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Liquid ventilation using artificial oxygen carrier

YZNEX, HMBHGE, PhE—

Hirohisa Horinouchi, Atsushi Tajima, Koichi Kobayashi
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Abstract

In spite of rigorous investigation of acute lung injury, there still exist some cases which don’t respond to conventional therapeutic
modality. Several advanced mode of ventilation technique cannot improve gas exchange, pulmonary mechanics in those patients. For
this group of acute lung injury, Extra Corporeal Membrane Oxygenation is another treatment option, although therapeutic effect is
limited. To improve survival from severe acute lung injury, liquid ventilation using artificial oxygen carrier has been investigated since
1960s. Perfluorocarbon is usually used as an oxygen carrier. There are several chemical compounds, which showed different
characteristics in surface tension, vapor pressure, oxygen solubility and CO, solubility. There has been investigated two ventilation
technique of liquid ventilation, TLV (Total Liquid Ventilation) and PLV (Partial Liquid Ventilation) . In selected facility, PLV using
Perfluburon™ is now under Phase II trial and pharmacokinetics and safety of administration has been proved. Other than perfluor-
ocarbon, there is a group that investigates the PLV using a sort of liposome-encapsulated hemoglobin. In the near future, we can use
liquid ventilation as an effective therapeutic modality for severe acute lung injury.
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liquid ventilation, perfluorocarbon, artificial oxygen carrier, acute lung injury, liposome-encapsulated hemoglobin
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Ty PV 2ADOMIEL EDRTHRIEORELMEAIZRINT
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perfuluorocarbon (LI FPFC) (24L#MIC 2 E 7o etk 2 Rk
T2 B TEHE RIER KA ICBR S N E L LA Yd Ak
EszY, PFCIIEER & “HALREOBMRELIER ICE L, TH
BRHEL, KRRIEHICEITIC WEE 28> T Wb 2 L2
L), HARBROBEAR Y 7 2 RetEATRYE 2 1725, 1966
fF|zClark & Gollans*# & THfl L 7.PFC (FC-75, 3M Com-
pany) WT=™7 5% H RIEIR CISEEIAEETRET, LA LKA
RRLTHERFT LI EE2REL TH HPFCE w2k ki
DERRICA IS TR R E 5 720, 3 5 3D ATIRAIC D
PFC% vy, —BRMZLEGFERRERL T3,

ZDBRDFRT, PFCOMBEIZL 53, ALBRTUITERETH
555, BERRICPEEIREI AL EFME LT WD,

OPFCOHHE & &R

BIEME, BIRICHERINAPFCIIEEEYH L5, Z0F
EIIRAAROKREZEZEROE G2 7 v R, HEniF7vRENLA
MTEERZIZODT, BOASHTERRICKET, EWEN
124 %5 Tin vitro T3 IC R B % KT S 7%c v, Clark & Gollan
HI3FC-T5 & MHINAPFCR I Lo, HAENRL 5 HFEHHPFC
2O, RIS TROENAIMAHE Z 3 2 & 28 LPFC
DREPBE L SN Tz, BEBRKDIHFTICH W 5 B5PFC
38D, ELVNERLIRILLL. TN LPFCOEM
#2H L, 50mL/ALRRENEEE L 210mLA[#% D ML & % 5#
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Table. 1
Perfluorochemical (D458
FX-80 | FC3280 | PF5080 | Perflubron |Caroxin-D | Caroxin-F
& (g/mL) — 1.75 1.76 1.92 — —
F N (dynes/ _ o .
cm at 25C) 12 15 18
MRS ;
(mlgas/100mL — 40 49 53 — —
liquid at 37C)
TRLIR TS RRRE
(mlgas/100mL — 192 176 210 -~ —
liquid at 37C)

(Torr at 37C) 58 61 6.8 11 12.8 29.1
4t$’it CBFIGO CsFm CsFls CEFHBr CIOF2202 CSFZOO
- . Allied | Allied
R A M 3M 3M | Alliance Cemical | Cemical
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BfFIRTEBY, ¥ —7 778> F OMERLRLBNHAIC L
> CTREREIZEERL L, & RZLMHIRAREIC B, —F, BET
BESNLEAMEEROMITITT L2, 7, HMilaw
PR LTHRAT 2 LIS L D HME I3 ERET 2
7o, BIATLAHET 2L ELN T3, $7-, THMHEE
HOREHERT 27O CEFERNDVETITL Y 23T
Tl RS 5720, FRARBOWEI L LN B, I DIEb,
A RIEKRSPPFCE FwW iRk A o Tk & oY
BRI 2 IRk S, BB RAERE S e,
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2FTHEE Lo, I, FERICHEREZEAT L LA
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F72, PLVIZBIL T 31990540 6 2 OMRB L2 DE
BRI % VT B2 B 2 8l LTy 52020,

EIZPLVIZBW T, AR/IC X 2T X » TR mERE
MBEIR)BRAIZEFALD, F LA CEERIE LD IEALTERX
L7zt tgEe s, 2130, #Hrd R i BRI~
NETETNE G LTI R e BE»HRE S, B
RICHI~OBFEIE T > T b, IRRAR I L 72 %Iiciikir
AL BERE Lo, 10FEMICIE D 17 3728 (K) DN D
PFCORE B L UHEEN LB 2 B I % - Rz %
) Hood ¥ Modellic & » T7Ze 241, ZEXREDE CER LR TWPFC
(FX-80) TI3BEBLIE 1 B TR R TR A £ ZHEZ 905,
EREDE L, ZKF L2 WPFC (Caroxin-D) T3, Mgl
RSB~ a7 r—OEHEI20 - H bEEL, 54FM
bz THIREXEBO~ 2 07 7 — YWICPFCAREL .
ERE LTV, BRAEDHEENPFCE V72354, 1044
DIEZ ML BALZ RIZES o2 LTwa EFEH LT,
104ERI D BIEE T, PFCOVEMFEMIC F - 72 < IR ED e v & 45
WATT TV 595, ARERKBRTORMMBEIrLETHSH
& BRI L2,

F72, PECTRAWATEIEERATSH 2 ) KV -8~
E7uErERWLPLVOR b ITONTE Y, EREL~L
TlE, TRAKBEGA D =27 ADRELFRDLNTEY, A%
DWFRDOETHEAFFES L 59,

72, SGERPSPFCEEAT S Z L2 L » TR
BRI ASIE R T E A2 DO WT O T, MW % Low potas-
sium dextroseif® CTIEM L 7282 ICfR1F L7206 & ) BB KA, A4k
LOMEIFDOE TEH > T B 2 EHEE SN2 S R WD BTN
MBFRE LTHAIN LIRS D 5.
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NET R FER 4 FICPLY 2T wWhragi iz 774
T AD LR %Z#EDPLVDEA, B IIES Th-o7o 8t L,
BoIC 4B 20T L, ERTHROKEFEITOLBEERD
HHIEFBREINTWE,

