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Myths and Realities of Blood Substitute Design

Robert M. Winslow, MD
Sangart, Inc. San Diego, CA 92121, U.S.A.

Hemoglobin is a well-understood and highly conserved protein,
and its structure and function are perhaps better understood than
any other protein in nature. All higher organisms package
hemoglobin within red blood cells; if not for this system,
hemoglobin would rapidly be removed from the circulation and
protein synthesis would not be capable of maintaining the
hemoglobin level needed to oxygenate tissues. The circulatory
system, including the microcirculation, is closely integrated with
the function of hemoglobin contained within red cells. For a
century, it has been assumed that the properties of cell-free
hemoglobin plasma expanders should closely mimic those of red
cells. Traditionally, this has focused on reproducing the oxygen
equilibrium curve (OEC) of blood. However, recent studies
indicate that the successful design of a safe and effective
oxygen-carrying hemoglobin solution must match oxygen
transport, acid-base function and CO, transport to a
microcirculation already “engineered” to a cellular system.
Lessons learned from hypoxia (high altitude physiology), altered
rheology (sickle cell anemia) and cell-free systems (blood
substitutes) allow a broad specification of the ideal properties of
a cell-free oxygen carrier that is free of their prior inherent
limitation: vasoconstriction. Studies in animals confirm that
newly designed hemoglobin solutions, gram for gram, are
superior to red cell hemoglobin in protecting tissue in severe
hemorrhage.
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Clinical Studies of Pyridoxalated Hemoglobin
Polyoxyethylene
Joseph De Angelo

Apex Bioscience, Inc., Durham, NC, U.S.A.

Shock associated with systemic inflammatory response
syndrome (SIRS) is a form of distributive shock affecting over
200,000 patients per year in the U.S. and resulting in 50%
mortality. The role of NO in a variety of shock states has been
extensively studied and has been shown to be the primary
effector in endotoxin lipopolysaccharide (LPS) -induced
hypotension attendant to shock associated with sepsis or
presumed sepsis. It is involved in a wide variety of shock-related
pathologies and is a key target for therapeutic intervention.
Mechanism of action based therapies using nitric oxide
scavenger represent a promising new approach. Pyridoxalated
hemoglobin polyoxyethylene conjugate (PHP) is a chemically-
modified hemoglobin. It is the furthest advanced NO scavenger
in clinical trials and is about to enter pivotal Phase 3 trials in
patients with shock associated with SIRS.
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Clinical Applications of Pyridoxalated -
Hemoglobin Polyoxyethylene (PHP): A Modified
Hemoglobin Therapeutic with Nitric Oxide
Scavenging and Antioxidant Activity

Christopher Privalle, Todd Talarico
Apex Bioscience, Inc. A subsidiary of VitaResc
Biotech AG, Research Triangle Park, NC, USA

Hemoglobins modified for therapeutic use as either
hemoglobin-based oxygen carriers intended for blood
replacement during surgery and hemorrhagic shock or
scavengers of nitric oxide are currently being evaluated in
clinical trials. One such product, pyridoxalated
hemoglobin polyoxyethylene conjugate (PHP) is a
human-derived and chemically-modified hemoglobin
which has yielded promising results in Phase II clinical
trials and is entering a pivotal Phase Il clinical trial for
the treatment of shock associated with systemic
inflammatory response syndrome (SIRS). Shock
associated ‘'with SIRS is a NO-induced shock. PHP, a
new mechanism-based therapy, has been demonstrated
in clinical trials to have the expected hemodynamic
activity of raising blood pressure and reducing
catecholamine use, consistent with its mechanism of
action as a NO scavenger. PHP is made by derivatization
of stroma-free hemoglobin with pyridoxal-5-phosphate
and polyoxyethylene (POE). The conjugation of PHP by
POE results in a surface-decorated molecule with
enhanced circulation time and stability. Soluble RBC
proteins, including superoxide dismutase and catalase,
are also modified by POE and conjugated to PHP,
resulting in a cell-free hemoglobin contaimng an
antioxidant profile similar to the intact RBC.
Hemoglobin-based therapeutics, due to the presence of
heme and iron, have the potential to act as pro-oxidants.
PHP has been shown to be resistant to both initial
oxidative modification by oxidants such as hydrogen
peroxide and subsequent ferrylhemoglobin formation.
These studies suggest both that the redox activity of
modified hemoglobins can be attenuated and that
modified hemoglobins containing endogenous
antioxidants, such as PHP, may have reduced
pro-oxidant potential. These antioxidant properties, in
addition to the intrinsic NO scavenging properties, may
allow the use of PHP in other indications in which excess
NO, superoxide, hydrogen peroxide, or ONOO" are
implicated, including ischemia-reperfusion injury,
hemorrhagic shock, arthritis, and IL-2 therapy.
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DEVELOPMENT STATUS OF OXYGENT™
(PERFLUBRON EMULSION): AN INTRA-
VENOUS OXYGEN CARRIER FOR USE AS A
TEMPORARY RED CELL SUBSTITUTE IN
ELECTIVE SURGERY

