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1) Sakai H. Overview of potential clinical applications of hemoglobin vesicles (HbV) as artificial red cells, evidenced by preclinical studies of the
academic research consortium. J Funct Biomater. 2017; 8: 10

2) MK, JEZWEN, K OTE ANHEEIEER, ADEE— EIAOR & L To NTARIMER (N 71 /N i) B 0 2 4R (i
Fh). ALK 2013; 21: 36-48
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IRIMER 2 ARSIV CERES 2 7 & L T2 TIdEmEMIE (HSC) & W 7R MERAFEDSHA SN T E 72, £ DFERD D Y IR
RRMRMIREERN RS F\. LA LA S, HSC OHFHERICIZRY 235 ), LR DO REIRMERZ AEES @A LIZw
DHBBURTDH 5. D X9 BBLEA GEAETIE, MRBEHRE 2 A5 % iPS MR B LAINE k&2 VW 7R IMERAE EEE S EH S Twn b,

iPS M I MERRET G AE & 3 IRBEDLREZ A9 5 2 &2 5, ARIMERICB S §hk 4 MO R E 22 D 72 5. ARIMERAPE S WRET & 2 27,
BIMEARRZ LR bF MRV E R L, LD L. IS OREEZERT 2 —20 kL LTS bR MERHIT K %2
WA DD B, ATCALHIER I & L 2 A OB L - THM S W TEB Y, EED S A I ¥ 7 THISKMIEOIRE D 5 AR MER~
DIGALHEZAT ) FHWRET D 5. ATCACMIIIRA 37 S 7z BN ARIMER D A R =R (BUBEER) 1348 o 7248, & SRR TR LR A4
AL, RS N7RIMIROBERAT S EA TV S,

AHFARMERAFERAM OBLIRZ IG5 & & 512, BUERR 2RERRLESHROBZITOWTHIET 5.
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SR ELHE

K
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FERREMICX§ % HEEMmEMmOREER S S OESKRET L 5E 2 5 ALIMBERNDEAFF

Offrerif: ', #EM—J5°
VTNERRSREE Sriai s, * A miL e aimbe R

-

WA B AR FSAEE R A X 5 &, BIMIETRICB T 5 0ME QRN OR 13 2 HDTwW5D . Ao ke i - 2l & v 72
BE 2 ERRIIRIC A 5 I 2334 L 7zBd Takkmomim ] & UCORBRHE /ABHE DS a~ v =2, JFHFHEES 2 LRl
A RE R L, A D720 Y) 2 WL 2179 L ERH 5.

HE ORI TH 2 AN R EMBL B E T 2 3KEFEHTH 0, WE 4L FEORRZERE L REWHRETH 5.
W) 22 AR E PR FE O 72 D MR A O B NTEE I L ERIKR TH D, RIEWVIME L v ¥ —F TR 80km #iTWBH Z &5, i
ORI D720 OPEEMIGINL D T 2B VIR E 20 5. WECF R CH BRI % #i17 L7 6 FEFIC O WTHRET L7224, BaT
WAt 6 Blp s HICTH Y, FRNSHEMILZ HE T & 2 WIR TR I ASE & 7B R 2SI & 2 > T iz, Bl o i gefi
13 9880ml TH 0 HxIFdsCC 2 B, BAbEzEE 1 B, #RPRbE 3 H1TH o 72, HrEE M o FESE GVHD OSSEREINL,  HiiL ik EYE
THDHLD, ZROKMFHTIIVITNDA LD RS 7.

IIEFITIE TIIRERMIC X 2 MEIEOEBIARRTH D, OMEIRICES W20 2RI E N AR & BEIERE O M & DR E
PThDH, NLRMERDERICH SN S ETofE, BEEREOMHEOAL LT, LERIHERIHRS TE 52 &, GVHD Rl
MBI EGSEDIRED 2 W e L E 2 B, AR MENER TR EOREFST 500 3RFAPLETH S, KEBIMOR
MBENAEEHEREZ e LABERSOREWRICL Y, APRMEEBEEEIELL 2 ERMOEN TV S, JT4E iPS ML X A /MR
WEASFERE L 72> T 525, KEHRIZE ) BEPEEORISIZLERT K TH Y, AT X 2 EEILMFEOSHE IS MFL2v. bF
VL) O FE PR AR B 7 MU S BT, FEERREATTRETH 5 A TSRS 2 sk EwWE £ 2 5.
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—fig e I-1
—B{LRERABAT I OE /NEEO SR EEANDGA
QWA Y, KEBAH 2 WK, Al f?, /ANHU g e

VBRI SR A, REARR A, A RIS AR, !
taguchi-kz@pha.keio.ac.jp

HE

WK ERFEAEER, 229K DDS WFZERT

[#E] ~Eruv v /MutkHbV) IC—BL % (CO) 2T & 72— ik 68 HbV (CO-HbV) 138 co it 54k Thh, hF
TIZF 4 1E CO-HbV DPUIIETEH % - U CHIEPEIE T D 2 FRFE VR SHERE R I e R 40\ 2k U TS R 2 ST 2 2 L %
B LTV, KEHETIE, CO-HbV DEHRED 1 D TH L AW EH L CAMEE R LR E AT 5.

[E8] ML ET VY 2L, vV LA VERANELRET VY R LT Y RZETF F = VRN (CDE) #RaHERE TV~
7 AD 2 AR L, EBRIH WA, ABAEEK, HbV (1,000mg Hb/kg), CO-HbV (1,000mg Hb/kg) 1353 % 5 [ 12 R IR BL % 5- L
7o, MR OEARt > 7OV & BUERENC L, 4 4 Ol v 72

[#5R &EE] B0l CDE FRAMERE TV~ A% vy, EFHEZ G L7258, Ak 55, Hov 5.8 & ik L ¢, CO-
HbV 3 5B A B EFIMOEEEZ/R L. T2, WEFVE I, AHARKB X O HW 5BV, MFE7I5—+¢ )
W=D LHEZRLZD, CO-HbV ZGHTIIINS O LHZIHIL, MEF 2 ERMOZIL DS 2ICewFE Lz, S 512 CO-HbV %
Hd, WA O EROZE & Z Uk ) BB OB b E 2 Jifl L7z, BBREWZ 212, CO-HbV IZEEIcB Iy 2~ru 77—
O RENRHR~ 707 7=V ThHE M2k~ a7 7 — VISR EITTBY, O8RS, BRICB 2 8EEY A bA A v
FEAEZIIHIL, PUIHEVEY A N A A4 Y oL R I L T,

[#E5R] CO-HLV & CO DI L PIRAE - UBALRI R Z SH T2 2 LT, BMEREITT LIGRMR LRI L -2 oh, HiblariE
A LTI C& 5.

(K]

1. Nagao S, Taguchi K, Sakai H, Tanaka R, Horinouchi H, Watanabe H, et al., Biomaterials. 2014, 35, 6553.
2. Nagao S, Taguchi K, Miyazaki Y, Wakayama T, Chuang VT, Yamasaki K, et al., J Control Release. 2016, 234, 49.
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—fis B RE 1-2
SHEEEICHT 3 —BRLERFT U/ — ¥ X7 LOF AR
OKWACH ', WIEEFEHL | ORI, PERREA . ATEMCRS | MRk, BEBE |, WIS NEUIEER Y, ul i

VREAKEE - SEFIOTEE, C BRMEREE - AT, O SEMOREE - BB RE S, RRER - ALEE, CRUEKREE - BN WA
136p1038@st.kumamoto-u.ac.jp

[#85] 2MEhiE (AKD I, BiK, T, R 8EL LM~ OER TEERISAMICIKT T 2WETH Y, HEELT 5 L RKWER
EERTHIFENT~BITT 5. E4E, AKL 2VEME SN (CKD) O ERGEHRINTTH L I LWL L %), “AKl to CKD” &\ ) Fi7z
B EAREHBERESIRIE S ND X1 oTE BWERILAIZEALLARIETIX, AKI %) - #HF 2 CKD ~NBATS 2 E& 2383
HEFPHENTBY, AKLICKHT AR AIHEIRD SN TVEDS, KREEREREIHBE SN Th Ry, 2 TR T, 4
MG ATH Y, SR AEYTEEZ RS 2 — B LFE (CO)IZHEH L, #RILEk (RBC)IZ CO Z 4l L7z CO-RBC @ AKI 233 5 &
BRSNS % FEA L 72

[EER] B COBRIFT Az s 7574 —=12XDHlE L. IRFERAKIEFIV< Y7 AL, ICRI Y ADWEEIREZ 7V v 7T
R (35 4 1) L, Z DRI % H#E (Ischemia-reperfusion: IR) 35 Z & TYER L7z, IO 30 47HilZ CO-RBC (1400 mg Hb/kg) % ik
W G- L, $£5 24 eI B RERD S 2 5340 L 72

[#ER EZE] CO-RBCHGICL D, Bl COEmMPAERICHIML 7. IR WERHTIX, BHEORIETH S BUN, MiEZLTF=v
EDHE L FAPBEZ SN, NS0 R CO-RBC #5112 L WV ABIMET L. 72, CO-RBC I & 2 H#ER ST PAS Hefil2
X BZHRRFIEHI 2> 5 DO 7z, FHRIYIZ, RBC 512 L 2 BRER RIERO 5N h o722 & H» 5, CO-RBC TR 57z
PR FIL COTER L T A I FEMEAVR S 7z, BHARICB U 2 RIER OBILA b L A~ — % —% PCRE R OVt X 0 374l L
7oL A, JREBHETIZIESEY A M A Y oOEETTESE, BRILA P LAY =7 —OFERP RO SN2DS, Thb D% E)E CO-RBC #5-
WX o THFICHRI SNz 2, RWEHETRD SN2 7 R b — 3 ZABEMBLOHEIIX CO-RBC 51k o THHIEh Tz, Zh
5 CO-RBC G- HEDOPURAL - PLIIE - PLT7 R b — ¥ ZA%hH1E, RBCHEGHETIIFED SN 572, S 512 CO-RBC K 5-HETlE, AKI-
CKD E 7V THIZE S M- F s o R L s Eil S T 7z

[#558] CO-RBC & 0 B~ S N7z CO &, PUBAL - PLRIE - TR b =T AL Vo 2L WM 2 58503 A8 %, “IR 38 AKI”

F U “AKI to CKD” OWH 2k U TEN-BIR#ERZIIE L /22 L2925, CO-RBC I AKIL 12X 3 2 HBAHEE & Lo REt: % o
TWh.
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— i BERE 1-3
NAFIXT 1y 7 B—BILRFT YN —REHFOBERL2EUHET S
ORIHEA |, WA, HOMI >, GRS AT Y WREKS MERNEE |, NHYIER . b i

VREARKHE - SEFIAOTE, C SRROREE - SR BRSO BRIEOE - ANREMEAT S, CBRTEER - SUERUEW, C RREKX - ALVEE
152p2035@st.kumamoto-u.ac.jp

[#8S] HAEZ < I 55 O B I 2 R AR 412t LT, PRI ME— OB #RIN & 2 5. IFRRICIE, IHLRRO FAEA 3 HE
EDH, hTHRNIRME & 72 L2 (IR GE R IR THEAERICZ L, 779 7 MERAREZ A LR » I LA RHIEM
NTWb. ZORDARIFTIE, BB FF—o@sRAcdh, BENE FF—FEo—REioTwb, )i, &L
TH A IIEEDIEAT S 225, BT OLAIC@IMEOSIHEN RS SNS. o T, BRIFWBRZEOIF ARSI T 2 HERED
BAFEIE, O FF—Isink, QUERHZOFHUBOBIED O EHREV. B I, EEEES X TH 5~ bk E (CO) ZRIEk (RBC) H
DNEZ TV VKA 872 CO enriched RBC(CO-RBC) 2SN A F I AT 4 v 7% COTINY =& LTRSS &, T/-0BHI%E
TN 2N L CTEN T REN R EZ IS A2 L 2 MG LC & AgEcid, R~ 212 70% WK (PH) 2 i L, FFE4
12} 3 CO-RBC DFEEIZ OV THGT L 72,

[5RB&] ~ 7 AAFHRBC 12 CO A ZMMT % Z & TCO-RBC #EK L7z, %~ A RO ERI £ (HFD) % 2 HEEKH LI/ER L 720G
TEIFE TV =7 A2 70% PH Z 47\, ik 48 Wl H ISR 2 17> 72, F72, WP CO =T A7 u~ b7 I 7 4 =2 HwCTilllE
L7

[#5R] CO-RBC Z#IRINIx 53 5% &, IFEH O CO BAERICHM L. 20 CO DHRBITHIIBF~Y AT ML #%~
7 AT 70% PH ALiE % 17V, ALEE #%IZ CO-RBC(1400mg Hb/kg), RBC(1400mg Hb/kg), saline Z FHIRINICHLIIP:5- L, PH AL{E 48 I
MBRICBUTAFHEREZMEL/2E A, Saline 58 & I LT, CO-RBC ¥%5-#Tlx, FHEEOHN, 7% bbiFHEAMRAENRD
b7z, ToRRIE, RS 2 v cfifaigii~ — 5 —oRBREN 20 b RSz T2, g~ —s -t LT, 77
IVIRERNELLEZAS, HERORELZ XML T, 70%PHICX 1M 7 V7 3 VigEOMK T IX CO-RBC 512 & h g S hr:.
NSRRI, HFD BT~ 7 2128 W TH I S N7 WHIZ, RBC # 58T, % LRI~ 7 20w st LTHHT
THERIRDFRD 5N o7z RIZ, CO-RBC 2 & 2 FFHAERERRL CO DIREAK T EHRFREEHHTIZIRIGER T 200G %
WEE$ X <, HED fETICHE 9 IO IR ER K O EE~ — 7 — 12 K IF T CO-RBC DFEE M L2 2 A, H¥ 5 Tld CO-RBC
12 & B IR IR R R R 2 AT S BT E L d o7z, TAODREED S, CO-RBC IR ERIRITRM % #ET 5
e, ML LA TP Z R L T 2 I REMEDVRIE S 7z,

[#558] CO-RBC &, HIFZ2T TR L, BB L T, HWBREOREAZRET S 2 LA L2 CO-RBC IZFEAEAR 4TS
LEBIBHEE LTOWREEZ D TV 5.
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H7ZE—B{LREDRIRNBEE P RIE TS 27 AADEE
Odviess !, ZRBE' WA #° kLA, Iwitg !

