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Chol: cholesterol

Cs: compressibility modulus

DDS: drug delivery system

DiO-Cyg: 3,3 -dioctadecyloxacarbocyanine perchlorate
DOX: doxorubicin

DSPC: 1,2-distearoyl-sn-glycero-3-phosphatidylcholine
DTPA: diethylenetriaminepentaacetic acid

EDTA: ethylenediaminetetraacetic acid

EPR: enhanced permeability and retention

GP: generalized polarization

HRMS: high-resolution mass spectrometry

HSPC: hydrogenated soybean phosphatidylcholine
ICG: indocyanine green

IEDDA: inverse electron demand Diels-Alder

Laurdan: 6-decanoyl-2-dimethylaminonaphthalene

NB: norbornene

2-NB: 2-norbornene

NBane: norbornane

NBaneCOOH: 2-norbornanecarboxylic acid

NBCOOH: 5-norbornene-2-carboxylic acid
NB(COOH),: 5-norbornene-2,3-dicarboxylic acid
NMR: nuclear magnetic resonance spectroscopy

PBS: phosphate-buffered saline

PEG-DSPE: 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[amino(polyethylene glycol)-
2000]

POPC: 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylcholine

RES: reticuloendothelial system

1ii



SDS: sodium dodecy! sulfate

SPAAC: strain-promoted azido-alkyne cycloaddition
Tc: critical temperature

TEA: triethylamine

THEF: tetrahydrofuran

Tz: tetrazine
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RZ7 w77 YN =27 5 (DDS) &I FEMO R 2 R RIRITRESEDH 2 L0,
RIVER 2B/ RIS 25 2 & 2 BRIC, 203 ORNENEZ HIE3 5805 - > 27 A
DZEThD, LERNROIEYZ, LB, LERIE (X147 - #iF]) 1<
A6 22 L ZHIEL, DDS OBRBIFENED HNTND, TRNETICU KR Y — LR
Sk, mwAYa s, JBEF ki, XU TE BRES T R4 72 DDS %
U7 RSN TVWA[L2], VAR Y —Aik, WERICKMEZ AT DI 5 IO B/
JaTod v, 1964 412 Bangham |2 L W 5 L & 72 [3], 441, U AR Y — NIEREET L
ELTHRIAH SN TW D, 2Dk, WKSOIREFICER % ZetEEOEDEEH AL, Th b
DENBREZHIFECTEXLZENRHLNERY Ry XX U T ELTHEEESND LD
(2787,

BUERIRBS CHO LN TV D Doxil®lx, FiBAKITHD K¥F Y re s (DOX)
VAR Y —AZNE L7z DDS ##AITHh 5, Doxil®lx, AU =F L7 a—1 (PEG)
TURY —AREMEFINTEY[A4]. 2L, VARY—L2ORMmIKFENTE
REH, v 7 17 7 — VI XD R IHl S D 2 E S ITIECIEZ £ R
W% (reticuloendothelial system, RES) ~®DH D AL IMER L. £ DOfE R, VR Y —L4
DOIMEHRE R E B4 5 Z LR SN TWA[S], 72, %< OETED AT, M
B EMEE SN, MEHEBRENTTHE L CNWD 5T, U NEDRENRATH DT
D B INT VR Y — AEBN AR ZBIICEE S L, EOENICER S LT,
Z OBIBIL, enhanced permeability and retention (EPR) #hit& L CH1541[6,7]. Doxil®
t EPR 2N L CAICE S EET 5. Lo L, Doxil®iZ, DOX ORIERTH 5 HE
BEIHISOMLE (2N 2 BREER G- EOHINIAE S DEtEFEORIE Y X 7 28T 5 —5 T,
BN R DV TR 7D DOX (Z%F L TENZMEDFE D BTV RN [8,9], £ DRI
& LT DoXIl®D U R Y — AENIEFICLEE THDH T2, DAMRICER L TH DOX 23

T ST, DAL TOFEDRBNZ LN ERME SN TWAH[10,11], Z D
£ 91T, PEG i U AR Y — AT, BDAEERE LILFRIBIEFICEATHL B X
HITWER, BEDREZLET DITITE > TR, T7hbb, URY—2%HNT
IHRM TR ZAT 2 121X, FEERRNL CORY DL ERFF & | FERBATIC 3

R I & O FIR T DHEREME DA B3R D B AL D,
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Fig. 1 Drug release from stimuli-responsive liposomes.

Z 2T, BRI T D U AR Y — A0 OB IR it & EBLT 572D
KR % 7o A R U 7 IO A S O N E 23 BRF S v CTuw b (Fig. 1) [12,13],
BIZIE, 23 AUNEREE-OHIE N BR B 1 1) 2 1KV pH[14-18]36 K U AKFRRAGIZFE B
L WEFE[19-23]1C K 2 BUG 2 FIFH 3 2 PSRRI, B\[24-28]. Jt:[29-34]. 8 &K [35-37].
%&M%AW“@%%NW%W%Lk%ﬁ%ﬁﬁiéhfméo:ﬂ%wﬁﬁ%ﬂﬁb
et VAR Y — L0 OFEMBUHAMEE S v, IEDIRPUGET 5 2 EhmESh T
W5, L, WEHRIBEZFIHT 256, BDAOB/NREIIARY—Th 5[41-43]12 &
WO RN RITMANENE LD Z ENBRESND, o, MR EZFHT 52561
X, FIPE BRI X2 EFEERASOYBERN X A —URNREIND, S 6T, JETAEEER
PEPMEN T2 RIEH CTOFERPREETH U | AR ET < \FETET D23 A2 23
fREND EVWOSRBELH D, Leh > T, BEROEW R HIENETITKAR L L TdeE
DRMDD O | T T 2 DN T RF 22 R B 722 B i A D BRI 233K D H i Ty
%,

AR, ARE OS2 R LT RIBEFZENER ST b, AREARES &1
KRR R RITB N TRED 2 =— 7 IREREE DM A G HOE TORBIRIITEITT S
IsD Z & TH Y, Bertozzi H1Z L Y bioorthogonal reaction & 8 X i17-[44], = DAER

EABS 2 AR TS T D ERIZRO b D &k & LT BOGHEE | JERWE, s O
BEEZ LI L LW | AREAEOWTR L RNEKEICHD Z EnEFo5NnD
[45]. ZAUE TIThR% ZRAERERRBOSH RE SN TV L0, EMmBFoi Ty v
RETNLXRATEY YTV — VFEERE AT 2 EAMEEENV R > Huisgen K&
(strain-promoted azido-alkyne cycloaddition, SPAAC) [44,46]<°, 7 kT v LRk & 7 fifE



(i) Cu(l)-catalysed [3+2] azido-alkyne cycloaddition (CUAAC) (i) strain-promoted [3+2] azido-alkyne cycloaddition (SPAAC)

N O —2 s
© o

[Cu], ligand

(iii) inverse electron demand Diels-Alder (IEDDA) reaction
N=N R
R— /%O
N-N X
N
- NH

Fig. 2 Representative bioorthogonal reactions.

DT )T 4l OWiEFEER Diels-Alder (inverse electron demand Diels-Alder,
IEDDA) JS[45]28 & < FAV BT\ 5 (Fig. 2). SPAAC T, 7Y RE 7 AF v
STMLFEREE LA T 120, F U EEOKREZHR ) Z AR 2T~ T
ELRENRH DD, KOSEE R+ TiERn & W) N H 5 [45,47], — 5. IEDDA
BOGIE, BIERM D ETR (N) OB THD 9 2, KREEH T b @O SUGERME THEST
L. SPAAC & thiiz LT 1000 1% LA B R & 7o SO IE B B £ & 7~ 97[45,48,49] 72 8, iR oD A=
RE AR BOS 2 ARG T 2B KR O i L Rk a7z 7k bR 172U & LT
HfF ST, 2D AERERBS 2 VT RIZEERRS & U CTld, 23 A% DIRZEL
~OFFRAY TR EE AR E LT RICREDEREZ AT 501 2 WAL % E
L. Z0%., TN EERSL 9 D EREZFOFEALEBIEL LWV ) FENFEICH
WHLTWD, 22 20 F OISR m-CEEE D 7 XV o 7 [50-53]. NAZER) & L
TR EFZWr - 1R [54-57]. 71 KT v 7 OIEMHEIL[S8-61]F IS SN THY . £D
ARMEPRIINL2DOH D,

VIED XD BRI Y FEIL, ARERRRSZFMA LY RY — L2 /{FN 50
M RIEEOBRI 2 ER LT, T7obb, VR Y — MMETHAREAZRIR S 28 Z L,
RSy Dy FREE A B S5 2 D TEAUR, T - e R E DL FHE S
. WEEED O BHRER R S D O TIX /W & 2 7z, BFRRGHE LTix, AR
EASS 2L 2 L D DALEWOMAEDED T OEWE Y R Y — L O
& LTHAIAT, £ 22 9 =TT DB EALFLOR SE 5 2 & THREFEY O K 212
ETLENI D THD (Fig. 3), ARERZISIZIE, 7 M7 Y (tetrazine, Tz) &
J VR L3 (norbornene, NB) @ IEDDA St 38R U7z, Tz X EEmerRIE D & < |
B2 G AR DS s STV 5 [53,56,62,63] = & 2D, MIBUEENMEY T & L CREEA
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fEL, VARY —ARIZEAFBETHD LB X7, £ NB 1%, Tz & O E O EIG
M2 R L[64]. ERNTOREMNE[65,66] 2 &5, RN TOEGDOHELTH
ARECH D & B Z Tz, R ClE, ARERBESZFIH U7 SRR Y R Y — A
ANOBAFEIC T T, 9, 5 1w TIE, MBS Tz FERO G ATV, KIZZH
ERERARSY E T D) R Y — L& L, IEDDA ST D < Wl 28 c >V CRE
a7 o720 E7-. ALFRICHEITED Y R Y — AEOEMEZE KIS LT, Langmuir B4y
TR W L7 T T —F IS Ko TRl L7z, 8 2 3 Cld, AR i et
ENA VR THRET 205 L. & IS AIRIRICAN Th 5 EMEE LTz,
LT, 2B DORERIZOWTEERT 5,

R R
X S
Bioorthogonal (E- Y+ — -
reaction T !
Tz NB

Dihydropyridazine

ﬁ = Phospholipid ? = Amphiphilic Tz derivative
’ = Amphiphilic dihydropyridazine derivative @ = Encapsulated drugs
Fig. 3 A strategy for releasing drug from liposome where the membrane structure could be disrupted

by reaction between NB and Tz derivative introduced into the liposome as a membrane component.
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F1E WREE T2 BRBEOERE Y RY—LADIERA

1-1 #&E

TZi3, A SOERFFZHTH~7T 126 ARILEVMTHY  FFEDT /) 7 1 /L &R
72 IEDDA JUSZ e 29, ARBUGIE, RHEEZRAREREE T Fr AT L, AEREAR
R U 77 I A R — LTI TV B [45], KE R SR 7 @ 2h 3 T AR
L. DORIVERTERZEOESR (N) OAHTHDLD, MEH LS5 8[67,68] 04 mEt
=243 B9[45,52,54,69] I BV CEWER 28D TS, 22T, ABFEICB W TIE, Kb
FRIGE VRV —LETHEITIE D2 ETYRY —AEOREICE(LEZ BT H L, £
(P> THREFEY O R 2SI U 5 2 87z 22 3 O dilEliE omge 2 B L7,

ARERRSZR L 52V RY =L Ziket T 2I18H72 0 Tz {bEW 2 Mg
{EEM~EFERE L VR Y —AZEATDHZ & L LT, Tz HERLEY 1, Fig. 1-1)
Doy G TIR, EERNTO T2 B OZERE®mD, P/ 7 4 v L DRSHEZ T E
SHDZENATEER © KRG EREABRLEM THDH Y % 1,2,4,5-tetrazine D
3, 6 MLITHAIAATE[62,70,71], S BT, U AR Y — AOBKMHER E O E/EHZmD 5
OB T VR NAEHEFEA L, —H ALEW L LEFRISER TV ) 7 41
IZ NB #% & {K (2-norbornene (2-NB). 5-norbornene-2-carboxylic acid (NBCOOH) .
5-norbornene-2,3-dicarboxylic acid (NB(COOH),) (Fig. 1-2) #3®IR L7=, NBIIAAEN
TORZEMENEL . ALEW 1 & DOEWRIGHE % 9 5 [64-66],

3
\N

NZ N
| Il
N N
Z N
<
CigHa3
HN
CiHas
(o]

Fig. 1-1 Chemical structure of Tz derivative (1).



A B Cc
COOH COOH
/ / /

COOH
Fig. 1-2 Chemical structure of NB derivatives. (A) 2-NB, (B) NBCOOH, (C) NB(COOH),.

LEW 1 28NS L DR Y — A%, B LALEY L O AEREZR 600§
572 O HAMIZR R ERLEL CRB L7z, U UIEEICIT 7 VIR RS I (critical tempera-
ture, Tc) [72]253%9—2°C THLY W 0355 5 75 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-
choline (POPC) ZMW\/z, 7z, ETNFEME L TEMARTHLA L R T =07
J—> (ICG) <o, JthttA v v AgE(A (Indium-111-labeled diethylenetriaminpentaacetic
acid, ™In-DTPA) #WNE L. U R Y — A0 5 OB FHIZ OV TEMER., & BEIICEH
L7,

—J7. Langmuir B2 72 FUrifb s mg Jo s & o FHmX, EHER AR BAERIC
KV Lo TWDAMER DDS F v V7 OREMEELZ H IR E LT A, HEAHE
T 20O 5 (A) SFREE (), REEMOLE (AV) Z2#lET 52 LT,

53 HE ORMERPREGIED 53 T OM BRI OWTHFES 5 Z L2 WREL T5
[73-77], LA 1 EZEA LY R Y =B TH, NBFHER E DL SR T
FRPED AL FHE XN D &5 % Langmuir By -2 F T2 20 5210 2 b 2 S50 L
U AR Y — D76 O FE N B9 2 HEE A O fRIH 2 5 2 72



1-2 #R

1-2-1 FTREE T FEK (L% 1) DA

BUKEEER 72 D Tz HHEIZ DWW TR, £ OLEMRDOUE L NB #FEAK & OFUSPED M |
FHWELTEY DU EEMiLI, 20 LT, VARY —LOMBIEE L LTHAIND
1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) ™ 7 /L 3 /L 8H & s L 7= B i R AL K 35 85
EHANT D & THKMEAZ S L, {bA# 113 Scheme 1-1 12 L7 > THRRKL, ¥
I EDFA NPRILE E 1R,

“ (E “
NH, N N N
7 7 | @) NZ “NH (b) © NZ
N

| NZ N N
N + N Voo T N —> | [
N S Ne N N N
CN CN
7 |N N Z N
2 3 A N | N |
Ci6H33
NH, NH, HN
CieHa3
o)
4 5
1

Scheme 1-1. Synthesis of the amphiphilic compound 1. (a) Hydrazine (64%), 90°C, 12 h; (b)
HsBO3;, MeOH, H,0, r.t., overnight; (c) 2-Hexadecyloctadecanoyl chloride, THF, TEA, 70°C, 2 h.

