE T & v ) B2 F00%, £id~< 7 ADOESH
H(embryonic stem cell), 2 F O 3LIERMBEICHESLTE, &
E% &Mt Tinvivoll RS & ZOMBEEKROEEL R TE 26
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ZEFHF I N, BELERRATIEIEHI ATV 2,

LIFIZIL-6, IL-11, CNTF, OSM#%Z L £BOZEETH D
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FTidgpl30idIL-6 & ¥ A L 72 HIL-6Z AR (IL-6R) & 5 T
X BV FVEGETELIEFHLNATWS, ZOTE

(3gp130% HHT 575, IL-6ZHFHEREBRL TV WMIlaTHIL-
6 LSIL-6ROMAEGHETgpl30D Y 7V FIUIEEEINL I L EE
BT 50, 70— A X ) =% FAVERT, IL-6ZEEKIC
BLTIEREYE, BEOBENSHD ZEPBELNI R 72720,
CD34F5 AR O HEIERICSCE, IL-61210 2 TSIL-6RDIRM % A A
7o, GMa B =—, RFFN- A MIMZEHOREIT = —
KL BFER IO - DR L 72GE2). TV —T 1 v IERH,
5, CD34iEMAMlaD 5 HIL-6RMEM:, FEMMR LGBl o0
YA M4 ORBAEDLEITITERICE B L 25, B
MO BRI EM T = — % S HEEET 5 2 L A S H I
o7,

SCF, IL-6, sIL-6ROMAEbEITFHBEY, CD4F MR %
HEEMELE L 7zin vitrot8IBR 2 B0 L, fEROFHE L D ids 21
KB REA T 0 = — M, CD34BE MR ORIR % 3
5 ((2).

7.85ht)(C

v b MEARRL O in vitroFEEIZ D TN L T —~Tdh 5.
& M BTERARE L ~OL OMIRLIZRE 2 D A4 b A 4 R EHSRE
FHAEDELILICE D EHICBIETE L EPHLLIC R -

%2 bk MEEMEAFXCD34BEMMIEO 10 -FRK

Colonies, no. per 500 cells

Factor(s) GM Blast Meg B Mix Total
Serum-containing culture
IL-6 6+0.9 0 0 0 0 6 %= 0.6
sIL-6R 3+05 0 0 0 0 3+0.7
IL-6 + sIL-6R 13+ 0.7 1+07 0 0 0 14+19
SCF 13+25 1+0.7 1+0.7 0 0 15 +2.1
+ IL-6 54 43 10 = 3.1 1x0.6 0 0 65+ 74
+ IL-6 + sIL-6R 62 + 3.7 45+ 72 13+ 26 28 = 5.8 122 = 22.8 270 + 17
IL-3 23+ 1.8 1+0.7 0 0 0 24 = 1.7
+ IL-6 + sIL-6R 29+21 12+50 1+0.7 30 =49 21 7.1 93+71
GM-CSF 5140 1+1.0 0 0 0 5210
+ IL-6 + sIL-6R 89 + 6.8 8 +3.1 0 0 0 97 =11
G-CSF 49 + 3.7 1+14 0 0 0 50 * 6.6
+ IL-6 + sIL-6R 61 4.0 634 0 0 0 67+7.8
Serum-free culture
IL-6 0 0 0 0 0 0
+ sIL-6R 0 0 0 0 0 0
sIL-6R 0 0 0 0 0 0
SCF 117 0 0 0 0 1+ 1.7
+ IL-6 4 +0.7 U] 0 0 0 4+21
+ IL-6 + sIL-6R 5+18 7+33 521 8§+35 45+ 43 70+ 5.4
IL-3 5+0.7 0 0 0 0 507
+ IL-6 + sIL-6R 6*+1.9 0 0 0 0 6*19
GM-CSF 1+05 0 0 0 0 1+05
+ IL-6 + sIL-6R 3+1.0 0 0 0 0 310
G-CSF 3+08 0 0 0 0 3+08
+ IL-6 + sIL-6R 3x14 0 0 0 0 3x14
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Platelet Storage and Platelet Substitute

it i
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Bk T & TEEREOYBNRIES FORE L EZ LN 5.

S TABIZHR LKEEFER S E LT T 2t 2 I0H T
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Effect of Surface-modification of Hemoglobin-vesicles(HbV) with
Polyethyleneglycol-lipid or Glycolipid

Sung Ick Park, Keitarou Sou, Hiromi Sakai, Shinji Takeoka
Hiroyuki Nishide, and Eishun Tsuchida

BsEICERSNIIAEZOY Y HY) % ) VIRE A FEIC TEAAA LZHYMUEHDVICOWT, FRILKAEY L L TOBEY
WERE L7z, HVMEESEBICRY 25 L v 7)) - V(PEGIEE S 5 W ISHEIRE OS82 ImY 5 & BERICHbVOSERE I
WhATh, EELZPEGHEDLWVIIA Y THESICTEBETES. 5%- TV 7 I VEWRPIZ5HE L 7-HbV([Hbl=10g/dL) i WT ¥ #Y 72 £ 45
AT 555, PEGEIRA ) THSHIC L AL DV RESTIHI SIS Z L2 REEF Y V5 U —WEENC L 5 LA 0y —Htkd
SHLMILY. B—IBE0EBIEATAA LTI 740V —OEEWRERTIE, HyMIEIZME L b b EEEEIE L, B
HbiA H([Hb]=10g/dL) D ESRETH o 72, PEGHD 5\ IIAMESH I THYMRE LB LR T, REMRL ) O EAEEIIFC,
F-WEOMEIZEO SN2 o7z, D Ed S REBHIC L D /aEoSEE M EL, FRIEKE D b BN RKAEBERFEOSHFT
&%.