Peter E. Keipert, Ph.D.
Alliance Pharmaceutical Corp., 3040 Science
Park Road, San Diego, CA 92121, U.S.A.

The safety of donor (allogeneic) blood has improved
significantly in the past two decades, but unfortunately
it -is impossible to attain a zero-risk blood supply.
Recently, availability of donor blood and the predictions
of national blood shortages have become new concerns,
particularly in light of an FDA directive to defer all blood
donors who have spent at least 6 months cumulative
time in the United Kingdom between 1980 and 1996.
The development of a "blood substitute” or temporary
intravenous oxygen delivery agent has in large part been
driven by the desire to reduce patient exposure to
allogeneic blood transfusion. However, such a product
clearly has additional potential as a therapeutic
intervention in critical care situations where acute blood
loss may cause tissue hypoxia.

Oxygent (60 percent w/v perflubron-based emulsion), is a
temporary intravenous oxygen delivery agent ("blood
substitute”) being developed by Alliance Pharmaceutical
Corp. (San Diego) to reduce the need for donor blood
transfusions in surgical patients. The use of Oxygent is
intended to permit more effective collection of greater
quantities of autologous blood at the time of surgery

(Augmented-Acute Normovolemic Hemodilution),
thereby allowing more patients to be their own donor
without having to go through the more complex logistics
associated with predonation. Oxygent is the only blood
substitute in clinical development that is formulated
from a synthetic raw material, and not derived from
human or bovine blood. It is manufactured using
commercially available raw materials, at a scale which
could have a substantial blood sparing effect on the
current donor blood supply. Oxygent is provided as a
ready-to-use sterile emulsion that is compatible with all
blood types, and can be stored for up to two years.
Alliance has recently completed patient enrollment in an
international, Phase 3 Transfusion Reduction and
Avoidance study which involved 491 general surgery
patients at 33 medical centers in eight FEuropean
countries. A complementary multicenter Phase 3
Transfusion Avoidance study in 600 cardiac surgery
patients undergoing coronary artery bypass grafting
under cardiopulmonary bypass is also underway in the
U.S., Canada, and Europe. Previously completed Phase 2
studies have demonstrated that Oxygent enhanced
oxygenation status and was significantly more effective
than a unit of fresh blood at reversing physiologic
transfusion “triggers"” (i.e., indicators for a blood
transfusion) and delaying the need for a subsequent
transfusion. Nonclinical studies have demonstrated the
potential for Oxygent-treatment to prevent tissue
hypoxia in the presence of profound anemia. Hence,
Oxygent has the potential to also provide a temporary
"bridge" to transfusion in surgical situations where blood
may not be immediately available. Other potential
indications which can be studied in the future include
prevention or treatment of myocardial and/or cerebral
ischemia, enhancing tumor oxygenation to enhance
radiation therapy or chemotherapy, preservation of
organs awaiting transplant, and resuscitation of
hemorrhagic shock.
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EFEFCTORERBTHLILE, LB ERIIBASHLL
LEENTHD, MIRREBEHEL T, TOANTBRRER SO
RONI-MERER A0 ¥ 2E SR OBEL ., BERIBERRIZE
{35807 End Point DR ENSLELD, SHITHRIMERIZ
HeUTRIE D /N EL  FETNLE O IR M ERASBI AR Al 8B 2
I, BERERETRE THIEORME AN DEEKE
BA~D, BBREWIEMAEL TCOLIVERYT T a—Fb, 5
HBEBELRSTLD,

¥, RELLTONKY, ER~DOEBMOBANLDE
RBEEINTHOWLEEREFTHY. ATBRRERED
RS AMERGT, BERAELL T LEOBETHD, T2

T, BHRT, ORI ~Eu /N BE T 5

WARDOLNTERY, BELS, BE HiEORE{LE1T-T
WBERETHD,
INOOBBERERICTT, BEMKRREHEL COEmE

RV Z 2T OB PEA TS, BRI -

BIRILVD | Fie B X FICESE, Bipa V- R
~OBRFWMEFBREL TORDIEFML MLz, ARE
TIINLDORFED Update #4543,
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AIMBROEKIEABERELT

