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d, AOFIEZIEATFE AR AR R E (RIS JEFE) 22U THEBLAZIDOTH 2.

1) FDA, Public Workshop: Safety of Hemoglobin-Based Oxygen Carriers (HBOCs),2008
(http://www.fda.gov/BiologicsBloodVaccines/NewsEvents/WorkshopsMeetingsConferences/ucm091975.htm)

2) (HARDEA - FiER L)

- AW HR R R (R AR 57 )48 R 56 210 %5)

- EHEG GMP A 4 81 (EAEF A S5 17975)

- JFIGMP (FE3F4E 12005, ICHAA K54 2Q7)

[MERREEIC L A RHERNOEE T 21880 &GETH) ] (H22 B A7 B AW 5esE) nE

3) CKkEIFDA @ Guidance for Industry WM b HEEE TS 7 )

+ Criteria for Safety and Efficacy Evaluation of Oxygen Therapeutics as Red Blood Cell Substitutes

- Liposome Drug Products (Chemistry, Manufacturing, and Controls; Human Pharmacokinetics and Bioavailability; and

Labeling Documentation)
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THRIBESTRE, MENIMECOTHICTOARETRE, SETHTYA VAT LI TS, &, 7aRiiEkoEo/mM
iRz 73R TCwabsEEbNA, T/, 7aRMERIGILTIX, WMEIIEHS —EDMHETRAEL TWADS, LEH Z2#H 7L
COFIEDNMET S EATEL LB bNS. —), 7URkIEKE LEH OPER 2 ENZZ OB TH Y, B OB
2100 HiCxt LT, & N TCOLEHO AL 2 Ak fE SN TVE, 2o ehs, BEORAIMN%K#ET 54O LEH Off
MEHFOWHETELVI EXD25S. b LHEENSHEHTIUL, BRICAEYFO0— Y AT TE5THA). it->T, LEHDOE
ADVHFETELDRUTICRRSE LI RBHEICRS ETREINS.

1) 9, REdH, KERICBIIHREEBBRLE oG HE LARMERREDE LCoOB D 5. T2, Wi
TH, BHICKEDOIMIMARRZ - 7272012, 7 ORIMERZE M L, 8% FHGT 230N 2RI TLE) DD 5.
LEH @ 2 58iE, RERGPMETHIIUE, ZOL) LAMOFBICHRFIIHL TSI LTI LHFINS.

2) VbW AEIEERZ1T9 ECMO Z #HiAEE%1247 9 381213 dead space DAL ETH A, 7 RIEOH Y IZLEH 2 %
DOFEIHHTE BHEED D 5.

3) Mty ¥ —CTRBEZIMEREZHERAELTHY, LEIZS U THRERMEE LKL TS, LEHIZZ O ZRIMEkD
REICRD 9 5.

4) REZMBEOLEME & V) MEFEOFHPSLEHZ RAZ LD LETH A, ERXLDHER, ki~ B AR % I A
WD ERFUT D201, HEEOE ICHREMZRE T 2EFMTwA. L LAAS, LEHAEEIEA ShIUE, ARk
O 7 ORI IE L T TICHBFHOMFITE L EFREND., BE~NOIMEERICOWTYH, AHEICELZORS. 8o C, LEH
OFAN, WIMAIMEORAE S AT LA OREICKELEEZ D 0TI ENMfFTE 5.

5) Buerger i< OIS TIE, MBEOHRE (%K) X2 KMH 5 VIZREHOEIN, BREEIRZ L. 29 vo2BAIg,
ARMIRE D IE BTN SWLEH S, RIMIRDFHETE LR WEMVICERZ 2B L, BILKELZGE (BEIEZREDSL) 52 81F
FHCETE S, Thbb, 5%, WLEEOHPIZER T, LEHA M EMAE L LTHIRTHHE SRS Z & d RV ICHifFs
ns.
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HRRABL T 2RO, WRRH R ANA A A 22 R 2 IR — VFFERT

RN OB Z BB MERDS R TREIIEETH S, S SHITHMEMBOTILIC L RN, H5WVITEBEREIREZIE
LTWAEBRDHZ W, KRIBERED 2 WIZRMEBICBIT A MMBOBFELZMERL {79 2 LX) Rl B e W g 72 &1
T HEHRBEVHETELEEZONS., MUMERTOMERBZMIHT LI L1, BREGHEELHEITSL LTHIHEETHS. b
NWbIUSHBIIR COMRIFAE B L, MBRICEB U 2MBELERHE, MEBOBREHEBEICOWTHRE Lz, & L TALERRERMAE
ARG LEBIZED I Y IZELT A 0EHL L.

Fik L~ ADOBFEIZ Skinfold Window Chamber % &% L, W40~ 80 um OMBENR 2 &Y, MENNOBEEESEDEILE Pd-
coproporphilin DB L VM€ L, BEOMBIHURE, BEMEFEL KD, BEREMEKLES L 2BEOZLIZOWTRE L 7.
BRI IR U TS OB FEMNIC X 2 B O PUERERI R OMEE 7V 7 I AL B X OHbV THET L, FEERAN
R K3 % %03 % BHZE Window chamber THET L 7.

BR L IEFEREOMBIR O M FEIEHEREUE 8.88 +/-3.13x10 " (cm?/s) (ml O, cm3tissue - mmHg ), BERHHEIIX1.13+/0.61 (mlO,/
100cm®tissue/min) TH -7z, HbiEW (8.6g/dl) ZIELRIULIE & D 20% Top load L 72BN BHIR o R 5 YL iR 0% 12.53 +/-
10.85x10-11 (cm2/s) (ml O, cm?tissue - mmHg") &R TN (BEEBEIBAD) 2R LD, AEEIEDO O L7z, HbV
(10g/dl, ARBIED) 28G5 L7zE s, MBIIREEICIEE LWL Z 207, BFEILFHREIZ845+/-351x10™" (cm?/s) (mlO,* cm?®
tissue - mmHg") LI LRELE X2 hh o7z, BREWFEEIX1.33+/-088 (ml0,/100cm? tissue/min) ® _EHMM %R L7225,
HRZZRD o7z, NLEBFERARORZGZ X ) HBIRER TOBREERICKE BB E RIS LW EPHL N E Lo 7.
EE DB THBIIRZ &OHMERTOBEERITHbVIC X D) 2 b3, 5 LR ERK D MR E 2 ERT 52 EPHLH
ol BEICHTABREME, 7LV TI AL, HhVIZE o THOL M E SN, BEHERE OBESEEMmAE SN D 2 L 2
B BEIMICE L COXEMESoMESNTY FASERZ e~y ATIHHL, 4%, wEHOEBIMEEOM M 5 KE %247
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BIMFFHETIC & 2L & U<, BMEMREIEICE 2MENATPOME, MREBITCI Py F) 7oV 7 2A8EH
fir, MO Z, FHERROI Fa Y M) 7EREERORONEE 2% E2#H- Tn5.,