Hb-vesicles(HbV) which encapsulate a purified and concentrated hemoglobin (Hb) solution with lipid bilayer membranes were studied as
oxygen-carrying particles with good rheological properties. When solutions of polyethyleneglycol (PEG)-lipid or glycolipid conjugating a
maltopentaose were added to the HbV suspension, the lipids were spontaneously incorporated into the outer surface of the HbV, and modified the
surface with PEG chains or oligosaccharide chains. Aggregation of the unmodified HbV when suspended in an Swt95-albumin solution at the Hb
concentration of 10g/dl was suppressed by the modification with PEG. The unmodified HbV tends to aggregate in the albumin solution and increase
the solution viscosity especially at low shear rates. While, the modification effectively reduces the viscosity because of the suppression of the
aggregation. Permeability of HbV through membrane filters having penetrated pores with a regulated size was examined in relation with the degree
of aggregation during a capillary flow. Both the unmodified and modified HbV have the higher permeability than blood and lower than stroma-free
Hb solution at the same Hb concentration (10g/dL). PEG-HbV and Glyco-HbV showed higher permeability than the unmodified HbV. Thus, the
solution properties of the HbV were improved by the surface modification and excellent behaviors in microcirculation would be expected.
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R EIHREBRAEA TWADS, ME LR % CEBEMEOE  Hb
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WY YIREYRRERYY, RUTFL 7Y 32— V(PEGRRHES
o ERBERICEATAHEMRE I N TV S, K4 IIKERTO
) VIRESCHb D MRMERRE, HEER RS FEE)ICEE T 5 &M
Ao TEEZHOHBICL ) BEBEHE S FETEAR
AR —EREOHV/MNIEMHEOV)D TR LAY, ROHLBE %
10g/dLIZE D A Z L ICHII LTV AY, Thi aBEAHEKICSE
R TARREBMERERREE T v M EITo 28R T, BICKEE
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LTHEY, [AHbRETORMEKE OB TIZT0~80%F2E DRI E
D SN TWD, —F, PEGHIIRE, ) THEREIC CEE%
1B L 722 TN P A EE L mO DRI L CHSRT
WA F T, ARIFTIIHbVIZ I NS OIEERIAKETE * =’ins
HIEILEoT, RELXBHTAFBELFOMBEL RS L3t
2, BBHIHbVORE, HIZT7 V7 3 Vo8 E 87 ROIREE,
R, HILEBMIIOVWTHE L.

2. KA
2.1. HoVD RS

HbVIZBEFRD 7 THE L /202, HbVORKBIZ 3Bl
DHbCO(ca, 38g/dLy & 12, TURAFY v 2[RFELTYE) F&
¥ = 5-1) YEE(18mM, Mercktt), X FHbEICHI L L CDL-FE
Y AT A 2 (SmM, Aldrichth) % T\ %, HOVOER S TH 5

BE L, BEBILHHEOTL Y — APPGI(1,2-F 7%V 3 b4 -sn-
FEu3-FA77F YA Y(DPPC), ILAFU— )L
(cholesterol), 1,2-V /3L I "M A -sp- 7)) L3 KA T 7F I
7 1) 1) — LV (DPPG)=5/5/1, E )V H)Z09mol% a- F T 7 = 01— )L
(Merk #h)Z R A& L THW.

HoBHE P ICRARE 2 T S € TOMNaEEERE, =7 2 b
V= a BT % #9250nmICHIEE L, #8053 3E(50,000g,
40min)iZ THbV % (LB 2 ¥ THNEOHbE R FE, S%DT VT3
¥ W Albumin 5%-Cutter, Bayert) | ZHbi& 5 10g/dL I 72 B KEIC
SELSETREHbV E Lz,

2.2. REEHHHIOEA

PEGHRE(1,2-V 73V 3 M llesn-7") £ 03- R A7 7 F I VL4
J=NT 3IVN-(KY)TFL 7 a—))) (PEG-DPPE)iiAvanti
HALHA LK. PEGHOFEYFTEIIHS5000TH 5. HIKE
(O', 0’-dihexadecyl-N-maltopentaonoyl-L-glutamate) (DHMPGlu)id
BESRIZHEH» TR L THWY. HbVOREEEIE, 0.16mMD
PEG-DPPE® % \»134.9mM D DHMPGIlu/K & il & & 4 ¥ R H 12
3+ L 1C0.37mol%, 8mol% |- 7% % FICHb VBRI RN L, COER
R F37°CIZ T304 FEHE L TAT o 72, #8505 8E(50,000g, 40min)
WX D REAOEHHE LEE LTRER, HEE5%0T7 VT
I VERICHOBR AN 10g/dL: RIS B S TR E L, B
L7 K 4 DFEM % PEG-HbV, Glyco-HbV & Fi2T 5.