B EE S w3 I o S e S o BN 2 el T /R VAP N A B e
hkitagis@mail.doshisha.ac.jp

[#8E] SO ERMNIIZNAELED —BILRFE (CO) AT A, WA COWCIZ X F X R AEMBREID 5 LIRIBINTWEY, Z04
BIIWS TR RV, 2825 CORNLIRBOBORIEDE UCHEET 720, @/ v 777 MCXZRIEREZELZ L2
WECTHL7-0THSH. FAIXINF TITEAKNT CO T #EPUNITHRZTEX 2/LAW hemoCD ZFF L, TOFHIZOWTHE L TE
720 Al PMAEYE CO OBINRFEDEW ) X 4 %6 DEFHEEFORB) 2K ELSHER 52522 /AINL0T, #i&+ 5.

[52B%] hemoCD @ PBS i % ~ 7 AIZJEIER G- L, FICHFIEN OB FHEE T O mRNA EiE%4T-72. 2~ bu—)L#E LT, hemoCD
DOFNZEE %= F: 7272\ Fb-hemoCD % A& 5- Lz~ A2 i L7-.

[#ER EEZE] hemoCD A Z 535 &, WM CO 2SN T, BEHEMETFEE (Per, Cry 2 &) DB XA 0TFNH K E (LB
L7z, BEHEETORBICE, COMAMIEEN T4 v /32 0 Tdh D NPAS2 25 > Twb. £ 2 TNPAS2 Oifitt # ¥ 5- O Rith Tt
LU 7R3, NPAS2 12 X AHnEIGHEAT CO DIBEIKA L TRELS AL TV AT EDHALNE o7z, S SICEY I CO % B
T5E, FIEWETA A 2 THDH TNF-a DFEAEDFEIN, T ELEMENY A0S Bl S —RKZ2 CO DRI,
FOHR 19BN 7z o THEIEIE TORBISHEET L ERHL N E R o7z,

—> disruption

removilal of
endogenous CO

hemoCD1 (O,-adduct)

Fig. 1. A flowchart of this study.

[#558] CO B2:%F hemoCD % iV % Z L2 X o T, PIFEME CO AMERNKFRIFAM o A 7 AMEBIICHE S LTV A 2 ERHL N E 2o
7z.

[3Cik]
1) S.Minegishi, I. Sagami, S. Negi, K. Kano, H. Kitagishi, Sci. Rep. 2018 accepted.
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HbV DR E8EREIC LY BlIES 3 v 7 & §I#T 3
OFINHEA ", KT 227, WK’

" Bh R R AR A B, ? B R AR AR SR E I, A RV RRE R R

hagisawa@ndmec.ac.jp

[#5] Wit:y = v 7 TR I - RIS 5720, BV — FORICHSET 25802 v, 72U ZARHESER L 72
Advanced Trauma Life Support (ATLS) (25 T b B TR ARMEIRONBEFE L L Crililign — M2 HE L Tnb. 40, 4 F
WS a v 77V &% FH\WT, prehospital TOFFEHRNE L L CTD HbV OF HHEITD W THE L7z,

ATt

RBRBAT & O O By — t ORA

[E8R] 9 F (i 2.5k) D KBEEIR A S 100m] D4z 2 BLi$ 2. Bl T 50ml o4 B K % KERFIR2 53535 & Hb
EREIX 5 g/l TR, SEEINRE 1E 20 mmHg 7R ¥ CTEMICINT § 5. i85 KSR AL EZ-10 B #2012 7 4 (Teleflex #f, NC,
USA) 2 LTy — b 2T L (GIX), DT oWz o7, 1: 38U ¥V 50ml #%5-(h=8). 2:5% L F 773 v % 50ml
5 (n=10). 3 : HbV30ml IZHEWVT 5% b7V 7 3 ¥ % 20ml 5 (n=10).

NS 3 BEOMATENRE, WM&, M AN, SEERFERAE 2 BRIl E L, 24 BRSO FHRICOW T IR L 72,

(#R] Hbv 0L BRI 512X ) Hb BI%13 7.1 0.6 dl 12, “FHBIIRE X 48 £ 9mmHg F THIFE L7228, 5% 7 V7 3 v, L-fLEET
UYL YV O S B STl Hb B SEREIIRE IR F N E N 3.4+04g/dl & 32+ 7mmHg, 4.5+0.4g/dl & 26+4mmHg T
D, YavrhbEIERD LML o7z. 24 FEBZOEFZRIL HOV AR T0% I LT, 5% 7TV T I VL L-ABF M) oA
YVIHEIEIEZ30% & 0% TH o 7.

[#:3R] HbV OGBS ZBIMTEY 3 v 7 2 S5RHEEE S 2 LK L, prehospital TOFERIHE LTHHTH S Z LAVRBE R
7z.
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AIRFEREICE Y ERERNENZHET S
OKMMAET ', WIS BIUAS, KT 2 W%k

'BEERREREES Y v 5 — IR, I EERR AR EER v ¥ — ERIRIRE, B AR AR B, B R AR AR
SR R, A RIS R R AL E

youra@saitama-med.ac.jp

(] 4 50 NiROIERERABEC LTHY, Lo T EREHRI ML ERIECIHF OB~ TH 5. Atk 725
FIZEM S ALE L 25, HARTRGBO LU B R — KIS b TE ) A+ L 13E AT, MEHRICN
WD B EH D 5. AL TR Y O 7 4 FIERHE I I 2 A0k S &, BEERE, MUk, gz e itk 2 v 2
DIFEET NV EMLT 5. S HITRMERMOAE & LT HbV 235 LT, S ORGRIRZMEEL, FER— R 2 5 B iR
HIUTRE R KRB BE (CFAE§ % £ COMPIHGH L LT HbV 25RIMER (BLF RBC) il 2 A4 L ) 2 2 & iad 3 5.

[RER] MWK O FE2EEL, TEMEOBEIROBIBAIT % UEE L CafSbimzie s 3. Hiinh s 60 400, 5 4 i
LEROHDVI25% T IV T I V& 411 ORAEWERS L CMATENEZ MRS 5. B4 & LCRBC & PPP % 1 1 Tl § 5.
BRI 5% TV T X v a5 L, &% OO B OE N RIFNICBIZT 2.

(R EEBR] BRI 212+125ml 72572, 60 57O Hb #EE CPIME) 1 HbV B (n=4) T 8.6g/dL, RBC #f (n=2) T 10.8g/dL, 77
I U (n=4)T24gdL TH o7z, Bk OFEBIIRE 1X HbV #13 60mmHg Fij#, RBC # T 50mmHg L2 MifFC&, 7TV 7 3 U #
1% 40mmHg Fif CTH - 72, HERMED EAH b HbV B 1.6mmo/L, RBC #T 0.7mmo/L, 7V 7 3 Y#iZ 43mmo/L TH - 72, HbV IZH
ML EG 60 23 B OIGBREYAEMERF I 7 V7 X VL L OB a2 b 5.

(#E55R] PERMERMIIMOE TV Z B L7z, HOV IZEFERM B IMOMEIGERE LTHRITH 5.
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FRREORBERRFRICALIFRORESFERRE AV LT 2ICX 5 ERORE

OFvpgty ', REFEAE ', ANEEAE ®, HI &2 WIHEE S, SRS, WIREAKS W RS AHFRA GHEFT
Kl &@de’, digz!

VINERERSY: A AR IO 28, 2 EARR R ¥ AT AT WA VAR RS R 7 A R, RNERR Y B
PR RS, VIRE R RS vy —, O RRERIRA: BRAER AL, CRINERRE ANERE

shonaka@asahikawa-med.ac.jp

[#S] WFRHITIZZ DM Primary graft dysfunction & FEEN S 75 7 MFALD5-7% OHETHE & 5 L ShTwa"?. ZoERIE
MR EICH 5 L SNbb I Z ORHED D IR 2 MWD 2L 2R L TWE. Ey v N—27 K05 O#HEY
2B L, IWRHIFEOHERRAISY Y HERANES T V54T (Hemopure ™) % IR L 72 #EFIRC X 2 BEWHER AT C, 77T 7 Mg
WEEEDL I ENT I 2 V7 IEEIgE TR S e,

[3EB&] H 1Y« FFHE o BMHE 3 R AT (2 A AR I ER (hemoglobin vesicles, HbV ) # & H 3845 2 & THONLRIREHRIFN TS Hik: 20-
30kg DML T 7 2 Flv, N —IF% 4 BEE O ERLE (Groupl), #EFIE D A DT (Group2), Het2-3% FEEED N TR MER & A7 HE i
i (Group3), Het 6-7% FEEED N TR IMLER &7 HEGIE (Groupd) THETLIRAE AT\, BAEZOIRELZ IR L 2 Rl 7 ¥ AT % AV 728
BRAES 2 ATV DRRZ MG L7z, HbV I3ME 18-20 » HfEM L7z o2 i L 72,

[#ER &EE] #1209 CTOBEHEN LRI Group2:3:4=0.35:0.46:0.50 & AT D HbV TH FF—FCTOMERMFRRAIM L T v 5 Mn)
RSN TR 30 4703 AST(TU/L) 1E Groupl:2:3=3757:1150:1279:804 & Group4 (3 A BIMMETH - 7. #EFRTP B X OBERKT
#® TNFo. 13 HbV &4 BEF I TR 2 @A R S 7z, IO 2479 2 & THOBIRLETE » 2 dul & LzREDS A
PRAERE & TRl Uil S oA Bimhs i sz,

(#55R] HHEVRIRAE 24T O BE, VRIS HOV Z23RIN5 % Z & TIPSR F AR 2 Mo L, IR & U S 2 B L C & W
REVED D B Z L AVRIZ S N7z, HOV ISR RAFEL T b IRFEMAEAHERF S 7z

(3ziik]

1) Strasberg SM, Howard TK, Molmenti EP et al, Hepatology. 1994, 20, 829-838
2) Wiz, EHYIE, KN FEES, JFF 1998, 60, 768-771

3) Fontes P, Lopez R, Van DP et al, AM J Transplant. 2015, 15, 381-394
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FFERREICH T 32 EMESOMEES T 2 ATF NS EERRODE
OfE ' ZEHAGHO ", GHERT? 4@Es 2 FEd ? NEGGE, BEERE 2 W) 2

VTR BERM R A RIS Lot B S s, 2 U NEERL R AV RL 27 e AL S B AR 00 B, AR R B 2, * 7 I 30 KR
EHE Y & —
botimoto@obihiro.ac.jp

(B8] WBAICB BH3E K F— O AT EBIISEA LMETH Y, MElk F =0z offikilo—o L EhTwns, it
Je D B EEE A B MHE R IR O 2 kA 5720, A THERSM DI 2 2388120 W T ORBBIERERNT 217> T
WY SIEFAZ: B HE T AR O I B X OB O Mok 2 AT L 72 BT, ATJRIER (Artificial oxygen carrier, AOC) & 4 i
T ASEMINEAE ORI 5 2 5B 2 MaT L7z

[EBR] A 25kg HiTRDMEFE 7 # %, RRHIM 1 BERTAIC 4 BERT O, UW % H 72 hypothermic machine perfusion (HMP) 8 X OF, UW i
H 5\ ix AOC &4 #EFI % F 72 Subnormothermic machine perfusion (UW_SNMP & %\ i AOC_SNMP) % FJiti 3 % FEEBEIC X 4 L, %
FED 7 5 RO FMIEN B L OCBMIEE OS2 bz, E#lB X OERREH CHBERE L 7.

[(BREEZE] 3§, MBEEROLER 27 FEEZEBET L, RO I Fa sy P 72 BB &G ATERR S, BRI E P
B E R 5 TV VB O REABRE Sz I 1R HIE, TPRNICE R 22 e, ZEEO/NMukEEE b ok
I bV FYTAHBIL, BAIRERHRLIEE & U TEIIRA Lzas, BRIRE RO TV D %08 O B E LR 7z Tz,
Z0%, HMP #ETIZIFMIRNO I ba ¥ MY 72 LE %2 /7R3 —74C, UW_SNMP #TIZ I + ¥ NV 7 o LG 2 g iy
X, MRS RS A E KRR 2L £ BB S22 L5, SNMP 1d HMP & & L TR ORES R ICERL TV L E 2
Sz, BRI 1 RS L - BB R O MEE G\, HMP BEE L T, UW_SNMP BECAHEICK & 2> 7225, HMP
B L UW SNMP BT, ERIIRGSE P R HE S 2 5o T VBB IIBIS TE s h 572, 22T AOC SNMP #0077 KO E
MM A BIZE L2 L 25, BRI R BIEE 25 0 TV VRBEPHORAEL TWD 2 LAMERTE .

(#&5R] dmRHLIm 2 0 AR I, IR FBRBEIC & 0 J8/E L B 72 Bl L, MR 2 2547 S 8 5 700 MBI/ NGB OZ LA I
B, RO IRAEIC BT SNMP (3 HMP & ) Ml EAE D 720 R 2 HHI L 2wz, #iRE L TR OREEZ &S 2 &%
ZAHMNTz. EHITA0C OfNE, EMERBREZ U LTIV VEE D S0 - BHIMHE M OMBBNREOIEFE(L 2Ry 2 L2s, JH
AR DI AR T 2 WHEMEDS, ARFZE TR SNz,

(3ZiK]
1) Bochimoto H, Matsuno N, Ishihara Y, Shonaka T, Koga D, Hira Y, et al., PLoS One. 2017, 12, e0186352.
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1 XA EMETIVICE T BAT IO /NGRS IC & 2 BIBEEOTL
OREME ", MR, NIFREE !, BA ', MEHBK', EHEM WZWNEAS, BHEKS IME—? SEZ!

VIR PR ARV R I AR SR, ? BB SRR AR AR, Y S W TR B R, AR IR R A PR A LA
22

= =N

ohiwakana@gmail.com

[#E] ~Er o /MMuEHLY) I, R, SANEZ O 2R L, VR Y —212WE, BEIE% PEG 156 L Th#E% 250nm
B LR THh 5, MY 3 v 21083 2848 E L COBRIGHIES T A%, BRI o 2o AR RE o K
WA AESN S, MR, T4 VA EORGEREZHR SN, RET2ED EOWENTIETH 5720, FHEICH
TE, WOTHEH LS KGATRICEDLEEZONDL., TRNETOERTYY 225 v bOMiYIERE SV TORMMHHIMIIC B W
T, NEZUE VMUK G HMERMREOBEILICHFS L, WRIEREEZ ZESE5 2 EBHLNIR>Tnh, FiliRE2S
DOMBICHHS P RAEERFEREZHOT, RMIKEFEOREZR L. LD ERIEWERE UTA XYM 247, FERZBm
T HREMBBIME TV E2/ER L, ~NEZOE NRES OA %2 MET L7

[EB&] 1 X (=2 K, KEH 10kg) IZK L CTaHEE, ALIPFREGER FICFHR 27072 ARBEIRE VAT YAy hT—F
VORFA L HRBEEIIR S 4 > O % 1T, MATEIEOE= 5 ¥ 7 L MEHN A GH TR ORI E 5-0 L7z, Zehiafic, Bk
T4 ¥ SPEBRIMLEE D 30% (F) 250ml) % 50mL/min O#E S TRIML, FEONEZ T Y /NIRBER (NEZ T E VR 8.6g/dl) &%
HL7z2, ocida vy ba— e LTs% 7TV T I Vi, ABANKERG L, MYERME X 0%, Blsk, SEIcmE, G4
HMESFOMREBOBEOWE, MBAT ARG 2iTo/. EHMBEHER LS, 1RSI T -y RINE T 7.