—J7, DAY B R R LAY DB ORI EOMEZ S 72 5 T NN RERNE (FLavFysvamvy) b
ZEPHSENTWS, Zoe L LT, PKC, PI3K-Akt, ERK % £ ®D ¥ 7 F Vi LA glycogen synthase kinase (GSK) -3 f @
Y UL (NIEEAL) 237250, Ira YR 7EARNRERORMIOMMEZ LA SEAZEPFERELEZLNTWS., IR 7L
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HiED LN TV 5,

L2LZEDO—FT, TNHNRED L RERESERBRLEMEE Vo 2REBICLVBHIINTVLZERHLNE R 572,
4L, HERBOTIR/NEERA P AR 6NNV =a—1) YEED LAY, GSK38 DY YBALIZESL ¥ 7 FVmE %R E L,
IYAORIF N B O REREPHE L TSI 2 R L. $5612, BIEREKLTIZGSK-38Y YBLICESL V7
FVICIEREDI VD OO, I May F) 7EAEEROMOASHEAOHKGICHENSH L I LML 20 X5 WKL
TIERTEOH RERRE S L TV 525, ZORERMIHBICI IR R TwhEEEZLND.
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Liposome-Encapsulated Hemoglobin Alleviates Hearing Loss After Transient Cochlear Ischemia and
Reperfusion in the Gerbil

Masahiro Okada', Akira T. Kawaguchi? Nobuhiro Hakuba', Shoichiro Takeda', Jun Hyodo', Naohito Hato', Kiyofumi Gyo'
'"Ehime University Graduate School of Medicine, ?Tokai University

To test liposome-encapsulated hemoglobin (LEH) in transient cochlear ischemia/reperfusion as a model of sudden deafness,
Mongolian gerbils were randomly assigned to receive 2 ml/kg of either low-affinity LEH (I-LEH, P,,0,=40 mmHg), high-affinity
LEH (h-LEH, P,,0,=10 mmHg), homologous red blood cells (RBCs), or saline (each group n=6) 30 min before 15-min occlusion
of the bilateral vertebral arteries and reperfusion. Sequential changes in hearing were assessed by auditory brain response 1, 4,
and 7 days after ischemia/reperfusion, when the animals were sacrificed for pathological studies. h-LEH was significantly more
protective than I-LEH in suppressing hearing loss, in contrast to RBC- or saline-treatment, at 8, 16 and 32 kHz, where hearing loss
was most severe (Figure 1, P<0.05 between any two groups) on the first day after cochlear ischemia/reperfusion. Thereafter,
hearing loss improved gradually in all groups, with a significant difference among groups up to 7 days, when morphological
studies revealed that the inner hair cells (Figure 2, arrows), but not the outer hair cells, were significantly lost in the groups in
the same order. The results suggest that pretreatment with h-LEH is significantly more protective than I-LEH in mitigating
hearing loss and underlying pathological damage, in contrast to transfusion or saline infusion 7 days after transient cochlear
ischemia/reperfusion.

Figure 1. Auditory Brain Responses Figure 2. Inner Hair Cells
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[BEY] &xix, Iy bORBLEEZ S V7Y FV7ERT 2 HEEH T, NEZ70 Y /MK (HbV) 29I FFET R OOF
REEARICHEIES L 2WONICLTEL, AWIETIE, OHAMRLERBO SRR HE TS5 2 & THbVIZ X 208
HEPRAERD R OB P & MGT L 7=,

[FiE] 9-12:# D Wistar REEMES v M I2As$) 10000 Z IEHENTRS- L, pentobarbital 60mg/Kg Z IEMERNS S L CThEEL 72, o0
2D L, Krebs-Henseleit buffer (KH-buffer) % F\WCT#KHE100 cmH,0, 37CTT ¥ 7Y FIV7ER L7z, ELOZEIZT T
ANV =V EFAL, ENI VAT 2—H—%2 A LT, OEREEZEENICESHK L7z, NOAKHESE & L T N%nitro-L-arginine
methyl ester (L-NAME) % f\7-. HbVIZHbiEEA0.33g/dLI27% % X 9 IZKH-buffer TAHMR - H&H L, L-NAMEZ1004M T
KH-buffer |2 S8, 37 CITIMALT95%O0,+ 5% CO,REN A Z#E L. #2041 KH-buffer T control & % 17 - 728, *F
MR, HbVE, LNAME#R: (£#n=6) IXHFTUTOEREZIT-72. MIBHTIX, control{#EFR O, ML 25 55-F i 30 53D
WUE %G L7, HbVE, L-NAMEM T, MM 255-FFi# 30 5 LB ORI, FN-ENOBER & B % 105 HIER L7z, it
W (5 M IZERE) & HERBOLHIZNE F T-80CTIHRE L7,

[#R] OHbVH L LNAMEM T, dHREICH L CHBICHERBZOLAZBELEONENRD SNz, F Wk BRI L
THEBICHIBERBOEZIRRKBEI KA 572, @QHbVEE LNAME#M T, STHEBEICH L CHEICHIERBO LT OB
BTNV s FF v HPBRETH -7z, FMETIEIEEICE L CTHERIGETCHE EBILREI 7V & 54 okt (GSH/GSSG) 235l T
Holz. OUFIFMROBLR 7N & FF VM & BERBOLERRAE, EEIERPEIZNELE, EOMEMRED 7. @
BIAMBIC X D DG EAOBALOBRELZ M L7-& 25, HbVEE LNAMER CTIEMILORE IZRETH - 7.

[#55E] HbVILBIMFERICB VT, BILA MLV AZBRT 5 2 & THIERZO DR RET L L E 2 5.
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WEAE D NS A Al O E LU TR 25 C b M EI R M B i L T v 5. IREs AL IE O M FFHE T\ X 2 M A R, ARl
WRFTHL, BN ZBEETFRICLBEL2 52 PEELZNTTHLZ LFHMOSNTWS. F7-, EAEFEREE~BEHA2IX
bronchiolitis obliterans syndrome (&4 3ZPHZEMEONE EEMREE T, MEERLICBT 2 —BEaoK T THoNnS) L AE R
FRDDLIEDNE T TOFRBEN TOPoTnD.