BB DRPIR S SEREIRRE I 9 5 80 3 BB P T KEREN
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Pyridoquated hemoglobin-polyoxyethylene conjugate
(PHP) $ LU NC-nitro-L-arginine methyl ester (L-NAME) (Z&3%
NODER 7 HIBG 5 MRIERR

Study on the hypotension induced by carbon monoxide
inhalation: Partial participation of nitric oxide (NO) evidenced
by pyridoxalated hemoglobin-polyoxyethylene conjugate (PHP)
and NC¢-nitro-L-arginine methyl ester (L-NAME)

KTekE, &, kigE=

Toshitaka Ohshita, Katsuo Furukawa, Keizou Harafuji

EIBE

AWz, —BBLIRE (CO) AL L 2MFERTIC—EILER (NO) »M5 3 s0E4» %, NOWILERH % /~9 pyridoxalated
hemoglobin-polyoxyethylene conjugate (PHP) & NO synthaseflE{Ef % 7R3 N -nitro-L-arginine methyl ester (L-NAME)
PHOWTHRHT A2 E2HME L, BERRAGREY X Zurethane kB T IS, ML IIHEKRENRA =2 —1v 24 LTHIZEL,
PHP (1.2g/20mL/kg/30min) & %2 i2L-NAME (0.03-30mg/kg) D5 13COFHEMES 2 (0, 5.0%, CO,16.0%, CO1.8%,
N, 77.2%) DBRARICEHEKBEIRY =2 — L 20 L TiT-72. NOOEARIZMME OGR4 > - A * v IBE DT
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AChD MLFEAL T A & D243 48R (T,,.) 12xf L, PHP, L-NAMEY dics#EE R L 72, S MEEARTE, PHPIZAChIZ L %
oli4E 2 O CIBERGERIICIE T 2130 ) TliZe <, L-NAME & OB I3AHRE 2 80l 2 7x L 72, L-arginine(3L.-NAME(Z & 5 ACh
FROEHBEDOING] Z ME I 7255, PHPIC L 2SI E L -7,
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Abstract

This study was aimed at investigating whether nitric oxide (NO) could participate in carbon monoxide (CO)-induced hypotension,
and pyridoxalated hemoglobin-polyoxyethylene conjugate (PHP) and L-NAME with respective NO capturing and NO synthase
inhibitory effects might prevent the CO-induced hypotension. Blood pressure was measured via right femoral artery of male Japanese
white rabbits under anesthesia with urethane. The rabbits were intravenously pretreated with PHP (1.2g/20mL/kg/30min) or
L-NAME (0.03-30mg/kg) via right femoral vein before inhalation with a toxic gas (O, 5.0%, CO, 16.0%, CO 1.8%, N, 77.2%). Plasma
free nitrite/nitrate levels for NO generation were measured by fluorometric assay. In order to confirm the participation of NO in PHP
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and L-NAME effects, inhibitory effects of PHP and L-NAME were comparatively evaluated on acetylcholine-induced hypotension and
acetylcholine-induced relaxations of isolated thoracic aorta and corpus cavernosum penis preparations in rabbits. The hypotensive
velocity in the toxic gas inhalation was significantly reduced by both PHP and L-NAME. They also decreased the CO-induced increase
of plasma NO. PHP did not affect the maximal hypotension caused by acetylcholine but L-NAME significantly decreased it. However,
both of PHP and L-NAME significantly shortened the half recovery time (T,;,) from the maximal hypotension caused by acetyl-
choline. In the isolated vascular preparations, acetylcholine-induced relaxation was inhibited synergistically by PHP with L-NAME
as well as concentration-dependently by PHP alone. L-Arginine restored the inhibition by L-NAME of the acetylcholine-induced
relaxation, but not that by PHP. The above results suggest that NO generation participates partially in the CO-induced hypotension,
and PHP and L-NAME prevent the CO-induced hypotension via their respective NO capturing and NO synthase inhibitory effects.

Keywords
carbon monoxide (CO), CO intoxication, pyridoxalated hemoglobin-polyoxyethylene conjugate (PHP), nitric oxide (NO), NO capturing,

NC-nitro-L-arginine methyl ester (L-NAME), nitric oxide synthase (NOS), NOS inhibition
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Fig.1 Maximum arterial pressure (MAP) measurement points and their
related figures (Fig.2~5) in the experiment-1-2.

Fig. 2A after & before : Maximum arterial pressure (MAP) after and before drug treatment
Fig. 2B : Absolute change of MAP after drug treatment

Fig. 3A,4A before : MAP before CO-toxic gas inhalation

Fig. 3A,4A after : MAP after CO-toxic gas inhalation

Fig. 3B,4B : Absolute change of MAP after CO-toxic gas inhalation

Fig. 3C,4C : Absolute change of MAP after CO-toxic gas inhalation from predrug base line
Fig. 3D,4D : Percent change of MAP after CO-toxic gas inhalation

Fig. 3E,4E : Hypertensive velocity after CO-toxic gas inhalation

Fig. 3F,4F : Necessary time from the CO-toxic gas inhalation to the hypertensive summit
Fig. 5A : Necessary time from the CO-toxic gas inhalation to MAP 20mmHg

Fig. 5B : Necessary time from the hypertensive summit to MAP 20mmHg
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Fig. 2 Effects of PHP and L-NAME on the maximum arterial pressure (MAP). Fig. 2A and B
demonstrate the measurment and different values before and after PHP or L-NAME
administration, respectively. PHP-infusion (1.2g/kg, i.v.) elevated MAP as same as the
bolus administration of L-NAME (30mg/kg, i.v.) . Results are expressed as mean*
S.EM.(n=5). *(P<0.05), # (P<0.05): Statistically different from the value before PHP or
L-NAME administration and, 0.03 and 0.3mg/kg dose, respectively.
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Fig. 3 Effects of PHP (1.2g/kg/30min, i.v. infusion) on the maximum arterial pressure (MAP)
changes induced by CO-toxic gas inhalation. (A : MAP before and after inhalation, B :
Rised absolute values of MAP from the level after PHP administration, C : Rised absolute
values of MAP from predrug base line after PHP administration, D : CO-toxic gas induced-
hypertensive percent of MAP from the level after PHP administration, E : Hypertensive
velocity of MAP from the rised level after PHP administration to the hypertensive summit
after CO-toxic gas inhalation, F : Necessary times from the level after PHP administion to
the hypertensive summit after CO-toxic gas inhalation). Refer A~F to those in the legend
of Fig. 1. Results are expressed as mean+S.E.M.(n=5). *,# (P<0.05): Statistically
diffenent from the value before CO-toxic gas inhalation and control, respectively.
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Fig.4  Effects of L-NAME on the maximum arterial pressure (MAP) changes induced by CO toxic
gas inhalation. (A : MAP before and after inhalation, B : Rised absolute values of MAP
from the level after L-NAME administration, C : Rised absolute values of MAP from
predrug base line after L-NAME administration, D : CO-toxic gas induced-hypertensive
percent of MAP from the level after L-NAME administration to the hypertensive summit
after CO-toxic gas inhalation, E : Hypertensive velocity of MAP from the level after L-
NAME administration, F : Necessary times from the level after L-NAME administion to the
hypertensive summit after CO-toxic gas inhalation). Refer A~F to those in the legend of
Fig. 1. Results are expressed as mean+S.E.M.(n=5). * (P<0.05): Statistically diffenent
from control.
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Fig.5 Effects of PHP (1.2g/kg/30min, i.v. infusion) and L-NAME on the two necessary times