1-2-2 Tz /&KL NB FEME L 0 RSO

fbEW 1 B L5 OWSARY MVERIET D & 2 DOWIRK I FABIH S vz
(Fig. 1-3A) . 320 35 X 1360 nm T ORI KT E Y ¥ B kO ©—2 TH v [78].
535 nm L OWIR KL Tz BB KEOE—27 Th b B2 b, £Z T, ki1
BELOE & NBFHEILE ORSMEZFHET 5 72, Eising 5HX° Knall & 0 51£[62,79]%
BT, B IRBULSAE T T 535 nm OO E O A2 HIET 5 2 & T KOG IEREE
BhkzRH L, ZORE, (LA 1 L 2-NB £ D k1% 0.15 M's', NBCOOH & @ k;
13 0.04 M™'s* TH -7 (Fig. 1-3B) . £ 7= LA 5 & 2-NB & D k, 1% 0.03 M's* ,NBCOOH
ED k1% 0.01MsT ThH -7 (Fig. 1-3C),



12 Compd. 1 (0.25mM)
1 ’."\\ ----- Compd. 1 (0.025 mM)
/ ‘.\ Compd. 5 (0.25 mM)
08 1/ vy Compd. 5 (0.025 mM)
. [}
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J" ‘.
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. PR
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0 T L] L]
300 400 500 600
A (nm)
0.14 0.03 -
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O
01 - k»=0.145 k»=0.031
: (R? = 0.9822) 0.02 - (R?=0.916)
% 0.08 W
£ 006 &
0.01
] S//'
0024 k=0.040 ./0/. k;=0.012
(R?=0.9861) (R?=0.8334)
0 — 0
0 01 02 03 04 05 06 07 08

0 01 02 03 04 05 06 07 08
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OCompd. 5+ 2-NB @Compd. 5 + NBCOOH

Concentration of NB derivative (M)
OCompd. 1+ 2-NB @ Compd. 1 + NBCOOH

Fig. 1-3 (A) UV-vis absorption spectrum of compound 1 and 5 in different concentrations. (B, C)
Linear dependence of pseudo first-order reaction rate constants on the 2-NB and NBCOOH concen-

tration for compound 1 (B) and 5 (C), respectively. Results are expressed as mean + SD (h = 3).

1-2-3 Tz FEEZAWEURY—LOER

U UHRE T % POPC LA 1% 4:1(mol/mol) TIRA SH72 U R Y — 2 (POTz(4:1)-
liposome) % . JEREAKFN-BOREEAR-FR L LIBIC K 0 1ERL L 7=, 7=, 1t&% 11X DSPC
ERELTET VX NVBEEGT D720, gkt & LT POPC & DSPC 7655 U AR Y — 4
ZVERLL 7= (PODS-liposome), V7R Y —AIZITET ALY L LT ICG % BflikFnikiz
K ONE Uiz, E72, Wit oE B 72O 72912 MIn-DTPA % Bl - A BB i Z
K VNE L2, ICG NE Y R Y — A ORF£8134) 90 nm ¢, B — # &EAZLIE—15~—10 mV



Table 1-1 The physicochemical properties of liposomes and their encapsulation efficacy of ICG (A)

or *In-DTPA (B), respectively.

(A)
) ) Zeta potential Encapsulation
Liposome Size (nm)
(mV) efficiency (%)
ICG-PODS-liposome 93.0 £ 5.0 —126 + 0.5 375 + 84
ICG-POTz(4:1)-liposome 83.0 £ 4.0 —145 + 0.3 39.3 £ 9.3
(B)
) ) Zeta potential Encapsulation
Liposome Size (nm) o
(mV) efficiency (%)
PODS-liposome 76.3 + 3.9 —46 + 1.3
111|n-PODS_|iposome 83.0 £ 15 —24 £ 0.7 86.0 £ 1.5
POTz(4:1)-liposome 814 + 1.1 —48 + 1.2
111
In-POTz(4:1)-liposome 845 + 1.7 15+ 20 85.8 £ 1.5

Data are expressed as mean + SD of at least three experiments.

Tho7- (Table 1-1 (A)), ™n-DTPA WU R Y — A DRI F£4134) 85 nm T —Z i
PLIZ—=5~2mV TH Y . R CRELS B L2 -7- (Table1-1 (B)),

1-2-4 POTz-liposome & NB & & D LFERIEDHESTDIRETE

POTz(4:1)-liposome (= NB #%:& {4 (2-NB, NBCOOH, NB(COOH),) &iE&iEA& L, A
2 ) —VTHEME L2 IZE &I L il L7z, £ ORER, (LE% 1 & NB FFER
EDIISHERD DIy A F & — 7 NENEhsit iz (2-NB, m/z: calculated for
Cs3HgsNsO [M+H]™ 808.6827, found 808.6817; NBCOOH, m/z: calculated for Cs,HgNsO5 [M
—H]~ 850.6780, found 850.6591; NB(COOH),, m/z: calculated for CssHgsNsOs [M+H]"
896.6634, found 896.6619) . AMLZELUSTIL, M bUS TR LIAbEW & L Tl
1T UTe A LS & 2 AR 3 R BEIZ & U (Scheme 1-2) | 2-NB & % \ /< NBCOOH
ERIGSHIZGG, Ve Fubt U XV AbEMr b v ) VAL L 2o k& o
DA =T bR Sz (2-NB, m/z: calculated for CssHg:NsO [M+H]*
806.6671, found 806.6614; NBCOOH, m/z: calculated for Cs4Hg,NsO3 [M—H] ™~ 848.6423,
found 848.6419) , AMEHIIUNTIE, POTz-liposome & 45 NB #Fi{A % iEE L7 E



z2=Z

I )

z-Z

R4
v Ry R [ox]
3
+ Rs o N'N R3—> ’\“/ —»HN ~ N/
. N” N&
R
R, 2 R4 R,

Cycloadduct Isomer Oxidation form

Scheme 1-2. Reaction route for IEDDA reaction between Tz and NB derivative.
L TEY ., LAY 175 NB 8K &l IC G L2 2 &R S i,

1-2-5 In vitro ZEYpitE 54

AREAZRIRR L2 U AR Y — L0 b DR 2 @ RN RIS 5 72912, ICG N
HHURY— L% AT MR %2 £ L7 (Fig. 1-4), ICG 1T EM 2 Z I HERH 0 |
U AR Y —LCNE SN REETHIUZRATICERE TH 5 720908 HA L, i S

FURIRRE L 22 0 SR RIE T 2 & B2 bd, EEL A%/ —LZIRILTY R Y
— L EARLEED L ICC DENFREIIM R LIz, £ZTURY—2L (POPC fRiE
05mg/mL) & 5% /Lz—A (Gle) &5\ 2-NB (FRIEEE 40 mM) ZiEA L Calfi L
ToAE R, POTz(4:1)-liposome (Z Glc # sl L7854 12, St IRIE & A E2L L
S22 EMnB URY =L ICC BFH L TWhWienWeEE X bivle, —F, 2-NB Zik
95 LB NRENBFEIC EF L2 &b, AW 1 & 2-NB &L LRI L 53
Wyl AR 3 R S Tz,

BN T, VR Y — A6 O % & BANEHET 5 /=012, In-DTPA NEH Y R
V—LERAWTHR LT, &Y R Y —24 (POPC #IEE 0.1~0.15mg/mL) & NB #HE A
ZIRA L, BIERTERA v FaX—Ta Lk, VAY —ANRRE /L R —

+ Methanol

Fig. 1-4 Fluorescence images of POTz(4:1)-liposomes encapsulating ICG immediately after adding

methanol (positive control), 2-NB, or Glucose.
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—=— 1"1n-DTPA —=— 111|n-DTPA
—0— "1n-POTz(4:1)-liposome + saline —o— "1n-POTz(4:1)-liposome + saline
—e— ""1In-POTz(4:1)-liposome + 2-NB —e— 111|n-POTz(4:1)-liposome + NBCOOH
2 2
2 :
& &
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Electrophoretic distance from origin (mm) Fraction number

Fig. 1-5 (A) Results of the cellulose acetate membrane electrophoresis of “'In-DTPA and
Mn-POTz(4:1)-liposome at 24 h after adding 2-NB or saline. (B) Results of the size-exclusion
chromatography of *In-DTPA and **In-POTz(4:1)-liposome at 24 h after adding NBCOOH or sa-

line.

AT T — MEBRKINED 5 0IEA XY v~ 877 7 =2 X0 o Lic, 3
bbb, VRY—AICWE SN MIn-DTPA L VR Y — 25k &7 Mn-DTPA
(2B L, BURRRIC RS S A E I L7z (Fig. 1-5), VAR Y —ALEAT 5 NB
ERIZIX, 2-NB, NBCOOH, NB(COOH),, & 5 %/ /LA /LF 2 (NBane) % HW»
72, 728, NBane 1Z 2-NB @ " HEfE& % BT LTLEWM T, Tz LIS LW, 34
T4 7 ary ha—nE L THW, Z0OfE 5, PODS-liposome 5 L O POTz(4:1)-liposome
(2 2-NB (F&JREE 40 mM) AN R 72 B ORI ERIT, 22N 2.6%FB L UN5.2%TH D |
WP MEE S DA R Sz, 512, 2-NB (40 mM)  &iRA SH 7 24 B
#% TlX. PODS-liposome 7>5 DJH=RIL 6.9% Td - 7= DIk L, POTz(4:1)-liposome T
1% 21.0% & HEICEWMEZ R L7z (Fig. 1-6A), —J, POTz(4:1)-liposome (Z NBane (40
mM) ZEIN L 72356 Tid, 24 B O BUHRITE) > 72 (5.9%), & 512, NB K
(20 mM) OFEFEIC X 2P HEIZ > W T ERT 5 & . POTz(4:1)-liposome 2
NBCOOH <> NB(COOH), Z#shl L7 B % Ci, EWBHFITZN LN 23% & 11% TH
V. 2-NB I L7256 1Tk LARICEVWEZ R LT (Fig. 1-6B) . 24 FFf##ZIZHB VT
I, ENEH81%,23% & B 12 @ WMEZ R LTz, 72, 2 O3YHH 213 POTz-liposome
BT LA 1 0BG, IREGT 5 NB B EROIRE % & < TSR+ M mA
oz (Fig. 1-6C and 1-6D), L72723> T, POTz-liposome 7> 5 DI g HAEEIZ X,

K
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{bEaM 1 & NB FHER L OLFEROII A TH Y | 3FED NB #HEAR D H1Tix NBCOOH
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Fig. 1-6 In vitro drug release from POTz-liposome and PODS-liposome in presence of 2-NB,
NBCOOH, NB(COOH),, NBane or saline. (A) Release rate of "'In-DTPA (%) from liposomes in
presence of 2-NB (40 mM) or NBane (40 mM, negative control). Results are expressed as mean +
SD (n = 3). p < 0.05 vs. PODS-liposome + 2-NB and POTz(4:1)-liposome + saline. (B) Release
rate of " In-DTPA (%) from POTz(4:1)-liposome reacted with 2-NB (20 mM), NBCOOH (20 mM),
or NB(COOH), (20 mM). Results are expressed as mean + SD (n = 3). *p < 0.001, 'p < 0.01, %p <
0.05 vs. POTz(4:1)-liposome + 2-NB, ~"p < 0.001, “p < 0.01, "p < 0.05 vs. POTz(4:1)-liposome +
NB(COOH),. (C) Release rate of **In-DTPA (%) from POTz-liposomes (POPC:compd. 1 = 16:1,
8:1, and 4:1) at 24 h after reaction with 2-NB (40 mM). Results are expressed as mean + SD (n = 3).
(D) Release rate of "In-DTPA (%) from POTz(4:1)-liposome at 24 h after incubation with various

concentrations of 2-NB (10, 20, and 40 mM). Results are expressed as mean + SD (n = 3).
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1-2-6 BIEBERZALYRY—LOESRENED

URY = DCHE SN EY OB ZE 283 5 RO —2DITROREINELR H 5
[80]. &2 C. {LBEMISRIZICE T 5 U R Y — AEOFENEZFHET 2 2 & T, (L%
ST R D FEW BRI A T = X LD EEDN D LB 2 72, REMEDOFMIZIL, RIS
B3 T dH 5 6-decanoyl-2-dimethylaminonaphthalene (Laurdan) % V7=, Laur-
dan [N EBEOFREMIEDEWZ LV BAR D EIEART V&R L, RV & 440
nm ZHE SRR 2R3 — 5T, mEED E < 725 & 490 nm OE RS KT 5 (Fig.
1-7A), 440 nm & 490 nm D FREE D & R S 415 generalized polarization (GP fE) (12
L0 REWENRHE S B[81], 7ol GP IR E FIUTIREMWEIIKL . S TFE
TREMEN B2 & 2R, Laurdan 2 NEF L72 U R Y — 4 (POPC #&32  0.05~0.1 mg/mL)
& 2-NB (FLIRFEE 40 mM) ZIRA L Calli L7-#5 5%, PODS-liposome T, A=FRAHEK
2 2-NB L DEARI%T GP fEIc KX AZ(IZR BN h -7 (Fig. 1-7TB), — .
POTz(4:1)-liposome & 2-NB & DIEEEHZIC GPEIZBE IR T T2 Z LB LN E 8-
Too ZDOt%, FEHIORGE & & HIZ GPHIZEIE T o m 2R L, —RFHIC A ZE LT
PEDNRREFNC ZEAL T D 2 & DSVRIB &z, POTz(4:1)-liposome & NBCOOH & DiRA
A% Tld, GPEICRE 2BKITR 6T FEMORHREN R L —E LR o7, 72
B. POTz(4:1)-liposome & EHEAHI/AKS> NBane (40 mM) & ZRA SH7=Hit: TlX, GP
BEIZRERBILTIR SN2 o7, 512, POTz-liposome & 2-NB & DALZEBUGNZ R
VT, POTz-liposome Z &Rk 3 2 1bAH 1 OEIE R, POTz(4:1)-liposome & AT 5 2-NB
REZEL T DI 20T GPEME T L7 (Fig. 1-7Cand 1-7D), UL LD Z vt fbh
1 & 2-NB & DOILZEBUGIC L V. POTz-liposome DIEFREMED ] L 7= 2 & 233k
HUEHEDEK D 1 ST 5 FIREMEN R ST,
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Fig. 1-7 (A) Representative Laurdan emission spectra in PODS-liposome and POTz(4:1)-liposome
at an excitation wavelength of 340 nm immediately (=1 min) after adding 2-NB, NBCOOH, NBane,
or saline. (B) Laurdan GP values of PODS-liposome and POTz(4:1)-liposome after adding 2-NB,
NBCOOH, NBane, or saline. Data are expressed as the mean + SD (n = 3). ~p < 0.01 vs.
POTz(4:1)-liposome + 2-NB at ~ 1 min group. *p < 0.01 vs. POTz(4:1)-liposome + 2-NB at 3 h
group. p < 0.05 vs. POTz(4:1)-liposome + 2-NB at 24 h group. (C) Laurdan GP values of
POTz-liposome (POPC:compd. 1 = 16:1, 8:1, and 4:1) after adding 2-NB (40 mM). Data are ex-
pressed as mean + SD. (n = 3). " p < 0.001, “p < 0.05 vs. POTz(4:1)-liposome + 2-NB at ~ 1 min
group. "p < 0.01, *p < 0.05 vs. POTz(4:1)-liposome + 2-NB at 3 h group. 'p < 0.05 vs.
POTz(4:1)-liposome + 2-NB at 24 h group. (D) Laurdan GP values of POTz(4:1)-liposome after
adding 2-NB (10, 20, and 40 mM). Data are expressed as mean + SD (n = 3). ~"p < 0.001, "p < 0.05
vs. POTz(4:1)-liposome + 2-NB (40 mM) at =~ 1 min group. “p < 0.05 vs. POTz(4:1)-liposome +
2-NB (40 mM) at 3 h group. 'p < 0.05 vs. POTz(4:1)-liposome + 2-NB (40 mM) at 24 h group.
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1-2-7 BHFEZAVERAE—5%F (56) @FE. XABM—72FEEICOLTO
B