L2 LRHE R 5] & e < BT 0P 2 migiE, Fr—W+, LIy¥xy PRF, T ETRICL WY, £
— - LYEILY PMEORBELIC L, B, HENERICHL20, WHAWHLOMEPLHEIN TV L00BURTH 5.

BRI EOFIETH (EDX ) % FF—Minthz5 SR TOH, EOX)REDOLIYELY MIHELRTVOR, &
DEI B FF—LLIELY FOMARDENTI SR TONE), FIETH (FHEREEOZWR, LORNT, Mz 3FhidRw
), FIEROL (IR RIHEAENORIT 2P o, b L CIRBALIN O BifF 2 KEZ W IR Rop, ) &L, ik
TREREITZ .

EEHEIAFF - va s MERICBWTHERIIBHICHED L —FT, 2850 FF =0 > 7V %EHvTmessenger RNA D53
RAT 2 ATV, EOFRBNY — ¥ LB O BT HEREE~ BN 202 R BE 2 B0 THRETIE T 5. TR
WCHEOE, FHERA A TR E SR PO R 50580 5RO RMIZOWT, ANTARILERZ FV 7B fREO T ReME % 52
2 Cim L7z,
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Vital organi2B1F A g L~V COBRMEZIRE L, Bty 3 v Z7EOBESEAEORARN 2 FIN & % 5. Hypoxia inducible factor-1
a (HIF-1a) ZHEAMEKBERBETICREINLE, CRCERLE) E LTHFEINIEATEERTFLLTHL I mMe5NT
WBY, LNV TORBEREO L WIEELE L 5. Ty FOIED95%% 5%albumin (Alb) TEIERS 5 2 & TEILH LK
ANEZ UV Y (Hb) MEZVER L, EEEEG COHIF-1a 7838 & ik &0 R E %2 PR ILEk=> Hb Wa k) R '— 4 (Hb-liposome)
DI & g L7z,
[FF&] 7 v P OKBEBIR X D 0.2mL/min TORLIM & KEEFIR & ) %80 5% Alb b L < IEkEARiMEk (RBC) % Hb-liposome (3t
IZHbix6g/dL) D% 150 54T - 7=.
[#R] mMEHETH, Alb#FIEHb A FH2.1g/dL TEFIABEL L, RBCHE, Hb-liposome#fid Hb A33£126.0g/dL T%& 4 100%,
5% HAE L7z, AlbBECTIRFLEEMEAY130meg/mL, pH7.3, Base excess -18mmol/L & FW 7% 7 ¥ K— 3 2 % & LIfiiH epinephrine,
norepinephrine ffi & g L 7273, RBC#, Hb-liposome # TIZIIZHAZF L L2 BDLh o7z, Bl L T AT LT+
= UMED LR L, EMRME O SMIRMEEEE, HIF-1a OEBHIFED O, MHETIO L) LB Id L o7 LIS L
T3 A BT OB E ISR T LU R~ — % — Tdh 5 H-FABP 2535, Lk HIF-1a OFB % #7208, MIETIZ
BD Lotz FEICEH L TZADDEETH ALT, ASTEO R 5 72285, MWL SRR dr Uik 5 B o R 12 35 1
T2 sV & HIF-1a O3B Z D72, —F, WCE LU T A TIREZE 2EEZ RO L h o 72205, RBCH, Hb-liposome#E3ti2
BALF & HRER, WizEEIL, AaDO2 0N Z 0, MMk s ) o MKEZ 2L T,
[#3E] MiAHIC & 5 EFEn 2 K Hb IMAE 2 BRI 5 &, IR OB THIF-1a 5B 2 ) BB ERRD Shiz. T
Jig T H OB IR E P OB ENE Ld - 7228, Bl ClEBE R EEZ D %20 » 72, RBC X Hb-liposome (2 & %5 Hb D #if5 TIREEZ RO
HIF-1a O3 % & 72 Z bR B E I M S 7.
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MY EMEEIET IV TOANE T OE D/ REREDHR EREM DR

TR, RZNEA, B, L
BEHE A B P2

BT ANLBEEMRAE LTHIEINATZOE VMUK (HbV) BANEZOE Y Z2HUEE20 Ky — 4T, BRI
v MRIMERE D NEZTE S 2HIH, BE, Y4 VAR L EITo7205, ) EY — AN, B % PEG B L TR % 250nm,
P501E32Torr (SRR L 72k T CH 5. M CHEZEMAR L LTRIET A2 L1E, T v MR Y =7 VIS8T 5358l i ER Tl
N, %DM RETH EFEVTRETH - 72, IS 3 v 7 OBEICHOWZEED BIFZEEIE S Twa., 72, Fil
OB A %512 X 0, Lo RBESTiEE 25 EHHEIhTn5S,

(B8] BT RERILS 28WEF N E LT, 7 ASKBEORHEIL %7V, FEICERMESRHM 279 SF NV EIER L.
HbV % 5-0F 50 & 4atk, bk OHiBEERhor A4 A4 ViREOEICRITTEE 2 RE L 7.

[Ai&] C57BL/6~ ™7 A Zhklts, FHBRICH T —F VEIFAL, RFHER CHRINERED40% %553 5. N LIRS T ISR
WL, ZEMiEfmzGrs 5. Wi, WEz820To482/ERT 5. (1) Lactate Ringer & (LR) #, (2) 5%7 V73
AR (fHSA) B 25%) a2y EF Yy b bTIVT I U2 BB EKICS DB L 25 X9 B L2HIE, 3) ~v 2R
i (sSRBCH#E) : ~ w7 APERIMER %2 AP A AKICH S S HbRE% 8.6g/dlICHRE L2k, (4) ~EZ 0¥ v/Nakg ik

(HbV #) : Hb/Mafh% 5% 7 V7 3 V2B L7224k, HbikfEix86g/dlCifi®d 4. Mtk 7 HH T CTEIZE4T\v», Irp K Ol
Mt oY A4 A4 VNERFTo 7.

