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Development of Injectable Nanostructures and Their Medical
Application for Platelet Substitutes

FA B ©@* 3ep EE @9
Yosuke Okamura @' @*, Shinji Takeoka @ @

FCHHER

MR, MREEERE R &gy L 7220 o8 2 I 2 A L CTB Y, ThoeTe ATRTEMT 5 2 LIdATiEE Vo T
LME TRV, Fxld, MMM IREG A CERET 2 0 FHIEICEH L, M L b MR 2 BT & 2012 F / 1
ERORINHFES UL, ENARGIBAAFERIER L TR &2 5FE T 2 e 20, B L 72T 2 M aos i iiar
T HMRDPPIFTE B L DFBUTIEDS T, D THAZ MMUCEY OREHIRE OO 720 BARRIIZIE, TEPEALI MO
BAEALE LT7 470 =7 2y iCKU BT A7 F F (HHLGGAKQAGDV: H12) % B¢ & & 72 AP 5 58 % 5 / Rk ik (Bk
RF 2Rt/ v—0) 2HEL, ThODIRMAMRICHET 2 HMEEZEH L TE 2.

Abstract

Platelet has complicate mechanisms of hemostasis, such as tethering, adhesion, aggregation and release of various agonists from
granules, followed by fibrin clot formation. It seems to be difficult to develop platelet substitutes with all mechanisms as shown
above. We therefore focused molecular mechanism of platelet aggregation (interaction between fibrinogen and platelet glycoprotein
IIb/IIa receptor). Our strategy for the development of platelet substitutes relies on the fact that biocompatible nanostructures
specifically accumulate toward activated platelets on the vascular injury, which are filled up by virtue of own mass of
nanostructures. In fact, we designed the nanostructures such as spherical nanoparticles and nanosheets composed of albumins,
lipids and biodegradable polymers, to which fibrinogen y-chain dodecapeptide (H12) was chemically conjugated.

Keywords
platelet substitute, nanostructures, albumin nanoparticles, liposomes, nanosheets, fibrinogen y-chain dodecapeptide (H12)

1. LIS

M/MUE — Rk T & 3 U T AEAR O b LA o oL g £ )
BRI MUMIOER - HRRFICL ) RSN L HiLoF
B R B0 L CHE—EHHT & 2 FRIZM/MURIN TS 5. £
OftFFRII S Z S FEM TR L TB Y Y, HEEBICLHEZ I
AR OFLEIIFFR DB T 223w PlHEINS. L
2L, AHEA & i b2t ) B E RO T I2 L ), #RT
& DM/ MERA O B oW TR ENDL 2 &, TOREW

B HARTIE 4 A EIEFICE L MEBE R RASMEIERSN S
Z s, BRARFEOMGATI D CHRETH 2 OVBIRT
HbH. 5|2, BEEBIEMRA QLA XY IMHEEH O %4 X
FILLMELZZ DD, KIZIZIANVAEGELREDY) R 715
EIEFPH SN TUE Vv, RLERERINZ FAD S 557018
LhbNTWDH L OO, FRIMERE & 35872 0 H Sl ok
PRNZZ W20, SHROLEERIZB VT, ZE M HEZ M
MR ORISR IT LR BT REFATHAH ”.
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2. IM/)\REDIE MR