B E
ELWRA+FhEL> S —

ABOMZEZfAICHMT 3200 @BMITRE
TOERBICELTWS, TADLERITOKMmME
ICEMARESSE. ANmEE LTOREFHNM. €
OmMEEN LEKRBOGRAEEICHMES 28T 5L
PUh, TOHRKEEDhDODWAMBHEELTNWS
AICHMENDD., LFVARBOERDOIBICENT
3. ERLERZM#ISL. HB~OBRHEKEZEAN
ELAERITORERIEIAARTHY., AMBEOMEK
CHbLBIXREABE, THADBLAINEOHARIIE
BEOWDXBZEZALBW., EKICREFH. B0
HEBFEOREBTRIIREOHBMBICESDDNENWR
2. FELTEYLEAIOBEORR, ERAMEE
HXhd., LUDITRRORRB—%., TLTEXR
ICET3HBBEFRBOBRANS. EEREANFXH
SOEBHAEZXT,. LERMEOATIMEORMR N
gEhsd,
ULHALEDOLSBRIEBHLGLAIME. AL KiEk
BEEBICEBEKOBICBWTH BT LSICHS
CERHFTELSN, SBENLSIB,STHBEE (
cellular type ) DAL FRMRS BB THY., Zh
EPROAIFMIROBBELEIRETHSS. Lh
LEDOHRICHATHIBRRERE L LT, —BHICE
BYOANES/OEVICTRAT A ELERBTIRE
HPbLlhan, FIRRKRORARICONT, 2ha<td
FMRAEPIRREBRAL L THYTHSZ L.
BUREFEEREREIELVW EBHLATH S,
CholCBAUTHIEBARNR, BRKAREZEZET. &
HEMoBMrOREL. TLTHEMLAALRMERE L
TODBEEIDCENVETH D, LITVWAMROD
BH—i, REM. BFMALICBLTREENGEM
TOEMBKEN., ChSATMEICDWTOERK
HrSOER, eV EN., TLULTREUNGEE
HTCORMBEAICDODNT., 4RBFHNLSBRAEE, K
BERBBROSNZZLE2HMBTT S,
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— %R —1

— iR —2

EABGRBEEERIE (T LTIV —~LH)D
NO Fefr B

VN I ANV L B e SN w1 R 3
EREAFH IR EL Y ¥ —

[# Sl vare+ v e MLET7 VT I ¥ (rHSA) I
AIFITINVTNVENVEERETAHT T 7= )VR WV
74 F bEIDEEARFeP) 2L THBALTLVT IV —
AN LKA (rHSA-FeP) i3, A#SMT (pH 7.3, 37°C) T
BErTHNICHEAMETELIARANLY VXV ET
HbH, LHL, IhE ATOBEFRHRE LTHMAT 5%
AiZiE, N (L EAN R ET) & OfE RIS O BH A
DTEREL 25D, —fkic, WEIEEN L7 5 BRIV
7 4) Y EREEARIE N0 DB S VR = P b
ANLEEKE TR B A%, IS & - TdEE R OB %
) ZEMENT WS, 4, FeP & rHSA-FeP 41K
D NO BT EEIC DWW TREANCIRES L 720 THRiET %,

[52 B&] FeP @ bV i, U rHSA-FeP K¥EWIC
NO MK &AL, BERPFTIKIZCTERMEETITo720 T
7oy 87 5 NO/CO A3 HEATHE ) TR A < 2 b VB LD
5 NO FAIPE(P,/0) % EiH, NO &S A 8k, 0 1k L
—H—=T7Fv a7+ b TAEERACTHRE L,

(45 - 252 222 F VA 25— LA FRENA L7
5 FCHL Fe(I1) B A ¥ VIRAED FeP B (F V2 2) 12 NO
PR T S L ZORAKEITIEE (A 00 1 419,479 (sh)
542 nm ~EAF L7z TTKIZBUF 2 ESR A~ Z7 M viz@iil
AN IR S .6 BT NO S KO ZH 6212 L
72 tHSA-FeP KB IZ D W T b FPD 2227 P L HE S
NI Db FeP 7N T I VIZHBEESNIBETD.,
AIFS—VEDEEMET A LR 6RMMD=
R UALEERETERTELZ LB SN ko,
3 7z, rHSA-FeP @ NO BRI K UF NO 5 &5 B e 2 (P
1.7X10° Torr. k™ 1.5X10" M's)id, bz
FeP D1t (P,,*: 1.8X10% Torr, k,™: 8.9X10° M's™)
ATV,
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Y RFIIMERIAFIFL D - AT O
YO EAAROHBEBEONEERICNT S ER