MAP(mmHg)

from the CO-toxic gas inhalation (A) and the hypertensive summit (B) to maximum arterial
pressure (MAP) 20mmHg. Refer A and B to those in the legend of Fig. 1. Results are
expressed as mean+S.E.M.(n=5).
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Fig. 6 Maximum arterial pressure(MAP) measurement points and their related figures (Fig.7,8)

in the experiment-3+4.

Fig.7A,8A : Necessary time from the CO-toxic gas inhalation to the hypotensive onset

Fig.7B,8B : Necessary time from the CO-toxic gas-induced hypertensive summit to the hypotensive onset
Fig.7C,8C : Necessary time from the 10% to 50% fall in the hypotensive period

Fig.7D,8D : Necessary time from the 10% to 80% fall in the hypotensive period

Fig.7E,8E : Hypotensive velocity from the 10% to 50% fall in the hypotensive period

Fig.7F,8F : Hypotensive velocity from the 10% to 80% fall in the hypotensive period

Blood samplings for plasma NO determinations were performed four times as indicated in the Fig.6 as follows:

(: Control (predrug level)

@: After drug treatment and just before CO-toxic gas inhalation
@: At the end of CO-induced stable hypertensive period

@: Falling period in the 10% to 50% fall in the hypotensive period
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Fig. 7 Effects of PHP (1.2g/kg/30min, i.v. infusion) on the four necessary times (A~D) and
hypotensive velocity (E&F) in the maximum arterial pressure (MAP) changes induced by
CO-toxic gas inhalation. Refer A~F to those in the legend of Fig. 6. Results are
expressed as mean+S.E.M.(n=5). % (P<0.05): Statistically different from control.
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Fig. 8 Effects of L-NAME on the four necessary times (A~ D) and hypotensive velocity (E&F) in
the maximum arterial pressure (MAP) changes induced by CO-toxic gas inhalation. Refer
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Fig. 9 Effects of PHP and L-NAME on the changes by CO-toxic gas

inhalation of plasma free NO (nitrite+nitrate) level. The encircled
figures such as 0,2, and @ are corresponding to those in the
legend of Fig. 6. Results are expressed as mean*S.E.M.(n=6). * (D
vs @ or @ vs @ or @ vs @,P<0.05), # (D vs @, P<0.05), § (B vs
@, P<0.05).
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Fig. 10 Effects of PHP and L-NAME on the percent changes of plasma free
NO (nitrite+nitrate) level after CO-toxic gas inhalation. The encircled
figures such as @, and @ are corresponding to those in the legend
of Fig. 6. Results at @, and @ are expressed as mean=S.E.M.(n=6)
of percent changes based on predrug level (control,D), * (P<0.05):
Statistically different from control, # (@ vs @, P<0.05).

MAPK TH (@) TizCOTMEAN R AIZ LY, XIREE, %9
HEHOWTN L MEEPNOREIIMAPLEN (@) vy L
H-L 72 (Fig.11). MAPRE#D 5L ONOBEORINEIL, *fHR
FC30.4+1.9%, PHP5-T11.5+4.5%, L-NAME#: 5 Ti3
11.9+4 2% D FRTH Y, ZOBMBONOEE D FH12, PHP
BLUL-NAMETHBICHHI I iz,

3.3. AChiz & 2MEBTICXT ZPHPH & UL-NAMEDRE

ACh (0.1~10ug/kg) I & 2 HEKTFIEOMAPEK FICEL,
PHP# 5 34K T (Fig.12A), K F= (Fig.12B) n\»$h
CLEBLREER 52 -7, Lo, T, (Fig.12C) i3,
PHP# G & » THEBICHEHE I Lo,

35 T * T 1
30 | 1
§ 25
S 20 .
=z .
|+ 15 F N .I' I
l*)
Z 10
5 b
0
Control PHP L-NAME
1.2g/kg/30min, 10mg/kg, iv.
i.v. infusion

Fig. 11 Suppressive effects of PHP and L-NAME on the increase by CO-toxic
gas inhalation of plasma free NO (nitrite+nitrate) level at the falling
period (@). Results are expressed as mean*S.E.M.(n=6) of percent
changes based on the levels at the end (®) of CO-induced
hypertensive period. Refer @ and @ to those in the legend of Fig. 6.
* (P<0.05): Statistically different from control.
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Fig. 15 Effects of L-NAME on the half-recovery time (T, ) of the ACh-induced hypotension.
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from control.
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3.4. AChIZ & 2SR KENARS & UREE BB ENDIMERISICN T
ZPHPH L U'L-NAMED &

B RENR @ AChIZIEEERAARIHIAR 2 7R L, 107 MC, 1ZIT5E
SRR TH -7z, PHPIZ I 6 ouifR % FBMRFMICEH L
72 (Fig.17A). L-NAME 0.1xM (Fig.17B) (3AChic & 2 stuf%
ICREE S Ty, 5Vl 278 L Tv72PHP 0.3mg/mL
PHEIEL I ETAChIC L potiiR % S SIS ABRIOHE
PHCHNE] L 72, L-Arginine ImMAZELE F Tlf, PHP lmg/mLIz
& ZisR 0] (Fig.17C) (38 %2 Z T e » » 7245, L-NAME
10£Miz & 2 ACh3E I (Fig.17D) (3 A B IR L7z,

e MK | AChITIREIR{FAIEZE LR L, 10°MT, 13iT5%E
SRR TH -2, PHPIZZ 16 OoiiR % FEKERITHIE L

72 (Fig.18A). —7, AChic & % 5i#R I 2 5 2 %\ L-NAME
0.1xM(Fig.18B) i3, (3 X A EMEHEM £/R S % \WPHP 0.3mg
/mLOFETFT ACh L DR AR, 2 OMRAICHEIG L 72,