FTEMEAORPEIC SOV TR T & % Langmuir B4y 5% VT, ALERUSHETE IS
B MO (FRiEE— 0 i (A SRR | REENN— 0 FEfE (AV-A
FHRA) ) AT OWTHIMI L 72, Fig. 1-8 ([CHIELEE & MIE DORRF &2 % L7 2R,
B IR A TERL L, HERE SRR IR IRIE, IR~ & i5F L. JfEmic
IR A R 2, A R, B TIRAEME LT, TOmEME D ST RoR
HEZA S RO T2, [FAFRIZAV-A FERM A RO 5 REEM D HRD I,
INHEFMT D Z L2k v oK (Rifiny FHESH FEmME) 255 2 &R T
%, {LAYM 1 L4 NB Ak (2-NB., NBCOOH, NB(COOH),) & DG4 % %
21 compd. 1-2-NB, compd. 1-NBCOOH, compd. 1-NB(COOH), & L TF4, AFf
IZBNT, (LG 1 & NB FHE(R L DAL FRINE RS FIEOB KR S TR Z 5729,
BRFE DE WA U761, BUKEER A OB biclkT 2 SfESh D,

F 7. POPC. compd. 1. compd. 1-2-NB. compd. 1-NBCOOH. & %\ /Z compd. 1-NB-
(COOH) IZPW T, H—ploy TR FIRZER L, £ 2 OmB L FRRREIZ SN T
P L7z (Fig. 1-9), & D#EF, POPC (3L 22 i AR il 2 T ik L 7-[82], POPC &
A SERARE O . B TIEARET DO REE (7°) 1£492mNm* THoto, —H,
bE¥ 1 CrERE S U7z BiA 76 Cld, IR BRI & R IR ERRE NS — RARIA RS & i = 9
KT (7°) 2 6.8mNm™* TEUHl X7z, [AHEIZ compd. 1-NBCOOH <° compd. 1-NB-
(COOH), TIERI S N7 Ay FRICE W TH, £RE 250 MmN m™ & 27.8 mN m™ T 7™
NS, 200, WERENS EFT DI o0 TR LZZ &b, —RMAEE A

A B . _
liquid-condensed state
YOHHH RN 50 f
‘7;’,},/,)/,)1;/;/‘> A s
~ 40 |
E
% 30 | liquid-expanded state
: Balance g
Barrie E 20 f
. Plate .
/(ﬂ — \— K oF /gaseousstate
i (8] i v

-

A (nm?)

Fig. 1-8 Illustration of instrument for evaluating Langmuir monolayer properties (A) and z-A iso-
therm (B).
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Fig. 1-9 The z-A (A) and AV-A (B) isotherms of one-component POPC, compd. 1, compd. 1-2-NB,
compd. 1-NBCOOH, and compd. 1-NB(COOH), monolayers on 150 mM NaCl ag. at 25°C.

Arrowheads and arrows indicate the phase transition (z°% and monolayer collapse (z°), respectively.

ThbHZENRENT (Fig. 1-10) , {LAW 1 O I, 42.0mNm™ Z/~x L, POPC &
[FFEE CTH -7z, 2 EICEBIT D AEIX. POPC 25D By THED 5 MEEW 1 0> 5 Ak
HEGFEE D b EE AR Lz, ZHUE, POPC DSBKEEER SIS AR Bl 7 L 5 V8%
LTEY ., ZONAREEN By FIROBLMMEICEE LD Th b L an, —F.
compd. 1-2-NB <> compd. 1-NBCOOH T/E# & 7= By FIR D #° 1%, 241 20.7 mN
m' & 292mNmt L7 LA 1L POPC O AL D HFE LKA /R LT, LA
ST LA L S NB BB L SOGT 5 2 LIk 0, BUKEE Y ORBE DMK T L, £
AU, VAR Y — ABEORLZEARICEN D Z E DR E iz, AT, AV-A SR
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Fig. 1-10 The #-A isotherms of one-component compd. 1 (A), compd. 1-NBCOOH (B) and compd.
1-NB(COOH); (C) monolayers on 150 mM NaCl ag. at 17, 21, and 25°C, respectively.

[ZOWTHIT L7262, POPC 2fba ) 1 TIER SN FIROAV O KE (&b

EASEREE LTRER) 723, i 457 mV R0 461 mV T - 72 DT L, ALARIE% O
AR (compd. 1-2-NB. compd. 1-NBCOOH, compd. 1-NB(COOH),) T/E#L X 7-Hi)y
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FEETIE, FRER 348 mV, 321 mV, 351 mV & EAEICEVVEA R L2 (Fig. 1-9B)
Z OHSFIEDIEMT L D AV AEOIR T, BRI ORIEDEVT LY R T 280K
By DBELAPEDIENE KT 5 D LE X b,

T, URY —ADORERIEE TH D POPC L &{LE% (compd. 1, compd. 1-2-NB,
compd. 1-NBCOOH, compd. 1-NB(COOH),) % 4 :1 (mol/mol) TIEFIL TIER L 7-H
Oy FHEE FAVT, TR THEREICOW TR L2, ZORMIC L V. NB @5k L
BT it O{b&# 1 & POPC & ORI 7 B3 5 4y M BAER &2 fiftr 325 2 &
T, VAR — 20 ORI E#EZ I NI TE D LB X T2, ZR RO T
M54 B CREAM L7245 5, POPClcompd. 1 7> 5 k2 B4y IO z-A %Ak 1%, POPC &
A% CToH->7-DIZxk L. POPC/compd. 1-2-NB, POPC/compd. 1-NBCOOH 75 il 5 B4y
FRECIE R 7 MR A R L7 (Fig. 1-11A) , 24U L 0 k& 1 & 2-NB <° NBCOOH
& DAL FEREHZIZ POPC & O EAFRNE(LLIZZ EREBEZ b, 2° DT,
POPC/compd. 1 D HL/y 1 TiE51.3 mN m™ T - 7= D1xt L AbZ i (POPClcompd.
1-2-NB. POPC/compd. 1-NBCOOH, POPC/compd. 1-NB(COOH),) Ti%, Z#1.Z 41 50.5 mN
m*, 504 mN m*, 488 mNm* Lt bLPFNIKMER L (Fig 1-11A) . —F. AV O
KA, AL L 0 K& < Z{k L. POPC/compd. 1-2-NB (418 mV) > POPC/compd.
1-NBCOOH (390 mV) (= POPC/compd. 1) >POPC/compd. 1-NB(COOH), (357 mV) &
72o7z (Fig. 1-11B) . ZHUC K Y | RO FIE TR Z 54 FFMAAEH 0%
{EiX. POPC &Ab&W 1 AL SURIT & 0 K L7oAb A OREEICEEIR 95 2 L ARIE
SN, E£To, B PO FHEIREBSSREE E OZITIE, BRI O Z Lo RS T
BT F A BEAER B G- L CO D RIEEMER B 2 Db 7o, LRI T, BEOFBhi:
(ZFABEJ 2 JEAER  (compressibility modulus, Cs) <CIRAIC K DiaEI ¥ 7 X H B R /LF
—DEbE (AGEE) IZOW TR Z1T -7,
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Fig. 1-11 The z-A (A) and AV-A (B) isotherms of one-component POPC, binary POPC/compd. 1,
POPC/compd. 1-2-NB, POPC/compd. 1-NBCOOH, and POPC/compd. 1-NB(COOH), monolayers
(POPC:compd. 1-NB derivatives = 4:1 molar ratio) on 150 mM NaCl ag. at 25°C. Arrowheads and
arrows indicate the phase transition (z*) and monolayer collapse (z°), respectively. The dou-

ble-headed arrows indicate the kink on the z-A isotherms.
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1-2-8 By FEOREMEICEIY 55T
A TR OWREIMEIL, JEREE (Cs) Otk (Cs™) Z4BIEICRHli S 415, Cstid, n-A

R AT 5 Z & TR S L, B IR S SR A KT 5, D7 M
D DIEMEIZHKT L, #2007 7 OV RDBIE SN DX, B8 /NS S XD DWIEE
L TCW AT DREMERNEWEE 25, T72bb, CSHEA/NS TR, IEREMWED &
WZ EERERT, FT. Fig. 1-12A 2 — 5550 R THALEW OIE DO FREIVE 2 FF0 L 72 /5 R %
T ALEW L DD HS O CsHEIL, ALFERIRE DAY (compd. 1-2-NB,
compd. 1-NBCOOH, compd. 1-NB(COOH),) 7> & kD oy 1B &L 0 § RE 2 fli &7~ L7z,
L7 TALEY LIMEFSOSIZ XD A LI ke L 0 RIEZREZ RS 5 2 &
DA LML IR ol FEWNT, SR RO B 1L VTRl L7285 2% (Fig. 1-12B) |
POPC/compd. 1 <> POPC/compd. 1-NB(COOH), CTIERl & /- B4y F I & teifig L €
POPC/compd. 1-2-NB <> POPC/compd. 1-NBCOOH B4y Cik, FfEDFPHNZ
Z133~47 mN m™, 40~47 mN m™ O T CsME 2 7R L Bt OB K 23R 7=,
POPC/compd. 1-2-NB Cyi@hih: DR A iz Z & 1%, 1-2-6 TO Laurdan & AV 72 /%
PR R CTH o=, —J7. POPC/compd. 1-NB(COOH), DH 4y fEIz kit 5 Cst il
IZ. POPClcompd. 1 DHiyF-lEE RES L beroTe, YLEDFRERI D | {LFRIGIZ
KD WENED ) 23 U AR Y — L0 DI AR EEDBREY /10 1 S L 72D Z L35
M ETpoTc LRIRH, BREIEDIEREIFR L U AR Y — 206 OIEW T RS R 0T
LHMBEBN RSN o722 & h | FBiEZ 1 Ce Lo FER S eI B 5 L <
WD RTREMEDNE 2 b ivT-,
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Fig. 1-12 The compressibility modulus (Cs™) of the one-component (POPC, compd. 1, compd.
1-NB, compd. 1-NBCOOH, and compd. 1-NB(COOH),) monolayers (A) and two-component
(POPC/compd. 1, POPC/compd. 1-2-NB, POPC/compd. 1-NBCOOH, and POPC/compd.
1-NB(COOH),) monolayers (B) on 150 mM NaCl ag. at 25°C as a function of z. The double-headed
arrows, which correspond to those in Fig. 1-11A, indicate the regions of = where membrane fluidity
increased (POPC/compd. 1-2-NB and POPC/compd. 1-NBCOOH).
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1-2-9 BHFEICETSREICKIBEFXIXBEHIRILF—DOELEICEIT HE1

O T2 MRS 5 50 TRl O BAE R 2 B0 2 72012, o-A ZEIRB D
AGESH R Lz, ZOffIL. RS D AEIZE N33 % 5 U B0 & FEFRIC sy
FHS IR CRIE S e AEDGIE L, n EOFPH TR 95 2 & TRE D, AGSEH
EOETHIVUX, FEEED R E S TIEO r fENBEARES O r il v K& <, M
AN RAPMER LT D Z & a2RKT—H T, ADETHIUL, MRS HIZTTIHME
MLTWDHZ EaRT, £, HD 005G, HAREML TWDH2, &2<EMLTE
59, WO MICHEERANEE TWARNI 2R LTS, TORE, 2 TORAMK
ICBWTIEDAGEAENF SN Z D, WO kR ES IRV T b ik
SECRAMEA LTS Z ENHLMME -7 (Fig. 1-13) . xfiAY 10~23 mN m*
IZBWT B FIRDOAGSS B % ik~ % & POPC/compd. 1-NBCOOH < POPC/compd.
1-NB(COOH), < POPC/compd. 1-2-NB < POPC/compd. 1 DJIE & 72~ 7=, L7=h - T, HS5y
FRED MR ENCAER T 2 /RN ALFRIGHTR CTIRT T2 2 LR LMnE o7z, FF
(2 POPC/compd. 1-NBCOOH D H/yFIRIZH VT, AGEESEITR /NS iz~ L, JR
FIDKHEEZIETS L=, LLEDFERIL, POTz-liposome 75 DYyl H %75 NBCOOH ¥
IEFZ I b o722 & EifERI L. NB 338k & (L%t L7ofba% 1 & POPC @
MR 2R DDIET b £72, VR Y — L0 5 OEYHBHRED 1 SOBERIZ /25 Z

EDIRE I T,

1400 1 = poPC/compd. 1
1200 F = POPC/compd. 1-2-NB

=~ 1000 = POPC/cOmpd. 1-NBCOOH

5 i

g s00 | ™ POPC/compd. 1-NB(COOH),

5% 600 |

1]

> i
400 |
200 | I II II ‘ i

0 L L L
-5 10 15 20 23 25 30 35

200 L

m (mN m™)

Fig. 1-13 Excess Gibbs free energy of mixing (AG.:) of two-component (POPC/compd. 1,
POPC/compd. 1-2-NB, POPC/compd. 1-NBCOOH, and POPC/compd. 1-NB(COOH),) monolayers
on 150 mM NaCl ag. at 25°C as a function of #. There is a lack of data for POPC/compd. 1-2-NB
and POPC/compd. 1-NBCOOH because AG<.could not be calculated due to monolayer collapse.

mix
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1-3 EE

AWFFETIE, EREZRRISE LT Tz & NB & OIS EGED IR HEITT 5
SIZEH L, TTVRY — 2ORERES & U TRV D MBEE Tz #5385k 1 2 5iiiakst
L, T 52 L0l Lz, wIZ, Gk L bE 1 B8 L5 & NB #FERO R
EHERR L7 & 2 A — Y72 SPAAC B O SO HE E 4 & [RIFREE Ol % 7~ L 72 [46,83],
B 1L OFMEEWS L0 b RERKGEEERZ R Lo fbEm 1L TEY Y
BAGNE FHEGHEORNT X FEPBEA SN Z EICERT S LB 2 bn7z[56], £,
NBCOOH 7% 2-NB LY /NS e ER AR LD, B ReIMEDOR W IR
FURICE VRIS E R T EHEAOBEFBEENMIET L2 ThL EE X LN
[79], L7=A-> T, (L& 1 & NBFERD ZIRUSEEELN IR E RETH -
22 e D ARBFEIZE VTS in vivo TAERBERBIKEZEITSEL 2N TEL0
RS ES/SAVERE iE SRV gV