MIER L2, B Rl
IRRARFIRFAREE A R, e RF
B A0 0 I A B 3

[2) BERBRORNTHBEBRIIREBY A-T%
ZHRTVEMITH D, TNETAEYOE L E#R—-2
RUZATERZRERERSARORSICXD THBD W
FEREOERNEL 2 LO|MENH D, NWERBLIIX Y
ZATMEOZBERN L=,
(] v ABEEHHEERZHW, PHPO B R4 R
B SRR TEEINANEIINT 2
PHPOHEH 25 RIETLEEZ AW TITCOLH T ThEt
L7z,
(5 &% %] PHPIZO0.3g/dI0#EE £ TIIBE B
IHCEEN B R R I o 24 1g/dIBl Lo #E
T, IR S BB L THRDIRZEC -, BED
IEEERE LTV EFI)Iay > (ACh) . 7Oxy Y
FGT2Fges EfFLTTSOF OBV TRIRIZ
#9 HDPHPOFE LB LIs#E. AChUSA D2 TOX
RIS TEREINDIEAPHPHR 5IC K DA BITHIH X
Nz, 2O EMSIEETEIC K > TPHPOERBF
DR BZEMNFERINSE, BiZ, SMEONIN T LB
EEE IR EREREPSPHPICE B NIV I AF L
— MEASHNANOZB L RBI N,
PHPIIANEZ/OE> (Hb) EMHRATRKETHY,
HbE D #ES ERE U zki R, HbBUE 5BEIC L
~, PHPEERIC—BLEH (NO) BREEHICK DI
WMABEINTLE, ULErUANS, /NEKEEMNE
BEARMEMME TH S0, BECOHRELH 20T
MERRABREDKERMEORZICHLZBETH S
M o FpEonEARELER SN, PHPORS O
RIOAERELRRIND 2 LM 5, SENOMIND ol
Y N DB LT L B EHPHPORRAHIG X
na,
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— iz EE—3

N TEESRIEWIA T, 505 O fili i/ MEER BN AR DR AT

WNEET L ILEF L KIREL ShEE
IENEF . BZAEA AREE— 1
HEER % HHEE

' B E R BRI,
RBHARFETERAMAE L 5 —

<EE>ANTEBERERAZRSG T2 E. THAZEHEN
b, SEBNOBRFHXEICHEDD I ENHSNER
2 T&EZ, <BMD> ATEFERKORGIMMH/NEER
W5 X28R28H., Midscs2HME L, <H
1%£>260~280 g D Sprague-Dawley T v M IZHEAFRERIZ
L H5EE B, [RENFER. ATHKTICEHRKLE
BICARTIABMOT 4 > RUF ¥ 2N— % ZAHE
ELE, MB/NMEROBIRIZ, | —Y—HESEMEE
FRELEARMGRAZEEZ 6-100 L mR2EOMEE
DOIMRBREBEL BT TE DX DIICEREI L. M/NME
BOAEILICIIREEN K Y Fluoresceint isothiocyanate
albumin (FITC 773 )% 0.1ml(80mg/m)iE AL T
MSEES 2R L. MERERE L. ATEERERG
ELTHFIAESOE (OxHLBEZEZ Az, OxHb
WIRIE PRMEREOMEELRELBRL 2%, £8
IZiFlE L 10g/dl IZEREEL /=,
MEEL-H%, 8% OxHb HEHEERBZERICHT
2o B4 2ml T ORERE URFFAIC.OHEE. M/NER
REFHPLU 2, MEROL{IIRGRIZHEELL., &E
BOEMBTR Lz, <BR>FITC 7IV T2 HE5I
KO RRUNMERN AR N, MEEMnE S L ChE
B 60 u mOENERIR % FE TE /2, M/NHTER M E 2
i3 OxHb X 5 H TIIHRGRIICH R GER 94.8£7.4%.