4. BE

4.1. ME%ERE L TOFFHE

4.1.1. PHP, .-NAMEEMIZ L 3MF LR
L-NAMEZ HEKRAM L T ER- %R L7z, 2HOL-NAMEIC

& 2 HFEIZL-NAME»*L-arginine®analog T# ), NOSHIL'E

T® %L-arginine £ HFARNITHEILL, NOAKEFIC & 2 %M

ZMENHEICRRET 22 H2 5 b, RERT, L-NAME 10mg/

kgt 544 I MEENOIEEHM . 430.2uMA 53.8+£0.3uM~HE

CET LRI ZXET S,

—%, COBMEA ZMBANDRGHNFEIRBO L NIHARB LU
B5%M (1.2g/20mL/kg/30min) (2fE- 72WPHPIX, AEE
T, BEICFE? R3¢/, PHP#S I L 2 HEREC, 1

BB ONOBENS.520.2uM» 54 .60 .3uM~N L FEIKT
L’CAB D, NODRESH»REI L. ZONOEBENETF (L, heme
L BLHMED S W NOAPHP D hemel# i 3L ICHHTE X 11 5202202
LTHMEND 5. AT, KidalebnRE'”, TPHPIC L 25
JEiIL-argininelZ & - TiHKT 5,1 13, ThezXFT 5.

AW|EICBWT, MEEFNOREERZEICLY, PHPES L UL-
NAMEIZ L 2HEICNOSPEE L TWab 2 EATREIN 5.

4.1.2. COEMHABAIZL ZME ER~DPHP, .-NAME®D#
-

COFMEA 2D AIZ L D, xR, PHPB L UL-NAMEH%
EowFhoBcdmEF ER L CoRRicE, mgHo
CO B, OAR T I & 2 SHEMR ME S L ONKEIIR M7 ¥ b2
FRBEEIC L ZMEIHEL EDBEIrEELTw5rE2 5
na, ZoHFEZH L TPHPIE, MED EH4ExE, FHA3R,
MEREGENDOBERR ICETOREL 5 2, AREEDEm
FELE. Lo L, WE RS0 EhNOBEICIZASLHE
5240 ho1,

L-NAMEZPHP & [AlfEic ERAEHE, B8 L b #E
THEREGFWICREZ{EET 2HmI»RIN, EAEE 2RV
T, WD 30mg/kgtt 5 THBEEIZH L THBELARE ED
Lz, —7, MERSHE~DBERRTIZ0.038 & 0. 3mg/kg
DEABTHOAERICER L7, 2hid, L-NAME 0.03~10mg/
kgt 5 THOMED FRME T —ETH D, FAEEIIHREK
TERNCBEI L T 3 72D I KHEDL-NAME T3, M/E il
~NDOBEREAERE L2 HZ S5, MEENOREIZPHP, L-
NAME & 3 22 6 O BMIEMIC & 2 ME ERECIZH B
BIENTHEY, .-NAMETIZCOBMA R & 2 ME ESHHZ T,
FORTLIZERE RSN D2 L 5PHPE X UFL-
NAMEI(Z k 2 5/%i3, PHPCIINOZ #1235 2 L T, L-NAME
BENOSHOZEIZ LY, vTFN MAEHTONOBEZEKTEEE D
FICEDELLZEIIREINS, —F, xEE L OPHP, L-
NAME & b iz, COEMA ZROWMAIIZ L O, ¥HHICRIE 2R L7

MEERNONE FIZPHPTIIA e < e ), L-NAMET

AL Vol.9, No.1, 2001




|- PHP(mg/mL)
—0—0

80 ~—8—0.1

—&—03
—&—10
100 - _o 30
(n=5-13)
120 . ' s L
12 10 8 6 4 2
0
20
g
c 40
L2
=)
2
% 60
o PHP(mg/mL)
—O0—0
80 [ .. @--1%
—{—+Arginine TmM¥*
100 L2
12 10 8 6 4 2

Acetylcholine (—log[M])

Fig.

20

40

60

L-NAME(; M)
—0—0

80 I. . o--01

——t— +PHP 0.3mg/mi™* ] ##
(nfS) , . ,

100

1

12 10 8 6 4

20
40

80 I _nameGw

-—0—0

+|*#

[ —m—10%*

~—{0— +Arginine tmM j ##

oo L L L .
12 10 8 6 4

Acetylcholine (-log[M1)

80

17 Inhibitory effects of PHP and L-NAME on the ACh-induced relaxation of thoracic arota.

Results are expressed as mean+S.E.M. *and #P<0.05, ** and ##P<0.01: Significantly

different from control.
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18 Inhibitory effects of PHP and L-NAME on the ACh-induced relaxation of corpus

cavernosum penis. Results are expressed as mean+S.E.M. *and #P<0.05, ** and
##P<0.01: Significantly different from control.
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7C, 8C), BIUBRIET % CHOMERR (Fig.7D, 8D) »
WINLPHP, .I-NAMEIC L > THEIRER L, 3518, &
ERMENT0%IE TS 2 550% K F F TomEE TEE (Fig.
7E, 8E), B XUB%IET * THMFEI F#E (Fig. 7F, 8 F)
i1, TR LPHPB L UL-NAME# 512 L - TEEER2L-T
KFL7.

IhonZ ki, COILE2MFETIINOFEb-TWAEZ
&, PHP, L-NAME#COic & 2 MEK F 2 #IH$52 L 2R
3. ZHOPHPIC Lk 3 MEK T, PHPNO#HiR L TR
WEHALL, COWC& 2 MER PR IMEEHNODRE I & #1H] L 72
(Fig.1l0) S itk W AELLI EAREINS,

—7%, L-NAMETI3, NOARBMEIZ L Y NOHME T L (Fig.
10), COIC L AMERT2EHIT LI LHR"EEND,

#%ik$ 3 k92, AChic & 2 MENE T4, PHP, L-NAME
L DHHIEND &b, PHP, L-NAME#NOM#ifE, &
BHZEICEE L TWE I EPBRERICBWTHEREINTWS T
£y, COICEBANOLDEEE S ZFT 5,

PDLEn#ER» 5, COI L 2MENETFITIEINOMREE L Tw
52 AR E NS, COIZ Hguanylate cyclase (GC) % i
IEHALT 2ERPPHE SN T 555, ZOEMIINO L K
LCIHFEIZFTN, L2hA» T, COITE L LTNODM % {2
L, ZONOHGCEIGMHALL, MBI ME FiEihnhs % {2
L, MWEZETEILLEHEZ LN,