[#ER E&EE] BMRETIC 119/81 mmHg T - 72T 1 30% BELIC & 1) 4934mmHg THETL, Yav2ilfio7z. ANEZFTY VN
RO G X Y, 9048 mmHg T THIE L, MEF SNz MEA 29 Tid pH A% 7.06 T TERT L7228, 7.22 $TREEL 72, O
HIEPMIZE Y 140/min 1ICF TR T L7228, ~NEZ70 ¥ V/NNIROPFS-T3.70/min T TEAL, DEL.

(#&5R] A XWEREMN M IME 7V IZB W T, NEZ 1Y /NIEOE G MBI OBRFLICHS L, BREELzRES e E
Z o7z SR PO KRB LT, AIRICEGWTRERANEZ 08 NAERDPA R T 2 W REMEAVRIZ S 7z
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—fiy B RE - 2
FYIRREMRPHIMET IVICHE T BANETOE /MNAF RSO RO REANHR
OffiA ', FTEEA |, /NEFRME | KA MHRK, BEDRHL, ZPNEAS WK M, ERIEZ

VIR SR RSV RIS R, C B IE SRR AR AR, S W T B SRS, SR BRI R R AL AR
2

= =N

hryo@tokai.ac.jp

(E] #ifsm]6eZ EHRIER TONRFRICB VTS, KEMIM L 723554, Wil X o THa Rz, siv ARBRRNE 2 &
DA G EDPIRDIEBI DD H. ~NEZ T E /NEAEHLY 3, HIRUIRMER? SANEZ7 D v 2B RL, VARV —2I1ZNE
JiEFT % PEG 54 L TRAEZ 250nm ISP B L 72 NTRRFGEMIK CTH 5. MBEIA R <, 74 VAR EOBRGF 2 PR S h, =T 2
FELLLEOM#EI R TH L. HIIMEY 3 v 7138 2840 % & & L COBKISHAMREE SN TW a5, WIEEO R, SRl
DOREHMMIZTTAMHE RATNDL. AT E PRI THBICEMTE, WOTOEEHZ GV RICEZLEEZEZOND.
FaxFI=T A, Ty MlBRETVEHV, NEZOE VNIEROE ML RAETERRE LTE 7.

[RBR] ~7 AT v MCA LIRSS TSR L, ANy 2. FRECERY =2—-1 X ), v7 A TIEEERIILEED
40%%, v MTIE30%ZBINT 5. SEOZMEEZIT, UTOEBRRAMER L. (DY Y7 Vs i ke, (2)5%
TNVT IV, G)NEZTYE VNBARE  HOV % 5% TV T I VIS L 72 WAR (Hb 3B 8.6g/dl),  (4) PEERIMEREE © <7 2k
&5 v MARIER 2 B BEAIE K CREEH A, 5% 7V 7 I VICAER S B 721K (Hb 122 8. 6g/dl). FAMRE, ANTLIPFUEE:Z 1k, HIER %
FERE L CHRAE L7z,

[fEREEE] v~V AEFNTIIMNE 1AM TOBBREITo72. U Y S VIBERZERIAERIETL, 7V 73 VEHE 50% AT L
72, NEZ U Y NIARE L RIMEREETIE 100% ORMAS» SO, HERE KRECHSEHEONE S W CHEZ -7, v b
EFNVTIEALIFRERBEDL 1 R CMEDE= %) ¥ 7 LRI A 54 247> 72, BRI & D U1 30mmHg F TIN5
B, T ER L7z, ATt 2l 4 5 &, AR CIRMESEURIZICT L, 2%t L. 7V 7 3 YEHETIE 60% D
HEAERTH o7z, NEZ7 T U /NIREE & ARIMERIE I BREN B L, @FIHAEAE L7z, PaO2 IZANE 7 1 ¥ W /N RRETld A LI
PR £ D RIMERTEE & M C, MrbFLEEME b IRMEASHER: S 7.

(#EER] 2ol &M KERINT 237 ARTT v M EFIVT, NEZ U Y VNUEOZ G 3BV TG RBIEZ 78 S, B

IR 3T R O MBI 2558 2 KIT S, ARIMEREIN & FEORRZR L2 SBRPREEO KRR LT, ~NErae /Mg
OG- DHER T 5 BeELRIR I 7z,
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AL/ R H12-(ADP)- U RY — LIC K 2 AL O EEREEOFIMH, siEERERREICH (T2 55
OFfH ', HRHA AR AT #°

B ERRARAVR 2, P EARBE, O s,  HARERER
0ishida2000@gmail.com

(REE] A OBt B B 5 MR RE R S5, TH e PR e 7, AR O TS AR I B G- L ) S e 2k o TAHEL 5. AL &
70T Tl KR A LI LIS S, /MU Z 24 5 2 L b % v, NLOH#EYETVIZBWT, AL
/M H12-(ADP) =) ARV — A28 NTLU il B S B O~ Td 2 0122 EMET L, B RERE T ORI 2 47 - 72.

[3B&] NzZW R & (3kg) & W T ATtk BT 7V 2B L7z, AU T #, O Platelet poor plasma Hiitfit - (PPP#f),
() Platelet rich plasma H.4li% 5. (PRP #£), ) PPP+HI2-(ADP)-1) R — 2 (PPP+HI12 #), @ PRP+HI12-(ADP)-Y & — 4 (PRP+HI2 #f)
D 4 B MBRR G- 2 AT, MR I I RE O 5T & 1T - 72

[#ER E£EZ] PPP I & PPP+HI2 B BV CIEIME A BIE MAE O U270 H T, FrEll (RFEL L T W) /MRS 5- 8 v 5 4
L b LR E N7z, PRP &E L PRPHHI2 #ETIXIM MR, MREEE REMAT, M/ MIBEREMRAE CTIERISSEOUEEA A b7z, ik
FIMRA IS B W TUIE PRP + HI2 #EAY PRP B 2 47 BAC 10l 5203 % /R L 72 (PRP+HI2 #f : 257+ 121 vs PRP i © 488 = 122sec, p<0.001). Z @
K25, HI2-(ADP)-Y KV — JASHBEARGEEAL IS 35\ THINREESE 2 ARHE U 1k ke T R ] % 3 2 X KPR L 72 2 & 29RIg
ENiz. EHITHI2Z-(ADP) -1 BY — 2 HF 5B O LM 2 BT HMECREL, WEEZMBITFTH 5.

[#E58] S OMERBERERIZBWT, HI2-(ADP)-Y) KV — 2 Z AN TOMiBEEEEOHBICHH TH S 2 EITRENT.
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VRV — AHABRBEREOHFEHHIMMED 3 v 7 (85% HIEHE) KBRETIVICH T 2HEDR ERT
EiRxhR

OMGAE— ", mfLr ", BT IR a5 2, WHRK’

PRI EE R R SRS, C BT E R R AR R, C RRIRSIEERLRY: R AL

hashimoto.kenich2@gmail.com

[(BE] Witk 2 v 2128w T, URY — A3 AFERERAK (Liposome-encapsulated hemoglobin[HbV ) 1Z PR AF I # L & [7] 45 D #k A= R
Db EFEBFIRENT VD, LrL, 85% M % HbV IZHEHE L 72BROFRAER R L RERM RO AW TH 2. 85% Hilll
2B 5 A7 & PUIAREIRR) R & BRI HGE L 7.

[€EB&] SD 7 v I (n=30) ® femoral artery, vein 7> & Bilfil « @A MEE - % WK HIAT L 85% ML 5 v 7 B F IV EER L7z, #AH0
5%albumin (ALB #F), PEERILER (WRBC #) X 0N HbV (HbV #F) & L7z 15 7 v b (&6 n=5) T 24 I B OEARE ML, 157 v b
(& HEn=5) CHRAEMR, LHERM - 7 27 Y PV 7l & OB EAL 2 W #L T & % di-4-ANEPPS THeft L, St LT (OMP)
2T, IGEVEMOERGEREE - 2k, R OTHE R 0¥ —M % 7R 3174 (action potential duration dispersion [APDd]) 25 L7z,
SAEFMAETdH 5 burst pacing (2 TEIEELEEWAIENR (VI/VE) iF5 O A M L OMP $55E & OBItR b Meid L 72,

[#R] ALBHTIZ 24 BE AL L TWDH T v MIwvid o7z, wRBC B - HbV BETIZ 80% DL ETHLE L 72. OMP ##7 T, ALB B
T wRBC B - HbV BRI H AR 0 B IE & {ZE AR O B 253860 5 LA IS H 7. ALB BECT4H VI/VF SR S - DI
%L, wRBC # - HbV HETIIFER SN h o7, APDd 13, ALBHE T 2 BEICIL LIERE L T W72 (28 +9vs. 12£2, 14+ 2ms; P<0.05).

(3R] BoetEmtEs 2 v 25 v PEFVICT, HbV Id, APDd DIERIIHIZEE A LT, WwRBC & % O FHUGER R L SRS
RATRD 5N B WD D B LRR S 1T,
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BR-TIVTIV) ISR 4—DEKEBREY
HEEA, HRHEBER, MIRZ

HL RS BT

komatsu@kec.chuo-u.ac.jp

[#BE8] FrEZANEZ7B VY HD) I MILET VT IV HSA) ZHA LZ(NEZBE Y —T V73 V)7 5 A% — (Hb-HSA,, #H%
“HemoAct ™ ") Z &% L, Hb OILHHEIHE B X 0D KIEZR I LRI LTwa™Y . —J, BFIEIM s ZRRROBRICENTH
. h¥I—E(CAT)RA—/S—FF ¥ FF4 AL ¥ —E(SOD) 1L, HADEEREMFEREEOWHICHCLNY, 725X
F—E¥ (ASP) X, HILBOBEFIHEH SN TS, Lo L, mEEiidEd, 2odErmdZEncni. N5 0OFE% HSA T
BT AUE, M ER O RRREICONMMD AL 5T, el Ly WFFTE 5. RIFTIE, CAT, SOD, ASP O4-1FKIHIZ
HSA Z#ia Lz—Hoa7 —Y 2 VR (BEZE-TV T I V)25 A5 — 28K L, TNO0OME EBETEEZWHS IS L 0O THIET 5.

[3288] = P WFBBHI K CAT, 7 T RIMERE K SOD, KWW Hk ASP % - E R 2445 #] Succinimidyl-4- [ N-maleimidomethyl]-cyclohexane-
1-carboxylate (SMCC) & Fi\»"C HSA L A5& L7z, VA7 0~ b5 7 1 — (Superdex 200pg) (2 & ) CAT-HSA,, SOD-HSA,, ASP-
HSA, 7 7 A% —n i L7z, &AEERD ST HSA #E6Hx Uuog, SFEMBESIKE S plHEZME L7z, UV-vis. AT bLk
Oxygraph ISfEBEFE AT % JH T CAT-HSA, D BEEL R FZEARILEE, ¥ 27 T 4 ¢ 725 SOD-HSA, ® O, " BkZ:fE, NH, 7> 5 ASP-HSA,
DT AT X 2 opfie & AT L 72,

[EREEE] AR L(BHE—T VT I V) 7 5 A% —0 HSA/CAT, HSA/SOD, HSA/ASP ti3# 4, 3, 4 TH D, HSA 7% CAT IZFH
418, SOD 1233 3 18, ASP I 4 A L TCWAB I ED M ShE %572, CAT-HSA,, SOD-HSA, ASP-HSA, D% (pl) (5.2, 5.0,
5.0) S HSA O (pI=5.0) L [AETH o722 &h 5, K7 TAFY—ORMIABMTHDONTVWDE EEZ HbND. CAT-HSA, D@Lk
FAYLREIL CAT 2D 53, SOD-HSA; D O, FRZEHEIX SOD D 65%, ASP-HSA, DT A/X5 X U HREEIX ASP D 50% TH5H Z L
bhoiz.

[#534] W% a7, HSA % =)L & L7z CAT-HSA, SOD-HSA, ASP-HSA, Z#HTHML, ZOHE L BIHFLEEZH LML £
NENO(WEHE-TNT I V)7 T AY = ZIMMH BN 7225 ASSBINHEIFA], R FET B S o PH], AmEEmesE s UCHifFci
5.

(3zik]

1) K. Yamada, T. Komatsu, ef al., PLoS One, 2016, 11, ¢149526.

2) H.Iwasaki, T. Komatsu, et al., Art. Cells Nanomed. Biotechnol., 2018, 46, in press.
3) M. Nishikawa, M. Hashida, et al., J. Control. Release, 2005, 109, 101.

4) T. Hanawa, S. Asayama, et al., J. Control. Release, 2009, 135, 60.
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7OXTYU Yy JEFCERFRMMEZHM TE 5 (HBMANETI/OEL (CBA(R))-FIVTIV)IF7RE—
DERL

Omtjdi%sr, FHHBER, MMARZ

g LT B

komatsu@kec.chuo-u.ac.jp

[B8] e PAEZBUE Y (HbA) I MIGET7T VT I Y (HSA) ZfE LI (NEZUE V-7 VT I V)7 5 A% — (HbA-HSA,) &, 7RIl
RO & 70 5 N TEEFERATH Y. —J7, HRNO HHA 12132, 3-V R AR Z Y &) VEERA /¥ M= AFH 1) L EE(HP) 2
EOTBAT) v 7 WTAHEE L, Tense IRENRELE NS 720, BEEBANEILEERMEICHRANTWAS, L2 L, HbA-HSA, IZ7 O
27 v ZWTZHEMLCTHEBEBRAMERZEDLL 2V, ZHFa-AZ7 ¥ V4 3 F-w-~ b4 3 FEEHIA Cys-93 (B) 12 KIs L, IHP
OMEDPHHFENTVWE 72D THAY. TOHLRIET LA I FLaWZ2 AV 554 Hb WHTRILTRONL ESoTI v, AHTIE,
Cys-93 (B) Z BHATEMEZ: Ala ISR L2 GHIBZANEZ B Y V-7V 7 3 V)27 5 A% — (tHbA-rHSA,) Z &k L, Z N8 IHP iR CTHEE
AT Z R RE 2 N TRFEEMIK L 25 2 L 2SI L 72O THET 5.