2.3. HbVA &K & M3k & DIEEfEREER

TNT I VI EE/HLY, PEG-HbV, %\ 3Glyco-HbV
%0, 15, 30, 60, 90, 100%DAFEL T & b M #(1mg/ml EDTAZRIN,
AT R2) 2y b 5S5R)IIRE S, F v €5 ) —kEEN(OCR-D
R, Parr Physicafl; ¥ ¥ ¥ 5 1) —1% 0.9948mm®) % Ay, &iRE
WOKERE % H K $02Hz, X ) #E0.63~358s ' DE&MAETHlE L7,
ERE ZRML D SR LANICRT 387, F/-HbVEHE4 2R
FHTe MR ERE S, RFEEME S T25088 1 TEL
L.

24. BHD T 4 V42— 5 B%HE
B BOERILEET AR A—KA— R TF T4
v ¥ —(Nuclepore, L1%8.0, 5.0, 3.0, 2.0um, EF25mm)% £ 7 A b

10

J— % (Lipex Biomembraneft)IZ23E L, fEERAIZ X ) EE %37°C
R 7. BB IMIZ A LERER S, 03kg/em?BH Y
AREZICBIT A EEERD S BB EEmlse)ZEE L. F7-
B ER L LT, EDTAME M LS X CHEHbE T 0g/dl, Y
Y BARRE AR R OE BB T EfE L 72,

I RRERUER
3.1.HoVOtE & REBEEIO R EA

FHEL 72 ZHOVOY 2 Table 112 F L 7. KIBHHOHbVIIE
13244 £70nm T YHbINERIE X XbITHb L FFEOEEHI31.73
THo72. ROHbBEIX10g/dLICTHE SN TV 5. Psold30
TorTHY, TUATY v 7HFTHBE) FEH—iL5-1) LB
DORBIZEY, KRIOEFKL D IRREL, T2bLHVOREERM
BiERRBC A SN TH S, B 2EFESE110Torr, B
A #EIRPI40 Torrfl] THb D & U S N 3 BEFR OB G (B FEMBR
OTE) 3B ZM AMRBEMMA L 535%TH Y, ROFOFNLH B
EVEtEL 5.

HbVZE (2.2wt%, 833ml){ZPEG-DPPESBL#E(0.1wt%, 231ml)
Z37°CITTHRINT 5 & 30min A 22 /INER DL K |2
AEN, HbVREIIPEGEEIZ THEi 8 59, RLEMIZTHAA
DPEG-DPPED#80% 0 A &, AEMMICHBIT 5B
0.3mol%, EEHRE TII29wt%EHK 5. —FHTHLV(1.0wt%, 800ml)
|ZDHMPGlu® 73 EL#(0.07wt%, 800ml) % 754 % &, HbVOSLFE
M3 A ) THEBEIC TS SN S, 37°C, 30min®D &4k THsA
A DODHMPGIuD 3 1F100%1T { AHEA S, YREICBI LiEE
138.0mol%, EEMETII174WM%E 5.

(V5 BE(50,000g, 40min) L 720 EE ICIZHDSE T e v
ZERS, BHAHOEARZICBVTHEAHbORR 34 (B
ZoTWRWI & %R L7, HbVICPEG-PEZ* EA LA Tt
10nmAEFE DR FEDHRARD b, Zhidkk4 2 IZPEGHE
il L AREOWMAKLEELNLY, HEBEZGERANTLHLDT
EREGERIITE RV, T, BHAEAOFHKIIBVTEEE
FEPsolI K ELRELIZE DO SN o 7.

Table 1. Characteristics of HbV, PEG-HbV and Glyco-HbV.

Parameters HbV PEG-HbV Glyco-HbV
Diameter (nm) 244170 251+76 245+73
Hb (g/dL) 10.2 10.0 10.1
Lipid (g/dL) 59 5.7 5.8
[Hb}/[Lipid] 1.73 1.75 1.74

. (mol%) — 0.3 8.0

3 a

Modifier® gy — 29 17.4
P (Torr) 345 353 35.7
OTE (%)P 372 38.6 37.0

2 the ratio of PEG-DPPE or glycolipid in outer layer
b oxygan transporting efficiency (the difference in oxygen saturation
between 40 and 100 Torr)
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Fig. 1 Schematic representation of the bilayer membrane of a vesicle, of which outer layer was modified
with (A) polyethyleneglycol (Mw. 5000) and (B) oligosaccharide (Mw. 900).
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KER, KO- EHEII28mmTH 5. o LAFEEDOTESH
EHRAMEL LA ETHONTVEY, SEFISHEAD—
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Fig. 2 Optical microscopic observation of (A) HbV(30%)/blood(70%)
and (B) PEG-HbV(30%)/blood(70%).
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ZDEHIZ, PEGEE & A ) THESH T/ N EEH O EHiREE 1L
KELELY, PEGHOBHERAEIRE L, BEEIS LY
HEECTEETRIZLTn5,