4.2. MmEEhONOEENEIL

PHPIZ & 2 5-ER I3 MAEP NOBEE A EIET (Fig. 9 -
OM®@) L, RIHkiIcL-NAMEIZ & 2MAP? ERERC b s NO
BEFEREICET (Figd: Q@) L2 eds, Thon®
PORIFER IS T 2 AP NODRE 5 DA REME 7R S L7z,
PHPTIENOMHTE, L-NAME TIINON AR EIC X ) NOE
FoElL, COPRFEZ LR LI EIREINS,

i, PHPE X U L-NAMEDO Wb, COFEHF ZDMA
2 & 2 RERICIIMEEPNORE AZLIZA LIz 2 - 72 (Fig.
9 : @%@, Fig.10 : Q@) = &» 6, ZHCOI L BHIEIZ

NOIZBE5 L TwhweEZ o b,

A, PHP, L-NAME & L ICRELRERH O MEK TERICIE
MEEHPNOEE D FH L7, PHPO MG NOEE 5 (Fig9 :
QD) i3, PHPO##REE UL EONOSE Lol #E 2 L
3. FHoOKE 2L, PHPH 2 W itL-NAMETII 2 h 5 0k 5
BIRRE T TOEICEE > 2DIcx LT, ARISEWE5HONO
BE®21.514.8% & K& Ell-72(Figl0 : @). 561, &
ERIICH S 2 FTRIAD MAEFNONREME L, S TI330.4+
1.9% L KE LML Tw 0ok LTPHP, L-NAME T35
mMEFFEICIH I N (Figll)., chbnZ eh» s, COER
HAWRAI X B MEETICE—HNOY»EE LT3 2 LAHTRME
INnsb.

4.3. ACh#x5IZ & 2 MEETHHIA >DOPHPE L UL-NAMED
YEF R OORERR

AChizk 2MmENMETFICH LT, PHPIZEELIE 2 RS %
o T2hs, MFERIENT,, 26 FiEHE L 72, I #Lidbradykinin
(BK) i & 2 mE Dk icxt§ 2 HbO MR EFKRTH - 72,
BKIZ & 5 i 348 K i i 3endothelium-derived hyperpolariz-
ing factor (EDHF) ¥ endothelium-derived relaxing factor
(EDRF)=NOIc &k 3 £ # 2 51, EDHF»#EEOHE Wi %,
EDRF 2 BRI O B VWA IS5 L Twd EFEZ LTy
52, Lizhi- T, R kE 3 I3EICEDHF®D, T,,13EDRF
DR % KIS 5 & 2 s, PHPA*AChIC & 2 EKIMERT
EOKEIICEALZ S 2T, WERENT, 2 B EICEMHEL 22
Y13, PHPHNOZHIE L TCAREEAT 2 L2 Th L H 2
Lhb,

L-NAMEZW§Fh o 58TLACh 0.1~1ug/kgND#iH T
AChHO WL D20 512X 2MERT2EETH 5555 < #1Hl
L, MERIET,, % PHPRERICHEHE L7z, AChic & 2 MEET
ZL-NAMEMIZ LA EMFI L »722 &g, Bl Z & <,
HFEOKE XICIZFICEDHFSHE T 292 L 6 HA3I N5,
s, PHP, L-NAMEDACh~ADERIZ L D REBRRTD
PHP, .-NAME®M{EA A & L THONOHiTE, NOAKHEER L
flr IR L 72,

4.4. BEERKENARS & UBERBRREIZH 1T DAChDMBARR ST I-3%Y
T 3PHP& & U'L-NAMEDHIHIZNER

Ko REIR B & IR EN T L, AChic & 2581,
PHPIZ & - THEHRERICHEI I 2, 2510, AChick 55
BICA LTI E A LRI RE RS L WKIEEOL-NAME (0.1
«M) (ZPHP (0.3mg/mL) #%3&f7 & % X PHPOHEIRR L
MR T 2, MRMICHIE L 72 (Fig.17B, Fig.18B) = & » 5,
AChooNOZ 4 L 72 sz o xt L CPHP X L-NAMEI(3, £
Zh, NOHtE E NOSIAE & W) fEREF R L 5 2 L 2 XFT 5.
ZNZ L, 2 5ICPHPOAChHAR K e #H i3 L-argininell
IV EELZITT, L-NAMED Z Uik -2 &0 6 L
BRI EMIF SNz, S RITO W T, PHPIZ X 32 HEHSNOS
FEE# T H 5 NS-monomethyl-L-arginine (L-NMMA) THll
AN, FOIEIHL-argininelc L Y R#x§ 5Kida7z b DR &,
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—~RAETS L5425, LarL, Kidale b ERRIT, &5
L 7zL-argininelZ 5t 3 2 PHP &Y, RKEBRN/10BETH 572
&, NOHIHE I H M REER T34 L 24 » - F2L-argininei2 & 2
i3, Kida?z b EBRTIZL-NMMEIZ & 2 NOSFHE 12 #H;
LiceFHEZ oD,

4.5. £FERRHEIZ L BINOOTEM{L L PHP, L-NAME

NODAEFEAN TOMMEEIKITIZ L 2P DRI H 527, NOIZ

FEFHIRIREICEATEY, KB XUFONDFLETES IS L
TNO,RNO; &% 5, 72, NOOHDb & D #5411 13CODHI1500
528 L JEH 2R <, M P ONOIZE 5 ICHbDhemeffr & 454
LTHRIET 4. &R & L/znitrosylhemoglobin (NOHD) 13, &
512 b % %1 Tmethemoglobin (metHb) ¥ NO,~i1c7%c 5. NO,~
{3PR i ki 2 71, metHblimetHb reductaseiz & - CHEEHD
&% A, fic, NO i3 superoxide & K s L T peroxynitrite
(ONOO™) 4L, & HICZhH»4fE L Thydroxyradical ¥ NO,
E D, INHIFHURE LTNO, " HH 2% 3. ZOMI2NO
13SH3: 24 L 72glutathione, cysteine, albuminZc ¥ & KoL
T S-nitrosothiol 22 L, &KiG$ 3.