[88] Cys-93(B) % Ala [CZHMA L7277 23 FDNA % H\C Pichia B 2 WEIEHR L, 2N %2838 T 52 L THbA(CO3A(B)) %
FARGHDA) #1572, THICEEHIN-A 27 v 4 I UN-3-% L 4 I F7RESF A — b iSMP) 2 JUG X8, 5 TKEICL AL I FEE
HESETR, rHSA & UG S8 5 2 & T rHbA-tHSA, Z &M L72. UV-vis AX2Z k)b, CD AX% b V75 rtHbA-rHSA,; ® 2 7 rHbA D MUK
G2 M0 U7z, $72, MREMEE2 SMERMEOIREDS 5 Py B L O HI R () 28 M L, THP BINH&ICBIT 2 BESEIED
ALz e L7,

[(BREEE] BRIKE), CD AT bV 5 HPA(CIZA(B)) D RAGHEATKIXHb LMl —ThH 5 Z &, HESNEB LT+ —vEEH
5 Cys-93(B) A% Ala IZHEIEI N T WD 2 & MR L 72, rHbA-rHSA; ® HPLC Hi#t, Native-PAGE, CD Z“XZ L% 5 rHbA 1 4T 12k}
LT3 3 0 tHSA A LTV B Z Edbdr o7z, HbA 1213 2 DDMURKEED D 1), oxy Ri1E R AKHE, deoxy fKiE TIREZR £ 5. i
#} tHbA (21X, rHbA-rHSA, (deoxy £) @ 430nm (2B AWK, 287nm 2B 2D CD /N Y FIZ EH L2 &5 5, rHbA-
tHSA; @ deoxy I TIRFETIE 7 {, RAIRBITEV R IRBTH 2 L LI D, KD HbA-rHSA, |2 THP % 700 L T b B HAYE: (Ps,)
3L L o 7228, rHbA-rHSA; 2 THP 2N A 5 & MRFMMEAIIAMIZ S 7 ML, Py 13 10Torr 225 16 Torr \ZHEMM L 72, fili-K
RYHLRR I O MR AR D 2 f5 I 35 2 L2k .

[#536] Cys-93 () % EIRAITEEZ Ala (228408 L 2241 2 Hb 2 IV 722 5 2 % — (tHbA-tHSA,) Z &K L, NS HP I TR A 4o
EMEITE D N LERFEPAL 22 2 L 2L L.

(K]

1) R. Haruki, T. Kimura, T. Komatsu, et al., Sci. Rep., 2015, 5, 12778.
2) Y. Cheng, T. Shen, V. Simplaceanu, C. Ho, Biochemistry 2002, 41, 11901.
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vy hHIMMES 3 v 7T IVE AV - HemoAct™ OF hEEEM
OREBHE ', WEEmA FA #t' AEREL TR AkEZ? MIRZ!

DHIRR A BE A, 2 R AR

komatsu@kec.chuo-u.ac.jp

[#E] ZrxIANEZTVY v (Hb) DG T-REI 3oL MILFET7 VT I ¥ (HSA) ZiEE3E-a7-Y 2 Wi (~Nesa -7
VT3 V) 7 5 A% — (Hb-HSA,, HH14 “HemoAct™”) Z BI%s L, AN TR HEMARA & L COERLICIT 22 ED TV S, K
T, 50% BIIC X 2Ty MIIMEY 2 v 7 EF V&2V, P - JEBREEEIZE, MRS NRA S X O A A 55387 5> 5 HemoAct ™
DA% - L 720 THE T 5.

[52B&] K3 > Hb & HSA % B REMEZ4EH] N- (B-maleimidopropyloxy) succinimide ester & JHW T A L721%, B4+ o5y u< b7
5 7 4 — (Q Sepharose Fast Flow) {2 & ) A&t HSA % B2 L, HemoAct ™ ([Hb]=5g/dL) % {572, Wistar RHEVET v b (IRE : £ 250¢) 12
F U CIRBR MR D 50% 2P 5 2 & kY 3 v 7 IREE L L721£12, HemoAct ™MOP 502 X B854 % 1T - 72, RillbB L OlE
Wi, Wiimas, Bimpss, 52050, 1, 3, 6hr OFF6IEm E L7

[#ER EE2E=] FHFIRME I, 50% B X ) BLILRT O 30% T T T L7255 HemoAct ™MD 512 X 1) BLILAT & [FIAREE T CTRIME L,
ZOBOLRE LR Z /R L, RILEREE X O Het fEld, HemoAct ™¥%5- B BRI AT DK 40% (iR L, ZOBROEFIIR S i
o7z, BIRILEER 20 3B AR L2 B L ATl DY 150% F T L5 L7245, HemoAct ™¥%5-(2 & 0 Bl & MAEE T CTHIEL, Zokd
SEIMEEE FIREOHERS 2R L7z, F72, BUIC X b F5 L 7= 5Ll 13 HemoAct ™#% 5- 1 W 12 BAIILRGT & [FIAREE £ CRIE L7z, LLEoOk:
B2 5, HemoAct ™MASHIMMEY 2 v ZIKEES v POWEICHHNTH LI LW SN2, AEFOMRIMERFEY & L COHMMEDIIR
a7,

(#3R] 7 v PHED 3 v 7 EF VBT 2000 - EERBIREBISE, MLCF IR, B X OB 2 5347 5> & HemoAct ™MD R IMLERFLR:
e LTofmtkzshic L.

(k]

1) R. Haruki, T. Kimura, T. Komatsu, ef al., Sci. Rep. 2015, 5, 12778.

2) K. Yamada, K. Yokomaku, T. Komatsu, ef al., PLoS One 2016, 11, ¢149526.

3) R. Shinohara, T. Yamada, T. Komatsu, et al., J. Phys. Chem. Lett. 2017, 8, 819.

4) H. Iwasaki, K. Yokomaku, T. Komatsu, et al., Art. Cells Nanomed. Biotechnol. 2018, 46, in press.
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4-7 T IVEERF R U AOQIETIVT I LS ICET 3 EE (LS HE
O/NHEERS 2 BHEA, WERA°, BB dul #C°, ke 2

VAR, 7 SRR DDS WFERT, R PR AR B A, BUS SRR AR, R
otagirim@ph.sojo-u.ac.jp

[#E] 4-7 == )VEEEF MU 7 4 (PB)IEHRAE, REVA 2 VEFEEOBFIIHVOENTWED, A b Y7 & F VAbREE RS
LA N L ADY R EERELIRNCE Y, SORIHRISHPMEIN TS, LirL, T0F V87 E T 2 1EHIZ 7%
{, PBOY MIBITHHEWERE N A - BIVEH & OBREE 2 59 2T, F72, SHERBWIC BT 5 KW BREF f OHE %1
F—FEE MIINETSH) AT, ¥ o7 EGOFMEIIRLTBL I ENEEEL LS. ZITANIETIZ, PBOTILVT I VIZBITA
AL ISR AT A MEEORINE T 7.

(RER] BUMEBIE HOLANXY PVik, CD A7 MV, SRARRIARED X O X MR EITE 2 L TPB O T V7 3 U flif
% SRRV EAf L 72

[fER EEE] PB, TOHYW R OBEMEELEm VB L), wihd e MIGE7 V7 I ¥ (HSA)ITBWT, ¥4 b I~NGFR
MIZHEAELTBY, ZOHMMER, 722V EINVRFIVIEMO T IVF VA RIEKAS L Tz, RO THAICHES L TWwE T 3
JWERRIEFME L7, 411 Tyr ROV 410Arg BB TH L Z LB S L o7z, & 512 HSA-PB HATRD X ks i & AT o 45 31
XV, PBOANVKF Y NVILTHSA BT B A N IHIHD 411 Tyr, 410Arg S 0 489 Ser DHISH & K EHRA 2L, 7= = VIR
TV F VRSB TER 7 v b & vander Waals HIE/EHI LCTB Y, 4 7707 2 RV 7ENRL LHPOKEATHEELTWAE T L2
Lhkol, MAT, PBOTIVTIVEEGE, T XTOHYWHETHSA 5T LEOH A N IITHE T2 EMARALTEBY, HSA [k
2, BURMEAEAER R OB L EH A S L Twb 2 edRIEsh, ToFMEE, e ey Yy, 9 HFE 59 VTV T I UAE
NENFPL TWBZEDHBL, PBO Ry F Y I R=ZXHh 5, HIVKRFIUVHIZ, Arg, Tyr KU Lys EHESEH L TwWiz28, £
DOMAEDLRFRHWREICL VRG> Tz, 72, 7AVF VIR Y7 = = V3L, Leu, Ile, Phe MU Val THERK S 2 BUKPEEIIC
MELTWZ, BRI 7V TIVICBWTE, MEEBRROFy Ry 72 AVF -2 0, RS A N OREY 4 X0
AR STz

[#E] AR ONTMAE, SHEENEH T 5 PB RUZOFEROE MBI 5 B)RE K OB RO BFE L) piT,
B4 R ERRANIRIRICH SN LB R I EE R R e E 26N 5.
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GSSG AU RV — LD LPS flg~ o O7 7 — S H#MaIcxt$ 208
OFHME' ZEJNEN', REEHF'

U LA FH RS R A B S B 2B T R
amuzak.06.ihsoy@akane.waseda.jp

[#E] ST HEM (ROS) (ZHIEARIC R 2 KB > 27 ZZR 2R W—0T, #HEICHFLET S EMILA ML AL %> TRIEZTI
ERIT. ERNO ROS BREWETH 5 7N 5 T4 I3 IeR (GSH) & LA (GSSG) 25FfES 5. ROS BEAEH % &2 GSH ICH
LTIk % BRIFEX R & o T DD, EBRICHTT 2BUCIIAES T GSSG ICFAL SN 5 HASTEIC e 5. )7, GSSG (3iFgeslnsd
VOO TGSHICHZMICEILEIN L Z ENAMOLNTEY, GSHOEIERE L L TOWREESMIFF SN D, KIFFE T, GSSG
FRNOSELZ)RY =2 EHFHL, FIUTI > TLPS I~ 27 07 7 — VRSN~ GSSG % &k L 72BE ORI AN O W TR %2179 .

[52B&] DPPC/cholesterol/KOC16( V) ¥ ¥ 7 FF Y HEIRE) =1/1/1 OIRANEE % 20mM GSSG AW (pH 2.9) F 7213 20mM HEPES (pH 7.4)
TAFM U (FRERE 10mg/mL), T2 A MV—3T 3 VFEICTHRFE%Z K (00.45, 0.20, 0.10 um), #0575 BEC X 290K MHO KN
GSSG D Fx#: (4T, 330001pm, 30min) % #% T, GSSG W&V KRV — A0HRK & 1572, &KIZ, PMA Hl# (100nM, 18h) % fii L 7= THP-1 HHE
<707 7 — IMMIRIC LPS HlE (0, 1, 5, 10 ug/mL, 2h) 4Ty, FRILA b L A% 5 2 72 R CHREREE 25 uM @ GSSG W& RV — AT
B 72, FARIC LT, 25uM DZ8Y) RY — DL O 25 uM DZ81) R — L +GSSG ML 17 o 72, 2Dk, 24 B O o5
Ltk ® WST-1 2 & LDH 2 T& 4 3Fli L 72,

[(EREEBE] AMLAYEY —22WHTMIIL2E 25, 250 Ky — 23K 4% 151 £39nm, (BA. 62.1+3.6mV TH Y, GSSG N
U ARY — AITKTFE 149+ 35nm, (TEAZ 49.7+1.6mV, GSSG i 22mM (IREWE 10mg/mL) TH -7z, F/z, WST-1 &£ LDHIZX 3
D ORER, IRV — 24, 22KV — A +GSSG WIHE TIIGTEACT & M LA 2580 H 17278, GSSG WA K Y — ALl &
NOEDBREDONLED o7z, XoT, AMEHS LPS R~ 2 0 7 7 — UM 2 A0 F 4 W) By — 2 oM, B X0
AV — 212 X DM ~E X N7z GSSG DI ERN FATRIB X 7z,

[#558] LPS Hi & Ma L 7- THP-1 Hisk~ 27 07 7 — VBB LT, HFF M) Ky — A IZNA S N7 GSSG 1Z 2 Dl i1k % %
L7z
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— i ERE V-2
)R — L E /MDA EETE T 2%
OmEHET ', " KmEE!

UL FH R 2R 2 B S A B A Ze
keiko.n@akane.waseda.jp

[#E] i/ REIL I GR A RE R KERILOE#REE L TAMTH 508, BIMRESRETH V), BIYER EORBIER B2 ST
WB Y MR TR, KRBT 2 MM & LT HI2-(ADP) U R Y — A 2B LT & 72, ARV —A13)H
V— AR LI SN T 0 7)) 27 Y y S CR K7 X TF K (HI12) 24 L TEEAL LM _E o GPIIb/IIa \2&EA$ 5 2 & T, H
IR AR B R L/ IMRER S 2 B3R 5 Y. ABFZETld HI2-(ADP) U R Y — 2 ORRIREICA H L, M/MRE DRSS RER OF &
ERAL D [H E & AT - 72,

[3EBR] 96 7 = W H T A7 L — MCU/IMK, H6EERY RV — 4, M/IMEZ TGS 5 ADP 2RI L, e L7-tk, SOLHEMEEE VT
M/MEEESR O G EE#Y RY — OB R NHbERE21To 72, 72, VRV —208EHEHZ VT, VARY =4 L lVMED
WAEZPHELZ BWT, MY RA 72273 a i) F v 42— 225 —PIHHIHL (CHO MIH) IC 82 AR 2 3B L7z, it
FeREHE ) RV — 2% CHOMIFRZAIML, 72— 4 b X Y —ZFWTYRY —24 & CHO MDA % 5 L 7-.

[BREBE] VARY — 2ZIEIRE OB ERAARICMMUES RIS E AT -2 25, VRY =LA LIVMIOMEEIZIZZ DR
BG$5 2 EaR SNz F72, HAREPANCL D M/MREHEHFICEZAEINL Y RY =AW L2 ens, VRY—A
DIM/MEE DR ERREARE I Nz B2, KREEHE) RV — 2 I3ZHARFEB CHO MBI RIS L7z,

(#&5R] VAV — 2 OMBIEEIZ ) AV — L LHi/MLE ORFEIZEG L, RIFEIZZAERICHERISHG T 5 2 LavRk S he.
(3ziik]
1) Blajchman M.A., Transfus Clin Biol, 8, 267-271 (2001).