3.3. REEKHHbY DRERE DN FIEMIEEE

HbV, PEG-HbV, Glyco-HbV % AEEIZHGEEE/-RTIZ, £D
HE SR EOME, Pl ITEECHESICHEIZED L
ol —F, R FEMEICTEE L 25, KB
HbVTR 7TV 7 I VF ISR S E - aTRICEREL TWw iz
(Fig2). Lo L, MELBEECTHEETLI L2 SR ERERK
THolz. Ml E DRALOERIEBRERIVPE o7
ZOZEE, TVTI T —HEELHbVIE, e Ehx
HTHOMERBE S & OHMEEMR T VT 3 v U O MRS 1
TN, T AT =T ENWERNT AR ARENERLT
WD, HHVITERL TOEREHIIBIT A ERNEDERIC
FELLVWEETHILEEZOND,

—7, PEG-HbVTIZBERIIZOONT, b MK L4 %
FETRA L TH BEEMEx2501%) T3 E £4#250nm DPEG-
HbVIRBIECE TR L PR ok b o 72(Fig2). DI ki3
PEG-HbVIZ 7 V7 3 ¥ & A 3B M g5 & M B AE A H555
vy, BV IZPEGEADHER AR IC & 0/ NBARRI LR TE T, B
FTLEWIEERLTWS, Glyco-HbVIZHKISEHLY & FHEIZ 7
VT I VEBRICHREE D LRESBB SR LaL, Kt
HbV TR O BB L OMBEREECREADOKE X, TR
OTHRTE 2h o,

34. MABRERDEREE

TNT I I ESE7-HbVZEDTANI Y b T & K4 284
TRELZZROMES X v Y7 1) —8EEHI TEIEGTC, 2H) L
72, Fig 3l L7ARIC, RIEHHOVO A DR TIiX X1 HEE358s
BT BHBEIIRPTH D, KX 1) WA TAR T HE DA
HHN, 15 T40cPIZEL . ML DREHOB AL I,
FrIIE X)) BERICOMBENRT 2RO Hh, MEDHEE~5cPIC
BRI Wiz, —h, TLV7 3V 8PEG-HbVOAD R TIE
FEBEDEIZ X)) HEE358s ' Tld3.5¢cPTh 1, MEDADHE3.6cPE
ZIZAE TH o7, Lad, B EERCTORBEORAITITE
AERD LN D572, Glyco-HbVDOADRTIE, X #HEE3S5s
Ti26cPTH D, 1857 TI0cPIZHKR, Fh i ) WX ) HED
BERTIIEHLHEDRT IR Is'TSPREL 2o/, ML
DRGHOWAREFIIEX) HEFEBTOEERTHIRD SN,
MEDHDEIINEL 72, #£- T, HbVEPEGHEIH B\ d+Y T
PEICTEMTAZLIZLD, TUT I VR OBREEIE
TL, REMATRONAEX) EETORHEOERITKE L
W, F7/, M DRAICE VBEGEFAIRLL, TV
7 I VU DMERS I L B BEIIRBEDIS IEO SN2 D 5
7-.

3.5. B OMILE B

TVTIVIIGREIETREO HILEERERARL DI, B
—ROFERILE AT E BT 5 HEE % Ko 72(Figd). 7
MERIZFLESUMDOMILE TIZERTEZAS, 3uml Tz B &1
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Fig. 3 Shear rate dependence of the viscosity of (A) HbV/blood, (B)
Glyco-HbV/blood, and (C) PEG-HbV/blood in the mixture
with human blood measured with an oscillatory capillary
rheometer at 37 °C.
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INTRODUCTION TO SYMPOSIUM

SAFETY AND EFFICACY OF ARTIFICIAL OXYGEN
CARRIER

E.Tshuchida', T.M.S.Chang?

1. Waseda University, Tokyo, Japan

2. McGill University, Montreal, Canada

The most recent progress in red cell substitutes, especially
hemoglobin(Hb) vesicles(HbV), lipidheme vesicles(LihV), etc will
be discussed in this session. Modified-Hbs are now under clinical
trials, however, it has been clarified that the rheological and
biochemical problems are related to the acellular form of Hb. HbV
and LihV having the cellular structure, therefore, are expected to
solve the difficulties. Some results of pre-clinical tests,
biophysical and rheological performances will be also discussed.
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CROSSLINKED OR ENCAPSULATED HEMOGLOBIN
AS BLOOD CELL SUBSTITUTES