YR Y — L0 6 OEY I L Tix, POTz(4:1)-liposome (& NB #5EkZRA L7
BEICBWTOR, BHEREVKEE R LT, 202, UVRY =LA 0EYK
HUREDME G 1 & NB FEIR L DALFSONITER LTS Z &R STz, flix
NB #FE (A D TH ., NBCOOH i POTz(4:1)-liposome & 1EA L 7= E 4 7> & Ml H 231
KU, &b FEWHHIREDRD &G>Tz, —F . NBBHENO I LR IR IEM
IZBE L TWVD EEX 20D N NVARF VI EAHT % NB(COOH), & W THET L7223,
THRED R BN C Sk E SN D Z g d o7, FEEE. Langmuir By 7 A V-
R L0, AEE® 1 & NB(COOH), & DALZESEHIR TV R Y — MO REIEIZ K X
REAITRR D B o7, —J7, compd. 1-2-NB <° compd. 1-NBCOOH TEH 7=
Oy FE % A5 A . BBl oo B K ds & O sk o O FE EAE IS L & 58 72,
FRIZZNH 0 2, (LA 10 POPC D 7° LD HARVMEZ R L7722y, 2,
(BT L0 AR LT AL E MG H TG D INZR L THEHWZ E 2B L TR,
LR X VRO RZENFES N &2 b=, —J. compd. 1-NB(COOH),
@ 7l compd. 1-2-NB <° compd. 1-NBCOOH X ¥ & &> 7278, 2L 2 2D H LR
F T HED AR (150 mM NaCl K¥EIR) D7KGr 1 L KFBRE B H TR Lo To Iz, A%
EAL LTZRTREMEDN B 2 BbiLTe, AW W TIEROFREMEICES L TiE, Laurdan Z
% J51E & Langmuir B3R 2 I 2 D715 D i Y O F1E TR L 72, Laurdan % FHv /-
BRFTTIE AR OET R E0F D% OO FIHEGLE D S S35 R F D vz —
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J57C, Langmuir Hioy 75 & W - Ehc BV i, Tk s & 2 2 L7z compd. 1-NB
FHERZ AT T 2 729D ALFRUSIZ D < B 22 Fpth 28 b & KB L T 5 01 ¢
T2, 2 2 ALFEEOGE R ORI OWTIBED L ZARHATH D, 4
%I, BB E b PROb Ak 2 U, R 222 b2 IE LT < R O NE F
nn, £, Karve i, pH IZE%E LTHE U BN D M OFRIME T Z2FH L TW
HEY O Z 5 S 3V R Y — 285 2 & LTV 5H[15], 20U R Y — AR
= DRERE ST D4y TN R DMB < 2 & CHREIRBAHERF T 223, pH OZ{RIZfES
JRIT ORI LD AR B2 FHE L, %ms@%@iﬁzﬁ%%_Lt&%z%mﬂ\é[m
ARFHZEBW TS, POTz-liposome 7> 6 OIEW L HIZIE, 2 BRI OIEBNFH 535
EEZDNIZZ LD, VR Y —ABRITHSBEDN A T TS ATREHEDNE 2 biviz (Fig.
1-14)

T S
LARADARERARRAANLY sy

> € ¢ > >

Repulsive force

Reduced repulsive force
U

Phase separation

Fig. 1-14 Proposed diagram of phase separation of lipid membrane by reducing the repulsive force be-
tween components after the chemical reaction. Blue ellipses indicate phase separation and domain for-

mation.
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1-4

INGE

s URY — LDy & LT, WEBEEIET T 00 (Tz) i8R 1 2licamk L

770

AbEW 1 ZEA LTV AR Y —2A (POTz-liposome) &, Fix D /LR L3 FHEK

(2-NB. NBCOOH. NB(COOH),) &HHITfbFKIGAEE Z Lz, i, Z201fk
FIOGIZ K Y POTz-liposome 7> 5 0O PN 388 D KR HE D3RR S a, ABSFERRIC &
% W R EEIE DS BT 72 AT RS STz, FFIC NBCOOH % i S ¥ 72356, BHE e
W REZ RO T,

- Langmuir B3 1A W= BT HRMRITIC K 0 L AEEW 1 & NB 8RO b Kk

WL VAR LIALAEM & POPC 7Bk D sy RELY TR BT BN E DB K
R, K FD RSO HER S NT-. LT » T, AL RS R4 O IR 2s
(B VR Y — A B O HEE DR & 72 A ATREMEAR A 500 & LT,
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28 AHEXEBERIEZNL-RYBRHGEEY) Ry — LA
& 5D ABRMNEDER

2-1 #E

W1 ECIE, WMBIEE TZHER L LV VIEE Th D POPC 1 BERR Sz U K Y —
2 (POTz-liposome) 7% NB #FifA &AL US L7cszar. in vitro [IZEBWT U AR Y — A
SOEYMHMEE S NS Z LA ST LT, T TH NBCOOH Z AW -4 B
PRI HIEE DS R ST, RE T, Fi e B sl 2 H 9 2R ) R Y — A4
UK 2 8 AUTRIRA~ L B L. DV RAI72 703 A D SMIEIRISTIRE T D D& Wik LT=, 1R
HEHS & LTI, Fig. 2-1 1R T 8912, T3 DOX Z#NE L7 bLEW 1 EAV R Y — L%k
A5 L, EPR BRI L D DA~DOERE EFMHHEN S D7 VT T v A%FED, VT
NB &L HE$ 52 & T, VAR Y — LML COLERBELRBIEPEIT L, £
MIUZfE > 72 DOX OFHIRIEEIZ K W IBFNR RS D 2 & 2 RFT 5 2 BRSO LA
G- FE LTz,

-Liposome accumulation in -In vivo IEDDA reaction between
tumors via EPR effect Tz and NB derivative

-Enhanced anti-
tumor effect

-Clearance from normal tissues _ -Acceleration of drug release

;/ IEDDA: Inverse electron demand Diels-Alder
1stiv 2nd v

T T > Time
@ : DOX-loaded A : NB derivative
compd. 1-liposome

Fig. 2-1 A strategy for tumor chemotherapy using liposomal formulation which could accelerate

drug release via IEDDA reactions.
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ARV RV —LHHK % in vivo BATEFE~EREBT 254, VA Y —LAOERNTOR
EMENMEE 70D, VUMEEIR, TOFBICIVRERD Tca AL, UV UIFE _&EHED
WEZwEMEIE, ZVE TR TR S I TIEmW 2 LMo TnD, H1ET
M2 POPC @ Tc (3#1—2°C TH Y | IEFICEK O PWIEZIEKT D720, AERNTIE
MAESZ T BZI T T LT DA W E &L OMAERICLY | URY =L L LTLE
ICHEET D2 ENEEL W E TSNS, 22T Doxil®i, Te 2@V (50~56°C) /K&
WK E Y U EE (hydrogenated soybean phosphatidycholine, HSPC) <CHEE D 4 B 22
EMEZ E 8 5 cholesterol (Chol) [85], PEG EAfIEEIZ L DSV TWAH =8, AR
NTHREICHFEL TS EEZOLNTWSH[A]L, £ ZTET., Dxil®OIEE K425 %
CAEEM LEAY R — D&kt Lic, RIS MERLZZY R Y — Ao T, HL1EE
[FERIC NB §FEMAR & O RUSIZ K0 NEFEY O BUH SIS fTEE T 2 I Z MGk LTz,
Z LT W 24T 2 12HT2 0 . ED XD 54 4 I v 7 THIER 53 2 ik
ETDHEOIC, HRAETT A~ T A Z AT R Y — AOERNENETM AT 72, &5
(2 DA B W TREEEY O T AMETE S TWD D IS O T K PEE 7 L3
¥ (MMIn-DTPA), & 2 WA BATIED & 5 €T L3 (DOX) ZWNE L2 U A Y
— LA W TR L7z, eI, AR EELE 3 03 ABTRICA R T 2 & e
DI ORI R & FEhE L T2,
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2-2 %R

2-2-1 YRV —LOEMRE

%1 FETHWZ POPC B D U R Y — A, invivo ([ZBW CTHEKRDEE % 728 & D
FMHEAERNEZ Y 5 5[5], EBIZ POTz-liposome (%, < 7 AMAEFIZBNTA > F 2
— ¥ a VR REIN D NEEY OBRE RIFHA R S (34% (B EHE)), 2ol b
AW LEAY R Y — L% in vivo [IZEA T 5121E, TREMRE Rk 20BN H D |
B IR TR STV 2 Doxil* OB E 55 & L CHTZILAMLEANY R Y — L%
xEt L7z (Table 2-1), Doxil *OfLEICIE, Te 23F\ HSPC AR D2 EME 4 o L
9% Chol, X L /X0 EOWEIZLDAT Y = ALEFG< 2 & Tl Az &
% 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000]

(PEG-DSPE) AW B TW5 (HSPC/PEG-DSPE/Chol = 56.2/5.8/38.0 mol%) [4], %%
\ZAERNTOREMEZ @D 572912 Chol & PEG-DSPE 13/ Th 5 &35 %, Chol % 38
mol%, PEG-DSPE % 5 mol%!|Z [E & L, HSPC+PEG-DSPEHLA#) 1 (5 62 mol%) (2%t
T 2/bEW 1 OFIE % 6~50 mol%d#iFH & L7z, LA, HSPC/PEG-DSPE/Chol/{b&# 1
THERK S VD U AR Y — % HSTz-liposome, HSPC/PEG-DSPE/Chol THpksiv5 =2 b
1 —/ L J 7R Y — A% HSPC-liposome & 59,

E# L 724 HSTz-liposome IZZ EFNDbEM L A ERE LT, VRV —LEHxT X ) —)L
IPBS (9/1 (VIv)) IR CRIVAAL L7=t4, 320 nm OWEEARE L, (kAWM 1 2 EREL
2o HSPCIZOWTIE, BERIEIC LV ER&EIT o7, TORR. IFEOHBEIERRHIAL
AW 1 % 3.7~12.4 mol%iE A L 7= HSTz-liposome Ti&. TR OIGEARLAIZITY Y HSTzZ-

Table 2-1 Lipid composition and molar ratio in liposomal preparations.

HSPC PEG-DSPE Chol Compd. 1
HSPC-liposome 57.0 5.0 38.0
HSTz(16:1)-liposome 53.3 5.0 38.0 3.7
HSTz(8:1)-liposome 50.1 5.0 38.0 6.9
HSTz(4:1)-liposome 44.6 5.0 38.0 12.4
HSTz(2:1)-liposome 36.3 5.0 38.0 20.7
HSTz(1:1)-liposome 26.0 5.0 38.0 31.0

Data are expressed as mol%.

The numbers in parentheses are the ratios between HSPC + PEG-DSPE and compd. 1.
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liposome NN ENESHNTZ, —J7. 20.7 mol%Lh LObEM 1 #IRE LZ U AR Y — A
Tl ALEW 1 DU R Y — AFE~OZH AT ST 1L mol%lZ & EE -7 &nb UR
Y — LEA~EAFTRE AL AW 1 OEIRITIZ ERAH D EEZ Sz, WIho HSTz-
liposome & HKi 7828 60~80 nm, ¥ — X BN IX—5~0mV Z/r L7z, ZhboOfEid, 1t
AW 1 ZE AL TR0 HSPC-liposome & K& DL LT (LA 1 DEAN U R Y —
LADRRIZ G 2 D BT RE L 7B 2 Hiviz, Table 2-2 (21X, HSPC-liposome &
HSTz(4:1)-liposome DFi 718, B—#BMNORERERE T, T2 T, VR Y —LAKEIZ
EE L BEmWEIETEHEASNTHWDHE, NBFEARE LV HREIOSL, BHER
R AR &SR SND EEZ BN 0D, SROBRFTIEELAEY 1 %
12.4 mol%&Tr HSTz(4:1)-liposome Z AW THFIZ1T-o72, S 62, WTND U KRY —
AZBWTH, ETFVEY L LTHWZ MIn-DTPA X° DOX % Z AV ZAUBIU - 2SS i
R pH AfdE AW FEIC LY @RICEAT 2 2 e &, HABRENRZICE T LY
UL ICRE B BITR S h 0Tz (Table 2-2), F7=, fERLZV KR Y —
L~ AMSBER TS U FaX—2 g LR WEEDILY R Y —ACE SRR S
. BOWREMEN RSN (Fig. 2-2),

29



Table 2-2 The physicochemical properties of liposomes and their encapsulation efficiency of
"In-DTPA (A) or DOX (B), respectively.

(A)
] ) Zeta potential Encapsulation
Liposome Size (nm) o
(mV) efficiency (%)
HSPC-liposome 68.7 £ 4.1 —23 £ 05
n-HSPC-liposome 72.9 £ 7.8 —3.0 2.0 88.3 * 6.9
HSTz(4:1)-liposome 71.4 + 9.6 —2.0 £ 03
in-HSTz(4:1)-lposome  68.6 + 125 —24 £ 0.6 90.0 + 6.1
(B)
] ] Zeta potential Encapsulation
Liposome Size (hm) o
(mV) efficiency (%)
HSPC-liposome 67.0 £ 13.3 —3.7 24
DOX-HSPC-liposome 62.8 £ 6.1 —3.9 % 22 77.1 £ 81
HSTz(4:1)-liposome 845 + 3.7 —15 + 0.6
DOX-HSTz(4:1)-liposome 866 + 7.1 —34 + 28 83.3 + 13.2

Data are expressed as mean + SD of at least three experiments.