5 4}% 95.3+£20.5%. 60 2% 91.2+£11.2% 72D BOM
INMEBZRD-NEBE T o, FoBKIIERS
B 163112/ TH > oG EE 220220/ L&, £
D% 1 BRIZHE DOAKOEMN#EL . TORR4L
IR SATEICE L 2. HRETIIOREOEHIIFET
72<, MBI G EE 108.4114.3%. 5 731% 107.1
+23.5% LI DEARBEMEZRT DEREZEDIEN DT,
<EZSERTTAIEZREMERZEELZEIA0M
BoOLRZZRD, #i/MNHEIREIIEAD T SEmICHD,

OxHb 7% NOscavenger & U THEEEL T 5 m[EM: 2R
L7z,
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FimUNER 2 AR LIREE

FEn h=VEEPOHRIEA~NET R EFR
A T ER R E 4 o i /N A A

BRIKT ", HHME?, EAM—BY, #HF
BV, R O¥E?, EMFEILY, te B
D AbiE K ¥ K FBE E B R R S e IR
DFAKRFRFREFERFRBBREREESF
3) dbtE R FE R FEB E F AR ERB AR

[E] ANTERREMRE L U CIHEMBENE b RBERE

WA OBERBENED BT 5, Hb 4 FHNO Heme I
MENKHEEMBRFTHI—BILERE (NO) I£F
WEAIME R, NO i/ MUOEEMBEREZE T D
e, Hb REEFEMREDO NO OWEEERICED
Mm/MEBEETTER B S SN TWD, AP, b %
BREREICE 5M/MMEEREZ, o b= (5-1T)
BRENOHEMI I L EEME LT,

[FiE] 10-15 B Wistar REHET v F2ERAL
oo NEEVEREET., KBBRICH =2 — L E2HFA
L, MEZHZLCICRIAE Lz, Ib REEFEERMR
e UTHRESR b (SF-Ib) RBKICED S-= b
J {& ffi & (SNO-PEG-11b) % v 7=, SF-Hb, SNO-PEG-Hb
b ICH R E LCRAFRO AR RE KT KB
IRACES L, 10 HRIChEZERL-, migdh
bz /bR H 5-UT & X BEEM 5-UTAA 1L,
BEEE I~ NS T 7 4 —(PLORKTHBEL 2D
LESEFERBBICTRE L,

[# 2] SF-lIb (31.25-250mg/kg) DFEIRAFE I X
S>TCHETHAERESEIC LR L, SNO-PEG-1Ib (62. 5
-125 mg/kg) BEICL2MED LHEIBO SN RN
o712, SF-Hb 2 XV, i 5-HIAA DEERREME
/AR S 5-IT OO RFAEKREFERCBE S,
SNO-PEG-Hb 12 X 2 4R 5-HIAN OZE{LITEETH
D, f/NMEE S-IT OFBRBAEIR D B » T,
[# 35 1Hb R F EWR A TH2 SF-Hb & SNO-PEG-Hb
OmF 5-HT BHRE% LBEFHL 7=, SF-Hb &b, fE
ERELHIZM/NENSD 5-HT HEBNBEERINE,
—7% ., SNO-PEG-Hb Tk, fL/E EFIFEHONT,
/IR 5-HT Bhfgicxt 3 288 SF-Hb IZHNERE T
ofz, DI 5-HT BhREicii ok Rik, @ Hb %
MBEMEICLDM/PRIEROBVERBL THDLD
EEZBRD,
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BERBR(NET O E 2 /Mak) BE5BOMBEARK
F DIREFRIRES

T B BN RN Bl B Ml %A
P B R Rt RS

'RREAFETER AR Y —
BILBBARFEFN

[(E] BIEHKEL TONES DY /MMikHDY)
i, BRENICHBNERRESIICTHIERBI NS, £2
THbVIR SR ORESANDEBZFHMICRFT 20,
=RV T 5 AR EREEHRN 2 ERL .

[HiR] Wistar® o v b (#, #5200 g) & B 15LIZ%f
L. HErTR#IkE D PEGEAMHDV (10, 20 mL/kg) % #
5L, H#58K, 1, 3, 7, 14HBICHE: FTEERK D
Carbon Particle(160 mg/kg)%#5 L. 4, 10, 203121
BRI L T675 nmOBHEDOREN S ARBEDIHIESL /23
Phagocyte Index(Kf#) 28 H U7z, £&REEITBIER
SR THBEROEBEZHEHL., BREE2 e T3 &4t
IREREM/ERA, & NHbbiARRE, ETHEMEER)
1ol :