T.M.S.Chang

Director, Artificial Cells & Organs Research Centre,

Faculty of Medicine, McGill University, Montreal, Canada

These approaches were first studied many years ago
(Chang, 1957-1964). However, it is only in the last 10 years that
major research and development have started. Both approaches
prevent the breakdown of hemoglobin into dimers in the
circulation. Incorporation of the required cofactors and other
molecular modifications have improved the oxygen dissociation
curve for oxygen release. There is no blood group antigen and
therefore no need for crossmatching. If needed, they can be
stored for a long time in the lyophilized form. Before modification,
one can sterilize hemoglobin to remove infective microorganisms
like H.1.V. and hepatitis viruses. Besides human hemoglobin,
bovine hemoglobin and recombinant human hemoglobin can
also be used. Modified hemoglobins are effective for treating
hemorrhagic shock and hemodilution in experimental animals.
Crosslinked ultrapure hemoglobin is the simplest, thus several
groups have completed Phase | clinical trials and are now deep
into Phase Il clinical trial for safety and efficacy. A second
generation method is to crosslink hemoglobin to superoxide
dismutase and catalase to avoid oxygen radicals especially in
reperfusion injury. Microencapsulated hemoglobin is another
second generation method. In addition to using liposome,
another more recent approach is the use of biodegradable
polymer hemoglobin nanocapsules.
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RECENT PROGRESS IN HEMOGLOBIN VESICLES AS
RED CELL SUBSTITUTES IN JAPAN

E.Tsuchida
Dept. Polymer Chemistry, Waseda University, Tokyo, Japan

The most recent progress in red cell substitutes in Japan
especially hemoglobin vesicles(HbV) will be presented. The
characteristics of HbV as the results of the technological
development will be introduced which are superior to the
modified Hbs, mostly developed in the United States possessing
both the economical performances and imperfection of
properties.

Modified-Hbs are now undergoing clinical trials, however, it
has been clarified that some problems are related to the acellular
form of Hb. Therefore, HbV having the cellular structure are
expected to solve not perfectly enough but some remaining
difficulties especially in rheological solution properties. HbV
satisfies the following demands; solution properties (oncotic
pressure, viscosity, efficacy of Oz-transport) as blood does,
control of half lives, less toxicity, rapid excretion and metabolism,
no source of infection, and long term storage (more than a year).
90-95% exchange transfusion of HbV/albumin into anesthetized
rats showed normal changes in hemodynamic and tissue O2
tensions comparable with the transfusion of RBC/albumin, and
there were apparently significant differences in comparison with
the injection of albumin. All the rats with HbV survived over 24 hrs
until sacrifice. These results indicated that the Oz-transport by
HbV is almost the same with that of RBC. The system of
suppression of metHb formation with safety in vivo will also be
discussed.
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COMPARISON OF ENDOTHELIAL CELL
PERMEABILITY OF ACELLULAR AND CELLULAR
HEMOGLOBIN

K.lkebuchi, S.Sekiguchi

Hokkaido Red Cross Blood Center, Sapporo, Japan

Acellular hemoglobin(Hb) has been reported to cause
vasoconstriction and show the inhibitory effects on the
endothelium-dependent vasorelaxation, the mechanism of which
is thought to be Hb's trap and inactivation of endothelium-derived
relaxing factor(EDRF) produced by endothelial cells. Since
EDRF acts as a physiological mediator in the subendothelial
space, Hb should penetrate into this space. The permeability of
several kinds of acellular and cellular Hb were examined by the

endothelial cell-coated diffusion chamber assay. The

permeability of Hb tended to decrease as their molecular weights
increased. The permeability of PEG-Hb(MW 90k<), Haptoglobin-
Hb complex(MW 155k<) were 1/6 and 1/17 of that shown by
unmodified Hb, respectively. Liposome-encapsulated Hb
showed little permeability. To increase the endothelial cell
permeability, inflammatory substance and cytokine such as LPS
and IL-6 were added in this system, however liposome-
encapsulated Hb again showed little permeability. These data
well relate the inhibitory capabilities of several kinds of Hb on the
endothelium-dependent vasorelaxation in the previously
reported rabbit aortic strips experiment. For their clinical
application, Hb had better work as only oxygen carrier without
any side effects. The availability of modified high molecular Hb
and liposome-encapsulated Hb as an artificial substitute for red
blood cell is suggested.
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OXYGEN CARRYING CAPACITY OF HEMOGLOBIN
VESICLES IN VIVO

K.Kobayashi', Y.lzumi', A.Yoshizu', H.Sakai?, S.Takeoka?,
H.Nishide?, E.Tsuchida?

1. Department of Surgery, School of Medicine, Keio University,
Tokyo, Japan 2. Department of Polymer Chemistry, Waseda
University, Tokyo, Japan

The oxygen carrying capacity of Hemoglobin vesicles(HbV)
was evaluated in vivo. HbV is a type of liposome encapsulated
hemoglobin. It has a particle size of approximately 250nm,
hemoglobin concentration is 10g/dl and its Pso is controlled to 32
Torr. Exchange transfusions with HbV (40% and 90% of the
estimated circulatory volume) were carried out in male Wistar
rats. Mean arterial pressure and renal cortical tissue oxygen
tension were monitored together with arterial blood gas
measurements. In the 90% exchange, abdominal aortic blood
flow and venous oxygen tension were also measured as an
indicator of oxygen consumption. Phosphate buffered saline, 5%
human albumin, washed rat red blood cells containing 10g/dl of
hemoglobin (ratRBC) and HbV containing methemoglobin were
employed as controls. In both 40% and 90% exchange
transfusions, mean arterial pressure and renal cortical tissue
oxygen tension were sustained in the HbV and ratRBC groups
but declined in other controls. In the 90% exchange transfusion
oxygen consumption was sustained only in the HbV and ratRBC
groups. These data indicate that the oxygen carrying capacity of
HbV was almost equivalent to that of ratRBC.
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NEO RED CELL (NRC) AS A PERFUSATE FOR
CARDIOPULMONARY BYPASS