2) Taguchi K et al., Drug Metab Dispos, 41, 1584-1591 (2013).
3) Okamura Y et al., Transfusion, 7, 1221-1228 (2005).
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—fi%ERE V-3
BEMURY —LEMMROBEERESHEICE T 5%
Ol @', WURRT ! R

VLR BRSO A B e BE AT JE R

nsurmmr0806(@asagi.waseda.jp

[#E] i/ I i MOR A IE e KB B OERDEE LTENITH 55, BUNREDSHEETH ), EYEZR EORIEH RS S T
W VY MERR S TR RIS, KRBT RE A /MU & LT HI2-(ADP) ) RV — A 2BAS LT & 7. EMIHFESATHS
T4 TN — 7/y%CX%FrﬁA?%FGﬂﬂkmﬁéhfw%m¢ﬁﬁﬁ%EMmﬁﬁwﬁ FCHY, ILMEEE AT 5 2 & 25
WZEEI SN TW B Y. F 22T RIE A S ) R Y — 2 IZEERIRE O BRI MM ESIT IS A X AT Z LR SN, £
ARG T H - BB ﬁPM%AmL BEMY ARV — 2 LI/ E DRSS REDFN 2 17 - 72,

(%ﬁ]3ﬁﬁ@ﬁ BERIEE 2SR L7, ZOEKIRE L DPPC, I L A5 T —)l, PEG-DSPE, DiD % {R& L7-8006IE#) Ky — A
B 2 KA CIBL L 72, %6 C, EVE v b (Hartley, Male, 8 weeks, 450g) % S ClZMEEIC X 0 IME 2 FRILL, &M LT
V10 &5 X 91238% 7 Z VBT M) v A ZRE L. &% #0508 (1400rpm, 10min, rt.) L, R{HED PRP Z XL 7. KIZ, PRP
[H] £ D MLHE % T 55058k (5000 rpm, 10min, rt.) L, & PPP Z WX L7=. PRP, PPP ZiRA L UL/ 20 X 10*/uL @ PRP % #
BL7 KIS, 96 7 =)V 7 L — MM (20 X 10%uL, 50 uL), HEHERRY R Y — 4 (200 uM, 5uL), IM/IME % G S 2 ADP (1 uM,
Sul) ML, FV= ¥ (8%, 60ul) TR L7z, @B % v T/ IMUEHESL R O SO ) R Y — 2 OB L O EOLE =
it o 7.

[HREEE] AL 23FEOABMITE I ESIMS, HNMRIZE o CHEZ 1T o7z, T3MEOGRREER) RV —LE2FNZE
B UM L 72 & 2 A, KT 24797, 261115, 219%86nm, ( BWAL-22.0+0.2, -202%1.0, -35.9%£02mV TH-72. Ih
LDYRY =A% 30 HRICHEMMETFM L - 2AETAON L o7 F2, URY =20 CEMOBAOMHEIIEMT 5128, 1/,
WEEIIICEB EATNL YR Y —20RPHINL:. CNOOREEZ LA NS FATRLIZEZ A, MM CERMESEETIZ) R
V= A mIZIXIEOMH R SH H Z L AVR ST,

[#558] 3 FEOAEMIBEOSMIILII L, BEMY R Y — 4 LMVMIE OFEETEIZY RV — 20 L BIIKFET 5 2 LRSIz
[3zk]
1) Blajchman MA, Transfus Clin Biol, 8,267-271 (2001).

2) Taguchi K et al., Drug Metab Dispos, 41, 1584-1591 (2013).
3) Hagisawa K et al., Transfusion, 55, 314-325 (2014).
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— g ERE V-4

HIM4 3 v 75y MCHT 3AETOE /) faEEE5HFF Cytochrome P450 FFXEIZEYDAREIREICS
% 244

=
fHREIER |, OHIFIN %, LpEe 2, IR Y /N

VERMOR IR, BIESRROR IR, SHOR DDS BFFEAT, ¢ 4% RIL S BERFR AR
otagirim@ph.sojo-u.ac.jp

[(BE] ~Er7oe /M MukHbV) X, WMk EICX 2 KERMEF TN TA2HEHIMEIN TS, 2ok aRENIEZIZBY
TIZ, HbV #2512 X B8R4 & [ 5 WISERERIC, HREEEZ IR & L72H 2 OYEROERAEE SN D, HbV 520 Y O
7% EDERNBREIZA & 2 D8 % RT3, IHHEOEMFEBMWET L2, SICEIEHO) 278 E o720 3 2 gtk %
ZHND. fto T, KEMIMIZHES HOV #5250 HSEM ORNEIREIZ 52 2 582 FHIT 5 2 &%, WA O BLE A S b Tl
EThDH. AL T, FFEICB T 2 EEEYNAHEIE TH D Cytochrome P450(CYP) I H L, HilitEs a v 7 EF VT v MIxts 5
HbV #4255 CYP M ASEY ORNBYEIC 5 2 5 B O W TG L 72.

[EB&] 50% itk g v 7 €7V T v M HbY, HfEB X OCRAFRINER (7 H BRI OV hvh 2 Bl & S g L7z, @i 24 5
MR, IS 7oy —2aZ2 L, s CYP4 45 FHE(CYPLA2, 2C11, 2E1, 3A2) DFsHIE K O #HE: % Western blotting & in vitro
JLERHREBRICTENENGM L7, F72, CYP4 20 FE(CYP1A2, 2C11, 2E1, 3A2) B A9 & M B & I3 (CYP cocktail) % #
RIS L, R3EMOIEWBIREDZELIZ OV T LR 21T - 72

[(BREEE] ML a v 7ETVT vy b EZEHAERCRINE L, #2E 24 RO CYP 25 FHERI & > 73 7 H 5Bl % Western
blotting THEFS L 72454, sham #F & i LT HbV # T CYP 0 FHiO &N 2 B2 O TABIL SN/2d 00, O T IZARIMER
BICBVTHREN, —J, ARIMEREIMEE & R LT HbV BB VT CYP4 5 TR RHEEICE TOR TR0 s hi. 22T,
AR 24 BB OBy a v 7 EFIVT v MR LT, CYP cocktail RPN E)RERER 2 1T o 72454, sham #E & S 5 & HObV B L O
ARIMERTE CTRIEY O LAELE L7255, HOV BB W TIIRIMERTE X ) bW SEY N JHBILE 2 /R L.

(#&5R] KM IC % 2 HbV BiIiLiE, JF CYP & /87 BEBEOMT & CYP AUBHHEOAR T ASHHMIIC B L, CYP By

DHKEBIEZ S 7253 L EZ N2, ZOBRIRIMEREMEFTHMR SN2 L5, HoV #ll X 25 RM2EE V) L0k
RE MM HE ) $RAEISER S 2520055 L Twb L &R Hh.
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— g ERE V-5
{L2EHAEIOE > DaY T1Zy FTHBRIE

OB &2 AR, WA=, WIFRRK
S SV RY S N VR S -

mattu@naramed-u.ac.jp

[#E] HRimzkhr SHEEIh/z~NEr 0 ¥ (Hb) % FR & L THW 72 AL EHK (Hemoglobin Based Oxygen Carriers, HBOCs) %, 77
MERREY & LR AW5E058ED 5N TWAH. Hb 220 F FMAENICRS LS8 T 2 EELREWEH A RS 5720, U~
NRRE/MIARIC A & 72 Hb /AMIA™ (4 72 L HBOCs) DIEA, 5 F-PI4UE, PEG 12 X 2 E£HisHI, 7> ¥ AEAREDHEITLY,
B2 Tl & FEO LA HBOCs 23 S LT & 72, Hb I3KBEHIZ BV T a,B, R & apf —EAMEE & OFHIREIC R %
CERHSNT VDD, ZOMBEERIE uM A — 7 — /RS, ARSEET CIRRIHGILE R NUREEEZ R TWE Y. 207
B, EARIREEL 722 & 2 RIRICEET S L7z HBOCs %\, AWFZETIE, 2 ARD PEG TILAB4I S /- HBOCs &, fbaaEfi s
T\ 72\ Hb (native Hb) & ORIT, RMETPM 2 M L7z ab 722y FOLRBREARZ 52 L 2522 LR,

[2BR] ARIMERA S HEEX N2 Hb 1Y L A I N TR %A L7z PEG % KIS 248, 2 f@HTo B93 Cys 25HEINMIC PEG 1k 172 HBOCs
(bis-PEG-Hb) % &1 L 7z. Bis-PEG-Hb & native Hb % PBS (pH 7.4) HTIRA L, #iv>T B82Lys [l & BIRMWIZ 55 FNEUE T % i3 bis-
(3,5-dibromosalicyl) fumarate (DBBF) % St &, £ E A4 Ao u~ 2757 1 —(SEQ I X V404 L7z, 0 F=EA%2kDa 20 5
40kDa ¥ TH7% % PEG & W THEBZ 1T - 7=

(R EEE] 2 KD PEG 25454 L 72 bis-PEG-Hb & native Hb DA A DBBF % b 4, o,p, A MEL/72L 25, PEG A1
AT HEA L7z mono-PEG-Hb DFFEENMER S N7z, ORI, AL T CTHOMEETFEE2RE Lz op 722y PRI ITHE
BIHEITT 2 2L Z2RB LTS, E—7 ORGHD S HRAOIHEE KD, K1) 2 SR FH MK, 2 HH L2 L 25, PEG D5
FROBMIEV K, 1208255 286 TWALZ., 20 X) RIS, bis-PEG-Hb IR 5T, MafL2EMi% HBOCs (235> T
HRIVELEEZONS.

[mono-PEG-Hb]*

K o 1
“ [bis-PEG-Hb] [native Hb] (W

[#55%] Bis-PEG-Hb & native Hb & O[T, fFEEFHAZRH Lz ap 7 2=y MRS 22 2H LN L A TVl
HBOCs Tl @R OREEDOFEEIL 7 WS, L5 HBOCs TIZMFRESSIR I D 9 5 2 L 2 BB L 72itGt s EE %2 5.

[B4EE] AWFFe I3 RHFE: (JL4% C, 17K01367) OHil % 21 THED S h 7.

(3zik]

[1]Kure, T., Sakai, H., Langmuir 2017, 33, 1533-1540.

[2]Acharya, S.A. et al. Hemoglobin-Based Oxygen Carriers as Red Cell Substitutes and Oxygen Therapeutics; Kim, H. W., Greenburg, A. G., Eds.;
Springer-Verlag: Berlin, 2013; pp 185-234.

[3]Matsuhira, T., Kure, T., Yamamoto, K., and Sakai, H., Biomacromolecules 2018, in press.

36 ALK Vol. 26 , No.l, 2018



JRE

EORXETAVEIZ/ —ILIFAZEICLS
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Optimization of the Preparation Conditions of ADP-Encapsulated
Liposomes Prepared by an Ethanol Injection Method with
Multiple Regression Equations

ByARM o, R EA
Genki Komakine, Shinji Takeoka

FIHHER

Iy )= WEABELEIZ A MV—Ta YERHCWT, ) YIRE A TRUNMAE (VRY —L) ~RBEERELTTT VY
) Y (ADP) ZNUAIRHNEIEL I LR HWE Lz, fis OB EZEE L TEl 38 MOV » 7V 28tk ADP N
HENURCET LT -7 2EMLER LT o7, KICEBEIH A5 ADP WE i &L WU 2 HIWER E § % HG2 K
O, KT A—=F OEBEDMBEIT 2T, TORLETOWTEMER D FHREERICHT 25HRME» S E R L.

Abstract

The purpose of this study is to explore the optimal conditions for encapsulation of water-soluble drug, adenosine bisphosphate
(ADP) in the preparation of phospholipid liposomes by combination of an ethanol injection method and an extrusion method. We
changed conditions to prepare 38 liposome samples and analyzed the obtained data of the ADP encapsulation amount and the
encapsulation efficiency. Then from the multiple regression analyses, the multiple regression equations of which objective
variables are ADP encapsulation amount and ADP encapsulation efficiency were obtained. We made the order of importance
for explainable variables and discussed about validity of this approach from experimental data and calculation data of molecular
assembly.

Keywords
Liposome, Ethanol Injection, Extrusion, Encapsulation, Encapsulation amount, Encapsulation efficiency, Multiple regression
analysis

1. MEER 2L, EWENLIEDLEMIREMEOBRIRER KM 7 o

U UIRE A TEUNMER (URY —2) &, WARHRIEEZ
PR S A R IRV T g ) & R & &, K2 PR Y
AV FCTREBHISELZ LICX T, EPIBAIZRIZE 3.
Y% 83 5 v A5 5 (Drug Delivery System, DDS) & LT
HEHEN, B2 20 MHIEL O Ry — 2 8% (AARTIE3 WA
DO&H) PRI LTI TS, YWIRETIE, HREZHRIER
REREBROBMAMEZZ 2 V=Y a3 VK -T, K
BT EH SN EYNEY) RY — 250 ERB L& L

L 2EAEN, TOHBMERAr — VT v T EICIEDE
ST, b, VRY—2BBEIZIHwOREHHEL
T, 2% —VEAEYRD L. ZolhERRAKEEr T ¥
= WVIZRAICHEMEE, TREHEEL TV KREARFICEA
THILIWZED, ¥ —VIZKERELTIHRL, REST
BB THTHEE LTI RY — 22T 5. ZORKEE
RIZFDHEM LT KENEM 2 NET 5. VRV =20k
Bix, =7 —NVIEAETHLRMHICI > THIE SN D 2, 20

BRI R o T JeR A a2

T 162-8480 I RTAR B 4G X A AR T 2-2 TWIns Department of Life Science and Medical Bioscience, Graduate School of Advanced Science and
Engineering, Waseda University, TWIns 2-2 Wakamatsucho, Shinjuku-ku , Tokyo 162-8480 JAPAN

et 2018 4E 8 H 25 H AU Bl 2018 4F 8 A 27 H
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BOZZAMNV—VaVIlEoTy Y —7ICHBISh, Z0k
CHEZLZENONLHWFTE LY. =¥ ) —VIEABREN
ORI BNES T, Ar—NV7 v 7HWHETH 5 Y. LIPEX
Extruder Z iV 2 hEY T, BEREO LY 7 — Vi & %
WOKBREDBEZEATITA v 7 IFH—12LoTLH V4
YTV, KM 2 X M V—F — 2 I CRARDSHIE S h 7238
PN RY — 2500 E RS 2 ETHY, Ar—nT vy
TIENL)RY — AR LTREICTHRTEhTw 5.
HL, ShOOREBEICBVTHYRY —2ICEYEZNLIE
BI2ODIINTG A—FZLMIThblzo THMEELTEBY, %
ROEBEERTOFRMGHEESVLEL IS,

WET 5720 DRBELEMORELE L ERFHO—-HTHLE
FIRAATICTIT) S 2 HWET 5. BO N ENE 0K
EELEL, MEORUMEEFMT L. FL UTKIE, MM
DOEEIEN 2 iR X2 58k %2 A3 % HI2-(ADP) VRV —2A
THERBOHLTF ) Vv Y (ADP) 2®AZY. %
72, MEREORE E LTI, VARY —2FKm%Z HI2 IZTHBH
LTWARWYEY — AORGIFEZ RO TEAZ .