MBI BEEIME N ZHKE LTwab, L L, IMEEEEE
CHEW LM TR, FRlca g —r v eilikd A, EHIC
MR DHEAEDHE S 5. M/MKOBEER I, 2597 v
NREAE L7+ v YL 79y FRT (VWF) 2388+ 524
Khid 5. EIMFESMT TR, m/MUBEREEAZEIb (GPIb) A%
VWF L7237 =7 v L oMEERIC X o THIvMRDSHE
L, =Y Y ZREFBRPIIELY. RWT, 35—, %
TR TH 5 GPla/Ma (a4 ¥ 727 ) RGPVIFaT—%
v EEREE U CREICHASE T 517, B, HEEmE0R
BAOSHINPNAZ D O, B ¥ 7 F WAZ RS % 5% C U/ MR
WEHEEE GPIIb/1la (amfsA 7279 ¥) A “Sriflins v Ik
BE” 5 “AH EADIRE" NEEREEIZEL GHMEL),
MFEERAETHE 747 /=47 R VWE %24 L7z i/
B (—REHE) 2SR 29, W, MBNY 7 F 0V REC X
> TIHMIMIDTEEAZAL L TR 2 I L TfE$ % & 3612, 1
IR N D YL SR ASBH BN SR & A L C I/ MRS AL IR T
Thrtab=r, 75/ 5-721) Y (ADP) A5 %
N, RIFTA4T 74— FNy 2712% o THUMIOEHAL ST HE
T5. SHIZaErsT747) =47y, VWF, 74 70%
7 F ER, FFRIZP-2 L 7 F UA/MEETRIZSE L,
M/ BV IZAIMERZE DB EAALEAY P T =2 %R LT
M/MGEESE (g, 22 FT—KIbMEMESR) 237, &
B b O Y ARF T 2 A, O R ML/ FR L SR R OGS
DBERY; (KA 77 F Y0k V) 2Rt En, M o &k
FRONETAL S N TIREIIZIZ 74 TN ) =7 V374 71) V3
& o Tk (ZRIRIM) AS%E T3 5. 20X ) IZHVMEO 1L
MBERE I, &, Wi, BEE, TERRZE L, R OB, mikst
BT OWEMALZ: &, D OB HIH S M7= 2 B RO ]S
HEIHE LT Wb 720, RS OBEEZ TR L 22 AL
ROMEIIIFEBFEN L Bbh b,

3. EROMIMRRENDOHRTRENR
MBI, /N A4 7% 0 T L 72 M /B R SR 2 & i
IRV D5 BB N T O 2 FEICKAII S NS, wiE
OWFZERFE ORI <, 195048 L D KRENCTHE Y, #lz
&, A=) VR & i L 72 SRR/ (Stasix™)® Rk b
IL/INAR e SRR TR\ C R SR A N 2L PR U 7283 K845 (Infusible
Platelet Membrane: IPM)? 232 2725, JEZEIH O GPIb i
A8 7 N THLD, TNENLEVWE EOMAMERIC X
D EBALA~OFRNEREZ A L, ZFoRE L CRENT-%
W LS bery C VAR IRT 2B X055 L ST,
TPM 3 AR /A 1 S BR T CRRR B 2 Eh L 72, 7 =
— AU RBETIE, 5%x10"/uL LT O/ MR B E 406510 9 &
2761 (65%) THIMERZSE S22 L, 72— X1
RKEEOH, BHEARSZVWEIHEIIHIA TS, %
FHOM/MUREY (NTHEY) o, 7479 /=7 %
W &2 F 5 v 7 A — X295 ADP Hi# & 8 72 i PEAL I/ N
ERHEIZE T B Z & % Coller 5" 281980 4E 12 L7z 2 &1
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¥ 5D, FOH, L MRIMEKICT 4 7)) =722 20—
DOFEEH A M THDHRGDY & EAHL L 724 HE S, Mk
WOBEIE & A2 ) # ¥ FOBEMALIC X Y BRI/ O
BUERE RIS 2B L 2572, 19994EICIE Levib W 12X D,
T4 TN )= ERESEIRNTEN S yumOT VT I U<
4 7 a7 (Synthocyte™) HFIFE S, M/ 7 W
o0 H LR ] 2 S AR S AR A BRI HUS L. LA
L il owfgeslid, b MEHRDS 22 TH 50— T
R S N TH Y, 74V RAEGED ) R 7135
FLTCwA., ZOXH) RBEROT, HFE, ZEANTROIMPMK
KRB OBFIEN S NIEDOTE TS, BIZIE, 20094E12
Bertram 5%, RGDX7F Fa & S /-308k-7) a— Vg
FEEAKRD S AR TR 350nm OF K T2 L. 20
RGD F / K F I KBREIR I ILE F IV IC B W CRIE G R & L
THIM R 2 KIEICEM S8 2 E2EIELTHDEY, 512
< I, Ravikumar 5%, VWFR a5 —4 0 2 #ilkd 54
T F N B WIERGD XTF F&E, BHiFONRTF Fa )R
V= A 1R S MUCER 2 32 L, §HIREIR
WCHLT 2T NOMIESEMAETIZBW T in vitro N LERALE
TR L 2RISR TEDL VR -2 THEH LS
MIZLTW5B e,