100
£
5 —0— 1M1 |n-HSPC-liposome + PBS
] —=— 111|n-HSPC-liposome + plasma
© 90 1
= —o—111|n-HSTz(4:1)-liposome + PBS
a

—e— 111|n-HSTz(4:1)-liposome + plasma
80 L] L]
0 24 48

Time (h)

Fig. 2-2 The percentage of **In-DTPA retention in liposomes incubated in PBS and mouse plasma at

37°C. Results are expressed as mean £ SD (n = 3).
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2-2-2 HSTz-liposome & NB &k & DL R G DEITDRET

URY — NGt T DIREMOETIZ LD FRZ U R Y — AR EKFNE Z RS
% PEG NWAENRERBNISICHET 2 2 nBE2bNlizd, VR Y — LB TR
B 1 & NB #FE(K (2-NB, NBCOOH) 7MUZERUG & 29 & 5 1 5 & FEkRO 51k

RSN LV EHME L=, ZOfE%., HSTz(4:1)-liposome (HSPC #&J2/E 0.05 mM) &
NB iR (IR 20mM) & ZRE LB #iTid, ka1 & NB#FER L ofks
BN £ B SOSHERR D5y A A v B— 7 INENE I S 47z (2-NB, m/z: calculated
for Cs3HgsNsO [M+H]" 808.6827, found 808.6816; NBCOOH, m/z: calculated for Cs4HgsNsO5
[M+H]" 852.6725, found 852.6715), F7=. {LFRISHED S & 72 DI kL CTHER L 721k
EMDyAAF o E—7 bENE IR &z (2-NB, m/z: calculated for CszHgsNsO
[M+H]" 806.6670, found 806.6662; NBCOOH, m/z: calculated for Cs4HgNsO3; [M+H]
850.6569, found 850.6555) ,

2-2-3 In vitro ZEYp L B4

UARY — LaAERT DIREMRZ AR T2 2 & CRHEEMOBHENE(LT 52 &
NG SN TVWA[80]Z & 25 HSTz-liposome (2B W T HLAEM 1 & NB &K L D1l
LROGIC X B BRI A T EETH 20 AW TRAEL 7=, 5 1 3 & R Min-
DTPA %7 /LWL L CWNE L 7= HSTz-liposome Z# AW TEHli L7z, UK Y —A

(HSPC #4J=EE 0.05 mM) & NBCOOH (#&EE 20 mM) & % WM& PBS #IRA L, 37°C
— R A v F 2= g LT A AR v~ N T T — DT Lz
(Fig. 2-3),

HSTz(4:1)-liposome & PBS Z B4 L7- 24 Bl O MR 5% TH -7, —H.
HSTz(4:1)-liposome & NBCOOH % {EA L7254 Tid, 24 FEZICIE 80%LL Lo v vk
HERERLIEZZ ED, (LAEW 1 & NBCOOH & DALZEUGT & 2 et DB 5-
DRI STz (Fig. 2-3A), ftW T, NBCOOH JEEE & S lik H =R O BIFRIC OV TR L
720 5~20mM ® NBCOOH % H\ Tkl L 7255, 1RA L T 24 K% D HSTz(4:1)-
liposome 7> 5 DM it HiZ, ¥ L 72 NBCOOH D EEAFRIICHI R L= (Fig. 2-3B),
F7-. HSTzliposome (2 & £ DG 1 OEIGEZE(LSHT- (16:11, 81, 41) LA,
NBCOOH &L iRA L7z 24 BRI IZITVVT 410 HSTz-liposome &% 80% D= A7~ L |
VAR Y — LB T 2E 1 OFIG &3y & OBRMEITA bR - 7 (Fig.
2-3C),
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100 + %k 100
g 80 - O_\';* 80 4
@ T v
g 60 A § 60 -
e ] ©
g 407 p 401
a 1 a

20 20 4

0 0

5mM 10mM 20 mM

Time (h)

—&8—11|n-HSPC-liposome + NBCOOH
—O—11|n-HSTz(4:1)-liposome + PBS
—8—111|n-HSTz(4:1)-liposome + NBCOOH

100 A
S 801
°
@ 60 -
]
3
5 40 A
(]
20 4
0

HSTz (16:1) HSTz (8:1)  HSTz (4:1)

Fig. 2-3 In vitro drug release from HSTz-liposome and HSPC-liposome via reactions with
NBCOOH. (A) Release rate of *"'In-DTPA (%) from liposomes reacted with NBCOOH (20 mM).
Results are expressed as mean + SD (n = 3). “p < 0.05, "p < 0.001 vs. HSPC-liposome + NBCOOH
and HSTz(4:1)-liposome + PBS. (B) Release rate of **!In-DTPA (%) from HSTz(4:1)-liposome re-
acted with various concentrations of NBCOOH (5, 10, and 20 mM) at 24 h. Results are expressed as
mean + SD (n = 3). (C) Release rate of *In-DTPA (%) from HSTz-liposome (16:1, 8:1, and 4:1)
reacted with NBCOOH (20 mM) at 24 h. Results are expressed as mean + SD (n = 3).

32



LB L TiE, DDS v U 7 OB LM E N BT 5721 Tl NE
LTV EYEIROMWE LRE95 2 LML T\ 5[86,87], % Z T, Doxil®& ki
T 57212 DOX & NE L7z U R Y — S % W CRBHZEENC SV TRl L 72, ASHE
ffi &, *MIn-DTPA % /-5l & kIS, U R Y —2 (HSPC #&J# £ 0.05mM) & NB #%
BR (KR 20mM) &5 UNEPBS #iREG L, 37°C T—ERFHA o FaX—T 3 U,
YA PR v~ N7 7 4 =XV GHT LTz, LAaL, DOX BER T T MIKHE S
NEEPRECTH /272, U AR Y —AICHE S DOX O ZHI$ 5 Z & T,
W HHRED ROV CRHIE L7, FEMRFFRIZON T, VAR Y —AICHFE SN
DOX H 3D BRI 2 I LU, A XPEBR S 7 HIZHIN L 7= DOX &Y 7R Y — LRI
DENFRE IR 2EIE L LTHEE L, ZORE5, HSTz(4:1)-liposome Tix, NBCOOH
LIRAT D L. PBS LIERA L7-HA=° HSPC-liposome |~ NBCOOH #iE& L7-H4 L It
LT, EMEERMAEICE T L (Fig. 2-4A), £7-. Z OIMREERI TR IC
KT L7z, 723, NBCOOH DRI L CIRRFRIFK T 2 BmA R o (Fig.
2-4B), X512, ¥INT5H NB #HiE(K (2-NB, NBCOOH) # [t#id 2% &, 2-NB Z ¥
L2 RRIC R & 2 B3R B 72 hr o 72— 7T, NBCOOH Z¥shN L7z RE DR FFRIT R
KT L7 (Fig 2-4C), LI EDOFERE S, DOX ZNE L 7= HSTz(4:1)-liposome (235
WTH MIn-DTPA Z NE L 72 HSTz(4:1)-liposome & [AEEIC, {LA# 1 & NBCOOH & d
{EF RIS ZAIT LT 3R E R FTRE CTh D & & 2 bz,
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o 1 Q |
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0 6 12 18 24 5mM 10 mM 20mM
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—&— DOX-HSPC-liposome + NBCOOH
—0—DOX-HSTz(4:1)-liposome + PBS
—8— DOX-HSTz(4:1)-liposome + NBCOOH
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60 4

40 4

DOX retention (%)

20 A

2-NB NBCOCH

Fig. 2-4 In vitro drug release from HSTz(4:1)-liposome and HSPC-liposome via reactions with
NBCOOH. (A) Retention rate of DOX (%) in liposomes reacted with NBCOOH (20 mM). Results
are expressed as mean + SD (n = 3). "p < 0.05, “p < 0.01, ""p < 0.001 vs. HSPC-liposome +
NBCOOH and HSTz(4:1)-liposome + PBS. (B) Retention rate of DOX (%) in HSTz-liposome at 24
h after incubation with various concentrations of NBCOOH (5, 10, and 20 mM). Results are ex-
pressed as mean £ SD (n = 3). (C) Retention rate of DOX (%) in HSTz(4:1)-liposome at 24 h after
incubation with 2-NB (20 mM) or NBCOOH (20 mM). Results are expressed as mean £+ SD (n = 3).
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2-2-4 HSTz-liposome & NBCOOH #1427

HSTz-liposome 35 & O NBCOOH % in vivo ~JEBIT 512&H7-0 . MNAMAE (colon26)
E~wr a7y — UM (RAW264) % W=l @mME 23 i Lz, b oz V
ARV —2A (HSPC R 0.5~50 mM) & 5\ X NBCOOH (0.008~8 mM) (2 24 ¢l 2%
S, WST-8assay (2 & 0 Ml EfF R A2 R T L7z, ZOfE%., DOX ZWNE L TS
4:-C HSTz(4:1)-liposome (%, HSPC-liposome & Ll L T LMW T & BAE 72
RO T 2RSSR 72Z LD, HSTz(4:1)-liposome B RIZAIARE ENEIZ /20 2
LASRIE SN~ (Fig. 2-5Aand 2-5B), £7- NBCOOH Z N L7- 354 . TN EE ORI
(P> THIRAFRIFME T T 2HMICH 722, ZOREIXBETRN-T-Z D,
NBCOOH (ZD5W T H Al EFRIZRESEEL RN LR Sz (Fig. 2-5C),

120 120
100 % I 100

g ° I g I

< 80 @ { < 80 : 3

2 60 2 60

> =

T 40 - ® 40

© 0 OHSPC-liposome © 0 OHSPC-lipcsome

@®HSTz(4:1)-liposome ®HSTz(4:1)-liposome
0 10 20 30 40 50 0 10 20 30 40 50
Concentration of HSPC (mM) Concentration of HSPC (mM)

O

5

9

=

E 60 - I

>

< 40 -

o 20 o colon26
1 ® RAW?264

0 ——— ——————

0 2 4 8 8 10

Concentration of NBCOOH (mM)

Fig. 2-5 In vitro cytotoxicity of DOX-free liposomes and NBCOOH to tumor cell (colon26) and
macrophage (RAW264). Cell viability of colon26 (A) and RAW264 (B) treated with empty lipo-
somes, and colon26 and RAW264 treated with NBCOOH (C). Results are expressed as mean + SD
(n=23).
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2-2-5 YRV —LOERSEFT

AL 2 AW TR ATERICEB W T, VR Y — A& %5 L7-#I12 NB 358k
G54 I TNIERICHEL D, TNERET DO, URY —LDOEN
HhHE & A L 7=, ™In-DTPA % PNEf L 72 HSPC-liposome & HSTz(4:1)-liposome % colon26
FETRAEHENAET L~ U RTFIRNEEE U AN BGGE A0 2 5l L 72/ R %
Table 2-3 33 L OY 2-4 |Z7: 97, HSPC-liposome & HSTz(4:1)-liposome DWW T 4ULIZEHB W T H
RES T& 2 Ml & Mg ~m < A LTz, £72, WTFNo U R Y —2ab | 5 6~48 Il
BT ool m SRR L 72— 07 T, i) b1 G 48 B IZIZ & A EHA L
7o T DOMDNEEE~D53 & 8 b T, HSPC-liposome & HSTz(4:1)-liposome O {4 PN 25 H)
CRERENTR OGN0 o7z, ok, YR L T, WO U R Y —L4 8 2R
(B WD RE DS S U723, HSTz(4:1)-liposome 0 J5 A3 & 41 2 E& MGV Ve ) A3
Roni-, LLEDOERENS, Mk To HSTz-liposome & NB BB & DAVZR G % b
B2, NBFBEBEROEGIIY R Y — L&k feh Uiz 48 FEfijte & L7,
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Table 2-3 Biodistribution of HSPC-liposomes encapsulating **'In-DTPA in tumor-bearing mice.

Time after administration

6 h 24 h 48 h 72 h

Blood 14.31 + 1.90 3.48 + 0.18 0.60 + 0.10 0.09 + 0.03
Spleen 145.55 + 11.96 123.51 + 15.75 126.56 * 16.93 92.76 + 21.92

Pancreas 0.65 * 0.15 0.30 + 0.06 0.30 + 0.08 0.23 + 0.06
Stomach 0.48 + 0.14 0.46 + 0.23 0.37 + 0.10 0.32 + 0.13
Intestines 0.84 + 0.24 0.83 + 0.05 0.87 + 0.09 0.64 + 0.11
Kidney 3.25 + 0.49 3.65 = 0.40 2.73 + 0.15 1.85 + 0.26
Liver 36.93 + 367  36.31 + 3.38 3548 + 430  21.96 * 4.16
Heart 1.63 + 0.20 1.00 + 0.18 1.16 + 0.34 0.74 + 0.20
Lung 3.60 + 0.31 1.64 + 0.12 0.85 + 0.03 0.52 + 0.05
Muscle 0.36 + 0.07 0.28 + 0.08 0.22 + 0.04 0.18 + 0.04
Tumor 4.99 + 0.43 5.30 + 1.12 411 + 0.88 1.62 + 0.19
Urine” 15.07 + 0.46  23.03 + 1.05  28.87 + 1.80
Feces 1.62 + 0.42 3.52 + 0.55 4.71 + 0.60
T/ B ratio® 0.35 + 0.06 1.52 + 0.28 5.75 + 1.51 18.47 + 5.11

Results are expressed as means (%I1D/g) + SD values.
®means (%ID) + SD values

T / B ratio, tumor-to-blood ratio
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Table 2-4 Biodistribution of HSTz(4:1)-liposomes encapsulating **In-DTPA in tumor-bearing mice.

Time after administration

6h 24 h 48 h 72 h
Blood 13.61 + 0.82 2.38 + 0.47 0.71 + 0.13 0.07 + 0.01
Spleen 153.18 + 10.60 141.27 + 19.57 148.68 + 16.69 97.75 * 5.20
Pancreas 0.62 + 0.14 0.32 + 0.10 0.40 + 0.08 0.33 £ 0.15
Stomach 0.28 + 0.05 0.38 + 0.13 0.50 + 0.12 0.25 + 0.09
Intestines 0.70 + 0.03 0.70 + 0.10 0.89 * 0.14 0.53 + 0.05
Kidney 3.07 + 0.16 2.79 + 0.31 2.76 + 0.19 1.89 + 0.36
Liver 41.47 + 063  35.85 + 6.02 4241 + 468  27.51 + 1.06
Heart 1.32 + 0.09 1.01 + 0.33 0.93 + 0.18 0.68 + 0.09
Lung 3.12 + 0.23 1.38 + 0.31 1.02 + 0.11 0.50 * 0.07
Muscle 0.29 + 0.08 0.18 + 0.07 0.31 + 0.05 0.17 + 0.02
Tumor 4.25 + 0.62 474 + 1.01 3.59 + 0.91 1.47 + 0.32
Urine" 10.48 + 2.03 17.86 + 1.54 24.62 + 1.62
Feces’ 0.84 + 0.39 1.91 + 0.34 2.77 + 0.34
T/ B ratio® 0.31 + 0.03 2.04 + 0.45 513 + 1.22  21.16 * 6.33

Results are expressed as means (%I1D/g) + SD values.
®means (%ID) + SD values

T / B ratio, tumor-to-blood ratio

2-2-6 In vivo ¥k S
BT, AR HEETED in vivo IZB W THEEET D RET 2 2 & &5 L=,

PEG f&fifi U 7R Y — A%, MR & O AAEH MR S D 72D I, Ml Y JAZE A B
MR F 92 2 ERHMBILTVSH[88], D7, FIRNEEG- SNV R Y — BN A
HRRA~EERE L CHMIEAN AT A E T, 23 AR O &y 3o S JRTET 5 Al hE
PEAS IV O[88,89], 78 A O RIE I RTES S MIn-DTPA NEF U R Y — 276 MIn-DTPA
D S 5E . KEPEO @ HIn-DTPA ITHIIEMICE D iIAE D Z & 7a < AAM
W BRI H SN D DO TIE RV EE X VR Y — L 5% NB iFER %2 &5
L. ZHLIEODR AR 31T 2 HGREDID 2 FREEIZ in vivo (23817 2 3-M i e it
IR OV TR L 72, BRI ™In-DTPA Z [EEANICEHHE 5975 & sl T s ARk
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Fig. 2-6 Evaluation of intratumoral retention of *In-DTPA in tumor-bearing mice. Radioactivity
retention (%) in the tumor after intratumoral injection of *In-DTPA. Results are expressed as mean

+SD (n = 3).