2. EBAE

2.1
1,2-Dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC),

ARFZETI,

CHDIEY ) —NVIFEAEEZ A M=V g vk
PRIGDEYRY — ARHBEICT, WY mBREICEYERT

cholesterol,
(DHSG)

Table 1. Injecting conditions of the lipid mixture-ethanol solution to the ADP-PBS aq. solution

1,5-dihexadecyl-N-succinyl-L-glutamate
i H A K AL 2~ 5 W A L 72, 1,2-Distearoyl-sn-

No. Lipid mixture-ethanol solution Ethanol injection ADP-PBS aq. solution
[Lipid Volume Temp. Injection rate |Inner diameter| Stirring rate Volume [ADP] Temp.

mixture] (mL) (C) (mL/sec) of injector (rpm) (mL) (mM) (C)

(mg/mL) (mm)
® 50 0.15 62-66 1.8 0.5 600 235 5 56.0
® 100 0.15 62-66 1.8 0.5 600 235 5 55.0
® 200 0.15 62-66 1.8 0.5 600 2385 5 525
@ 300 0.15 62-66 1.8 0.5 600 235 5 55.4
® 300 0.30 62-68 1.8 0.8 600 2.70 5 60.7
® 300 0.60 62-68 18 0.8 600 2.40 5 56.5
@ 300 0.90 62-68 1.8 0.8 600 2.10 5 489
® 300 1.20 62-68 1.8 0.8 600 1.80 5 53.5
O] 300 0.30 60-66 18 0.8 600 2.70 5 55.0
() 150 0.60 60-66 1.8 0.8 600 240 5 579
a 100 0.90 60-66 1.8 0.8 600 2.10 5 56.2
®@ 300 1.20 62-65 1.8 15 600 2.30 5 225
® 300 1.20 62-65 18 15 600 2.30 5 225
@ 300 1.20 62-65 1.8 15 600 2.30 5 48.0
® 300 1.20 62-65 1.8 15 600 2.30 5 43.0
() 300 1.20 62-65 1.8 15 600 2.30 5 59.5
a7 300 1.20 62-65 1.8 15 600 2.30 5 59.5
) 300 0.90 62-65 1.8 0.8 600 2.10 1 60.2
©® 300 0.90 62-65 1.8 0.8 600 2.10 5 575
20 300 0.90 62-65 1.8 0.8 600 2.10 10 60.6
@y 300 0.30 62-68 1.8 0.8 600 2.70 5 58.2
@ 300 0.15 62-68 1.8 0.8 600 235 5 59.8
@ 300 1.20 60-66 1.8 15 600 2.30 5 60.2
@ 300 1.20 62-65 1.8 15 600 2.30 5 584
@ 300 1.20 62-65 1.8 15 600 2.30 5 584
26 300 1.20 62-65 1.8 15 600 2.30 5 584
@ 300 1.20 62-65 1.8 15 600 2.30 5 534
@ 300 1.06 62-65 1.8 15 600 294 5 584
@9 250 093 60-66 1.8 15 600 3.07 5 59.2
30 300 0.93 60-66 18 15 600 3.07 5 56.1
@D 300 0.90 60-66 0.225 0.8 75 2.10 5 525
32 300 0.90 60-66 0.225 0.8 600 2.10 5 51.7
83 300 0.90 60-66 0.225 0.8 1200 2.10 5 53.2
84 300 0.90 60-66 1.8 0.8 75 2.10 5 54.6
35 300 0.90 60-66 0.225 0.8 75 2.10 5 50.1
36 300 1.20 62-65 1.8 15 600 2.30 5 62.5
3 300 1.20 62-65 1.8 15 600 2.30 10 534
3 300 0.90 62-65 0.225 0.8 600 2.10 10 64.0
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glysero-3-phosphatidylethanolamine-N-[monomethoxy poly
(ethyleneglycol)]) (PEG-DSPE) & HiliZ» HHEA L7z, H12-
PEG-GIu2C18 13 3CHk ¥ 125t » THIERICTAK L2 b 02
W 7z, ADP X Sigma-Aldrich £k, Octyl B-D-glucopyranoside
(OG) 1% Carbosynth fE:A SHEA L 7.

22 URY—LDORE
DPPC/cholesterol/DHSG/PEG-DSPE ® 4 FiJHDIFE % 5:5:
1:0033 DENITZ Y ) — VICHERECHRS T 0
REMRE-T 5 ) — VR Z e w, FOIEREICR 2RI
ADP # M S THAEL TW5 PBS Bl ICNEDOR L 511
Yt org a2 g DM ETIEAL, ADP HEY RV —
Lo .. T hEd 7 X b v—%— (Northern lipids,

InclOmL ) T Z A MV —Ya v (74 Vv —fLE&E ¢ 020
um (Nuclepore membrane) % 2, ¢ 0.10um (Nuclepore
membrane) % 2 ) #{fo7z. HWT, TF¥J —IViREHNR 1%
UTFERLFEFTPBSICE>TAMRL LY VA 7O
29 7 4 — (Sephadex G25, GE Healthcare) #1417 CTHRNE
D ADP 5Ty ) —VEBRE L.

ETOF Y TNICBIT LY 7 —VEABICBT L 50%
Table 112, =%/ —ViEA T 7 A MV =T a3 YHEDY K
V= AR ORME (727210, BOKRRE, T8 ) —VORE,
ADP BFEIZ T ¥ ) — ViEABIIB T 2 5005 5 0iM5E M, R
GIREREX T 7 2 b Vv— a Y HOENE) LEokoy
A MN— a YREOWIEZ Table 2 1287

Table 2. Conditions of the liposome dispersion after ethanol injection and extrusion

No. Liposome dispersion Extrusion
Volume [Ethanol] [ADP] [Lipid mixture] Temp.
(mL) (%) (mM) (mg/mL) ()
@® 30 5 475 14 23
©) 3.0 5 475 25 23
® 3.0 5 475 71 23
@ 30 5 475 99 23
® 30 10 45 40.3 23
® 3.0 20 4.0 67.0 23
@ 3.0 30 35 89.2 23
® 30 40 30 1339 23
©® 30 10 45 265 50
(D) 30 20 4.0 283 50
) 30 30 35 27.1 50
®@ 4.0 30 47 86.5 23
® 4.0 30 47 86.5 23
) 40 30 47 87.7 23
® 40 30 47 87.7 50
(D) 4.0 30 47 86.9 50
@ 40 30 47 86.9 50
@® 30 30 35 694 50
® 30 30 35 72.8 50
) 3.0 30 35 787 50
@ 3.0 10 45 222 23
@ 30 5 475 15.2 23
@ 4.0 30 35 86.2 50
@ 4.0 30 35 90.9 50
@ 4.0 30 35 90.9 50
@ 4.0 30 35 90.9 50
@ 4.0 30 35 90.9 50
@ 4.0 30 3.68 90.9 50
@ 30 30 384 741 50
30 30 30 384 63.0 50
&) 3.0 30 35 834 50
62 30 30 35 84.6 50
@3 30 30 35 69.6 50
39 30 30 35 82.2 50
) 30 30 35 732 50
36 4.0 30 35 773 50
@) 4.0 30 35 90.0 50
83 3.0 30 35 82.1 50
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2.3 iRV — LOW¥EEHEE

22 THMBL72) Ry — 20 HICELT, VRV -2 DT
ket WREEE, VKV —20 ADP NEBZMEL. %
72, IS OMEA SPRE MmN L ADP NaM% %2R L
7z.
1) FifE

MR IEEDS02meg/mL &b X)) RY — 2 B2 G
L, ¥2xXv MZ1ImL#&ML, Zeta Sizer nanoZS (Malvern
Instruments Ltd.) ZHWTY RV —2okEzillgL 7.
2) BERE

Y VIRE C-7 A U a— (RDbHsE TR &4) 2w
DPPC#EZHIN L7z, 72, =% /) —VEAICHWZT Y b
ORAGME % E7 v 0V ABERICHER S TERBSILEEE
NMR AS400 (OXFORD) (2T '"H-NMR %l L& REDRA
Wk, DPPC HEEDOFHMEA ORI R 2 FH L7z,
3) ADP REE

URY — L5806 =4:1 (v/v) %5 XH5120G%Y
RY— LG HECIA, VT v 2 ARBEITILICED,
)R Y — 2R B S A TR L TN ADP 2 e TR S8 72,
HPLC (Waters) #H\WTHHELSI ) FY — MBI O
ADPEZJE L7, 2) THE L BEREL v, JFE 20mg
H729 o ADP Ha# (mg) ELTHIE L. COHMIZIAN
AT NVY0) DREIREREEZ 20mg L RELTWA I L Hh O
HIMIZHRD 7=,
4) BBEENEOES

2) OIREREOMELZELFM, =27 A M—23 VEiOY R
V=L ONREREZNEL, HRodREHFLI LIS
I EEREAEMLZ FRCLTZZ A V=Y 3 VDY
RY =LA HBICHEETNMEREZHEHBLL. (ea. 1) 225k
AELNE SN Al

EREA Ty
_IIA M=V 3 YBOGHIICE $h IR
IV AMV—= 3 VEIOSEEICE TN 5 IREE

x 100

(eq. 1)
5) ADP AaRNEH
3) THHMLZEYE 20mgH7-) D ADP NaugE, 4) TH
WLz A V=Y 3 VEDREEIPSOZZAMV—V 3 v
BOVRY—LZIZHETNIBADP 2 HEHM L7 (eq 2) 12
Lo TADP WaFEH ML

ADP WAURIE (%)
=U£V—AmmaéntADP®%ﬁ
L W72 ADP R

x 100

JREH 20mg 372 ) @ ADP WE /20
XIZAMV—Y 3 VEORER
HELZH W72 ADP R

x 100
(eq. 2)

40

24 I EIVERAVEERRINOAEZE

HIZ % ADP Wk & ADP WA E L7-. 3PIEH
X, a IRWE-= % 7 — VIBROIRERE, b. ADP-PBS 3O
FE, c. VERY =25 oy ) — Vg, d. VRV — L5
Bt ORI, e =7 A MV — ¥ — Dl f B, o
EAMEE, h iEAREONE, i ADP-PBS ##(D ADP i &
L7z, W2, ThZhoFMHERE 2%, 3%, 1/2FLzdD
&, BWHRBE L2 bOERMA, G5B ABIEKE L
72. Tablel, 2D 38 %Y T NEHVT, UIFTD1) »55) O
W T2 7 2V THEEIFHNT 21T - 7=,
1) SEHIFUBRICH 5 _THDIRE LR

AN EEBE OMBREZ R, £ EILHREEREED L
5 BRI LT VIF MalE 28 Lz, VIF MalE2s5 2
2% &% BV BAR AR S WRBASEL) IZHEE S he vz
W, VIF BEHED 5 22 255 13 ERE R T 2RwTE
WG 2T, HHEBIEFRERELVEL, EHoP
A& VARV & BRI AR L7z,
2) 2F1—7 > MEEEEBVEANEDRRS
HOHNPICAHBETRVWERZ RV, &ToHd I VIicHL
AF2—F v MUBREZREIBL, Szl iFHO
P TNVDAF 2 —F ¥ MEREE, ERERED> OHRE di 2 R
WIZERAERE R > TR 2 2 R, R & 7B 2 TR
Ediz#Hofit b, ZOFETE, iFHOY Y T LVORK
FERRKEVHEI, ThEBRVWTEEFEAEZRDLI LIRS
72, AR LR T hb. AF2—7F v MEEEOH
SHEAS2 L) KEWBEEEE LTHRA L.
3) BEELE"
ERAECL Y, ERERLGIHZTOMES RO (F f#)
ZRODTHREL, MIFRICHABETEVWERZ 12F2OWS Lz,
F2nl &, BROAEREIARTEVERE LTI L.
4) W70y ML 3ERROTHE Y

Zh7ay FELT, EBETuy PEEBQQ Ty MR
L7z, BT vy bCiE, SN, ik L 5.
FRAEDHEREITIE SOV T WS I ENEE LS, A D A
Ronz8a, EMEEYICHEEShTuRw E S h
5. EEBQQ 7uy MTIX, BENIFRAZ, HWElhilZFREdIER
AR BAOTHEZ & 572, 7T ay bA—EHEEIIER
L&, BRAEDIXLOEPIEBGANHE D LRI L7z,
5) {ZHELICL BIEOEERE DB
foNAEMEROERITIRERRE R LO5ME2 AT S
A5, WAL 72 B 7 DI MR R D IIRIC X > TEBM O E
FEERDDL I ENTER. ZOD, RN R E NG AH
fHohiztk, &TOFREMEZBEELL TEREGST 2T, 5
SNRE R L CEERE 2 e L7z,

. BREHSLUER

Table 31238 % v 7 VOREGRE LY / — ViE % ADP-
PBSIZIEALZZEEZED Y KV — 2 DR FEEZDHBTY X b
V=2 a YEPTEBEOREORINE, ZLTrvslisu~
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Table 3. Results of ADP encapsulation with liposomes by ethanol injection and extrusion.

No. | Particle size (nm)after | Lipid Recovery (%) ADP encapsulated Encapsulation
injection at extrusion amount efficiency (%)
(mg/Lipid 20mg)
@® 117+43 87 0.067 0.20
® 124+37 100 0.032 0.21
® 15443 85 0.073 1.10
@ 158+44 90 0.078 1.70
® 167+52 90 0.081 7.70
® 17959 89 0.066 12.0
@ 18655 95 0.060 17.0
® 21763 97 0.066 22.3
O] 148+35 82 0.085 40
(0) 143+37 92 0.075 48
@ 128+34 99 0.053 40
®@ 170+53 91 0.069 182
(B) 177+58 99 0.087 23.3
) 177447 96 0.071 205
® 168+50 92 0.096 238
172447 85 0.085 237
@ 17855 84 0.120 295
® 149+43 88 0.016 137
144+37 86 0.073 12.7
@0 14136 87 0.171 163
@ - - 0.058 31
@ 0.063 1.9
@ 0.104 259
@ 0.115 28.0
) 0.106 258
26 0.101 246
@ - - 0.115 280
@ 20175 70 0.117 285
@ 14940 95 0.085 182
148+39 90 0.078 123
@D 138+35 89 0.060 124
32 139+36 92 0.078 12.8
83 137+33 96 0.060 112
39 139+34 88 0.069 138
3 140+35 97 0.073 145
144+40 85 0.083 152
@D 142+40 54 0.162 17.0
38 138+38 89 0.177 179

FZ574—=1CEoTRNEDADP L 2% ) — N EBELT
Ho5N72 ADPNEY) R Y — A5 HGIC BT 5 ADP DN E &
ADP HAMEZ T L7, I L@A»5@EL sy ) — Vit
ALZBBIEMELI A M=V a v &2iTo 2720 E
N IR O BUEARIAL T 5.