4. M/NRICEY OFRFERS

TAE T, BERARFESR R CEEE (BURRRH K
R AP T AMESE R Ay ER R E ) I ONIC BRI S
KBS Wik~ & — PHREIZ 2R ES &
L 728 55 R A e B O % 2, o fEBtEs R (R
WM RAF TR 2 e 2 N RO M/MUR B ORI 8% Hig L, it
FUSHEBRGT TRIZE, ELTE2Z22, BARWIZIE, M/MRA
ik - BETLHTHREICERL, a5—7 Y, VWFd» 5 Wwid
WVEAL /MR R T % Bk © & 20T % F / M AR K I FE T
EAUE, ILEAL AR AR L TR & 3535 % 2
LR, BT RS ARASH AT 2 S 3 2 A R IR
TX5 LB, G, D THAMZ M/NMUCERY % 35 L7z,
FRIZEH 51, 2003 4ELARE, MR/ 3T 3 % RERRER AL &
LC74 707 =7 y8iCRWICHETET D FTHXTF N
(HHLGGAKQAGDV: H12) % ¥ X872 B4 TieeF /
sk BRIRF VBT 7 v — 1) OBRICRY AR, Fh
SOILMA RIS A% 8K L C& 72 (Figure 1). XHi
DIk, FAIBALE LCHI2AZBMELREL Zhefiasei
F 7 WO VER R 1L M AEEF D5 K2 M 5.

4.1, FBEESAIE L TDOHI2
MEEHETH D747 =7 i, ML TEMLL 72
MR % 8 SRl O H 2 Rz 5. ek sh &z X
I, TATYN ) =7V EEGSER TR LR AL/
WOEE % MBI 2 BRI T E 220, EB, /MU %
EEMD 5550 1 FREEICHE L7z i/MOR A€ 7OV Iz 7 4
TN ) —F U REG ST NT I v kT (g0
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Nanoparticles MNanosheetls
{alburmns, lipads) {alburmins, eodegradable
POOYTTHENS
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Figure 1 Strategy for the development of platelet substitutes.
Biocompatible nanostructures (spherical nanoparticles and
nanosheets) carrying fibrinogen y-chain dodecapeptide (H12)
specifically accumulate toward activated platelets on the
vascular injury, which are filled up by virtue of own mass of
nanostructures.

k) 2L, WAL & B L7235 — 7 > B LA L%
MBS E A, F/RTORMEORK & I GBI/
ORBERAAR L 22 eH s, TIVT I vF KRGS
EWRN R AT LI L 2WBTEY. LrLAENS, 7

47— AKRIZACTRET 2 LBET 2 IR IR
CWHEHETH S LI, KERH TIEER2ITRET S 2
EHHPLY, BH L L CoOREEDTHETE 2w &L 22,

T4 T =Dy CERIED400-4117F HIHFET S K7
HARTF R (HI12), a #9598 5\ 572575 F HICHFIES
57 F5XFTFF (RGDS, RGDF) @ 3 # s, 4t GPIIb/
Mallx§ 54604 e LTmbsnTWwE2Y, 22T, HI2
& RGD % ki ORI ES, EFAF YV TELTTIT Y
7 A =X %M L Cli# oG Z ik L72% . /MGRd €
TV (20 X 10°/uL, IEFED105® 1) ICHI2H %\ ik
RGD#MEE T T v 7 AL =A%FBML, 2 7—7 Y ERIHHT S
MR OEERB 2 EE L8 25, RTF FREAR L LK
LT, M e b M/IMEEE 2 2 fERERESEZ. 51
EBH T RO Z ERETHMEI B LA, TF
— 7 VMRS E T/ MEAHE A L7212 H123H % W IZRGD A
ERIFREEL, INEBERL L)L TH/MEAESE L T
LRRTAMERTE 72, ZofiRE, Bl LTr4 7))
=7 Y ORDLVICZOEEERTF FEHWTYH, M/MMREEZ
RESELHDIBFTEL I L 2 ERT 5.