MO HEE X372 (Fig. 2-6),

n-DTPA NEF Y R Y — A& #5 L7~ 48 B ICKImE (5%=™ % / —/LIPBS Vi

(vehicle) ., NBCOOH, 2-norbornanecarboxylic acid (NBaneCOOH)) %## 5. L., Z® 6
IRFFREI P2 L2 DS AT 33T D BT BEZE RS 2 FFAME L 7=, 7235, NBaneCOOH %, NBCOOH o —
FEEAEETLL, Tz LOMSHEZEL Lo fbAThy, AT 7 ar be—L
L CTHWEz, Z0Of55%, HSPC-liposome % #¢5- L 721412 vehicle & % i< NBCOOH #% ¢
LA, DA~DOERITIZNFH 3.6%IDIg & 3.3%IDIg THY ., K&xAETIROLNA
7o 72 (Table 2-5A), —J7. HSTz(4:1)-liposome (233 T, vehicle % 7= iZ NBCOOH
G LI2GE ORI IT H8EFEIX, £ E 3.4%ID/g & 2.4%ID/g Td Y ,NBCOOH
BHRECB W THREICEVMEZ R L7z (Table 2-5B), & 512 NBaneCOOH £ 5-8% T,
D3 A~DEFEDY 3.2%IDIg & 720 | vehicle &5 RE < EDL Lo T, 7ok, o
RO Z 31T 2 B BE A X, W T ORIE 2 & 5 L2 a ItV TH K& 2281k
XA BN o7z (Table 2-5) , LLEDFER NS S AR B W T LA 1 & NBCOOH
EDARERRIFOSC LD HIn-DTPA INEF U R Y — 2700 6 D3P TR EAVRE S
72
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Table 2-5 Biodistribution of HSPC-liposome (A) and HSTz(4:1)-liposome (B) encapsulating
™n-DTPA 6 h after injection of vehicle, NBCOOH, or NBaneCOOH to tumor-bearing mice. NB

derivatives were injected 48 h post-injection of liposomes.

(A)
+ vehicle + NBCOOH
Blood 0.33 = 0.10 0.34 + 0.10
Spleen 109.40 + 20.79 105.20 + 25.21
Pancreas 0.21 = 0.03 0.29 = 0.05
Stomach 0.34 + 0.02 0.57 £+ 041
Intestines 0.79 = 0.10 0.78 = 0.16
Kidney 2.89 £ 0.14 2.14 £ 0.25
Liver 3154 £ 254 3251 + 243
Heart 0.88 = 0.16 0.61 = 0.27
Lung 0.83 + 0.08 0.70 £ 0.21
Muscle 0.30 £ 0.11 0.32 £ 0.35
Tumor 3.60 + 0.66 3.25 £ 0.35
(B)
+ vehicle + NBCOOH + NBaneCOOH
Blood 0.27 + 0.06 0.23 + 0.05 0.35 + 0.19
Spleen 11481 + 14.11 114.78 + 15.67 120.51 + 32.35
Pancreas 0.35 = 0.13 0.35 £ 0.14 0.25 £+ 0.06
Stomach 0.42 + 0.23 0.52 + 0.15 0.42 + 0.09
Intestines 0.65 + 0.12 0.70 £ 0.15 0.75 + 0.08
Kidney 2.39 + 0.25 2.85 + 0.60 245 + 0.44
Liver 35.49 + 1.50 39.88 + 2.18 41.63 + 842
Heart 0.84 + 0.27 0.70 £ 0.16 0.81 + 0.27
Lung 0.84 £ 0.23 0.85 + 0.14 0.83 + 0.06
Muscle 0.19 = 0.09 0.20 = 0.04 0.18 £ 0.09
Tumor 3.36 + 0.39 236 + 031 3.20 £ 041

Results are expressed as means (%I1D/g) + SD values.
“p < 0.01 vs. HSTz(4:1)-liposome + vehicle, ""p < 0.001 vs. HSTz(4:1)-liposome + NBane-
COOH.
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UARY —LZHNE 37z DOX IFTMIFICER D AT W—FH T, URY—L0bh
&7z DOX IFAEE M B < Ml ~E W iAEN D, Lieddi> T, BAMEBAICE
T DOX kot & U AR Y — A2 125, U729 658 (3,3'-dioctadecyloxacarbocyanine
perchlorate, DiO-Cyg) HHSRDMWIEAS, £ D K H T Hid 5 & HOGBAMSEIC L 0 8142
D2 & T IR ES RIC OV CRMIi CE 2 L B 2 7, Bk HIn-DTPA Wi U R
Y — % W EHE &[RRI, DOX A2 NEF L7z DIO-Cipffiak U 7R Y — L& 5 L7z 48
e 72 124559 (vehicle, NBCOOH) ##5- L. % d 6 REfHl#£I2AY A Ok T R 2 1R
L Calfi L 7= (Fig. 2-7) ., & D#E 5 HSPC-liposome (22T, vehicle & % VX NBCOOH
EEGLIZODTRORICE N T, DOX & DIO-Cg DH:RENBLZE SN, —),
HSTz(4:1)-liposome (22Tl vehicle % 5-#F TiX DOX & DiO-Cig DM RIENBIEE S 4L
72D1Z%k L, NBCOOH #% 54 TiZ, DOX A% DiO-Cig DJEDITIA L 4345 L TV B EEA23
BlEant, Lino T, BRAMBRICE T, {LE&% 1 & NBCOOH & OARE A K
ST & % HSTz(4:1)-liposome 7> 5 @ DOX O fi R 2 7RI S 1u7-,

White

HSPC-liposome

+ vehicle

HSPC-liposome
+ NBCOOH

HSTz(4:1)-liposome

+ vehicle

P .
HSTz(4:1)-liposome :

o
+ NBCOOH % / “,’./
o W

Fig. 2-7 In vivo evaluation of drug release from liposome following the bioorthogonal IEDDA reac-
tions with NBCOOH in the tumors. DOX-encapsulating liposomes were intravenously injected into
mice, and at 48 h post-injection of the liposomes, NBCOOH or vehicle were intravenously adminis-
tered. Six hours later, the tumors were excised, followed by fluorescence microscopy study. Intra-

tumoral localization of DOX (red) and DiO-Cyg (green). Scale bar: 500 pm.
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2-2-7 afRETi

AIETE COERFER LY . 2AAMBICB W TAERBE AR RN -5 < HSTz-liposome
D DFBHRER RE S22 & KLY, DOX WE U AR Y — Lz Vo iniEER 4
FEhi L7,

BHRIE, £ DOXNE U AR Y —LzafiKhb L, S HIZZ O 48 BFE#£ I NB #F5 A %
32509 2BBEOREG A7 Y 22— /L TYT o7, Colon26 Mz & T L T5 HH
DN~ A% 9 DOIRPFERE ((@) PBS + vehicle, (b) PBS + NBCOOH. (c)
DOX-HSPC-liposome (5 mg/kg) + vehicle, (d) DOX-HSPC-liposome (5 mg/kg) + NBCOOH,
(e) DOX-HSTz(4:1)-liposome (5 mg/kg) + vehicle, (f) DOX-HSTz(4:1)-liposome (5 mg/kg) +
NBCOOH, (g) DOX-HSTz(4:1)-liposome (5 mg/kg) + NBaneCOOH, (h) DOX-HSTz(4:1)-
liposome (2.5 mg/kg) + vehicle, (i) DOX-HSTz(4:1)-liposome (2.5 mg/kg) + NBCOOH) (Z47
TR FEERZ B4 L. BRI A DIREE 2 IE LTz, Fig. 2-8 ICIRRBAMRE D A
R OREbZ/RT, VR Y — 285146 H BHIZH\ T, DOX-HSPC-liposome <> DOX-
HSTz(4:1)-liposome % #45- L 7=1REHE ((©), (), (h)) TiX. DOX K#FG5HE ((a), (b)) Zxf
U CRESARE DM 2 = 3 M 23 FL S 7=, & 72 DOX-HSTz(4:1)-liposome & NBCOOH
R B DEIIGEEE () Tk, DOX-HSTz(4:1)-liposome & vehicle A4 bH 7
BREE ((0) ISR LT, GOMREAZBEICHH Lz, 612, VRY—L5% 6
H H LAREIZ 35T, DOX-HSTz(4:1)-liposome & NBCOOH % #H A& ot =155 RE ((F), (i)
TiE, Doxil® & [R5 DA EHL L2 5 /ERL & 71 7= DOX-HSPC-liposome & vehicle % A4
BB (©) IS LT, B okR2EE AR Lz, VARY —2&E5#%8 AR
BWTIL, 1BERE(F) TlE. DOX-HSTz(4:1)-liposome & vehicle <2 NBaneCOOH % #lA A
HIBERE ((e), (9) IZx LT, ARICEWEFEOREMHIZ R Z R L, —F, T
NOTBFRREZ B W T O B R ERAII R b e h» 72 (Fig. 2-8B), LA ED Z &inb
HSTz(4:1)-liposome & NBCOOH (Z & 2 AARE AR FOS 2 F ] U 7= Wi B R DS |
F O NRAI 72D ATEIRRIE & 72 2 ATREME N R STz,
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—=—a. PBS + vehicle
—s=—b. PBS + NBCOOH
¢. 5mg/kg DOX-HSPC-liposome + vehicle
—=—d. 5 mg/kg DOX-HSPC-liposome + NBCOOH
e. 5 mg/kg DOX-HSTz(4:1)-liposome + vehicle
—=—f. 5 mg/kg DOX-HSTz(4:1)-liposome + NBCOOH
g.5 mg/kg DOX-HSTz(4:1)-liposome + NBaneCOOH
h. 2.5 mg/kg DOX-HSTz(4:1)liposome + vehicle

—=—i. 2.5 mg/kg DOX-HSTz(4:1)liposome + NBCOOH

—=—a. PBS + vehicle
—s=—b. PBS + NBCOOH
c. 5 mg/kg DOX-HSPC-liposome + vehicle
—=—d. 5 mg/kg DOX-HSPC-liposome + NBCOOH
e. 5 mg/kg DOX-HSTz(4:1)-liposome + vehicle
—=—f. 5 mg/kg DOX-HSTz(4:1)-liposome + NBCOOH
g. 5 mg/kg DOX-HSTz(4:1)-liposome + NBaneCOOH
h. 2.5 mg/kg DOX-HSTz(4:1)-liposome + vehicle

—s—j. 2.5 mg/kg DOX-HSTz(4:1)liposome + NBCOOH

Fig. 2-8 Anti-tumor effect of DOX-HSTz(4:1)-liposome via the bioorthogonal IEDDA reactions

with NBCOOH in colon26 tumor-bearing mice. DOX-liposomes were intravenously injected into tu-

mor-bearing mice (1% i.v.), and at 48 h post-injection of the liposomes, NBCOOH, vehicle, or

NBaneCOOH (negative control) were intravenously administered (2" i.v.). (A) Tumor growth sup-

pression by a combination therapy of DOX-HSTz(4:1)-liposome and NBCOOH. Results are ex-

pressed as mean + SEM (n = 8 mice in each group). One-way ANOVA followed by Tukey's test was

used for multiple comparisons among groups (c—i). ~p < 0.01, "p <0.05 vs. group (c), “p < 0.05 vs.

group (e), "p < 0.01 vs. group (g). (B) Body weight change of tumor-bearing mice treated with each

preparation. Results are expressed as mean £ SEM (n = 8).
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2-3 EE

XU DI, R~ A% B8 L C Doxil®2 25 12baM 1A Y R Y — ADOFE
FRAZ OV TR L 7=, 7ERL L 72 HSTz-liposome D708 — % EALIT Doxil® & K& <
Eobd | o, TNOITET NVEYEZNE T IRIZICBNTHRELS LD L R) 72
ZEDB ALEM L E VR Y —MEAT D ERET N OEATEER, VKR Y —
LOYBEALZLR I RIET RIS W EE 2 BT, Iz T, HSTz(4:1)-liposome
3~ U ZMEFICBNTOREICED ZRFF L E EAEL T (Fig. 2-2), L72R
5T, HSTz(4:1)-liposome 7% Doxil® & [RIEEIC SRR TR 5 S 7= & . MK %768 L C
WAHMICRE D Z KE IRHT2 2 Ll BAUMBICEES D O L #E S,

In vitro S Ak HRF Clid, 55 1 % & [AIERIC NBCOOH & DL GT X 5 HSTz-lipo-
some 7> 6 DIEYIHHRE Z 5B DT, —J7, ALFRISE FWIZ 1T 5 HSTz(4:1)-liposome
2250 Mn-DTPA D fitH=Ri%, POTz-liposome % V=84 L N TERVMEZ R LT,
ZhE, POPC & T HSPC @ Tec MW 2 &2 HSTz-liposome %% POTz-liposome
KON R Y —AEER L TWD D EIZERE L rTietEnE[e0], £z, €7
JVERP)Z MIn-DTPA & DOX % AW 72354 T EENCEV AR b, Zhud, 5
JVERY) B IROFPENEEE- L, ™MIn-DTPA L0 LAREPEDE W DOX 23U AR Y — AJEEIC X
DS RFEINTETEDThHD EBZ2 o, Thbb, BRICHESNL TS L 51T
[86,87]. U AR Y —LICNET 23 OFHEIKAE L THRINEENIZ (LT 5720, YT
SN MERHEN LI TH D LB HbID, SEOBFHIIRW T, HSPC Liba# 1 @
FEE (16 : 1, 8: 1, 4:1) ITK 5T HSTz-liposome 75 @ ™MIn-DTPA Dk H =R L [FF&
EDmmMEZ R LTz, NBCOOH & DRISHIFRZEZE L T, {bEaW 1 BARDE L&
HSTz(4:1)-liposome % AV 7= invivo EER 2D 7223, 5%, S HICIREMR O % &
N5 T, KONRARIEY I EBE 2R T U AR Y — APMERTE SRR H 5,

HNRAET N~ T RCBIT LY R Y —LOENBREIL, VAR Y —LE~OEY L D
BARBZCRELSBT D &iF otz VAR Y —AOERNBREOR RS, Mg
TOALFER IS ERET H72010, URY —L0I1FE A ERMIET 6 155 UT=RER (VR
V— A5 48 Wif#f%) & NBCOOH Dfth % A I 7 & Uiz, EEE, ZHUlit-T
NBCOOH # #5- L 23 A DT DWW TE BT L72#ER. (b5 1 & NBCOOH @
BSOS X DD FA T E— I DBRBO NI D DA IBIT 54
REATOSEOWEIT AR S l=, —J7. NBCOOH DIANENREIZ R TH Y | H5&E
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W Cdo D PORFTE TILTE TRV, TDH45 %, NB FHERO S VEAR AR
AR L. RNENRE O A RE A OGO LT DR & fftr 3 2 LB B 5,
AR~ T AR SN2 U R Y — 2%, AR T, R —Tenfiz R L
(Fig. 2-7), VAR Y — AT EPRZVBIC I D DA~ER L, METHICRIE L S HEERS
Nic, £, VARY —AKEO PEG IZX VI D KFEIZ LV Ml s o AFEH
PN X U[88]. 23 AR O IAE 2> DI H L 72212 28 AR O RV 2 R TE L 7= ATREPE A
BV, L L7235, NBCOOH ##5-7% & |, DOX 2353 AFARRIZ IS < JEH L TV Dk
TR S L2720 ARWFFE TS L 72 AR IR ARG 2 1A U 7 S s AR 23 in
VIVO IZEBW T HEERET 5 Z E SRR I3, mW D ARV RS IR S 7,