AEE T, COFMEA WA L B MEETIZH LT, NO
EDOBAED S Vhemelil 2 5 THICHETA5PHPR# S L, In
JEIS FHEIGHERI DS A ST b, L7eh-> T, PHPIZ & 5 L+
KTFHEIEHERIZIENO L hemeD FEA SIS L T b 2 ks
ZZ 65, 2, HoiEfifRE 52 & 2 E FHDERANO
DIHFRICE B ET 225 XREINS,

— 4, L NAME®DHINO#HEIZ, NOSHZEIC L 20 TH Y,
PHP L L-NAMED{EF#F 138 7% 5, ZIZACh# 52 & 21
FEAK T 5 & V& R s a3 2 PHPS L U L-N AMED#HTH]
BHRDOIEFR L L T 5,

4.6. CORERFICRAET 2 MTETHIEDHEE

COI3[F] U4 Fmonoxide TH 2 NOD 150043 D 1 LKW 25,
0,18 L TIZ200fEDhemefi A1 255, HoRES, g%
HFLTWB NODAZL 5TOCOL HERNTOHERIZEDZ X L
TOREEZ L, GCE2IEMEIL L THWDCGMPZEMX 4 5
S EHEHRE IN T 52830308 COREHELFE 23 2 DI,
g, METOBRBRICE SN D EHZ L5 TWw 33,

WREDCOIE heme oxygenaselZ & » CTheme»{UH I 5
S5, biliverdin M-ae8k s & HIZHERE N 53, COIZNOR]
R, GCZ IS L L2203, il OcGMP2RBME ¥ 5, 0%
B3, superoxide dismutasell k- CH¥&EI 539, La L,
WAL DE S IR E L ELDH D, COIC & 5GCHIEHEALIZNO
DHIN/S0REE TH 529,

in vitro TIT 72 Thom 6 DLV TIE, CONHFEMIZ L - T
Mg ONOAREM L, L-NAME®O# 512 & ) NOA B A HIEH] X
1, NORIFHA LT3, ZnCOoiZ Lk 2NO#MHL-NAME
12 & ali3L-argininef 512 L > THE L Tw5b, 2z &3,
CORFMICL BMEMETIZINOSPEG L TWE 2 L2153,
3 512, CO 1000ppm TIINOSHIEHEIFEAL L 7 v F TNOH K
IAsA ST 755, COMDREEH3000ppmiZ 3 5 & L-citrulline
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DEEEPRA L TE D, NOSIEMEAHIHI & L5 —F T, NOZ At
BEDIHFEECHEML T3, ZOEBENCOIZ L 5NOSHH)
HiliZ, NOSOhemekE & SV ICCOMREAT AT LIz L 23530 &
Zoid, 72, 1) BEBEACOTIINOSIEEEL L v
ENOHEMT 22 &, 2) EIRENCOTIENOSIEEDHIH] S
N H LNOPEML Twa I e2E2ZhbEd L, COICL
2 MEDE TS, heme L DE B EZEFT 5COH, 3 b a v
F ) 7R M/MROMIRE 12 4£4E L T v» 2 heme-containing pro-
tein®heme#ITAEA L TWA2NOE B E#b ), NOZ HE S &
L72DITHEL B ENHZ LB,

BEanZ &6, COREITBIT L MEETFOMTEIL, kD&
JICHEE 3B (Fig19) @ 1) NORIMEM KMz ¥ TNOS
I2& D L-arginineb 5 AKX EN 5, 2) AREN/NOIZI F =2
> B TR M/MROMIEE 12 4 L T\ 5 heme-containing
proteink #5835, 3) @EIDCO LS X5 L heme-contain-
ing protein & #54 L TW/2NOD—# &£ COASE X bh ) NOHSE
BEY 5, 4) #EEELZNOIBCOLX Y LHS0ENTEME%. L - TGC
T S, 5) cCGMPDREEDREIN L T M4 g oiie 2
U, MEIKTT S,

NODOHb#SARES 1IZCODHIT5001E, O,N30THETH ™, &
5IZNOD G A 1 iZCONI50ME L ST 33D, Lizhs
-, COIZ &k 2 MHIETICA 3 2 PHPO#IHHER 2, 156 1
72Hb7*, Bt L7NOZHITE LAEMHAL T2 2 & THRIBT 5 &
Fzoibd,

F 72, L-NAME® fi#% 5-12 X 2 COHFElro AR FHIE1S,
COME ABRRARIIC S b 2 > ) 7R Ifil/MK # heme-containing
protein& FEATANODARZMET 2 Lick s #2515,
N &9, PHPEL-NAMEZCOIZ & 2 IMFEAK F iz x4 240
FIT R 2 D CHEHR VR TEX S, L L, L-NAME
I & B MM T EEIER 25, CORtE A IR ABRRARIIZ S F o >~
k) 7 Reii/MEHheme-containing protein & 43 2 NODH A
BRETH 5 & FhUF, COIC X 2 MERTROBEIEHTH
LHEINE, ABROMFNEBETE2LDLHEZ LNENEENT
H59. M2 T, PHPHCOMERFIC 51 2 WM TH A ZHES
RIECOL DEAND®E R, NODHIREEN 7 ¥ bz & &7
LIRET R ARET 5.

5. #Eam

1) COFEMEA ZADBRAIZ & D MIER, ¥D LS., K TLE
B, KT EHERE L 2,

2) PHPB L UL-NAMED Wb B THIERHE LR L, CO
WHEICLAMERTFTEE*BEICIRLA. ZoRi3L-
NAMETHEIKFNTH - 72,

3) PHPB L U L-NAMEZ W1 H CO&EIZ & 2 MUFK Frg
2B WT, COIZ & - TFHFEI N MEEFHEBENON K %
#MHEI L 72,

4) MEABRSE L CBEEBREAOFHEIIEEAT, AChIZ L
AR IIPHPB L U -NAME TS b iisl S L, -
NAMEZ L 2529l i3L-arginine THSS L 725, PHPIC
X B ZFRIicidL-argininel3 B2 & L e - 12,




5) ULofE®Es» o, COBMA ARAICHEEI NS MEMKTIS, 2 51 5. PHPIZCOFEM: 7 IR A & 5 RO TEIRITEH
2N . Z XL, ZOMBEFIFINDID, AROEL IR
t)f:h_

NODORAEIMHNCEEGTE eI NsG, 61T,
PHP & 1L-NAMEI3, # L F N NODHHIRE & NOSHINFHIZhE

— t R
o TCORENFEINAIMEET2IHTE LD EE

_~LNAME
L-Arginine /
*'I L-Citrulline heme'—comaininng
(NOS) protein
V
ACh
CO

Hb

PHP

vasorelaxation /
<
PHP-NO

hypotension 0,

metHb
(Hb Fe3+)

NO;
Fig. 19 Hypothesized mechanism of the preventing effects of PHP and L-NAME against
the CO-induced hypotension via respective NO capturing and NO synthase

inhibitory actions.
Solid line ( — ) : activation
» ) : inhibition

Dotted line (-
Straight line ( === ) : conversion
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The potential of red blood cell substitutes in the clinical settings

M2 D, EAR—ERD, MIFHED, i ¥, e 52

Jun Teruya?, Ichiro Sakuma®, Kunihiko Nakai®, Hiroshi Satoh®, Akira Kitabatake?