RT, RIGHALMU R $ 2 W7 F R ER O RkGE
7U—HA4 8 A M) —ITTEHMi L7z, RGDAHERTIIMEST
(& 2 HIRIEVEAC M IR RIS DS T 5 Z LAY L
72, 2, IR TG IR & BSOS L Y Il % Ak

SELWHEEEZ R L TWwb. L L, HIZREERTIRARGE
LI/ E G =Y BUS L e 2o 727, 2512, HI2HGHRE kR

AL M Z A LT H T oL (GPIIb/Maif k% P-
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L7 F OB #ERSELVWIE LERTETWDLY,
o T, F/HERICHI2 Z 4G 3¢5 2 LT, MK,
7 L7215 A IS O BRI RIICERE T 2R 25 T& 5
EHIWTL, M/MRAERY ORI E LTHIZZEET 5 ICE

> 7.

4.2. EFERERIEEL BN T / BSOS & FEEERTM
4.2.1. PIVT I F/RF, VRY—LORAH

v M7 VT I U, 5g/dl ISR TIRDZSHFEET S
EHETHY, auf FREFEOTE R, REWLRHW 2R L
DA S TS, ThEFMA LM W2, 7V
IVKEBSER, TVTIvA s aR T 2T, TVTI <A
7ah TN RE) I ZEEEEE - Aot AT 5720, B
(21950 4EA8 0 & i A0 & L CE 5S4, B i ia Wi 1
JEAN RS AR 2 ICERRE ShCwb, L, Z
NOEOTIVT I VRTIE, WRMBLEZ T A 7L —FJ A4
DR AN X AT W 2 M B B o IS TGP H] R 4G
VD720, K REOHIER TN O b ED M TH -
720 B TEAIL, BT e MIET VT I v (fHSA)
FouE/)w—LRAEL, YALVT 4 FHGHRERAEHESE
CTIVTIVF I/ NTEREST L Hikafr L2, 2Thid
rHSA KW O pH &R 2 fil# 3 5723 TH /2T X
L7 —=vhGHETHY, PR EREOF I RT LR
(Figure 2/£H). TVT I v F /RTREICHI2ZHESES
T, ZEEH 2 R L 7 RS HiHEM 2 VW IUSER T 5.
ZZTIEF /T oM EEEEZEAT, FRmICN-t Fa¥
VATV UAINE, bIIRKEMIIYLVA I NEEAE TS
BEVERY 5L v 7)) a—)b (PEG) FHEAZEA L TV AR,
9, WEVSTNT I VP RTFRIO) Y EREOT I kL
L, <L A 3 FEEGHPEGHR T-HEICHESI NS, &l
SEECTHRSR, VAT A VEREENERWICEALZHI2 ZR
BTHZTT, H2~ LA I FEENLTCEERENISEEST 5.
fi )y, V) URREEKPIISHSELLEABNICESL, £E
JBOVR)—LHPET 5. ChEeflBORRL T4V —
WIEREBE LI A M —Y a3 viEEHHTHE, NTE
LWE R OFMEAEE S D5 (Figure 24). —i%ICY
RY = LIZIZROEFPBTFONS. ORESTH S VIgY
R VAT = VIIAEREEGTECES R ICEN D, @KENE
RIRBEEOBS T3, RAEREET % EOES T % WA
HEHVIFBENICHATE 2, ORESCHTEAMBIZ XU i
R RNENEZFEIC& 2%, @) XY —2OKRMIIEAY
RNRTF R EHFE S TR AOIRAER SR (¥ -7
FA YY) BRNGTEREY, FKaxld, FVF I UBITRER
18D7 VIVEEE 2 RKEA S AHIRYE (Glu2Cl18) 12, PEG
&L CHI2 2§54 S8 72 HI2-PEG-Glu2C18 Z Al FH I A L
729, TNEDPPC-IL AT O— V& EHSE T 5 k%250nm
REDYRY —2IEAL, ATRIVMUCEDE LCTR%L
T&72. EHICYRY =20k EZHEREIEL72012, W
AN M 2 R &5 77/ ¥ 5~ Vi (ADP)
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Figure 2 Schematic images and electron micrographs of spherical
nanoparticles. Left and right images show albumin nanoparticles
and liposomes, respectively.