DOX PNEF HSTz(4:1)-liposome & NBCOOH & DA RE AR G DA & E % H W 7=
DS DIRFN R 2 R LSRR, DA DR 2 A EICME Lz (Fig. 2-8A), —J7.
HSTz(4:1)-liposome #¢5-# (2 vehicle X°> NBaneCOOH % % 5 L 7= 834 Tl BHE 2 PId A
BHRDRE NI oT2Z . LAY 1 & NBCOOH & OAERE ARG E N L=
H I O F R DSIE RN R ORBUCEE R K 1L 72D LB bvic, S HIZ, DOX
Z Y-8 L 7= HSTz(4:1)-liposome & NBCOOH DfA B OH CIHEEIT- 125 A TH.
HSPC-liposome & Lb#E LT, NADREZ A EIZHHEI L7z 2 & K0 | KIS I LEIE
HOBRBIZHER D b0 L HiFF Sz, 7o, DOX ZWE L TU 720y HSTz(4:1)-lipo-
some & NBCOOH H &IXBEE 2l EME 2 R S 2o 72 2 026 (Fig. 2-5) . ARl
BRNRIZV R Y — b SN 72 DOX IZIKFE LR TH D L EZ BN,

LB XY ETED ANTKET 2 2 R 72 35 a0 & F28L9 2 8- 7o S B AR U AR
Y — LBFI ORI Lic, AFERIE, ZRETICHRE SR T DBYSEM Y R Y —
LRSI ENE Y R Y — L L RIFORAERIR 2R T L E X BN72[27,2832], 414,
B e BN ATEZE DT REPOIRIR A 7Y 2 — VOt 21T 9 2 & T, X 0 RN
AARTRRINE & 72 D PREMER B 2 BN D,
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2-4 IME

- Doxil®# B E HERL L 72L& 138 A Y R Y — 2 (HSTz-liposome) 1%, ~ 7 A I fE
HFIZRBWCEEICIFE LTz, S HIZ, invitro (28T, NBCOOH & DAL
KO NEFEY O ZHE I RESE D 2 ERHALNERoT,

* In vivo (28T, HSTz-liposome & NBCOOH ZflAafbETHRETHZ LT, 2
PARRRN T U R — B0 B O NERY O FltH AMiEdE S5 ATREPEDN R STz,

+ HSTz-liposome & NBCOOH %G H =3 A DOFMIEHE Tlx, BADKELEH
BT 2 Z ERSNE 220 | AREABOR Z R U728 7272 53 b DIRHEIE
LR D AREMED R & Tz,
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e

ARFFE I, ARE AT 2 R U7 3 o # R U R Y — A8 o B3 2 B 1Y
120 1. EBUEE T2 8RO AR E VR Y — A~DOIGH. 2. ARERKIGEZI LT3
Wy AR U AR — BRAINZ K 2 S AR R O BEER, IZ W TR L, LT oA
157,

1. WS T2 FEEOEGRE VR Y — A~DIGH

Tz & NB FHEMAE & OERELZSIGZ L D VR Y — L0 OFEYHUHRE & 2Rk
DO, FRTEEENE T2 3F8K 1 OGRICHEI L, TN aH ALY R Y — L0
Uk L7z (POTz-liposome), £7-=. Z @ POTz-liposome (%, NB #FE ik & DK
JRIZ LV NEEDOHRENRFRETH 72, 51T, Langmuir B 1% Hv7
FHIEIZ KD VR Y — A DOBRREN AR RISHTR TEb T2 2 2 6nE L, 2
A ZEA L AN S e et D IR & 72 B AT REME 2R LT,

2. AHERBRIGEN LKy HHIEA Y R Y — ABHNZ X 2083 8RR
DT

VAR Y — AONREBE b L ALEW L 28 A LT R Y — AOAEBN ST IS
BB EMom L2 Ek Lz (HSTz-liposome) , HSTz-liposome (28 T %, NB i
KL DALFSOSIT XD . NEFEY OB RENRFTRE Th > 72, 72, DOX ZWE L7z
HSTz-liposome & NB #5842 fL & W CTULE L7234 . DOX 283 AUKLER NI A < 4k
BLTWORRTRRBO LN Z 0D ARFEWHUHHITETED in vivo I8V T HHRE
DT ENRENT, EHIT, KIEYREHEEIZ LY . PADKE ZA B L2
EIND . AR ATBIRERIG & 702 D ATREME NV R ST,

LU EDFRERD B AARE RS 2 A U7 S i iR U Ry — AR OB S
R UTze ARFE TR, FILBREITKAT L 22 WK T O EOG 03 FE i iR EE o 22
L7270 DBARERCEMNLZ A ST A PV WRETH 5 EBESN D,

Lb, AR TR O N mWIRRR & et MmN 2 B e L7228 A Dfes:
URESOE I E [ ang FTNARAN RS SUNP R N SR AN [ R T o AR R PR

47



HEE

Tz A DIZHT0 | ARBFFEICH L, RIS 22 Ef 8, BHEA IR Y £ LoARS
B R R - s ISR EH OB EZR LE T,

ARG COFEI DT 0 AERMBNE LIIEHE B0 & LI AR
15 - SEHVBDHES e, ORI TP 0% - IR — ek, MHERESY TLOERIE R B -
o s S TR B L £ T

ARBFIEDZITICHTZ Y | HFENE~OEYL I E - HZRZ2 B0 £ LAWY
B SRR NE R - PRSI IR IR L £ 97,

ABFFEDBATIZH T FRRILFERD A A=V T FIEEZIT LD & L% < Ol
ZHBOR LCIES L3S, HEDLIEFRE L L TIHS £ Lo, R amE b
JEBNZL - LIRS e . @ IRRERRIR AT Rl Bh 2 - el 2 SE AR TR BB L &
j‘o

AWFFEDEITIZHT= Y | AR DI E L IRWEPEAE 2 TH X £ LI AR U e B =
HERRZ - LR R AR B L £7,

AWFEOW =2 G- 2 TIHE A2 #iE LR EE2 B0 £ L) &K+ K70
LA IER % « ARARBOEE AT D K0 BB L £,

ABFEORITIZ b1 ) SR E Y F LT85 SRR I A
RHEAYRRIERIR -+ PRIRIHAEEICIE < LA L B £,

ALELBBNE Z2THS £ LI WEE TR O Je7E, RIEOBERICEHE L £

T2 HEEND D 2 FMIT OV ARAHTIEAN AR RAFL KA I I3
LT ZHY £ L0 T, ZZICEHOBEERLET,
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BRI, T E TOMZEAETE 2RI < BP0 | i E Lt TSR0 5
REHEBL £,
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EERDER

stz 4 55 E

ARWFFENT AN EE el B2 SICOWTLIIC—H59 %5, B 3BRIE, =5
PRFEWEIREZ B R OKREZRT-O G M ERREEY SR AE 28T L, B)
WA I 2 5 2 X 9+ B8 L T 72,

PR - B

2-Cyanopyridine 35 2 OY 5-amino-2-cyanopyridine |, Merck fE2> 5§ A L7, Hydrazine
hydrate, 2-hexadecyloctadecanoic acid. thionyl chloride, ICG. NB(COOH),, DTPA %, K
AL T2 B L7-, Boricacid, dry tetrahydrofuran (THF), triethylamine (TEA), %
DA I AW - AL, 2-NB, NBCOOH, LabAssay Phospholipid 1%, &+~ ¢ /v
LFEHIEE A BN L7=, POPC, DSPC. PEG-DSPE I3 Avanti Polar Lipid #E72> 5 A L
72 HSPC %, Hil» 50N L 7=, DOX IZ. LC Laboratories £L:7> 5 [ A L 7=, 8-Quinolinol,
Chol, DiO-CygiZ. Sigma Aldrich #1725l A L7z, EDTA 3 X O CCK-8 (X [F{Ab#mF 5t
oG L=, PBS(-). DMEM, X O — LiE#Eik (pH8.6. 1=0.06) %
HFA T A7 BN LT, MInCly (74 MBg/mL) @ 0.01 N HCI ik 1Z, AAA Y7 4
Uy AL REEEZIT T,

HMESEIRIEZ v~ + 7 Z 7 ¢ =23, IERo A#RET RS RiEik s n~ 72
7> A7 5 (YFLCAI-580) %M L. Purif-Pack-EX (FE3EKS : >V B 4L SIOH, ki1
X :50um, T LA X M-L) &IFE LT, EBAILE (nuclear magnetic resonance,
NMR) HIEIZIX, Agilent Technologies #1:5¢ Varian Mercury 300 % H V>, E/KFZLIAEE
T ORI ZNEERE &L L CTHIE L., =L 7 br A7 L—A T AbE i fitieE &
38T (electrospray ionization high-resolution mass spectrometry, ESI-HRMS) (Z(%. Thermo
Fisher Scientific %l Themo Scientific Exactive % f#f L7-, WEREDHIEIZIX
PerkinElmer #1:%4? Wizard 1480 35 L " Aloka #1:#4¢> CURIEMETER IGC-3 # /=, %%
JeART MV OREICIE, BHRERTRLO UV-2450 UV-Visible Spectrophotometer % {3
Lz, @AY MAORIEIZIX, HSnA T 7 34 = 2% Hitachi F-7000 Fluo-
rescence Spectrophotometer ZffifH L7=, 'L — kU —&—|ZiX, BN T 7P A
Z 8D MICROPLATE READER SH-9000 Lab Z#fEH L7z, U &R YV — A D% A XFHFEEIZIX
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Avanti Polar Lipid #-#¢ Mini-Extruder set, 35 X O TOMY #& T.#» UD-201 A f i L 7=,
VR Y — 2HERIBF DY A ZAYEbR 7 v~ 7' F 7 ¢ —IZ1%. GE Healthcare #-#¢ Sephadex
G-25 (PD-10) 5 XU Sephadex G-50 #7/v & L CHWE=A T 2 &R L, Bro—
AT T — MEXIKENIIX, ADVANTEC 0 SELECA-V Zffifl L7z, V&R Y —LokL
TR LB — & EALIX, Malvern t1:5L Zetasizer Nano ZS (2 X 0 7€ L7z, Langmuir ¥y
R E T, KSV Instruments #E8o> KSV Minitrough Z i L 72, 2 #E O RIE 21
Ak (JE R =20 mm, Whatman 541) Z i U7z, RifEi BN ORIEIZIE. KSV Instruments
##d KSV SPOT 1 #fH L, IEEAFEIEICTHIE L, 2781 h—AL, Leica Mi-
crosystems 8D 7 Z A F A~ b CM1850 &Ml L7z, #emifgix, $—x= > 2o
BZ-X710 All-in-one Fluorescence Microscope, 35 J OF PerkinElmer #%%¢ Nuance Multispec-
tral Imaging System (= X v B L 7=,
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B1E RROW

[1] 6-(6-(Pyridin-2-yl)-1,2-dihydro-1,2,4,5-tetrazin-3-yl)pyridin-3-amine ({b.&54 4) DER%
Blackman & @ /715[90] % 2B 12 & Rk % 1T - 7=, 2-Cyanopyridine ({547 2, 1.00 g, 9.60
mmol)#5 & TF 5-amino-2-cyanopyridine ({b&4 3. 1.44 g. 9.60 mmol) (Z 64% hydrazine
hydrate (4 mL) Zhnx. 90°C T 12 RFfiEME L7z, ISR ZEIRIZK L, KEMNZ,
Hrifl L7cEfR 2 AR LRI S, 2P ES KK v~ 757 40— (7
RV AIAL ) —)=19/1) THE L, B 4 ZI0&E (=) 130 mg (5%) T
7o BmoATT — 213, BERO & O LRI TH - 72[90].

[2] 6-(6-(Pyridin-2-yl)-1,2,4,5-tetrazin-3-yl)pyridin-3-amine ({L&# 5) DAK

&% 4 (50 mg, 0.20 mmol) d A ¥ J — LIAEHRIZ boric acid (24.6 mg. 0.40 mmol)
DIKER AN A ., iR T—BufEEE L7, USSR 2 BERfE%, 7 oL A THi L
Too AMEEZmEET N UL THAKL, WIEAZRIERE U, iz TES BRIk =
~ T T 4— (oL A AZ ) —)=9/1) THEL, A5 2INE (U=R)
23.8mg (47%) TH7=, BT — 213, BEHO b0 L FREETH - 72[90],

[3] 2-Hexadecyl-N-(6-(6-(pyridin-2-yl)-1,2,4,5-tetrazin-3-yl)pyridin-3-yl)octadecanamide ({&.
B 1) DERK

2-Hexadecyloctadecanoic acid (63 mg, 0.12 mmol) (Z thionyl chloride (8 mL. 0.11 mol)
ZMZ., 40°C C 2 RfINEMERE LT, 20%, RISHEEZBEEE L, —hizis
T 2-hexadecyloctadecanoyl chloride #457-, =L C, {t&# 5 (15 mg. 0.06 mmol) &
2-hexadecyloctadecanoyl chloride 2 THF (5mL) & TEA (12uL) EiRA L., E2FREFHX
T, 70°C T 2 WfElfRHE Lz, PUSESEZ RS E£%, TESIEE 7 n~ 777 4
— (ZauARNAIAL 7 —/L=19/1) THEL, B 1 21L& (IXF) 31.4 mg (71%)
TH372, 'H NMR (300 MHz, chloroform-d) & ppm 0.86 (t, J = 6.5 Hz, 6H), 1.25 (br.s., 56H),
1.73 (br.s, 4H), 2.28 (br.s., 1H), 7.56 (d, J = 4.9 Hz, 1H), 7.58 (d, J = 4.9 Hz, 1H), 7.88 (m, 1H),
7.98-8.03 (m, 1H), 8.63-8.80 (M, 3H), 8.85 (br.s., 1H), 8.96 (d, J = 4.5 Hz, 1H). *C NMR (75
MHz, chloroform-d) & ppm 14.3, 22.8, 27.9, 29.5, 29.8, 32.1, 33.2, 49.4, 124.5, 125.4, 126.7,
127.2, 137.7, 141.8, 144.7, 150.3, 151.1, 163.4, 163.7, 175.8. HRMS: m/z: calculated for
CasH7sN;0 [M + H]* 742.6133, found 742.6105.
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(4] (L& 1 & 2-NB & DA (compd. 1-2-NB) D&k

fb&# 1 (15 mg, 0.02 mmol) & 2-NB (5.7 mg. 0.06 mmol) % 7 & vz /L A A7
SH, BIRTHI L, RIS E 7 G DO L LR R RIS DK T & L
Too A WEREE L. PESERIK v~ N7 T 7 4 — (n-~F 0 VIEEF L =1/1)
THER L, B ZILE 16.2 mg TH&7=, HRMS: m/z: calculated for CssHgNsO [M+H]"
806.6670 (oxidized form) and CszHggNsO [M+H]" 808.6827 (cycloadduct), found 806.6662 and
808.6816.

AL, Tz Pk ke LB xS LG »R EEREBIZH 5720

(Scheme 1-2) . HAEEIFEEL W EHIWT L7z, L7ehi > T, RRISOIEITFLH L2
&L, ULF, [5] [6] o&mico oW ThRETH D,

[5] {L&# 1 & NBCOOH & dffi&a{A (compd. 1-NBCOOH) DAk

{E&#% 1 (15 mg, 0.02 mmol) & NBCOOH (8.3 mg, 0.06 mmol) % 7 v /LAl
RS, | TR L, ROSORKTIZH 1 ED [4] LRMkE Lz, BISHEZ 0.1M
KA T B U 0 DOKEIR CURE % AR IE 2 08 25 L B9 2 & 15.1 mg TR/,
HRMS: m/z: calculated for Cs4Hg:NsO; [M+H]" 850.6569 (oxidized form) and CssHggNsOs
[M+H]" 852.6725 (cycloadduct), found 850.6555 and 852.6715.