TR

FMERACBE ORI HD RIS D WT, BMEEROB S HEE L 72, BRORBYIZV-F AL b LR %8 <, R
B8 2 BT 5 ARk LTREINTEY, L VEEmMAERERZ B L LA HEI NS, BIRNLH %,
R REAASBICAD LT — X BRI, 22, RLOBRIE TIIBERIFE DB TEIERD & & 74 28B4 5D
2%, BUERICOWTHEBIEOEEN %5 5o TR L 72\, MIMEEKICHED 25+ LT, RSO R & T
WIMEROEEZ —BIKT 22 bTRETH D, RKEY~OMHFRIROTKREL, FHERLEI LOTH 2.

Abstract

The potential of red blood cell substitutes was discussed from the view point of transfusion medicine. The half-life time of the currently
developed products are very short in comparison with red cells, and therefore those products should have a limited use. In this context,
we must consider more specific applicable use of such products; we presented some possible cases in which artificial products are very
useful. In addition, the safety and adverse effects of artificial materials are still important; indeed, several large clinical studies for
blood substitutes have been canceled or interrupted recently due mainly to the occurrence of adverse effects. This emphasizes that the
basic researches are still very important. Artificial blood can bring a significant impact on the modern transfusion medicine. We
absolutely expect early realization of useful artificial red blood cell substitutes.

T ®ic

B R ERARBA R OBIRICE LT, SLEE0m FHEmEaE 2B T
LRIIEATH S LD, SWIMEERICE D 230355 5 (31
PR EREAE LR L TBHTE L VWEELREEHZ L
o, FTELIC, WTFRoSRMERAEY L M R+

1. AEmERNORMES

g I3, Mg, TR, T4 X&) il deE o B
HERT, EF, ZOLREENFEFICEOLNTEL, LL,
T4 FTENAF, $hbbERE ST SRAE TR
RE & 2 DEBRTERIED W RE L 70 B & TOMMD D 5726, BRiuE

BefiA 6 1 HRRE TH 5. RFEMEM O & a2 L &
9 &L, WTNERR» SE2IETLULE, M HbIRE 2 Hk§
2RI MBI RE L % 5, ZNTRELED
BHKEL % w, F212, ~ES oty (Hb) ZEFTERE
R0 22 FTIEFICHIRER - BRABRIED LN T ER
N=TnFayr LN (PFC) BHIHO>WT, T{&kEiZh -
TRERDEEL G DI EHHBL, 72— 3Dl
S < Sz, KR L U CHRBERFE & BHEHAR P EETH
LIEMTFERN L5 TH S, AR TIIMIMEERD TS
5, FRILERACEM O EERISHD A HEE IOV TR T Az,

DFEELTHIEIAAETSH Y, KE T3 R o Gt
13, A XHHIG0THALIC 1B, CRIFRA10HFHANIC 15,
BRIFRA 6 THALIZ1EE W) HRETRETLIEShIT
W, JEWIER, PCREZHWANAT (nucleic acid testing) %
EERISEA I IUL, BC X b7 4 VB fEBRIER, B’
D7 ERIHEDISTHALS., 72770, BETIITTIZNATH
BAZIN, REPREL T2 3D LHRIN B P, 7—LR
ETORETH ), REBEECEBENOIRD FKW4 Y, RiER
ML nw M., 5618, MMBEREENR 7)) —=
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PIThNTWBICT ES, ZOM7 4 M ARLMBEFTRYL Lok
FiInTniwn, Fl2ZE, HILYWITANVZFRE LTTTV
HIEERE I N TV EH, ZOERREEICEL Tz R
MAMarign, 7040720 b a7iRIdERIC X -
TR I N D 2 LBl B CREPA @ 4, R T X ERE LY
l, TNHDOBRMNMIFRLHZICI A L2, ThHHoDE
BYEROBMBREIES LTHBEE L2y - idmOTEN
ETFHEEINEY, Mikts 7y —ICBIT2METIIRHMNMES
EREIL25BT, 2TOBEERFL2IERT 5 2 LIIRER
ARETH 5. FEMEMIIAENICZD L) AREE DO L
PEABIRETHA .

7272, BMBERLEORBICATHRERT S L) @i
LT LHBRB T D, Mg RYSE® BET 5123, 2T
O [RIFE MG I % P AT TCRBT 22 L 2BH®R T 545,
OB FEREO M LEHEC, RfELICE 2BELE
W2 LETORBREIDP L VRENCL DL 5DTR LS
9, F S ITRMREERENDFE L F B LN
DEL LD E/W,

—%, Wk 2RfERI, BMFBREICEEELT, A
AWM X 2EMm, #EEE 7+74 7% —, TRALI
(transfusion related acute lung injury) s ¥ D EEZL L DL H
Fond, FRH0EMERIL, BEIZDLL WA S L HICRIE
PEREINTWS, Ll ZBRA» 5, BETH, &Eimi
BRIk D 2 KRB TR LIMEAIERLZDNOTHLEEZL L
32,

2. FRMERAEHORERICH D ATEE

FMERAEMIL, LiR2E&ORH2ZEERZHET 2 FE
LT, EREMEBFLELNDOTH LD, ZDEKLHIIC
BLTELTLIFPOEMIICZ S TR Lh-72, ALKk
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Human hae}noglobin from transgenic plant

Wilfrid Dieryck, Josée Pagnier, Claude Poyart, Micheal C. Marden,
(EDLEAE R R, 77~ R)
(Inserm U299, Hopital de Bichétre, France)

Véronique Gruber, Philippe Bournat, Sylvie Baudino & Betrand Mérot
(Cezeaux K%, 75~ R)
(Biocem, Groupe Limagrain, Campus Universitaire des Cézeaux, France)
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Yiiie (F v 4 =— X222 -0l &M . CHOME), 5
W N RV =y JEMITEAT IHOME IR EL H B,
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3¢, EOEIUNCLY, RIBRZESDIRIAPRINTEY,
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Chemistry and Physiology (Chairman: Winslow)

WMHERA AV IZHOERERBMENET, T-state HhABEN K E
b Y EEFEA & LTEHAT 5. Hirsch, RE. (Albert
Einstein College of Medicine) (3R-state Hb (HbA, HbC,

HBS) iICoWTHERA L L OEEBIC>WTHRHL, R4 A4
DEHIMIT & Y R-state Hb TIZBEALRE R E R AR S NAEE
L3N 5Z &emE Lz, Bkic, mMEAEWE LTHRES A
TWAEMIHDbRY 2> EF > PHbIZOWT LR A D
(B RBLAEE, BL, XEE) 2HAXLILEIH L LIRELL.