4.2.2. KERERT

AP L2 H12-U R Y — AR 0 L CHF R §
L EDVWESHTHY, TOEFEREZRAA. VRV —2L
U HULT B72012, KEMEELHTHHA A I F—VEN
WEEHI2-)RY — 2 &2FTRL 727, T hz Wister Rk
Iy MG L, #5550 %IEFHRICHE->Tlcm x>
G, Wiasik ¥ 5 F CHAEMEHEKICRE S E7 (Figure 3a).
FEBUNE A XA v ¥ 2 — & Wi (eXplore Locus CT
system, GE~NJVZ 7 74EE) % v -CH A7 L 2 i L
72l 2%, MIMERAIIHIS T % sHIEAH < & s 7z (Figure
3b). ZoWHEX (Figure 3c) 3D (Figure 3d) d #h %
HFRELz A, HIZREGDOA 83 F= L NEY RV — A
¥ (Figure 3e, f) A4 4783 F—)VKERG5H# (Figure 3g,
h) CTlREEINL D o7, EoT, HI2-V RV — A HHIMLE
AR U CTHrEMICHEFET S 2 L % invivo iRBRCHEIET X /2.
BT, 1RIMAE % IR S & 5 729012 ADP % WARMICE A L 72
YRV —24 (H12-(ADP)-) RV —2) 2R L, Zoisst:
ERE L2, £9, HI2Z#HFSETWw v (ADP) U RY —
2 % Z /MRS RN L 721 (Figure 4, FEMEED), 25—
v (fe. 04 ug/mL) \TH/IMEEE 2 B S8 (BRRED),
Z DFEWFRIAL & M/ ML R TEH L 72, Figure 4A (1) 12
AT XN, TT=F UHENP SR 1 5HRICIMUOEREZE LI
PEH IR BB RBOWDRRA SN, TOBREE R M/MIEEE
PERTZ T -7 VEEREOEBERMEC. ZOR
DIRREBRFRIF42+£5%TH Y, 2> ba—V)FEY—24 (HI2AK
WA HS ADPRNG) LRAETHo722 &b, KYKRY—L4
I IREESR AT 5255 L v, KIZ, ADPZRNEIE T\
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A

Figure 3 Specific accumulation of H12-liposomes containing a water-soluble
contrast dye, iopamidol, at the injury site in the tail vein as
visualized by an eXplore Locus CT system. (a) Photo of rat tail
with a l-cm-long incision at the tail vein. (b) CT image of H12-
(iopamidol)-liposome accumulation. (c) Cross-sectional image of
(b). (d) Three-dimensional CT image of (b). (e) CT image of
(iopamidol)-liposome infusion. (f) Cross-sectional CT image of
(e). (g) CT image of iopamidol solution infusion. (h) Cross-sectional
CT image of (g). Arrows show accumulation points of H12-
(iopamidol)-liposomes. (Cited and partially modified from
reference 37)