A.Usuba, R.Motoki

First Department of Surgery, Fukushima Medical College,
Fukushima, Japan

We evaluated the effect of NRC as a priming solution for total
cardiopulmonary bypass (TCPB) using mongrel dogs.
Nonpulsatile TCPB was made in 12 adult mongrel dogs weighing
9-16 kg at 37°C using a roller pump. The perfusate was 500 mi
NRC and 500 ml hydroxyethylstarch (HES) on NRC group (8
animals), and was 1000 ml HES on control group (4 animals).
TCPB could be continued for 7 hours in the NRC group. In the
control group, TCPB could not be continued for more than 3
hours due to increasing the vascular resistance (VR). VR in NRC
group decreased less than 1/4 of VR in control group. This
change suggests that, the viscosity of which is lower than that red
blood cells (RBC). In NRC group, oxygen delivery and oxygen
consumption showed more than 8 and Smi/kg/min respectively.
On the other hand, the oxygen delivery showed more than 8ml/
kg/min, however the oxygen consumption showed less than 5ml/
kg/min in control group. There was a dissociation between
oxygen delivery and oxygen consumption. GOT, GPT and lactate
increased and acidosis progressed in control group. These
results suggest that oxygen did not supplied enough to the
peripheral tissue in control group. In NRC group, the LDH activity
was significantly lower than that in control group, and hemolysis
was less notable.
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THE EFFECT OF CELL-FREE HEMOGLOBIN (Hb) ON
INTRAVASCULAR CLEARANCE AND CELLULAR,
PLASMA, AND ORGAN DISTRIBUTION OF BACTERIAL
ENDOTOXIN(LPS) IN RABBITS

M.Yoshida'?, R.I.Roth?, Y.Miura', J.Levin2

1. Div of Hematology, Dept of Medicine, Jichi Medical School,
Tokyo, Japan 2. Dept of Laboratory Medicine, VA Medical
Center, San Francisco, USA

Hb and LPS synergistically produce toxicity. To elucidate
possible mechanisms, three groups of rabbits received LPS
alone, LPS plus human serum albumin(HSA), or LPS plus Hb(Hb
group). The intravascular retention of injected 25I-LLPS during the
30-min period analyzed was significantly longer in the Hb group
than in the LPS alone or HSA groups(p=0.0007 and p=0.03,
respectively). The intravascular half-life of LPS in the LPS alone,
HSA, and Hb groups was 2.8, 4.0, and 4.9 min; the area under
the curve was 1,369+483, 1,594+360, and 1,731+481(ng/ml x
min, meantSD); and the total body clearance was 24.7+9.2,
20.11£5.4, and 18.9+6.0(ml/min, meanSD), respectively. Over
96% of injected LPS was associated with the cell-free plasma,
with 51-54% of LPS in the apoprotein fraction at the initial time
point, and 35-37% in the HDL fraction. The proportion of LPS
increased significantly in the HDL fraction and decreased
significantly in apoproteins during the 30-min period analyzed.
The liver was the main distribution site(74%) of injected LPS. In
the Hb group, the accumulation of '?I-LPS in the spleen was
significantly lower than in the HSA group(p=0.05). The synergism
of the in vivo toxicity reported for LPS and Hb may be due, in part,
to the decreased rate of intravascular clearance of LPS.

R.Motoki (Fukushima Med. College, Japan)

TOXIC AND PHARMACOLOGIC LIMITS ON THE
UTILITY OF THE PRESENT GENERATION OF

HEMOGLOBIN-BASED BLOOD SUBSTITUTES
J.R.Hess', R.F.Reiss?

1.Walter Reed Army Institute of Research, Washington, DC,
USA 2.Columbia-Presbyterian Medical Center, New York, NY,
USA

We have produced human hemoglobin(Hb) and chemically
modified human Hbs, in sterile formulation and of high purity, to
advance the development of hemoglobin-based oxygen carriers
for the emergency resuscitation of hemorrhagic shock. We have
tested these Hbs in more than 20 cell, organ, and animal systems
and identified significant toxicities and other pharmacologic limits
on their usage. Infusion of these Hbs causes hypertension and
increased vascular resistance in several species. Hb causes
human mononuclear cells to secrete cytokines which lead to
granulocyte adhesion and invasion of vascular walls. In the
presence of bacterial endotoxins, these cytokine actions can be
amplified to cause organ failure. In the presence of Hb, platelets
activate more readily and are laid down at sites of endothelial
injury in greater numbers. Cell-free Hb and the Hb breakdown
products iron and heme can generate oxygen free radicals and
increase peroxidative damage. Modified Hbs exhibit "two
compartment open* pharmacokinetics with redistribution times
out of the vascular compartment of only a few hours and whole
body persistence of at most a few days. 30 to 40% of circulating
Hb is met-Hb, unavailable for oxygen transport after the first 24
hours. Hb can replace RBCs only in limited situations.
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OXYGEN TRANSPORTING ABILITY AND SOLUTION
PROPERTIES OF STABILIZED HEMOGLOBIN-
VESICLES(HbV)