Fabry, M.E. (Albert Einstein College of Medicine) {x/¥—
INnAah—K A (PFCE; BL7£0.4,mLlF) 8k
IR~ A (S+S-Antilles), B I UIEF~7 X (C57) Tk
BN5~20%4%5 L, FEB L U EDdeoxyHb % Blood Oxy-
gen Level Dependent-Magnetic Resonance Imaging (BOLD-
MRI) (JCI, 98, 2450-2455, 1996) % i\ CTHEM LR 2 s
L72. S+S-Antillese7 ZOFEE S UBRICIZEFE 72 L
e L T 2B DdeoxyHb " FET %%, PFCE*##53 3 &
S+S-Antilles¥ ™7 X DdeoxyHbRIZIEF 7 R ERIZFICL 5
&b, S K MR ORERKEFEICPFCEDR SR THSH &
TN A

HbizcR) =F 1L 7)) a—1 (PEG) 2#A438, o FE®
KELT B ET, 7Y —HbICED 515 NOHTE % [a]#
352 EHTE S, Manjula, B.N. (Albert Einstein College of
Medicine) 3=V 4 3 F %AW THbNOCys-93#IRMICPEG®
HBAT I HELZ®RE L. Z0EA, PEGIZHbS T4 0 2 A4
AT H. COHETHTENDEL HPEG (5K, 10K, 20K) % &5
AXEHb, 5 WIIPEGHAIM % Z 2 2HbDIBFERKIZ DWW
THFNHOKREE, BEVA O Y —, Py X PEGH T B AL
DAERBIC O WTEE L 7y FOKRE R LIFHELV 4 0 Y —IIPEG
G FEICIRET 205 ASALICIHKF L, —F, P l3PEG
P FRICIHETE L WA EALICKRE T 5 2 LavREnre,

Clinical Development (Chairman: Kjellstrom)
Dty v a rTERIGORES H - 7258, mEKEHO L
HICEEZH>TH2DEPLORE TSNV TR L EDI.
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Keipert, P.E. (Alliance Phamaceutical) {3/$— 7/ % 0% —
K FLAOXYGENT™ 2>\ 2 MR BR & 2 ey L7z,
OXYGENT™d=—4 7 4 » 7, IR5e, L4 E I3 Baxter & 3t
[AITTATVS, 300/ Junits/year CTHERT A HRBLTHE L %
WA, EHAENZ 2T E-L L,

Lemon, D.D. (Baxter) (3:&fw-FHitRz Biic X DL
L2Hb()arE+r FHD)IZOWTEHEL,., A M7 —13
HbONOBHENK F L 5 TFEDOM K 2 WIEFHBRZICL DT
I LTHB, ) a2rEFr N HbONOBHMEIZHDO,~HNO
FEOREER LFME L, ~NAKy y FEFEORZBRIEIC LY
3 ~60uM s ' DHEH TNOKEAEREEREHITELI L2 FE
gEL7z, 72, ZE b L-HbREET LI L ICE D TROK
KIZEBIIL T3, 7 v b~Dik5REBRTlI32L 7Y —HbIZ
i 65 B PUHEC M _EH- 38N & s, it Hbsd
e LTHFETE 2 MG LA,

FEIRE 3 BB £ THA1998F ICRBR T HRE I N7z
diaspirin crosslinked henoglobin (DCLHb; HemAssist™) T
& 57, Burhop, K.E. (Baxter) lirhesus monky, pig, dog,
sheep, ratiZ >\ TORIEEIRAEBROFER 2 8% L7z, DCLHb#
E L7236, NO 7 v 772 & 2 MENHE IS & 0 L ipkadzssl
D HNTH, BPFEICKE ST 57— 2 hORE L. EREE
DREIZHELCMETH 505 EHICEZIELNIERTH
-7z, Carmichael, F.J.L. (Hemosol Inc.) 3HEMOLINK™o
FEIRE 3 MHARER O BUE 2 #i45 L 72, Vandegriff, K.D. (Sangart
Inc.) (FHbEAKROKHZ R) ZF VL7 a— L TEML7:
HEMOSPAN™ I W, & RISEDEERMEZE L, #h
TRIRENERUCTH 5 & Z OB 2 5 L 72, Hsia, C.J.C.
(SynZyme Technologies LLC) (3Polynitroxyl Hemoglobin
(PNH) 1220 THE Lo, MEMBRK T & HiBib 2 i 2 7258
AL, BYRSRBRTLRILERSBLNTHSZ o508
~N Lz,

Platelet Substitutes (Chairman: Levin)

LeviniZ & % /MRS O#RD SEEE Y, IS
BT, BRI A TV 5 BRI/ PR RBA S iz,
72, /MR O FHEEICD T, in vitro TORBERL AT
BREETH 2 & L, BMERICE 2FMMEHREL T/ BE
D E A MR M MR o shEe % 534l 3 2 72O DEEIR R,
B7a b a—Eud, COREPEETH L ERNLN
7z. Nishiya, T. (Keio U) Y a2rt+ o F HFRTEES Y
72¥EE A (rGPlalla, rGPlba) 2 ) KR Y —AEKmIZEEILL
72rGPlalla-, rGPIba-, rGPlalla-Iba-liposomelZ 2\ T # 9
HeBE» ¥ L7z, Fischer, T.H. (U. North Carolina) 211/
WHRERE /G L7214, BB L TR O BR 2 HEK
1 &+ 72Rehydrate, Lyophilized (RL) Plateletsic2w»T,
Tablin, F. (U. California) [3@#5842 L 72 M MROIRTEICD
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W, Verhoeven, A. (CLB Sanquin) (3 fi/NR 58 % ol
A L, i L T4 5 11 B Infusible Platelet Membrane (IPM)
ZOWTEREE L7,

Oxidative Mechanisms (Chairman: Alayash), Microcir-
culation and Vasoactivity (Chairman: Intaglietta), Novel
Products and Applications (Chairman: Chang), £z % —+
v a3 YIZBWTHRIRRCHEEIEOP»H S HEFE I T
JHW 72, Plenary lecture, Invited lectureic >\ CIzLLTFICIE
BERL,

Plenary lecture

1. Winslow, R.M. “Blood Substitutes: Current Status and New
Challenges”

2. Tsuchida, E. “Recent Progress of Artificial Blood Project
and Novel Products”

3. Chang, T.M.S. “Present Status of New Generation of Hemo-
globin Products”

4. Intaglietta, M. “Microvascular, Mechanical & Cellular Basis
for Effective Blood Substitutes”

Invited lecture

1. Bunn, F.H. “Oxygen Sensing and Oxygen-dependent Gene
Expression”

2. Frangos, J. “Mechanisms of Flow Induced NO Production”

3. Alayash, A.L. “Oxidative Mechanisms of Hemoglobin-based
Blood Substitutes”

4. Johnson, P.C. “Oxygen and Blood Flow Regulation: The
Search for the Missing Link”
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HHTE L 720,
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