ADP WEHIE (eq.2) XX oTHENBLDT, ADP WA
2N LI, REREHAY O ADP WEEZ N LS
5%, REBEDOTY ) —VIEREZFEALLZBEOY RV — 4
SEGEOBRE IR 25 < LTNE ADP OB 2z P iX X
W, ZLC, IBEEDLYVDOADPHRUEZMESE 51, =
¥ 7 —WAEARIC ADP % NS S8 2 BRICERIED ADP 2 NE
RELLMBHEZZ A MV —Y 3 VBRI ADP 2 Y RV — A
WCHICHNB S50 RDH 5. =7 AP v—T 3 VIFICA
VTG TANT—DIEI D B RELGRED) KRV — LR
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MESELBIT, VRV =23 TN EZFITRELSERL
—HRIEGM LTS R RY =L e b, FORRCREREI
XoTHAMD ADP 28U RY —LAIZADBEEZZOHNTWVWS
YL EOBE DS Table 3 # %84 5.

1) BBE-I %/ —ILERDOIEEEE DR

Table 3DH > 7FN@D, @, @, WX, FALY ) —ViEK
moORAIEEBREE % 50meg/mL, 100mg/mL, 200mg/mL,
300mg/mL & LCYRY —2%MBLAERECHL. =¥
J—=IEANBEICBWTIE, HEAERE, #iiEE, RERESO
NG A= ZPALERBILIZED, HABRICHEENS ) K
V— AORBENELL, HCT Y ) — VBT ORI % 5
T B ETEABRITHEEINE YR —LORBENPKEL R DT
ERHMSRTWS Y. REBRICBWTY, =7/ —Vviholfl

41



WEZBIMS 2 LRENKRE L R2HMIEO LN =5
J = Vh ORI EA 50meg/mL, 100mg/mL &¥ ¥ 7 Vi,
HEABOR LA 100nm 45T LF 2 K& S TH D720, Kk
LEOI MDA YT TV T ANI =BT AMV—T g
VIFIZH T TR A LR @EBLTLEY, =¥
A MNV—3 g VD ADP OWNEBIIMFTE L2 WIRITH - 72
LMD, ftoT, TZ A=Y g ko TREIITH
ZHEM SN ARE B 150nm) &R 25T 5 ) —ViEARONRE
WESNTIE, TZ7AMV—Ya yBDYKRY—20 ADP W
WREHMML-EERTE 5.

i)y, BREEICREY > TV TR E RARLENIZR S
WS, ADP WURIRIZT ¥ ) — Vol EiREZHD 5 I1I2oh
Bl roTWwWh, 72721, =¥ —VihONRERE% 400mg/
mL & LY, ML oTIREZ 7 J —IVICHRIZT
EHOOFEARIHLTLEY, T2 V=Y 3 VAR
WEETHY, 300mg/mL A5 ERTH - 7.

2) lBE-I 4/ — A&k E ADP ERDEALEDIRE

Table 30H% > 7 V@, &, ©, @&, ¥/ —VEEPO
MR I % 300mg/mL (2R U CIRE-T &/ — Vil D% i
Z % % 015mL, 03mL, 06mL, 09mL, 12mL & L, & 4
285mL, 27mL, 24mL, 21mL, 1.8mL ® ADP-PBS i #&
HEALTE3mL ) RY — 25l R LR ETH 5.

I¥ ) —VREEHEINESEHIZoN, VRY —LADREINK
ELZoTWwA, ThiZ, =%/ — VoW TY R
V—ADBEO T - WEIMEDSKELRY, T A MV—=TV 3
VIRRIZT ANV — @M LR D, MENHIESIIL L
hollvt¥zohb.

T/, TF = VIREERBNE 520N ADP PR IR
Py EB RN, RE-TF ) —VEROEG 2R
L7222k, MIxIC ADP-PBS i OE AR, TEA
BOYEY — ABESERD ADP IRENE T 572720 £ 25
hn. ADP WARERIZ, U EY — 25 B o IRE i o8 &
Edhicmb L My, BRERIDGRE, VARY —ABERONRYE
WEEDS120mg/mL DYFHICKE LT L 2, FRER
AT X720 ) RV — ABROMERML, =7 X b
N—3a VDA VT I T7 4N — FIZIREDS LY S
Nzl ThHsr9.

3) URY—LBERFDI R/ —IViEE DR

2) OFEETI, =¥ —VIERE Y R Y — A5 O IR iR
JERFFICEHE SN T Wz, =7 —ViRkEOREDAE
WAZLEMLI o7z, Zold, Y7 N0O, 10, MIZT
&% TR 300mg/mL, 150mg/mL, 100mg/mL D JRE T
% ) — VW 03mL, 06mL, 09mL %, =N ZFh 27mL,
24mL, 21 mL @ ADP-PBS ##ICIEA L7, ZOWEITIE, )
RY — A5 HEEO N ERIE % 90mg/mL I2#— X272 RE T,
Iy ) —IViBEEKLZ 10%, 20%, 30%& L7-.

Table 32°5H, T¥ ) —)ViRREEZ NS 4 % 2O REEDV
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E o TWAHIEISNA. Zhidl) ¢FLL, BYE-%
J =V ONRE IR Z KT S22 DITTEABROREIVNE
K rofzlzbEz2 505, ADP HEEMEVWOH 1) LFT
, BABOREI/NEP 5727207 A PV—Y 3 VI
ADP OWARRWIZH E Lo 728 e, 2) EFLEL,
PRE-T% ) = VBB OHEEZRODLILITL Y YR =25
B ADPIREDSH T o S B E LTEZIONS.
ADP WHEIZZ ¥/ — VIREOH I > THA L T3
LDO®D, ADP HERHEIZ45% D TIEEAEELL TV
otz 2, (eq.2) OHFo “IREREH72HY D ADP N
B RS LTHRO “REICH W ADP %R b FIC
WAL TVwAHEE, =¥ ) —VBEOBEVF Y FILVITEY R
V= AEWORESTA), =7 X M= 3 YIERE IR
PEFE-T (eq.2) OHTFO “WHRBZEOIREE" BE kol
MAICEBEEZOND.

4) ADPBRDBEETI VX ML— 3 L BEDBEDKRE

Table 3 D% ¥ 7V@EB), WL®), LTI, RE-=¥
J — VIR WIE A K o ADP-PBS ¥ i @ L E % % & 225,
480°C, 595C EZIL& &, VAV —LAZRABL. T2, Fh
ZhoH% vy 7V 2201245007, ©@, @, 013 23C (Fi) 12T
IZAMV—VarEifv, 9500, ©®, @ix50CTT
JAMNV=Y a3 v EfTo iR TH 5.

WARZY IV THICEWIZR S hadh 572, ADPRAR
&, PBS, =7 A b V=% =3I L 725 AE L o T,
ZhiZ, PBS OHAICIZT ¥ /) — ViEAKED Y BV — 2 DK
2 ADP O FEBERET Y, 7 A MVv—Ya v O¥E
W7 4V y — 2l HBIC Y R Y — A OO 5 1F # Tk )s
EED, ADP ANAMICAD R T hol/d s HEibN 5.

PR RS D 4 oM R Sk d o 7255, ADP DL
AL ADP N L W UM EZRLTBY, ML) FEL
o Tz, ZhiE, ADP WA =AW LAY ADP NERHED
M ECEE Lo b Dl lbh s,

5) ADP-PBS A& M ADP i2E D&t

Table 3 D% ¥ 7 V@®, ©, €T, %4 ADP-PBS &R
ADP #EZ 1mM, 5mM, 10mM EZELTYRY —2 %2
BLIMERTHS.

HAAEZY VY I VBITKRE ZEWIZ R, ADP Wi ADP-
PBS OB B L Z B LTz, ADP WaRh%, If
BRNRICIERE ZEVIRON G o7 (eq. 2) 2BV,
GT0 “FREEHY O ADP WEE” ZiELTwa2s, [
Hz, o “HELZH W2 ADP o#fR” kLl Twasz
DTH5.

6) ERFXNEH X AFHOREL

ADP Ha %2 HWEA K & LT o2 mEEs (eq. 3) &,
KO PR A R 8 % Table 4 I[ZR§
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ADP Wit (mg/ I 20mg)
=0017i+0.0094h’ +53x10 ' =51x10 "¢’ +9.7x10"*b* - 0.046

(eq. 3)

Table 4. Standard partial regression coefficient of the multiple
regression equation for ADP encapsulation amount

Ex;?lanatory ; e o & be
variables
Standard partial | o00 gu0r 0208 0187 0156
regression coefficient

EWIE, HROORMEE RKMEZ T O X )Tk
L7-.

i : ADP-PBS i ADP i (mM), 1=<i=<10
CEASBEONE (mm), 05=<h=15
PXZZAMV—F =0l (C), 23<e=50
PRV —AGHh Oy ) —VisE (%), 5=<c=30

b : ADP-PBS O (C), 225 <b < 640

COEMGEROAHEBIEFERER 1087 TH - 7.
$72, Fig. 1(A)WEE7T v b, Fig 1B)ICIEH QQ 7u v
b, Bh &N Fh e g E Pl L 52T ey M R
Fig. 2 13"

o o o =

(A) 0.04
0.03
0.02 3
3
0.01 e ¢
@ *0, .0
Moo, . 2’
i B3
005 _ gy 401 015 of2
-0.01 .
*
*
-0.02 oy =
-0.03
-0.04
3Bl

Fig. 1(A) & DR ZEEITIELDVTWVWE I EDB5ND,
Fig. 1(B) 2* 3R AN IEB DA I > TV D Z W50 5.
HHHEBIEF @R B E Fig 2 251%, # o h - EmERAE
FEWCHENEZ PHILCTWA LM TX 5.

ADP WaHEZHMZEHE LTHOhENERZ (eq. 4)
2, BHOEHERNRRE (FHOKMOENEZ RV OT
Y, REOEEEL/RT) % Table 51K

ADP PR (%)
=0.0020d*+2.30° +22x107°b’ +0.024e — 4.1

(eq. 4)

Table 5. Standard partial regression coefficient of the multiple
regression equation for ADP encapsulation efficiency

Ex;?lanatory o X be .
variables
Standard partial 0.706 0358 0.128 0035

regression coefficient

BWIE, BRMUORKMEERMEZTH T TO X 5 IHE
L7

d: URY—=2BEHRFORERE (mg/mL), 14 =d =909
h EAZBREONE (mm), 05=h=15

(B) 863
L
.03
L J
L 3
661 P4
= &
i
ﬁ 'l 1 13 'l A
& -ojoz -002 -0.0 001 002 003
Y
Al
X Setoer
L
<
L 8.62
L
ﬂ_ﬂD

E

Fig. 1. Residual plot (A) and normal Q-Q plot (B) for ADP encapsulation amount
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Fig. 2. Predicted value vs. measured value for ADP encapsulation amount
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b : ADP-PBS Ok (C), 225 <b < 64.0

e LV A MV—F—DfE (C), 23<e=50

S ORI O A HEBEFRERER 13096 THh- 7.
%72, Fig. 3(A)IZ&%7a v b, Fig 3(B)ICIEH Q-Q 7a v
b, B &R Eh e R E PR L 57T a Y M R
Fig. 4 \ZR7.

HHEBEFIEREE Fig. 3205, 55 zERRH0E
FEICENMEEZ FHMTETVWD LW TE 5. Fig 49 51%, &
EIRD L E SOV T WAL, BAENEHRSMGIIHES TV
LT ENRGND.

NERIFRICE S 2 Ehla R & WE RIS 2 mk X 2 %58
T5. (eq.3) & (eq.4) IZTZ A M —¥ —DiEEL PBS %
WOMENILE L TWwa,. 2, “IBEEDH2D O ADP g
B ZMEZSELTLICEY, ADP WK EZ N Lg%
Zbha, ZOHHIZ I A MV —F—DhEZ FIF5Z &IC
XoTZ VA M=V a VDY RV —ABROZEBUEFETY
ADP WM SN L 720, F72, PBSHBROMMEZ LIF5
ZEICEoTYRY — 2RO IEOE RN R E D ADP
WRESNLDEEZ NS, (eq. 4) & (eq. 5) IZIFiE
WHONEL ML TWE. HEAStONEEZRELSTEHE, &
ABDOYEY —LOREDREL BB EDPHMONT VS Y,

(A) 4
3 &
* L
2 s &
& &
1 <
PR * e
*H 0 +* I & -
L
- 3 10 ¢ 20 ¢ F0
3 Fy
L &
_2 . d 0
&
% ¥
-4
L
-5
Tl

IZAMV—V a3 VHiDUVRY—LOREFEZRELTHIERZ
XoT, ZZ2AM—=Va VEEOYRY — 2 OB
N, VRY—2OROFBMLEDPIFITH T - T, NWEIMEESH
EEZONL. T, ‘T2 A MNV—Y 3 VERIZ ADP N
mENESE” ICENTEIEEZOND.

WERICHET 2 ENER (eq. 3) TlX, PBS D ADP i
BEVRY —ABROTY ) —VIREVSEETH L. Thig,
P ADP O FEICIZHHIC PBS Hod ADP #EEAHIBE L Tw»
57120 THA. WARFRIZHT L ERFNA (eq.4) TIX, UK
V= AEWPORERE R DEETH L. i, IREED
WZHZEIZEVDYRY—-L2OEIPMRZE-0THAH. Le
L, PBS#ii® ADP il % FIFTd (eq. 2) WOHF D “IF
HEH720) O ADP WER” %) L& 5%, FEIC (eq. 2) @
SR FELNCH W ADP ORE" IR A0, #REL
TADP WERIFRIZIZEALEZBE LRV, HEKIZY Y — L%
Whoxy ) —VigEOEHGEZHERLTLE, (eq. 3) WOHTD
‘TRE®EDH7=0 D ADP NEE" WP T 54, ADP % HHES
H TS PBSHEBROBE WA T 5720, (eq. 2) OGO “H
BT W72 ADP O#R" LT 5720, #iRL LTADP N
WRIERIFIFE A EZLL .