(RBLUER] AREIEIHLVEE1HEBICKI0%E
TULEN, SHEBIZIITOEL TLHLRBIBICERERZRL., 2
HEEICIIFREICR - 2. BRERIILARZIZH30%
BT 20 BMBICIMETERNCH > /=, #5181
DEREOEKTII-B%TH. £4HBHOVHRILZ
HHELTW3bDEEZI B NS, SHBUBOEIZHRE
I TRESORBEEENRE X . HOVAERARH &
NTVEHDEEZ SN, ZABBICIIERBIIERHEI
ETHELEZD—BHOTERRBTHoEELIEN
3,
FHRBECBWT, ETHMEERTIIHS 1 B
WX Kupferffifain, B 707y —SRICARI N
HbVH T OBMBHREIZED Shi=h. 3HBICIIFE EN%
LTWwi, b MNHbHARRE T, ##53A#%ICHE hHD
OHREEVER NN, LHEMBIIZREHELL T,
RESICHiI#R N /zHbVIZ AR LIRICRB# S N, EERICFR
T REEESIINWI ENHSNTES T2,
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ANEFOEVEER Y 4 V2O X 2 RiE{L

FIERZER Y, FIIR—", REER”,
THE®?, BRFEZY, BEARY
tER T 5 -

PR ARFHETFEHY

(B8] AIEFEREOFERL2LAE/ O VEHR
(SFH) ORE&U%2 LV ED B D121, 74V AREL
& BREEOEAILATH S, BETHLRL T BTN
BIZE D YA NARERRIZONWT, ZRERU—BILR
FEBERT TOVSVARIFILIZOWTHRE L 72,

(] B RMEk %2 %R DOH,OTAIM L, vesicular
stomatitis virus (VSV) %ML 7z, MERTREA % IREUE,

COHMAEML (3057H) , TAK6OT, 1B, At
HLEXOMBMELITo /2. TABRZITOLTEEAELE
TIREWTY, FRICMSBNEL 2. LERHZORED
VSVER BT iE, VeroflllBZ BV 7275 —2 7 w412k h
Kb, BMet-Hbid, Y7V XA PAEZFOVE VEICL D
E L7

[#ER] MBEREIZBWTIE, ZERTCOZHATVT
hDFE D, VSViEss log L ERE LS., LaL,

ZREHRT Tii%Met-HbA A L7z, —F, CORHR
T Tid%Met-HbIC K & 2B LIZA LN h o 72

[Fe®] SFHIZEML 72VSVid, 60T, 18R mMER
T, 5.8 log, Ml EOREAHTEETH 72, 74 VARE
LREL LTIRTSHEFEVRETHE LN D, 7277
L, MBMBIZIEANEZ Oy OBILEMNZ D201
13, COBBTALENDo2. Ut bR FiE
X, ROLRABWOFEHE L 2 2SFHORER X BO L HiE
ELTHEMTHRLEEZ N,
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— i E e —7

— A ERE—8

TAFIWAFLLTIL— (DMMB) (C&£3
Z2hO=7)—AEFAEY (SFH) ®
A I ARTEL EBIERADT

RO 1310 =117 e A
2 KEFFA+FHolland FEFF. 3 kA - %

OFUNE~"" . Stephend.Wagner” . Fagpsss"
IIRER . = | HEAE"

(B8] ALFMEOERE LT, BARRY) W FRMEREH]
HENZX bO—-7T7Y—-AEJ/OEY (SFH) »iHE
EhTW3, EYMBEKOER2FIBT 358, REED
BEIGIBEDPVLETH D, FEEDEXERICENT. X
FLYTN—DFEBETHI T AFNAFLT I —
(DMMB) ZHAWAXFELRIBICLY, ATJOE
CAEBICEEESATIC. KEEORKYIILZ (VS
V) %6log, JALERELTEZEEHEL &,

DRV —-—LRABAE/TOECOFAE. SFHPOHER
EBFELEPERBLTVWETNIE, URY-LABEA
EJOECADOBILEEZ 25220y MY H B, KR
® T, DMMBIZ & 3RERELAAERB % T- B0,
BILBEL EANDEBICOVWTRR 1T 1

[BF&] 1) SFH,; Bm#&ED:ED (36000xg. 304)
L+i&% BMM (Benbehrug Microporus Membrane. fl,
&75nm) THEB NEJOEVIEE 1 1.08mM) o, 2)
NS s RAEL 14— FEBEEE (660nm) IC&H &
E1mmTHRBH, 3) VSVORBEM,; Verodila s B
WETS—IT7vt1, 4) NBEEBEROEEAE ;
CALBIOCHEM# D7 v 1%y b, 5) X MEE;
T A MNETOE L E,

(2R - #5R] DMMBXRIEBIC LY VSV %6.1log,,
EIEL 7285, # MMEHE, Superoxide dismutaseidt:.
Glutathione Peroxidasei&t. ¥ & U'GlutathioniZ & (C
& AETIEIR G 5 7=, Glutathione Reductaseid 4
BAKZCHEDUE (25%) o UIEDRERIL.