WHI2-Y RV — A TORKEEFIT49+6%L 7Y, I
K L7z (Figure 4A (). Thix, VRV —2FHmHDOHI2IZX 5
TR E % BkEA L, MUMRESEIIE I % e X 7250 R &
ZZbNA. wikIZ, HI2-(ADP)-Y RV — A Z R L TR
i L7z, Figure 4A (i) \&RT L H1Z, T 7 =7 ViRINER
PHEREO LABE SN, RAKEMIIT65 £ 6%IZFEL 7.
A=V ERML 2 TEM/MREE &SRS hnZ b
5 (Figure 4A (iv)), MU/MMREESE ORI A 521 T H12- (ADP) -
VR — 5755 ADP A SN2 2 & &R B BLRGE O5
ThHb. ROT, HERTHOM/MUBEMN %2 B BHMsEc T
Bl L7, VRY -2 %2BINT 57012, 7 FHRILHIZHT
HRE TS FIgCEREESEE&a0f FICX b0Efgs
FIALTYRY =2 2@ T&5 X HICTR L. Figure 4AB®
KENITRT L 912, M/MIICEZEO ) RY — LWL TH
D, ZOBIRIIEFRTIERLIER LTS L) ICEbNS. #E
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Figure 4 (A) Aggregation measurement in platelet-rich plasma ([platelet]
=20 %x105/uL) obtained from healthy volunteer in response to
collagen in the presence of (ADP)-liposomes (i), H12-liposomes
(ii) , H12- (ADP)-liposomes (iii), or in the presence of H12-
(ADP)-liposomes alone (iv). Traces are representative data
obtained from at least three independent experiments. Solid and
dot arrows indicate the time of liposome (lipid concentration: fc,
0.20mg/mL) and collagen (fc, 04 ug/mL administration, respectively.
(B) Electron micrograph of the platelet aggregates involving the
H12- (ADP)-liposomes. The vesicles detected by colloidal gold
for H12 were distributed on the platelet surface and between
adherent platelets (arrows). (C) Schematic image of mechanism
of ADP release from liposomes into platelet aggregates. (Cited
and partially modified from reference 36 and 38)
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5T, HI2-(ADP)-1) RV — 21, HI2# A LT B4 LTl
IRERESRIC B XA T N, F ORI/ IMIESEN T2 2 Y3
1 72 MBS & > TEIL L CTADP 2 ¥ 5 & & TIi/ Mg 4
PUHFICRESELYVEY -2 LS 25 (Figure 40)%®. Zh
X, FovrFyny)—taryru—VF) ) —2ZRBHICE
B 7 8YEHA L L COMREZHO 2 LR TH 5.
B2, H12-(ADP)-V RV — A D in vivo 11 1L HE ZFAM O 5 5
FEH5Y, F9, —a—TV—=F Y KT A FyH TN
AFIDT ANV T 7~ % 30mg/kg & 2 MIZHF TG 5 &,
ZORWERIZE T, #5515 HRIZIZ MM D AASIEF 7 4
¥ (f/MRE: 37 £ 8% 10/ul) D154 1 #2FE (/MM
24 +13x10%uLl) FCTHIWEX < WAT 2 HE 2 /MUK
JEET NI FEERTLIENTESL., ZOTHFOHIIR
AT 6 mmOEIIYEL, AMAR KPR LBILAIES S
FCOREE (WMEE) 2HELLE 251695 1978421,
EETYFozh (112+248) LHEKRLTHIGHIER LA
(Figure 5). %73, 304 HiICFO 7Y FM/MIEZEIML7-& 2
2, BeHmMAR M SRS 5. R & L C LR
FHEFICEMSIEL I EDTE, MM ORI 52 FREE L
7z, 2T, MWMREEILOMA D Y IZHI2-(ADP)-) Ry — 2%
Hl7zk2n, MIMmMEEEES BRI A EIE/ S, »
D /L PERRS B R I MR 25383 L7 (Figure 5).
ZHE, HI212 X 5 TYRY — 298 BRI I 5BA7 12 458
L, WA L7ZADP®IFE X { 2O TR S TZ%E R I/
WESEML AR S8z 2 505, HEOLZ S, HI2-
(ADP)-U RV —2Z2%5 LT, MERKS, MikEEERI2IE
MSREB LW EZMEELTWERY, 581X, BRABRZ
B R 55 F R ORI T 5 X 0 360 7 0 W 2 4R
THELENRHLEEZOLNS.