NEREOEMGEN (eq 4) KRKEINTWENRFTA=F )

(B) E

FRED HEFE

’E

Fig. 3 Residual plot (A) and normal Q-Q plot (B) for ADP encapsulation efficiency
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Fig. 4. Predicted value vs. measured value for ADP encapsulation efficiency
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MEE %

s (d)
ADP Wa#)H %
[N =t
ADP Wit %
[N SE=e

TEARIC ADP Nu i %
i L &¢ 2 (b)

IZAMNV—Y 3 VEIC
ADP WaEZm &€ 5 (he)

Fig. 5. Classification of each parameter in terms of mechanism for improving encapsulation

efficiency (d: lipid concentration of liposome solution, b: temperature of PBS, h: diameter

of injector, e: temperature of extruder)
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Fig. 6. Distribution of volume of liposomes (A) and its histogram (B)

RY — AHWORERE (), EAZRAONE (h), ADP-PBS
WROWE b), =7 A MV—¥F—DE (¢) OMHIE% Fig. 5
WCE Lo EAHZAONE (h), ADP-PBS O (b),
I AMV—=F—0iE (e) ¥ “ADP NEREZN L&8¥2”
B EhTwsly, HEROEMFEX (eq.3) KRS
TWV5.

F72, BonNaEMEICHET 2 EMER (eq. 4) ZHWT
HMZEROBRKRMEZEM L VRY — Lo RE
(d), EALBBONE (h), ADP-PBS i O#E (b), =7 &
M=% —DiRIE (e) ICENEFNEWMORKMEEZCA L. £
DFER, Ko S 7z ADP WERF O FIMEO R KAHIZ 27% T
Hol.

ADP-PBS #ifi % 595C 2, T2 2 FLb—¥ —% 50°C 12Nk
L7280 57— 5 D501 5 N EEb Lz &~ L TBY,
ZOWERE (FEHE) 1X295% THh - 7-.

7) NBXNEDOHRAEDIEGHE & DLHEE

S mlf} S 7z ADP WERIFEORKEO TR 27%, FZN
DI KRAMIE 295% TH - 7245, o OFEIBFwHIIIZE
ORETHLNEL L.

NERIE 295% %R L7zBE, VAR Y — AEHh ORI
909mg/mL TH-72. 72, Fig. 6(B)d & H 12, REFEOHE
DANOECANTTAERERKL, TOFHERDS L, 160nm
ThHo-.

8" » R & Lt 28 DPPC/Cholesterol/DHSG/PEG-DSPE =
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5/5/1/0033 TH 5 Z & ##%E$ % L, DPPC iZ 6.94%10°mol
ZINTVWALI LR, TRS FaE% 6.02%x10%/mol &
ThHE, SHIF418X10° T kDb, T2, tAH—TXY
DPPC & cholesterol 5 1:1 ®E VI TEHE TIN5 & &%, DPPCL 4
TH7: ) O AT 0431nm® £ %5 . S S OfiE v
RN IR 909 me/mL DY) RV — MBI 1 mL 12 BT 5 NAKM
DERETIML,

RV — 2 OKIHOAEFH (hm?)

_DPPC 151 &7 Y o ik x DPPC D415

B 1)KV — LD

0431 x (4.18 x 10")
= =901 x 10"*nm’
2 m (eq. 5)

DI AVEINOY
)R Y — A OFMEOAE (nm®)
VARV =4 1 H72 ) O FKifikg (nm®)
9.01x10"

- - 14
= A% (160/2) 1.12x 10" 1@

(eq. 6)

YR —2ADF R (mL)
=URY—L 1D OFEmL) x VR —20H
4x 7% (160/2)°

SR E L1072 x (112 % 10M) =024 mlL
( 3 )x{ )=024mL D)
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C OREPIIIEERE 909 mg/mL DV R Y — LRI B W
T, VRY—LWNHO ADP OREXADIEL otz &, WA
WA 24% EHBIERRLTVWAS. Thbb, SHOERIC
BUIA2NAMBOHmN ERAE b F 2 5. EBIX DPPC:
cholesterol =1:1 DRAME Tid7% {, DHSG % PEG-DSPE %
BENTVDE720, B TFOHARBERPKRES R EHES
n, VRY—A0XKAMOEED TN TREL LB
Wb, Ht-T, EhEL ) BRI AFIEORKMETDH
% 28%, FUMEOBRKMETH 5 295% 3R U THLHLEZEZ LN
5.

4. #EEm

ENEGHEH NS EI2X ), ADP WERIFE O LI HEE
BTG A=y EHgTE . 72, EBTF— 5% ADP Uk
KT 2EMGESTOREESHT LI LICLD, K85 X —
FBRED L HIZADP WaEMFEEZ N LEEL0H, LREERET
B BDON%ELETETz. ADP WERIFICE T % Ehljgh 5 H
WS hzNaREORAMEE, EhGERA HEM S ks
B o CGER S N -NERFEOFEEO R lIE, Hawit
WX 2NUREOM L IZIZFEFTH - 7.

7, Bl h7: ADPNERIFRZRKICT 550 (VKRY —
LEHONREIRE 90mg/mL, FEALZEOHNEE 1.5 mm, PBS ®
M 64C, =27 2 M V—F—difE50C) &, i35 ADP
WEZ5mM & L2 Tid ADP HEE L RA (0.12mg/ IRE
20mg) Tho7z. BUE, KFESEMTHR LN ADP AW K
V— AEKEZ FFHRTF FHI2 # L2501, +5%
LIAE % A3 % & L A E RIS TP MR I Tw 5.

R ENT IS T ZBIE % T 72 UG B R R e e e B 127
WEJER #dx NE A WHhCHEZERLIT.
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Development of Temperature-Responsive Liposomes and
Their Application for Drug Delivery Systems

55 BEKER

Keitaro Sou

TR

TREGTOHRNG THEECIVBRINLHMNME VRV —2) &, 7528, B BT8R 2T LT
NI TA2F v ) 7 LTibR, ALMEPEY®EEY AT L (DDS) ~DISHIZBWTZFOREMRMENEIFS LT
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Abstract

Closed vesicles (liposomes) formed by spontaneous molecular assembly of lipid molecules have been used as carriers for
injecting proteins, nucleic acids, and drugs, etc. as micro/nanoparticles into the body. The safety and efficacy of the liposomal
formulations has been demonstrated in application to artificial blood and drug delivery system (DDS). Temperature-responsive
liposomes that release drugs in response to temperature are expected to be applied for next-generation DDS as nanodevices that
control pharmacokinetics by heat stimulation. This paper reviews the design principle and DDS applications of temperature-
responsive liposomes. Development of advanced technologies such as targeting specific cells and tissues, accurate temperature
control and temperature monitoring in nano/micro scales, and imaging of pharmacokinetics and drug release behavior is
important to function the temperature-responsive liposomes as a DDS technology.
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drug delivery system, drug release, hyperthermia, temperature-responsive liposomes
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Fig. 1 Drug release from temperature-responsive liposomes based on
phase transition of the lipid membrane which typically consists of DPPC
and DSPC mixture. At the gel to liquid-crystallin phase transition
temperature (7,), mixed state of solid and liquid phases leads the grain
boundary defect in the bilayer membrane that permits the drug release.
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Fig. 4 Mechanism of accelerated drug release from temperature-
responsive liposomes based on phase transition of the lipid membrane
and osmotic pressure. The temperature-responsive liposomes encapsu-
lating hypertonic solution rapidly release drug at 7', with help of osmotic
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t-test. (Modified the original published in reference 38)
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Fig. 6 Photothermal release of cargo from temperature-responsive liposomes under intracellular temperature
monitoring. (A) Near-infrared light-triggered release of cargo from temperature-responsive liposomes
encapsulating hypertonic solution. (B) Calcein release from temperature-responsive liposomes encapsulating
hypertonic solution (50 mM calcein, 200 mM NaOH, and 150 mM sodium gluconate) at various temperatures. (C)
On-demand release of calcein from temperature-responsive liposomes in HeLa cells by irradiation of 980 nm

laser. The HeLa cells were stained with temperature-sensitive fluorescent dye (ER thermo yellow) for monitoring
the intracellular temperature. (Modified the original published in reference 31)
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If you wish to submit an article for publication, please email
it to the following address after first confirming the

instructions for authors.
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BXRMBREYFR K5
http://www.blood-sub.jp/

Artificial Blood "=

The Society of Blood Substitutes, Japan

Instructions for Authors (last revised Nov. 20, 2013)

The Journal's purpose is to publish research and related articles
contributing to the development of blood substitutes, information
on Society proceedings, regulations, and other matters of
interest to the Society members, and it welcomes original
articles from a range of contributors regardless of format.
Although contributors should ideally be members of the Society,
this is not a requirement. Decisions on acceptance of
manuscripts are made by the Editorial Board based on the
results of peer review. Original articles will not be accepted if
they have been previously published or are being considered for
publication in another journal.

If an article is coauthored, the consent of all coauthors is
required before submission. As copyright to articles must be
transferred to the Society, the representative of the author (s)
must sign and seal a copy of the Copyright Transfer Agreement
found in the Journal or downloadable from the Society's website
(http://www.blood-sub.jp), and submit it to the Editorial Board
by post, fax, or by email as a PDF file attachment.

Manuscripts should, as a rule, be prepared by word-processor.
However, handwritten manuscripts may be accepted.

1) Articles should be categorized into one of the followings:
original articles, review articles, conference reports, topical
pieces, and opinion pieces. The category into which a
manuscript falls should be clearly indicated at the top right-hand
corner of the first page. Manuscripts that do not fall into any of
these categories may also be accepted, and manuscripts may
also be re-categorized depending on the opinion of the
reviewers. Submit your manuscripts to the Editor-in-Chief by

either of the following methods with a covering letter (of any
format):

i) Submission by email of electronic files of the text and figures
(indicate the software used). Text and tables should be in DOC
or TXT formats, and figures should be in PPT, JPG, or TIFF
formats.

ii) Submission by post of four sets of hardcopies.

2) Manuscripts are reviewed by researchers in the field of
artificial blood selected by the Editor-in-Chief, and revisions may
be required depending on the opinion of the reviewers. Revised
manuscripts should be submitted with a "Response to
Reviewers" to the covering letter that responds to each of the
points made by the reviewers, indicating any revisions made to
the manuscript.

3) Once informed of the decision to accept for publication, the
author should send by post files containing the text and figures
of the accepted paper saved in electronic media to the address
specified (indicate the software used). Text and tables should be
in DOC or TXT format, and figures should be in PPT, JPG, or
TIFF format.

4) Manuscripts should be typed on A4 or letter size paper. The
title page should include the title, names of authors, institutions
to which all the authors belong, and the address of the
corresponding author. Handwritten manuscript should be
written consisting of 20 lines to 1 page.
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5) Original articles, review articles, topical pieces, and opinion
pieces should include an abstract and about 6 keywords on the
second or subsequent pages.

6) Research conducted with the aid of an official grant must be
acknowledged, and any conflict of interests (for example, if the
author has an interest in a company distributing the drug
described in the manuscript: being an employee or consultant to
that company, receiving research funding, owning shares or
patents, and so on) must be described in a footnote on the first
page or in acknowledgment section.

7) If a manuscript describes the results of research on humans
or animals, it should be indicated that such research was
performed in accordance with the guidelines of the institute
concerned in the methods or other appropriate sections of the
manuscript.

8) Abbreviations should be spelled out on their first appearance.
The names of drugs, medical drugs, laboratory equipment, and
so on should be given. The type, distributor (manufacturer) and
the address should also be indicated.

Example: Rhodamine B (Sigma-Aldrich, St. Louis, USA)
Polygraph system (LEG-1000; Nihon Kohden Corporation,
Tokyo).

9) The English fonts should be Times, Helvetica, Courier, or
Symbol. Text should be typed in lower-case one byte characters.
However, sentences and proper nouns should begin with an
upper-case letter.

10) Figures should be expressed in Arabic numerals. Weights
and measurements should be expressed in units such as the
followings: m, cm, mm, um, L, mL, 4L, mol, g, mg, ug, ng, pg,
fg, N/10.

11) Figures and tables should be numbered in order of citation,
and it should be clearly indicated where they are to appear in
the main text. The title, legends and description in tables and
figures should be written in English. Figures will be printed by
direct offset printing. Tables will be inputted by the Editorials
as originals.

12) References should be cited numerically in order of appearance
in the text using superscript letters as follows: 2, **, »*  etc.
References should be listed using the Vancouver style as follows:
Names of all authors. Title of paper. Title of journal. Year of
publication; volume number: inclusive page numbers.
Abbreviations of journal names should be in accordance with
Index Medicus. References to books should be given as follows:
Names of all authors. Title of paper. Name of editor(s). Book
title. Place of publication: Publisher, year; inclusive page
numbers.

References to electronic sources should be given as follows:

Name of website.
Address on new line (month and year of last access).

Examples:

1. Wong NS, Chang TM. Polyhemoglobin-fibrinogen: a novel
oxygen carrier with platelet-like properties in a hemodiluted
setting. Artif Cells Blood Substit Immobil Biotechnol 2007; 35:
481-489.

2. Natanson C, Kern SJ, Lurie P, Banks SM, Wolfe SM. Cell-free
hemoglobin-based blood substitutes and risk of myocardial
infarction and death: a meta-analysis. ] Am Med Assoc 2008;
299: 2304-2312.

3.Sakai H, Sou K, Takeoka S, Kobayashi K, Tsuchida E.
Hemoglobin vesicles as a Molecular Assembly. Characteristics
of Preparation Process and Performances or Artificial
Oxygen Carriers. In: Winslow RM, ed. Blood Substitutes.
London: Academic Press (Elsevier), 2006; 514-522.

4 . Department of Chemistry, Nara Medical University, Japan.
http://www.naramed-u.ac.jp/~chem/ENGLISH_PAGE/e_
invest_blood. html (last accessed Nov. 2013)

13) In the case of citation or reproduction of previously
published figures or tables and other content, the permission of
the copyright holder (s) must first be obtained. Copyright in the
published papers shall belong to the Society.

14) Regarding secondary use and copyright in works published
in the Journal, secondary use may be made of the Journal, in
whole or in part, via media such as CD-ROM or the Internet.
Reproduction rights, translation rights, film rights, dominion, and
public transmission rights (including the right to make the
works transmittable) are transferred to the Society by the
author's submission of the aforementioned Copyright Transfer
Agreement. This clause shall not restrict reuse by the author
himself/herself, but the Editor-in-Chief must be informed in the
event of reuse.

15) No publication fee is charged for publication in the Journal,
and the author (s) shall receive as a gift 30 offprints of their
contributions. Authors will be charged for copies in excess of
this number (approximately 100 yen per copy). Authors wanting
prints of color photos or on art paper, etc. must pay the actual
cost of such prints.

16) Address for manuscripts to be sent:

Prof Hiromi Sakai

Editor of Artificial Blood

Department of Chemistry

Nara Medical University

840 Shijo-cho, Kashihara, Nara 634-8521, Japan
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