S.Takeoka, H.Sakai, H.Nishide, E.Tsuchida

Department of Polymer Chemistry, Waseda University, Tokyo,
Japan

Hemaoglobin vesicles(HbV) which encapsulate concentrated
Hb(<45g/dL) with mixed membrane of phospholipids,
cholesterol, and a-tocopherol were prepared by an extrusion
method. The excellent oxygen transporting ability of HbV with the
large amount of Hb loading and good solution property in blood
stream were evaluated in vitro and in vivo. The diameter was
controlled to 251+87 nm. The oxygen affinity of HbV was 32 Torr.
The Hb concentration of an HbV suspension, dispersed in a
phosphate buffered saline(pH7.4), was adjusted to 10g/dL. The
comparable oxygen carrying ability to red blood cells was
confirmed in vitro study. At this concentration, the viscosity was
2.6¢cP(230 s), lower than that of blood(4.4 cP). The HbV
suspension showed a typical non-Newtonian flow for a patticle
dispersion and agreed well with the Casson model. The viscosity
of an HbV suspension at shear rates lower than 23 s showad a
maximum with increasing the mixing ratio of human blood,
plasma, or albumin. While, HbV modified with polyethylene glycol
or oligosaccharide show the lower viscosity after mixing with the
blood components. This is due to the prevention of the interaction
of blood components with the HbVs. The efficacy of the low
viscosity of the stabilized HbV was also confirmed from tissue
oxygenation in vivo tests.
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EXCHANGE TRANSFUSION WITH HEMOGLOBIN
VESICLES IN RATS

Y.lzumi', A.Yoshizu', K.Kobayashi', H.Sakai?, S.Takeoka?,
H.Nishide?, E.Tsuchida?

1. Dept. of Surgery, School of Medicine, Keio University, Tokyo,
Japan 2. Dept. of Polymer Chemistry, Waseda University,
Tokyo, Japan

Hemoglobin vesicles(HbV) is a type of liposome
encapsulated hemoglobin. It has a particle size of approximately
250nm, hemoglobin concentration is 10g/dl and its Pso is
controlled to 32Torr. Exchange transfusion with HbV (90% of the
estimated circulatory volume) was carried out in male Wistar rats.
Renal cortical and skeletal muscle tissue oxygen tensions were
monitored as an indicator of tissue perfusion. Abdominal aortic
blood flow and venous oxygen tension were also measured as an
indicator of oxygen consumption. Human albumin, washed rat
red blood cells containing 10g/dl of hemoglobin(ratRBC) were
employed as controls. At the end of 90% exchange transfusion,
renal cortical and skeletal muscle tissue oxygen tensions along
with oxygen consumption were sustained in the HbV and ratRBC
groups but declined significantly in the albumin group. None of
the albumin group rats survived after the exchange transfusion.
Survival in the HbV and ratRBC groups was 100%. These data
indicate that HbV transported oxygen almost as well as ratRBC.
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IMAGING ANALYSIS OF NADH
AUTOFLUORESCENCE IN Hb-VESICLE-PERFUSED
RAT HEPATIC MICROVASCULAR UNITS

M.Suematsu’, S.Takeoka?, Y.Wakabayashi', H.Sakaf?,
Y.Shinoda', Y.Ishimura', E.Tsuchida?

1. Dept. Biochemistry, Keio University, Tokyo, Japan

2. Dept. Polymer Chemistry, Waseda University, Tokyo, Japan

Although there is a growing body of evidence showing the
usefulness of artificial blood substitutes to protect tissues from
ischemic organ damages, it is still difficult to evaluate
quantitatively actual improvement of tissue oxygen delivery at the
intracellular levels in response to their transfusion. This study
aimed to examine whether the state of tissue oxygenation in the
liver lobules can be altered by the administration of Hb-
vesicles(HbV) which encapsulate concentrated human Hb with
phospholipid bilayer membrane. Isolated rat livers were perfused
with oxygenated Krebs-Ringer solution(3mi/min/g liver), and the
surface microvasculature was visualized through an intensified
digital fluorescence microscope. NADH autofluorescence(450
nm) in the parenchymal domains was visualized by epi-
itluminating at 360nm after eliminating vitamin A
autofluorescence by photobleaching technique. In the steady
state, there was an intralobular gradient of NADH (portal<
central). When the perfusion rate was reduced to 50% of the
control, NADH exhibited a significant increase both in periportal
and in pericentral regions followed by disappearance of the
gradient. Under such circumstances, administration of HbV
(equivalent to 5% in Hct) but not that of CO-saturated HbV
attenuated the flow-induced increase in NADH panlobularly,
suggesting the recovery of oxygen delivery. In addition, HbV
administration elicited approximately a 10% increase in the
vascular resistance presumably because of elimination of CO
generated endogenously by heme oxygenase, which plays a
crucial role in maintaining the microvascular resistance in a
relaxing state. The current system thus serve as a useful model
to evaluate the effects of artificial blood substitutes on oxygen
delivery and functional integrity in microcirculation.
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CHARACTERIZATION OF NEO RED CELLS(NRC),
THEIR FUNCTION AND SAFETY IN VIVO TEST
Y.Ogata, H.Goto, T.Kimura, H.Fukui