EI:III}I'M“I TihamhocToperwa leg
= |4 % Lo
E 1500% '-E-
2 e
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Figure 5 Hemostatic effects of administration of platelet concentrates and
H12- (ADP)-liposomes on ear bleeding time in thrombocytopenic
rabbit models (white column).O, platelet count in rabbits; @,
platelet count 30 min after administration of platelet concentrate.
*P<0.05 vs. saline group. (Cited and partially modified from
reference 36)
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4.3. £KEERIEEL O — MRF /1BER DR & #EE
By il
4.3.1.F7/— bDA%E

PR D ARG BB % F / fEEARIE Rk o X9 2 BRIRKLF- 2%
Wik ThH o205, RELTIORRIRE LWL TH S ) H.
B 24, AR ER G T YR A A 72 AR 8 wm o FYERIR,
M/MRIZER 3 umBEOMEIRERE L Twa. I/ #iEk%E
RET DL OEAD L, PR T2EL DH RS L% T
EThb. ThuE, RERESTF EARZET) OBUKEEAM
HAERZRHE L7200 FHREZZE LR, HRRICESE LD
BINFEMIIEETHH20THSH. b LHEIRAR & f 4 oIk
EET AT MRAEBET L e TENE, REMISAEL
L, BERFBALICR U CIR WEME AR 2 32t T & % & v ) ZRIRE
BIE2WHE & 5. 3518, ZokREs, HE, &
HMOBHIIRE R EAHETE 5720, EERESTRERH Lv
F R RE LTIRETE B,

NSRRI 2 ISR X220k, EEOBRPLKE S
DI TIAZ T - F ) AT — VD8 y — R IR EICH
W27+ )VTFT7 4 =PI NLENTHS. RIERA
X, COEMICER L TEREG TR S ¥V — FEER T
TERL, 2ORBE S THHIREZ S E 2. L7222, C
g, BfEORNEOR LT vy TRIF 527 Jav—%&45H
RETHLHEMTHY, Figure 6ARTAICKRLAZE S 4L
BTH /¥ — MR R ER T 2 FEEARELTWE Y. 7,
OFINET7 + VUV 7T 7 4 —ITEA L B ORI ST
T 2 TR~ A 7 a8y — VR 2 RS 5. &

A
LNy lithography
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Figure 6 (A) Preparation of free-standing albumin-nanosheets on the patterned octadecyltrimethoxysilane self-assembled monolayer
region (ODS-SAM). (B) (i) Observation of SH bound rHSA adsorbed onto the patterned ODS-SAM using fluorescent
microscope. (ii) Observation of the free-standing rHSA-nanosheets (arrows) detached from the patterned ODS-SAM and (iii)
the 90° rotation image of (ii) using confocal laser fluorescent microscope. (Cited and partially modified from reference 40)
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patterned ODS-SAM on a SiO: substrate. (B) (i) SEM image of the PLGA nanoparticles adsorbed specifically onto the
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Figure 8 (A) Adhesive rates of the H12-PLGA nanosheets and H12-
PLGA microparticles in the thrombocytopenic blood toward
the collagen-immobilized surface at a shear rate of 150s™". Solid
or open columns show H12-conjugates or non-conjugates,
respectively. Count of platelets and the H12-PLGA nanosheets
or H12-PLGA microparticles was 2.0 X 10*/u L. *P<0.05 for
HI12-PLGA nanosheets or H12-PLGA microparticles group vs.
PBS group, and TP<0.05 for HI2-PLGA nanosheets group vs.
H12-PLGA microparticles group. (B) SEM images of platelet
thrombi involving H12-PLGA microparticles and H12-PLGA
nanosheets, respectively. Arrows in the SEM images indicate
microparticles and nanosheets. (Cited and partially modified
from reference 41)
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Brain Dysfunction Induced by Transient Cerebral Ischemia and
Cerebral Protective Effects of Liposome-Encapsulated Hemoglobin

LT 36, BT, A
Taku Yamaguchi ?, Hiroko Togashi®, Mitsuhiro Yoshioka ®
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Abstract