[S52] LREIME 1 HTLBIAT L7z, rHSAMBIZ7HHOEERDE50% Th - 72Dk L, sRBCEE HbV BETIZ 4B A E
L7z, #itk 2, 3, 4 HHIZsRBCH & HbVH CIIrHSAB L LK L TRAENS W#EANCH - /2. T 72, rHSABTIIM# 3 HH
WZHREDRIRE 72 5 7288, sRBCHEER HbV B CTIZHAHEMEL, REIRWHEAZ B2, TNF-a % U &35 KEET A M a
4 VgL, HbVH# & sSRBCH L TR TH - 72,

[ZZ] HbVIZ & % 40 %2 Beliti T, Miefitgic~y ZRE Mo & F5 oA FR RN, Elieiic L 28E LIk
TRECTHDV S AMICHREE L 2L E 2 N5, $72, MiEOKRERDE X ONE, SFEIGEONE D HbV %54 & sSRBC I 5-#
ETIREEFROON o7, RELELEEERICE 2R TR ED S O RERRICHEN 2 EEZ 523, W2 RRIAE
DERLABD LN -7z, HbVEGIIMEREFMCORMIIBW T AN TH L LEZ L.
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— iz RE (-3
7 v MEE#gSHLY 3 v 7 ETIVERVWEEERIERIBNE/OE 2 /Mafk (Hb-vesicle) D15

BB, WZNEN, WK, AL
' BEME SR E R AT S SR, PR RN A A 2 2D VIR — Ve

[BEY] chETHEREADTIN—TTIE, B4 BBMWTET N EH T Hb-vesicle DRIRZME L TE&72. LAL, ZOLLETLVTI
YHHVEL FOF YV IFNVAY —FEOBER S E DI TH - 7. Z 2 TEHENZHE 5 B Hb-vesicle DR H % Midf L 7-.
[F5:&] #iitk & LT Hb-vesicle 4B (HbV) oM, g e L CobifRiEkE 580K (WRBC) KM OAHIAIEK (Sal) #
HELZ. Wistar 27 v b (M, 8-9 ) MW CHIMEMkEMMY a v 77V ERERL, BRI LT3 HRE2HRL
7z, BiL, SHBR & 0 28mL/kg/hr Dl % 2hr (=FEERE 100%H 1) 47V, Bl 1hr BEEE S (= EBRE50% ) TR#ERE Y
KA % 56mL/kg/hr T 1hr (=7E3HE 100%H#) FEA L7z, W2, Bllise T & FER 8 2 A B & s L, 56mL/
kg/hr T2hr (=185 200 %) FA L7:. e A TRITE R IV L VBT Clhr B2 R 72, ZOBREM S, e
BER T 24hr F CTBISTIE 2175 72,

[#ER] SalBEDZ% < AAREDRIIZIT L7225, HbV K U'wRBCH D% & 2SWRAERMGH 24hr LEAEF L2, A~ b2 U v ME (Ht)
T, RBRES0%PIMIC L > THEEEL D HtAR30% F TR T L7z, 201, HbV U Sal Bk KX O 12 X AR IRCHE
KT L, 300 %8s Ao TRICIZHE S 12%123E L7z, wRBCEZARIMERMAGIC X ) FHICIE U228, ABAEBIISm L2
BRI TEM Z7R L2, MEMER T, SalfFIZEERE# D IMITFE LA IZIZEAEHOON L o725, HbV L U'wRBCHTIZ L
L, Wiz md SalBE X ) EE AR L 72, P alEETIE, 50%BRIMIC & ) &8 & b 5-6mmol/L AR F TN L 72, Sal
TR E200% F TIRFE L ER L7222, 2o, K FHEIMICE Uz, HbV KOS wRBC B Tl BTG 1A T 1 126z U 7
A, HbVH#TIZHbV G TR (=138 100 %) K BB g c LAz R L.

[ZZ] KEF Vo kel KRS T TR, Ht2'12%FTERTT 5% Y, MEHRIMETS 5%, AMAERO A TIIAE
RIS CH - 72, LA L, HbV RO'WRBC % EHEFERA % & LM <1, BERES 2 & T 2 COMNORAE RO
fEPNE] 72 & DR EAFED S, BRERMEHOEERS LD RSN,
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ANETOE/MEBEDS v FREENOZE EIEFRETOT 7 1 VOFET—

G, R 98, RARVBELY, WIREKY, SWZNEAS, RS, WEHAE!
VbHEE AR i v 7 —, AR R AR S I ZERRAE N A A T ZREEESET, BRSSP A R  S S R

[B®] ~Erov v/l (HbV) 25 L7425y MEMBICBW TR, JERFRMIEL (concanavalin A; ConA) DA% ST
keyhole limpet hemocyanin % W 7-PUEF R AFEIC B W T D, in vitro TOBFSES—BEICHHI ERL Z L2 AW LTV
5. Fio, ZOWHEIERIC, RERGSNA-HWVE2EET APBO AR~/ 07 7 —=VNHELTwL I EHLNE LTWA.
ZF T OMIEIHIORTE Z S SICHRT 572012, BIETEETO T 7 4 VO % R4 7.

[FE] ShomETiE~vru 77—V 772130 VSBRICHBEE S, MMkt 5 E L7z, HbV F 721d Saline # #5- L 72 WKAH
Sy M5, 16KHBICIHERZ I Lz, AR 2 28R, ConA (03ug/ml) HFAETTHREL, 2 HFEF 133 HMBRICHILE
FYX L 7z. RNeasy mini Kit (QIAGEN) (24X ) RNA Z#lith#%, Low Input Quick Amp Labeling Kit (Agilent Technologies) %
JAVy, cDNADE, cRNAD TRV EBIEEZ B o572, XV LZcRNAZ~< A4 2707 L4 (whole rat, 44,000 gene, Agilent
Technologies) 27 754 L, "M TIVFA -3 %BIholz. A4 707 LA OW®EEEZESE, Aglent Technologies
Microarray Scanner # W CAF v v L7z, BoNEMELT -2, 70— ) =534 L[ avIiZLo>TT LA BORIE
2B o/, HbVELGPHMALTConARIL7-d D&, Saline G- MHIETConARI L7zb D& 2L, 25D LEH 5w
128 U TFTORBRBOENAEDONGEEAEE L.