Glutathion % f#u\§] 5 £ Tid. SuperoxideXBE{LK3E
EHETDIVATLPBEEL TWBEERKRLTSEY.
DMMB # UL XREILEZIE. AETQELICEER
BEZ0WiEGThHELS, HiBE AT LEHHIFLED S
TAINWVZERELTEIRRMDH I HETHIEE R
3, BRTW., BB TCRBEOERET-BOBRELE
DEBHITI, E5IC. RBEETREFRHEEL I
ATHBH | VOERELOBRLHRET 3,
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)RV —AH5e bR MERIC RITT 8
- TNF-0, DEHA & SOD WaALIZ & A #PHiIxhF -

REEILT !, Filisch?, #ARES, RHEY,
WHAE!, kb
el R FELE A Y -
SRR Y F —

PFOVE (B BIEREEY S —

iR RFBEEEAR R

[#E]
VEY—ANEAANEZ O Y (LEH) A RICERE X
N, TNF-o SORIEWT 1 b H A DEEZERTA &
PHELCTE72, LEH X BREWYA b AV OREE
B, FIRBEEDNZY Ry — L Ilh~_D %< (FHS, &
7 BmEREWERSHE) , £OKEE LT LEH [JGiE
ENTWAAPT—TT Y —=AFEFTEY (SFH) HFD A
—N—FF Y K74 AL¥%—¥ (SOD) DG EZ LR
7z. 4 SOD # BB ICHNA LAY RY — L 2EHL,
2V RY — AL B L, TNF-o FEENORIRZHRE L7z,
(]

SOD U RV — 4 (JREME; KIRFRA77FVvay v,
IVATO—= V. IVAF VB a- P27 20— =77
2:028, KYTFL 7Y a— VIEHE; 1.4 €)%, SOD
B 6.2 Kuml) &, FUBREMAK L VAHZE) Ry —
L (BHAKNE) RHHEL..

AN UINAIICZE ) B — AR, 24 BRI RES,
LPS 2 L7z, 2~24 BRI OFEEE, V)RV — A% El
WL YBRZFEL, EEHR O TNF- o % ELISA 3 THlE L 7.
SOD MY Y — A% 221 KV — b L EKIC SOD Wil
AESFH L F%FIC 5 X H R ML, INF- o BAICH T 5
Mzh R & #eEt L7,

(2]

2Ry — AREMISEMLIZE 25, A BAIEKRMD
a3y O =i LT, AEKFNIC TNE- o BA DI
MHON, ZOEAITLPS ik 8 BETE—-2I1LEL
7. SOD VRV —LZFEMTEE, ZYRY—LDHD

WINZT U CTE K 40%D TNF- o FEAEHIFIRI B AT A b L7,

SOD VRV — L ® TNF- o EAIHZRILREKFNT
Hotz.

[FE0]

LEH {2 & % TNF-a A Z#12 51213,S0D HE ) RV —
LADTMPZHRENTH 2 T LR E NI,
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tGPlalla-Iba-liposomes D1 T —7" 2 RENDREE
12419 % rGPlalla & rGPIbo DEFBEDEE

PR, MAERES, LIEEAT. HEWE
SREE AN ) 230

'BOEBAFEZHAR, CHEE0E 5 —
SR ABET AT, BRI

(#E) #iE. GPlalla & GPlba Difif5 DBIEFHAAML
2R EEEL L) AR — A, rGPlalla-Iba-liposomes, H
HRERET CHERRLSOS—VVERICHET S L%
WELU. 20, LhHERRIAEICKHET S U RY
—LEMBET /=012, 1GPlalla & rGPlba DIEEREHE
BENRRZ VRV -LZEID, ZhoOHRBRETICH
%05 —7 RENOKBEZRS LIzDOTRET %0

(A5#:) rGPlalla-Iba-liposomes % O-4" 3 3 CTH AR
Ly 357 VEREIC ) RY — L DRE T 53858 2 308
SAMEBH CEBME L 2o 1 A=Y 70 v Y —2HNT
HEFT 2T, VRV —AOEBEAEUERY - LADR
BB EMEE (% surface coverage) TaHli LJ=o HIEIX
WHRRIER . N b2 U w b 37.5%, 2 mM Mg”, Ifiz)
BRI 1.25 x 10*/ul, 37°C T o7z,