Liposome-encapsulated hemoglobin has been developed as a blood substitute. In spite of its size (1/30 — 1/40 of erythrocytes),
liposome-encapsulated hemoglobin has an oxygen-carrying capacity comparable to erythrocytes. Thus, liposome-encapsulated
hemoglobin is expected to carry oxygen into vital organs via collateral routes during ischemia induced by vascular embolism. In
the present review, we introduced the therapeutic effects of TRM-645 (TRM: hemoglobin concentration of 6g/dl: 2.5 or 5ml/kg),
a liposome-encapsulated hemoglobin, on brain dysfunctions in rats after transient cerebral ischemia. We investigated effects of
TRM in rats treated with two-vessel occlusion (2VO) which was induced by 10-min clamping of bilateral common carotid arteries
and with four-vessel occlusion (4VO) which was prepared by bilaterally occluding the vertebral arteries and common carotid
arteries, as transient cerebral ischemic models. Saline or TRM (5ml/kg) was administered via the tail vein immediately after
ischemic insult. In rats treated with 2VO, formation of long-term potentiation (LTP) in the hippocampus was markedly impaired
and the open arm durations in the elevated plus-maze decreased significantly 4 days after 2VO, compared to those of sham-
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operated rats, suggesting the hippocampal synaptic dysfunction and anxiogenic properties in 2VO rats. TRM restored the
hippocampal LTP formation and normalized the anxiety-related behavior. TRM also improved the decreased tissue oxygen partial
pressure in the 2VO rat hippocampus, possibly due to oxygen delivery to ischemic regions. In rats treated with 4VO, the freezing
rate was significantly decreased in the contextual fear conditioning (CFC) test. Phosphorylation of the cyclic AMP response
element-binding protein (CREB) in the hippocampal CAl region after the CFC test was attenuated. These 4VO-induced
impairments were significantly alleviated by the administration of TRM (5ml/kg, i.v.) during occlusion. Moreover, TRM did not
alter hippocampal blood flow and tissue oxygen pressure during 4VO, but it did suppress hyperoxia after ischemia — reperfusion.
These findings suggest that TRM, an artificial oxygen carrier, could be a novel therapeutic agent for brain dysfunction after
transient cerebral ischemia. Firthermore, liposome-encapsulated hemoglobin including TRM might have therapeutic potentials for
protecting the brain from neurological complications associated with acute ischemic stroke, as a promising blood substitute for

oxygen therapy.
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Significance of artificial blood from the view point of
crisis management
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Abstract

Clinical practice of blood transfusion developed along with military medicine including first aid technique and trauma treatment
during the past wars. The blood transfusion replenished reduced circulating blood volume in wounded soldiers and saved their
life. There are some specific problems, however, associated with the blood transfusion practice, such as risk of infection of unknown
pathogen, incompatibility to blood type and limited storage period. In Japan, decreasing in blood donation might be realized in
the future, because of increase in aging population and decrease in birth rate. Furthermore we have special geographical
characteristics in Japan that are long and narrow lands from the North to South and are covered most with mountainous area it
would suspect obstructiveness for transportation and treatment of casualties in a large disaster. Thus it should be necessary to
have always certain provision against such situation. From the above reasons, development of artificial blood, namely artificial
oxygen carrier, which has crucial role as a mean of oxygen delivery system in the body has been expected. The artificial blood
could be stored without any special preservation devices and just on shelf for a long time after its preparation and also could be
used immediately for life-saving in emergency case that requires massive blood transfusion. This paper describes the potential
significance of the artificial blood from the view point of crisis management, looking back upon the history of blood transfusion.

Keywords
transfusion, artificial blood, blood substitute, crisis management, military medicine, war
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Fig. 1. Blood bank established in military camp, New Guinea, 1945. Donors
are waiting outside dispensary housing.””

B 2 THHH, RO 2RI AR 12
PRERDBER L TL EWEEIEATH 5.
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Fig. 2. Whale blood packed in ice in marmite can container for transportation,
Ttaly, 1944.%¥
(ETO: European Theater of Operations)
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