[#£FR] HbVZ#5 L7725 v oML % Con ARIBL 7234, Saline %5 L7257 v FOPHMIEE ConATE L 72 d oizkbx,
S4BIETIZBVT, ConANIE 2 HBI 3 HOWTRIZBWTY 25U EORBA SN, ZOWNFITHE (5 &8ET), R
Bk QUEIET), VrF v (4#faT), 7EAL Y - H A WAL v - WEkEsy v o8s (8HfsT), By vy (11#EIET), £
Oftt (6 BIET) THo7z. —Ji, ConARIEE 3 HEIZBWTHBIWARZILE LT, MIEM, Miznze, MigkicEbs sy v
N7 % 32— F3 5BIETHROBIEKTEAL N, ZOHIIEMEEMIZE D 5 Cyclin family ¥ ¥ 2827 2% F—¥hEFEF LT
[#Z2] HbV K5 HOWUHIL TIX Saline #5-#E 12X, #EEZ T 5 apolipoprotein E 22 O EALIEHIICE D % Heme oxygenase
DFBOBEMA A S NTA, IS DOBEOHENZ, HbVES EEELTWwL EEZ N5, T2, BHEMEROSZ V37 D3
EAP-DORHE LTRO LN, IhHiEx 787 7 — TV ROMBICBWTEAINTWS EHEINS. —T, HbhViE
FED AN T ConA B#tE, MNEIIZARS Cyclin family 7 > 787, M52 M 595 5 o872 VIB{LEEEOH
BERRBETHEALNDL Z 05, BET 77 7 4 VORI S QHBBEEAH OREIC > TWE I EIURENZ. ThbD
MR, HbVERG LM B % ConAISEVE LT ELE W IFELDINETORKRLTFETLLDTH 5.
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Liposome-Encapsulated Hemoglobin Ameliorates Ischemic Stroke in Nonhuman Primates
- Longitudinal Observation -

Akira T. Kawaguchi', Munetaka Haida', Hiroyuki Ohba? Mariko Yamano®, Dai Fukumoto? Hiroyuki Furuya', Hideo Tsukada?
"Tokai University, “Hamamatsu Photonics, *Osaka Prefecture University

Although liposome-encapsulated hemoglobin (LEH) is beneficial early after cerebral ischemia, it is not clear if the benefits
persist beyond the acute phase of ischemia and reperfusion. Ten monkeys underwent middle cerebral artery occlusion and
received LEH (2 mL/kg, n=>5) or saline (n=>5) five minutes later, and reperfusion 3 hours later. Studies using positron emission
tomography (PET) with steady-state O-gas inhalation were repeated for cerebral metabolic rate of O, (CMRO,) and glucose
(CMRglc) up to 8 days after reperfusion, when animals were sacrificed for morphological studies. There was no significant
difference in O, metabolism until 3 hours after reperfusion, when CMRO, was significantly better preserved in the cortex, but
not in basal ganglia, on Day 0 in the LEH-treated animals. Eight days later (Figure 1), the extents of cortical infarction (saline
344 +95%, LEH 154 *+ 3.1%, P<0.05), cortical mild CMRO, reduction (Figure 2, 71-100%, * P<0.05) and cortical mild CMRglc
reduction (71-100%, * P<0.05) were all attenuated with regained body weight (saline -7.3 + 1.9%, LEH -3.3 = 28%, P<0.05) in
LEH-treated monkeys. Somatic weight control, histopathological damage, cortical CMRO,, and CMRglc were better preserved
immediately, and 8 days after occlusion and reperfusion of the middle cerebral artery in monkeys receiving LEH early after
onset of ischemia.

Figure 1. PET images 8 days Figure 2. CMRglc and CMRO,
Safine LEH
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Effect of Liposome-Encapsulated Hemoglobin on Antigen-Presenting Cells in Mice

Junko Aokawa, Akira T. Kawaguchi, Yuko Yamada, Fumiaki Yoshiba, Shunichi Kato, Yoshie Kametani
Tokai University School of Medicine

Liposome-encapsulated hemoglobin (LEH) is removed from the circulation and degraded in the reticuloendothelial system,
including dendritic cells (DCs) and macrophages. Therefore, LEH at a large dose may overload the system, cause a competitive
inhibition in antigen-presenting activity, and impair the immune response of the host. Changes in cellularity of immunocompetent
cells were monitored serially up to 4 weeks by flow-cytometry in wild-type mice receiving 20 mL/kg of LEH, syngeneic red blood
cells (RBCs) or saline. DCs were collected from the host spleen 1, 7, and 28 days after receiving the solution, and were co-cultured
with naive CD4 T cells from T cell receptor transgenic mice in the absence or presence of third-party antigens (Figure Left).
After LEH administration, the cellularity of DCs and macrophages in the recipient spleen remained unchanged from control mice
receiving RBCs or saline. While subset populations and co-stimulatory molecule expressions were different, DCs from LEH-
administered mice expressed high levels of IL-2 production and helper T cell activation in response to a third-party antigen and
superantigens, as did the DCs from control mice receiving RBCs or saline (Figure Right). The results suggest that 20 mL/kg of
LEH does not greatly alter antigen-presenting activity to third-party antigens.

Fig 1. Experimental Protocol Fig 2. IL-2 production and T cell activation
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Liposome-Encapsulated Hemoglobin Improves Energy Metabolism in Skeletal Muscle Ischemia and
Reperfusion in the Rat

Daisuke Kurita', Akira T. Kawaguchi', Yusuke Aso®, Mariko Yamano®, Haruyuki Minamitani?, Munetaka Haida'
"Tokai University, Keio University, *Osaka Prefecture University

Effect of liposome-encapsulated hemoglobin (LEH) was tested in a rodent model of limb ischemia and reperfusion —causing local
reperfusion injury and a cascade of systemic responses. Intracellular pH (pHi) and phosphocreatine (PCr) /inorganic phosphate
(Pi) ratio were serially monitored using *P-nuclear magnetic resonance spectroscopy ('P-NMR) with a 2-cm solenoid coil on a
rodent hind limb. After baseline measurements, the right hind limb underwent ischemia for 70 min, followed 10 min later by
intravenous administration of LEH (10 ml/kg, n=6), homologous red blood cells (RBC, n=6), saline (n=6) or no treatment (n=6).
Reperfusion was then observed for an additional 60 min. While pHi (Figure 1) decreased precipitously after the onset of ischemia
and even following reperfusion, LEH-treated rats had significantly milder intracellular acidosis compared with all other groups
during ischemia, and after reperfusion as well throughout the observation with the saline-treated rats. In contrast, the PCr/Pi
ratio (Figure 2) decreased regardless of treatment after ischemia until reperfusion, when the ratio returned toward normal or
the energy status improved only in the LEH-treated rats, while the ratio remained depressed in the control animals receiving
RBC, saline or no treatment. Morphological studies 7 days later revealed a tendency toward suppressed mononuclear cell
infiltration with preservation of muscular mass and structure in the LEH-treated rats. LEH treatment after early limb ischemia
appeared to improve intracellular energy metabolism and eventually preserve skeletal muscle in a rodent model of limb ischemia
and reperfusion.