(R3] rGPlalla & rGPIba DX FEEIZhZTh
2.17 x 10%, 1.00 x 10* molecules/particle T 5 )R — 24
DRE L, JEE vWE (10 pg/ml) HE T TR T h&E
BEHELRBICUEDoTHEMUL =5, alalE vwE B
e EEED Uzs tGPlalla & rGPIba DEE W
Zh2h 2.19 x 10°, 5.27 x 10° molecules/particle, KU
2.22x 10°, 0 molecules/particle Td 5 UHhY —Alk, o
B vWE ORI PPDS T THHEEIEL RSB L
MEDWAD L. 1GPIba DEETEE 2 —EF (8
1x10° molecules/particle) I U C. rGPlalla DEXHEE
%217x10° 25 9.64 x 10’ molecules/particle 12§D 3
B2LVRY-LOMENIELIED L. THHEEIS
BRBIZLEN>THLOEIGIFIREL Rok 2,
PURIC L 2B MBIERD S, VRY — ADMEHZT
DHEEDEANZLE N IGPIbafREFMEDEL BB &, Tb
HEPBWE ETY (GPlalla £ 25 —4 > L OMHEEH
DEETHDIZ LHREN,

(KsdR) =9 0 EE T2 B 3 rGPlalla-Ibo:liposomes
DT =7 L RENDME TIE. rGPlalla & rGPlba 7
BRENICEN TR Z BB TH B,

47 )= RREICEREMLE
1) 7R — In, Fgo-liposomes

AFT HE. BHEX

'BRRBATEFHMAR, it s —

(BE) 717 ) —%" > XL RGD peptides % HEHES
TRECEEM Uz RIERIEEMG IR & R REICH
A UBERICE ST h, M/MREVDE IC B W T HIT
HRZEMT 2 eHBWESINTNVE, BRLl. 717V
/= v EREAICEZELLUREYARY — A, Fgn-liposomes,
R, ZOWEM VMR OMEER., RUa5—
YRENDHE I DOWTRE LD TRET .

(A8 WEML /R & Fgn-liposomes & DFE/ERIIX
L — Y —8ELR 5T 3B I/ MR B SR RE I B 25 B PA-200

(A1) %AV, 2 M ADP f77E F CRIE Lizo W
REFTTOAS =T U RANDYRY — AOREE. Y
Y — DB SRR U CEOLBAMSE TEEHIE L. 1 A
=7ty —z2zHWTEEBEN Z21T> 2. REXHE
BRI, N~ M2V v b 375%,37°C TiTol,

(&5 ) Fgn-liposomes DS IM/IMRE/AMRRE T I/ )MR B
ZERTHEDES PEFARD D, 2uMADP 2L 3
5x10%ul DMU/NMREEIZKT T S Fgn-liposomes DR
%Rt U7z Fgn-liposomes 1A BKERIC K E R/
RGBT (EFERN 85um) DAREZE L <L =05,
Fgn % ¥§7=72\) control liposomes DFELE T Tl M/h i
BEOBMIR >Nz o/, £, Fgn-liposomes
D Fgn LFEIUED free Fgn OFLE T Tlk. /N RIf1p
RS (BFEMN 20um) BERTZ2OATH ok,
WEMREE T CTD Fgn-liposomes D15 —7 » FE~DK:
B, MMREBEFEL RS-V U RAICKET S
M/MRDPIEZ 2DICE > THMU =0 MUMRERE HS
FER TN (1LOx 10%ul) L&, THEEIELI RS
IZU7=5H8> T Fgn-liposomes D¥EFIFZEL < FHD Lo

(&58%) Fgn-liposomes X ADP F/ix25—~ > £H
NOREIT & o THEMAL U= MR E AR EEA LT/
RFEE R L TH Y, /MR IREE T D I/ MRAEEE
ERET Sz Lic kb, hiffER kT 2 ATREM: 2 R
LT3,
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TNTIveAu0RT72T%HBLE
/MR €T 1(2)

FH Wi, K ES, RE EF, A EE
+m g
'BREAREETERETREL ¥ —
PSR EEZ TN

[(#E] TATIL=A 2027 T (AMS), BeTEale

IR+ & L CEBRINB SN TV A, 4B, HBiRs s
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