R&D Center TERUMO CORPORATION, Kanagawa, Japan

We have developed and evaluated a new generation of
artificial oxygen carriers, the Neo Red Cells(NRC) with metHb to
Hb conversion enzyme system being preserved. Stroma free
hemoglobin(SFH) prepared without damage to the enzymes from
outdated human red blood cells, together with inositol
hexaphosphate as an allosteric effector, NAD as a coenzyme
and glucose, adenine and inosine as a substrate were
encapsulated in liposomes. NRC thus prepared had a mean
diameter of 250nm, encapsulation efficiency of 1.Sg;Hb:1g-Iipid
and Ps00z2 of 65mmHg, the metHb formation was reduced from
1%/hr to 0.4%/hr by the addition of metHb reduction system.
NRC were then coated with polyethylene glycol bound to
phosphatidyl-ethanolamine as a surface modifier to prevent
aggregation of NRC in plasma. The blood pressure increased
transiently during injection of NRC, and then immediately
returned to pre-injection level in conscious rats. The oxygen
transporting capacity of NRC was investigated in rabbits which
were made anemic by drawing 85% of their blood and replaced it
with an equal volume of NRC solution. Their conditions and
recovery from anemia was compared with rabbits infused with
normal rabbit blood. The rabbits received NRC recovered from
anemic condition within 2hr after exchange transfusion and
recovered to pre-exchange conditions within 10hr, and the
animals continued living normally for over 6 months before being
sacrificed. Further the hemorrhagic shock model rabbits infused
with NRC recovered from acidosis and renal dysfunction faster
than rabbits infused with normal rabbit blood. The present
investigations suggest that the NRC with enzymatic reduction
system restrained the formation of metHb and they are efficient
oxygen carriers without causing serious adverse reactions.
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EFFECTS OF NEO RED CELL (NRC) ON
HEMORRHAGIC SHOCK

A.Usuba, R.Motoki

First Department of Surgery, Fukushima Medical College,
Fukushima, Japan

The development of artificial blood began with a cobalt
histidine complex. Perfluorochemicals (PFC) were subsequently
developed, and stroma free hemoglobin (SFH) is used at
present, but SFH is nephrotoxic and has a vasoconstricting
action. In addition, since its oxygen transporting ability is low,
SFH is used as modified hemoglobin or encapsulated
hemoglobin. The former includes cross-linked, polymer, and
macromolecule bound hemoglobin. The latter includes our
liposome encapsulated hemoglobin which has been named Neo
Red Cells (NRC). NRC has excellent characteristics such as low
viscosity and high oxygen transport efficiency. In the
hemorrhagic shock experiment, total peripheral resistance index
decreased and cardiac index increased after blood exchange
with NRC indicating that the low viscosity of NRC reduced the

load on the circulatory system. And the NRC oxygen carrying.

capacity is several times that of natural red blood cell. In addition,
NRC had no toxicity and scarcely affected the blood coagulation
system or complement system. Blockade of the function cf the
reticuloendothelial system was transient and not serious
problem. Therefore, NRC may be safe even after bolus
administration as a blood substitute for treatment of acute
massive bleeding and is expected to be a very useful.
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TREATMENT OF ACUTE, MASSIVE HEMORRHAGE
WITH NRC(LIPOSOMAL ENCAPSULATED HUMAN
HEMOGLOBIN) IN DOGS

M.Takaori, A.Fukui, K.Kimura, Y.Fujita

Department of Anesthesiology, Kawasaki Medical School,
Okayama, Japan

The aim of this study is to test an efficacy of NRC (liposomal,
encapsulated human hemoglobin) as artificial red cell for
treatment of acute, massive hemorrhage. Isovolemic
replacement of the circulating blood with 6% hydroxyethyl starch
solution (HES) was done 4 times in an amount of 12ml/kg every
10 min in 12 beagles which were anesthetized with sevofluran
and ventilated by a respirator. In 6 beagles, the replacement was
continued other 4 times but, in remained 6, it was carried out
other 4 times altering with NRC. Then the animals were left in
place for 2 hours. Arterial blood pressures, heart rate, and arterial
blood pH remained unchanged throughout the experiment.
Cardiac output increased following the hemodilution in both
groups. Mixed venous oxygen saturation remained unchanged
until hematocrit value decreased to 14%. Thereafter it decreased
sharply in the animals hemodiluted with HES but less in the
animals with NRC. The above results indicated that NRC could
replenish oxygen supply to the tissue during hemodilution
associated with the treatment of acute, massive hemorrhage with
artificial colloids.
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