Figure 1. Intracellular pH Figure 2. % PCr/Pi

. | | — |}
= T
(=] —
-'Iﬁ__ |:|Tih i ‘.l-'
_ hn =t I‘:I_ L '?I- | Lone
m (] = = | lachemia
= ‘o k=
« m— = LI
b (& oL
m a1 = e - =
[= T
Izchemia
i - 3 . :
1 @ 1@ 7 M 45 B @ P AF @ 10 10 118 137 i # F W @ Won RTIN  T
Time after Occlusion [mn] Time after Occusion (min}

ARTIFICIAL BLOOD Vol. 19, No.2, 2011 69



Liposome-Encapsulated Hemoglobin Accelerates Gastric Wound Healing in the Rat

Akira T. Kawaguchi, Yuichi Okamoto, Yoshihumi Kise, Susumu Takekoshi, Kyouji Ogoshi, Hiroyasu Makuuchi
Tokai University School of Medicine

Background. Liposome-encapsulated hemoglobin with a high O, affinity (h-LEH) may improve microcirculation and O, metabolism
at the surgical wound to accelerate its healing.

Methods. Ten mL/kg of h-LEH, empty liposome or homologous red blood cells (RBC) was infused before 10 mm incision and
interrupted suture closure of the gastric wall in a total of 78 rats. Two and 4 days later, the stomach was excised for bursting
pressure determination and histological sampling. The dose-response relationship was examined in additional 55 rats receiving
progressively reduced doses of h-LEH. Hypoxia induced factor-1a (HIF-1« ) was stained immunohistochemically in other 54 rats
to examine its expression at the anastomotic sites.

Results. The bursting pressure of the surgical wound was significantly higher 2 days after surgery only in the h-LEH-treated
rats (Figure 1, P<0.05), but not in 4 days after surgery, when other rats increased bursting pressure to a non-significant level.
Histological examination revealed less granulocyte infiltration, a better granulation, and more macrophage infiltration in h-LEH-
treated rats in 2 days, but no longer 4 days after surgery. Dose-response study (Figure 2) revealed 0.4 mL/kg of h-LEH
(hemoglobin 24 mg/kg) was effective in elevating bursting pressure in 2 days. H-LEH-treated rats had significantly suppressed
HIF-1a expression in the wound 6, 24 and 48 hours after surgery as compared to control animals treated with homologous RBC
or saline.

Conclusion. The results suggest that h-LEH, but not empty liposome or homologous transfusion, may accelerate wound healing
early after gastric incision and anastomosis in the rat.

Figure 1. Bursting Pressure Figure 2. Dose-Response Relationship
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BB HEEERE L TOS-Z  AVILETIVT 3 > OF B4

a PR, FE B ORERE, AOKKR, ERREEN? il M, NEHUgEs
REACKEE - 38!, BEAK - - HFE 7074 70y 5 =2 SR

[BFY] e bFE7 V73 v (HSA) &, MRS EBICHEETAMESY V3278 THY, Fo—iid, —BLEEZ NO) 2%
& L72S-= a1 bHSA (SNO-HSA) & LTHIELTWAS. SNO-HSA X, IR CTHETANO L3RR Y, WBIEEISHFIE
THIENRNTELD, FERNIZBIFEZNOD Y F—= =L LToOREERI-L TS, 2T TICFHKA1E, SNO-HSA »Ee#
Rl 722 SICER SN S BIMFERBEEICS L TR A =2 AERICL D RENICHEET AL 2HONMILTER. Z0LH %
SNO-HSA OH:EE, TBEBALICB T 2 MIBESOF 7224 E LToWREE 2 HifESE 5. 22 04N, FRBMEFICIHINS
1 H I ZF PR AT @ University of Wisconsin solution (UWH) ZH(D EIF, RRFROREE SNHPL7 KR b= AEH 2 i3
<, SNO-HSA ZE& L= R UW ORI ZRA, Tof MM % -0 L 7.

[753&] 6HESD 7 v DI E in situll TRFEFBICTHEB L. M LTy MFBIE UW#ED 5 W id SNO-HSA % 70 L 722 1B A
UWIICTEAZ L, 4TCIZT2400, 515 & 37 CICT 3RHMRA LRI, TNENOIRSRENRZ G Lz, 2ok, T
B E ORI RAF R OB iE % (aspartate aminotransferase (AST), alanine aminotranferease (ALT), lactate dehydrogenase
(LDH)) OfEIC X D #BEMICEHE L7z, £72, HERMIZ X ) IFROMGBESWENT 247572, 7 v MFOBIEA + L 21d d-ROMs
Test I2& D HIE L 7.

(HRROEBR] BRI BNT, B TOSNOLEWTH S S= bV ZIV s FoF » OFRAF RIS L7245, SNO-
HSAHONOMMEIZIZE A BRI TV 22 05, UWRIZBIT 5 SNO-HSA DB HERTE /2. RIZ, I LT
3 SNO-HSA o2 %, UW HEMAE & SNO-HSARIBECTHB L2 2%, SNO-HSARMEETIZAST, ALTRLDHD LHZA
BICHH s, IHRERIRSRO SNz 72, TOFRESRIIHERABOMEL X~ L T/, d-ROMs TestfHED 5,
SNO-HSA #IN#ETIE, AP OBILA L 2O FABIE SNz, 512, In vitrollBIF 5 A = X AR O FE2 5, SNO-
HSA ORERFEIZITHO-1 DOFEELZ AT L7 K b= ZAFEOHGARKE Sz, SHEOhZMEL2 S, UWE~SNO-HSA %
MA L BRI UW I, IS L TRERMICNO 2 T & 5720, WHLIMREE7Z1) T4 IRLMIREEIZ B v T i i
OBENH, DV TIIRAHEROLRE, & 5IIEBHREO R IMEERREORIN 2 &, HaaBiicB ) 2 ERRORIOICO%
WHZENREENA.
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YIARC Ty MIETBI/MEEEY (H12 (ADP) URY — L) DOFEREIRESE

FCPAENY, HEAIYY, SR, BREpR°, Brhase’, REEES, MBS, M Ak, ANEeEse, ub et

SEAKER AR, AR AR R T 007 1 T2 5 —, ARE KA, BE R ,
IR IR

[#EE]

M/MGRAME VG & b IMRIC & 2 ERIMERAITT DTV B DS, A4V AREOGEREREETE Y, T, RENHI E
W EDE L OFENDH L. CNODOREREIRT 272012, YV VIREEREmICT7 4 7Y =4 y #CERME (H12) Z3HH#
L, WEIZADPZNE L7-HI2 (ADP) VARV —AHIM/MUEwE LTHE SN, ThE TS, IWMOGIADET VE % v
7zin vivoEHZB VT, b MIUMRICIEES 21 mh R %2 BT 2 2 L 2R S, ZOBRISHAEIN TS, L Laads
5, BilGRRERE R COEMRETHE TH 2 ARNBRICET 2MEIEIE LA LTbhTwiwn, 22T, AfgETik, VRV -2k
B ORI 73 Td 5 cholesterol # *H T, F7/zHEBADP 2 "C TR L7-H12 (ADP) VRV —2aZHw, RESIARTT v b
2B % H12 (ADP) Y KRy — ARERK SO 56 7 RN EYREAF I 2 WRaT L 7.

[Fi&]

RI‘Z#: H12 (ADP) ') R — A i *H-cholesterol X " “C-ADP Z W Z# L, ~ 7 AKX T v b DRk 5$%5- (10mg lipid/kg)
L7z, Z0tk, MEEREICIMAE R ONEss T oG 2 WE L, MULTIZ HWTKERE S A —y —2 B L2 5612, (v —
VTEHRIL7ZR, #BhofghstEZ e L, HPLC 2 W TR o ADPREY 2 il L 72,

[BRREUVEE]

TR, Ty MIBWT, 5% T THOBSHEM: & UC OREHT R, (ZIZFRBE M EREHERE 2 R4 2 LB
N, HI2 (ADP) VRV =23V Ry —2HEZ R L2RETIH 2R L TWs b0 RSN, T2, WSO %
fTolzb s, " HEU"C & I E MIRICHE WBEHEME 2R L, FES MBS IR - B TH s L2 HLA. LarLa
A5, $5 7 HRICIE SIS L 0 BEHEEEIZIZHEELTBY, BaRNEENE 2B 2072, 3518, PERE s LzE 2
5, CHEEHE M ICE T, "ClgHEE TR DR PCReib Sz, 72, &5 7 HRIQZIZIZERAANIEE S hTwz, R
T ADPREWZEE L72E 2hH, [TolBIZBI2RKNBEWTHLT I M VIR SN EMYonLno7z. Db
OFRERPS, T ARV v MIBIFAHI2 (ADP) VRV — 4 O oA e ORI RIS S22 5 L L Hi2, BEHES 0T
— ¥ TlEH 5P, ERANEREORNZ &AL 7.
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At/ MR REEICH T B H12 (ADP) U RY — LADEISFHIMERGI N DER & 1E MR

AR, AT 22 WINTRETS, S IR BREPR, SRS, W, B 18W°

'RE BB R AA R B, PR SRR W R, IR, RIRG R AR, AR HHOR S S PR T AR,
SRR AR AR ZETT, TR R ARG PR A g & v 7 — MG FE R

[T:] R 3k LY, HI2 (ADP) VARV — A7 HFI2B1 2 M5 R E I & Z 5] & < KE#MIC L ) BRSNS
FEN 70 B /MR A IR IC BT, JEAIE AT 58 2 FIEIR S O IR M%) L & OB 2wk 2 i L& /2. 4hl, £
DRIEE & BATT 2 X NFEEEBAV~DOHI2 (ADP) VARV — 2 08H, 1ILMHITEIIZ D W T OBRIEESIRE 2175 7.

[FiE] REOKBEEENR & 0 Bl X 0P R mEkim 28 08 L GHY200mL), SMEI/MOREFVEERLZ. Zhi
H12 (ADP) VRV —2%HK5 L, /MEMIFEEZO TR L BIME~NOREZ /M58 (platelet rich plasma : PRP), M4Edk
5.3 (platelet poor plasma : PPP) & I#k3 2 & & 12, KHONHEBEIMTOHIZ (ADP) VU RY —2 048R, 1LMmEERIHEIC
DWW CE BT E T BAMSE CBIg L7,

(R EEZBE] Pl X 0 M MLOKTE (<5x10Yu L), HAMIMREHOBELRER (>10min) %7725, HI2 (ADP)
) EY — 2 $5.T, PRPHGZITHECY 5 ML F 4550 % 380 72, PPPBETIZFEBE 2 0 1L MU B ASAN B © 10 B0 Hr 9 B sHA SE L 72
7%, PRP & H12 (ADP) VARY —ARHIABNIEIMIZEY), $ay LIS7e, Z8AE F g L 2815 Cix, H12 (ADP) VKV —
ADRGIEAR R OB 7 4 7 & B L CERL, MR EZRBEL s 2 RSN (THR)

[#58] H12 (ADP) VRV — A2%MEMEKE B IR O AL S /MR EIZ B T, BRI ER L T/ MMRRE % 18
L, ILMEEICEREERL Cnb 2 L MmRI N,

% - :
' '{ H12(ADP)liposome &
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IFAT70OEUICEL B ATBRFERERIRICE T IFTFEENLOFEA

B, N s
TR - 3, K - IR

[F] NLEEZERAIZ, ~EZ0Ey (Hb) /ME, A7 V7 3I VHEAER, VEFANLREZHVTHEINRTVS, 3471
Y'Y (Mb) (ZHb»SMEZZTENVHATICERZ D Z V82 B2, BEFRNEIET X THRERBREIIRIT S, F00, B
FlfiAR e LCMb2FIHT 2RAAIIEONTEZ., L2 LRE, MbOANLZFINT 42 & LITNEEEALBEARTE X5
25 EBEHBNMENTAY, Hb e AOMEEREZNG T L P!

ANLFERV T4 UHEKRTH S, HhASTRIUAMEEIC R D L, NASRIGEM L ATV VBRI EFELNTELTZ 1) ¥
FHICNE DI K B b. 2070, BEFHEVPTONTEHRERNMUEPKT T L. Zo#ERE, SETFOBXOHEICLY Hbo
BFEBFEDSHAM CTEXAMEEMZRLTWA., 22T, FA72HIEMbIZd & O BFEEMRAKE DL B72012, ~NA % ANBBIZIEVEE
L CHET OB X 22 TMbWNEBOEFEREZ N L35 A 21T o572, 2°
[BRERER] ALBWIIALZOTIRE-DIC, FVTA4 ) D a XA IMRBIZZFVEEZDTF-ERAL1ZHFTLE (1),
ZONLTIE, TFNVEEBETLZAFVE2MOMTYARIEIRIY, RV 1) YRIZIEFELT 5. S THEEFEEIC
$aL, TFNEEAICLERVT 4 ) VEROVDTARAIREALEEXRT4ELH - 7.

TFF Y MbONMRANRY MV TEMEATFT YV VONHETEZHRL L, DTAEALIEZDLDOMb (NA1) TIEOTADR N
ANL2%BDOMb (NA2) L DD 3 ppm DRSS 7 PABE SN, ZOKRIE, NAERIFHEILT S Ll AF Y U 0EkE
BIEFETWAEIE, BIUHENRL 74 ) VREICNE VIS b2 8RBT, BEBAEEZIERS L, Mb (NA1) X
P,=18 mmHgt 7%y, Mb (NA2) &HNTEHEHRMEA /27 KT L.

UEDOELY, ABWNEANLIFFHELTMbBERMEN TS KB L. LaL, Mb (NA1) & ABS CREEEk
RE LTS 12, BEBRMMEZEZE L, b MRIMERO Py = 20 mmHg 1213 R IE % v, BRFEEMAEA S W Mb DAIHIZIE, £ 51
KELIEFHRAL LRV 7 4 ) U BBETH Y, BAESTHRFIZED TS,

[&£30#k] (1) S. Neya et al. (2009) Artificial Organs 2009, 33, 189-193. (2) S. Neya et al. (2010) Biochemistry 49, 5642-5650. (3) S. Neya
and A. T. Kawaguchi (2011) Artificial Organs, in press.

CO,H COH
CO,H COH

heme 1 heme 2

1 IEFmtEN L1 () LPEtE~NL2 ()
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DR —LHANETOE VL ZEORHIREED SPEFEEICH T 2 HEBHR

MINFRECE, I 2, RERA, LD ITA, ARIRSE, IREGEE
WP, B R A PR B R4

§=]:s))

PR FRBEE T <, B2 © NSPUBANC T 2 R EAMK L, BICHEAET 2 EBERAMRISEOHERE - =8, 2 VA
BN L2 T AR EEZSNRTWS, bRbIEYRY —2FHAANEZ O Y (LEH) 20HI%E - OISR 81T LTH
NREENEERT I EZWME L TWDEA, MW LT FBICHE T OMRFIREZYE L, BEHE 2 5 CICHUEHNIC X 29 iG#
B HIR S5 IOV TIRE L 7.

[FFiE 1 : BEHREEE] C3H~ 7 AO TR S 72 P LR Rl SCCVITIZH LT X #20Gy % HgtH3 % €7 VI8 W, Dose-
Response B#R % [R5 72, EBHEHEAELEH (h-LEH, P,,0,=10mmHg) 5, 10, 20ml/kg Z B#IRE W #%5- L7z, Hw TS ¥
A IV 7 RHZRDL7-DRE30, 60, 90, 1204 HiCh-LEH (10ml/kg) % RBEIR X D %5 Lz, 0%, RERIEEE - A% 5H
L, Tumor Growth Time (TGT ; MEZIAREDIRGHT O 5 BHIZE T LM L 3kE) %KD TEHMi L 7.

[FiE2 :{e2EEx] TSV A AR LLC 2% L7-C57BLY Y A LTT FUT<4 ¥~ (ADM ; 05mg/kg, JEREN
¥5) F1ETS1 (8mg/kg, #IO¥5) #4H28M#H5 L7-. h-LEH Gml/kg) 1, ¥ 3 0 HICHRERRS-%, BHRE Y
Peh- U7z 2 MBI Es 2l U, s, M ie il U Caril L 7.

[#58 1] 10ml/kg ®h-LEH # #5530 02 X2 B L7280 TGT (265H) b AkEL, YRy —2%5H 20H) Ll
NTHELGPEEIREZ R L7 (P<001). ZDKD Synery ratio 13142 TdH - 7-.

[#%2 2] h-LEH (5Gml/kg) 2 ADM (05mg/kg) & B L7 T3, ADM M58 & R CEEREREH3305%, MEHH541 %
WA L7z (P<005, P<0.01). — 4 TS1 (8mg/kg) X 2PIEEE (EHER, L 10 1, h-LEH (10ml/kg) % PEH
LCHAHBRMMIEO N h o 72,

[ZE] VRV —2HBHAANEZQE VO LY, BEHEEE 7213 ADM 7 EVERBT (CERE DS 5 2 G0 E O R L iR A
WHETH ), FEBEREOM LICH 53 5 AR S 7z,
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BMEARIICE T 5 ATHFRMERENREICEHT 2 RME> I 2L—2 3>

AR i
i VNN YN S I 2 A

[(BE] 2d A TEERLOFRIAE S Bl A RAA L O, F7-BUTOMEREANI T 284 %) 27 OoEE BigL, Bl
1, RMFKBEFOREBWE LT, NEFOUE Y2 RY —AIHALLA T VEATHRNIROBBEIED SN TWE., TN
BANTRMEROIFR E LT, ZOEZEDH200-250nm & & b OMRIMERD 1/30BEDF /KT TH Y, MMEERZRTOANTLRILERD
FH % 2 1204, MENOBIFLF 2 RTE L TOATRMEROTETIZWBHOBMBSIEEICEE L 2oTL 5, K, M
MAPNCBT 5 BEEERGER X, ATHRMERERMEREDA V&5 272 a P ORBBETIZH L7720, NTRIMEKIC X 5 ME~O/EH
WBHRHELE 2D, ZOXSRTEDNL, BUMERRICBIT 5 A TRMKEIRE 2 BT 5720121, EBRWT7 7u—FI12nz, K>
32— a VIZXBMIROEEFENPENTHSLLEZONS.

[FiE] AWFgeCld, MATFRELEA S IMERE & LM/NIE N % BRRMEE L 2, BMTFEe LCQRMEBICE N2 TFETH
AT RNy < i (Lattice Boltzmann Method : LBM) &\ 9 G fif@MT P4 M L7z, F72, RIMERICEA L Tid, Immersed
boundary method # i\ CTHRIMERDE L % 718 L7z, RIMERKESICTEA L TH v b+ 7 PEMIZB W ORMEREF L 12 Morse potential
M EER, FMIKEABRZHBE L2, BEE20umOM/NMIE 2% 2, 2 IR E ATRIMERORAE LR EZIED, A
THRMERASE D & 9 BB EZRTO» %Rz,

[HEREROEBE] AT OKE, RNIKOZERIHE) EdhB L CMEROBEIBFHTE 2. 561, ALRMERKICERT S Z &1
X0, MAERIISHIIEL LY, ZOMBERIHRDICATRMIRDGZL K 5T 5 L5k o720 K, ANLRIMEROMAENICBIT S
W2 TRz, ATRMEROADYEEE L, PEFHNIITEA BB L 2d o720, RMERSPFEET LI LD, RinzkeE AT
RIMERE DA 2557 v a rhEI %2 & TALRMERIZPES~NKRESBE Lz, fike LT, ALDRMERAML & 9 F~&
BETLEEZOLNS.
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