[6] {b&# 1 & NB(COOH), & dffifs A& (compd. 1-NB(COOH),) DAk
5% 1 (30 mg, 0.04 mmol) & NB(COOH), (21.9mg. 0.12mmol) %7 1 a kLA
IA 2 ) —REWIRICE RS, RIETHF L, RSO TIZE 1EHD [4] LRk
E LT, MUSKEWIERE LS, 7RV AIHER L, 0.1M KER{LT kU 7 2k
R CUevE, ARgfE 2 e A L, B % L& 33.1 mg CF#37-, HRMS: m/z: calculated for
CssHgsNsOs [M+H]" 894.6467 (oxidized form) and CssHgsNsOs [M+H]" 896.6624 (cycloadduct),
found 894.6464 and 896.6615.

[7] fbA¥ 1,5 & NB #FER L O RS EH k, OFH
IEEMLIBEIOEZ15mMM &2 X9 ICENENAY J — /L THRELT-,2-NB 5 &
OYNBCOOH # 0.75, 1.0, 1.25, 15 M E7ed koiczhETn A%/ —/L TR LT,
Tz 5K (1, 5) & NB#FEKRE 1:1 (viv) OFIE TERA L, 535nm OWLEEE % 37°C
TRERFIZIIE L 7= (UV-2450 UV-Visible Spectrophotometer) , JIiE . FEIC %42 0%
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S FE DI 70> B e — R I TEEX Kovs 22 H L NB BRI 12X L T4 Kops 2 7 2
v ML T 7OMEENE IRBOSEEEHE k, 2 HH LT,

[8] 1b&w 1 2= Y R Y — AR

FEREKFO-BE AL L LIRIC K 0 DR Y — 22 ER L 7=, BRE#LRE POPC : {b
AW1=16:1, 8:1, £7/-1X4:1 (mol/mol) & L7-, kixiEE LT POPC : DSPC
(4:1 (mol/mol)) 7BHkDURY —LbER L, 30 mL OF 2T T X aiz, 7
B ARV SR LTS IR E R A LRSI L WA RIER £ 5 2 & CTIREE A
PR LT, 0%, —BEENET S 2 LT, ZuaRLAEERIIRE L, FEE
BT AT A 212 5% Glucose /KiEH %2 L5mL L, |IRTHLT v 7 A
IF YL VWML LIRB S E72, Wiz 4B VIRL, £0%, I=T7 X ML
— & —% W THEAL 100 nm DR U 7 — AR — MEIZ 21 [Bl@il X7z, S 51, A4 X
Pbrrm~~77 74— (PD-10) 2LV, 1mL FORMEELZ & TU R Y —L%&HF
U7, U NEE T, BERiEIC X v ER L7z (LabAssay Phospholipid), Y 7R Y — A dk:
FRITENAEHGELIEIC K D | B— 2 EBANTEXIKENEIC LV JIE L7z (Zetasizer Nano
ZS), MIEITEIR TITV, BB OB KL DR F R bR L7
EIZ L > TRE LT,

(1) ICG NEY R Y — A DFRHR

R ZRRL L 7= A M7 F 2212, ICG RN 100 uM & 725 X 5 ICHHRL L7z 5%
Glucose IXifi % 1.5 mLIEM L, VR TARLT v 7 ZAI XY —IC L VML RE S8/,
VIO #EIE, [8] DEAEME L RO T IETITo T2,

(2) FOSTPERERR ) AR Y — L OFHH
FEEA TR L2 27 Z 2 =2, 10 mM DTPA/50 mM HEPES/5% mannitol #% &
(pH7.4) Z15mLIFIL, |IRTAALT v 7 AIFH—ICL VML BB IS, &
DT, [8] DEABMEL FAEDFIETY RY — &R/ LI, B, UKV —L0K
#13, Sephadex G-50 & WA Xk v~ 7T 7 4 —IZ XD T T,
VAR Y — AOBUEERIL, Ogawa ©H D IJFIE[9L] A% A L TiT o7z, MInCla ik & 2
M FERRREMERR (pH 4.5) ZIRE L7=& Z A2, 51 mM oxine (8-quinolinol) A% 10 uL
A%, 40°C T 10 /[ EH{E L7z, DTPANE VAR Y — L% 1%, oxine & DTPA OEEL T
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RIS D 7= 812 40°C T 10 Z7 [H##E L 7=, 50 mM EDTA U Egf%Eik (pH 8.6) % 100
pul Nz, =R C 5 /[l E %, Sephadex G-50 = W 7oA XHkbr7 v~ K757 41—
X0, ImL FOIBRHEIEL TR Y —2 5 R LT,

[9] POTz-liposome & NB #H3E(R & DALF IS DHELT D RfER

POTz-liposome (POPC #&J& % 0.1~0.15 mg/mL) & 2-NB., NBCOOH., & 5\ X
NB(COOH), (%&#&#fE 20mM) % 1:1 (Vv) DEIETERERRE L, AKX ) —LT
AL HRMS (2 L0 fi#gdT L7z,

[10] In vitro 3% fi HHFFATh
(1) ICG T X % 7FAfh
ICG N[ U Y — 2 (POPC $&H#4H 0.5 mg/mL) 1= 2-NB (FAJLHE 40 mM) . A % / —
L. HDHUVIE5% Glucose 2 1:1 (viv) DEIETENTHNIRAEL, RLT v 7 A%
PTG, ~VTF AT T, A=V AT (Nuance) THrig L7, B4
1%, B & - 670—745 nm, # G : 776 nm long-pass. #&¢HFR] : 500 ms & L7=,

(2) ™In-DTPA (Z X %

"n-DTPA WNEH U AR Y — 4 (POPC #&JEJE 0.1~0.15mg/mL) & 2-NB (#&i&/% 10~40
mM). NBCOOH (20 mM)., NB(COOH), (20 mM), NBane (40 mM). & 2\ \IAEHA
HKkE 1:1 () OEIETRE L, BT v 7 AV —CH#A%, BETHE L,
BA U721 45 3 BRRE. 24 B % I E L o — 2 77— NEZVKE (0.8 mA/cm, 70 4)) .
HDHNIY A XPEFRZ o~ N 757 ¢ — (PD-10) 2LV, 500 ub ¥ S L2 &
T ™MIn-DTPA ZWNE L2 VR Y — 1L VR Y — L6 S =il in-DTPA (2
DHE LTz, %777 Y arOigttes e L, FoRShEy, Mn-DTPA Ot % 5
H L7,

Drug release (%) = (radioactivity of free ™*In-DTPA) / (total radioactivity applied to the cel-

lulose acetate membrane or PD-10 column) x 100

[11] BREISEMAFR 2 W IR E B O TR B A
1D [1] (2) TERLL 72 POTz-liposome DIEE AR #EFE TH % Laurdan
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Z 05mol% RIML7-, ZDMD VR Y —LOVERLGIEIZOWTER ST,
URY—2 (IREXEE 0.05~0.1mg/mL) & 2-NB (¥ 10~40 mM), NBCOOH
(40 mM). NBane (40mM)., &5 WITABEHEKE 1:1 (viv) OFIETERLTIIRA
L. 145, 3WF, 24 BRSSO EsRE 2 RIRCHIE L7z (F-7000), HIER, B
Z 340 nm & L. 400~600 nm DHOE AR ML ARG, IREIMEOFRIE & 72 5 GP EITLL
ToORIHE- THEH L=,

GP = (l4a0— lago) / (laao + lago)
l140 : fluorescence intensity at 440 nm

l490 : fluorescence intensity at 490 nm

[12] Langmuir §i557-J5 2 F 7= B PER A

Langmuir 53 FIEOREE (r) &RiEENM (V) 1, 25°C T 150 mM NaCl /K&
\ZCHIE LTz, —ik4y% (POPC, compd. 1. compd. 1-2-NB. compd. 1-NBCOOH. compd.
1-NB(COOH),) B L k4% (POPC/compd. 1. POPC/compd. 1-2-NB, POPC/compd.
1-NBCOOH. POPC/compd. 1-NB(COOH), (4 : 1 (mol/mol))) ®EIEMEN 1.0mM & 72
LErlcraarialAg ) —v (2:1 (vv) IBEER CHE L7, 2D O
LA~ A 7 ) 2T MBI BIZEEA U B #HIE 2 £ T 16 o MEE L,
Z D% . ~0.08 nm’molecule~"min=* O JEEH T H 14 JEHE Lz, 7-A ZERARCAV-A
BRI D & | IR D & R EREIR A~ 2 & & DIET) (™) SONEHREERY
DIES (7°) ZRE LT, EFEROME (Csh) CIRAICK 2BEF 7 XHHZ X
— D2 k& (AGES) IZ2W L, AFoRIcHt-> THEH LT,

mix

A : molecular area
7 . surface pressure

T : temperature

T
AGriy = fo (A12 — X141 — XpA5)dn
A : molecular area

X : molar fraction
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[13] HEatftT
T —HITFY + R ZE (SD) TR L7z, #EaHiddT i, —JchliE sy ot (ANOVA)
D%, Tukey IBIZ X VITHoT-, Fiz, HRHUABEZOIKEAEL L Tp<0.05 ZHH L7z,
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B2E KROW

[1] VAR Y —LofFEs

HEBOKFN-BERIEIC LD VR Y — 2 2FR L=, VAR Y — LOMEAEEIZIX HSPC,
PEG-DSPE, Chol, B X WMLEW 1 & Az GHALI ARG 2-2-1 Z2M), kil e L
AWML 2G5 E RN R Y — 2 BERI L7z, 30mL O F A7 F 22|27 v a kLA
(SR U SRR e MR L, TR L — 4 — IR 2 BB R+ 5 2 & CHE
B AR LT, Tk, BRI AN—E Z LT, 7 ek A Eallhk
E LT, REREAFR L 2R 7T 222 PBS % 1.5 mL # L, 65°C (2D 7273
5. AVT v 7 AIFH—TH L BB I, 0%k, 7o— 7RISR AR

(UD-201) T 3 M EEAH LTz, £ D%, VA X7 m~ ~ 7' 7 1+ — (PD-10)
WZED, 1 mLTOEHSELZETURY—2xEM L, U UIREIX, BERIEICK
DWERL, VARV —LAORFRIFERDEBELNEIC LY | B—F EMITEXKENEIZ LY
HE Lz,

(1) BURTPERER Y A Y — AR

F1ED [8] (2) OFEESREIZ, BEIEL UUToT=,

NEE M 2 J 8L L 7= 2~ 5 2 =212, 10 mM DTPA/50 mM HEPES/5% mannitol #& &%
(pH 7.4) Z 15 mLIEM L, 65°CICIED RN D, AT v 7 AIFH—TH L < fHHE
ST, EOH%, M u— TR T 3 B E AL LT, £ D%, Sephadex
G-50 Z WA AR v~ F 7T 7 4 —IZX D ImL O EEL5Z ETUR
V—LEFERLLT-,

UnCl ¥ & 2 M BEEEFE R (pH 4.5) ZIRA L7-& 2 AIZ, 51 mM oxine Ak % 10
uL Aiz., 40°C T 10 /rfidFFE L=, DTPA NE U R Y —2L %%, oxine & DTPA DR
N AZHSE D 7= 812 40°C C 30 srfiEE L, LAROBEEIL, # 1 %o [8] (2) &
[FRED L TIT o 72,

(2) DOX WY AR Y — A DFH

JEEE 2R L= AW 7 Z 232, 250 MM RifR 7 & =7 LK (pH 4.5) %
1.5 mMLAML, 65°CICIRDARN DL, AT v 7 AIF VP —TH LI BRI, T0D
%, T on— 7 RBE I T 3 BT R LT, £D%, PD-10 I 7 AZi@ L,
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VR Y — LDy BIAEZ PBS ICEH# L7=, 5 mg/mL (ZFH% L7~ DOX @ PBS &k %
DOX/lipid=75 (g/mol) & 725 X HI2MA[17]. 65°C T 1 HFfilEE L=, =Dk, A
AHebrr v~ v 7T 74— (PD-10) 1LV, ImL FOEHESELZ & THRE L, U

NEEIE, BERIEIZ LV EE LT-, DOX OWNEFEIX, 1% SDS IEikZMx TV R Y — A
Z AL U724, 499 nm OWLIEEE 2 lE LB L7z,

[2] VR Y — LR EMR

"n-DTPA & U R Y — 2 (HSPC 2% 2 mM) 50 ul & PBS & % W ik~ 7 A i b 450
uL EJRA L. 37°C T L7-, 24,48 K&\ A XPEfr7 v~ ~ 7 Z 7 1+ — (PD-10)
I2X V., 500 uL FoEH EE5 2 LT HIn-DTPA ZNE LU R Y — L L VR Y — A4
D i &z ilERED MIn-DTPA IZ/ i L 7=, T, MIn-DTPA 2~ 7 Al <4 >
FaX—varl, A XY~ v 777 — (PD-10) (2L 0y HEi+ 5 & ibEHE
D "MIn-DTPA B/ IZm W BEDS R S D 2 S IIMER LT, %7 7 7 ¥ a » Ofidte
ZHIEL, FoRITHEV, In-DTPA ® U R Y — APRFEFRZEH LT,

Drug retention (%) = (radioactivity of *In-DTPA in the liposome) / (total radioactivity ap-
plied to the PD-10 column) x 100

[3] HSTz-liposome & NB &R & DL DOHETT D FEFR
FL1ED [6] OFEEZEE L TYT-72,
HSTz-liposome (HSPC & 0.05 mM) & 2-NB & % \ & NBCOOH (£ #4 i £ 20 mM)
Z1:1 (Wv) OFEIEGTENZNIRE L, A% 7 — /)L CTrIEEZIZ HRMS 12 X 0 fifdr L
7=

[4] Invitro S&¥ i HFFAT
(1) "™MIn-DTPA (Z X 5Tt
"n-DTPA & U 7R Y — 2 (HSPC #&3# £ 0.05 mM) & NBCOOH (F&J ¥ 5~20 mM)
HDHWEPBS & 1:1 (Vv) OEIGTENENIRAE L, RAVT v 7 A I XV —THILE,
37°C THERE L7=, DIBRIX, 13D [10] (2) EREEOFETHHT L,
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(2) DOX T X %l

DOX W& U A Y — 2 (HSPC #&JFE 0.05 mM) & 2-NB  (F&J2 £ 20 mM) . NBCOOH

(5~20mM). HDHWEPBS & 1:1 (viv) DEIETENETNIRA L., RLT v 7 A
XY —THEPL, 37°C THEFTICHEE L7z, 3. 6. 24 FEIRIC A XEbrr m~ L7
74— (PD-10) 2LV, 1mL P OIEHESEHZ L TDOX #NE L2 YR Y —2a LY
R — B 5 HH S U7z lElE D DOX IZ/0 M Lz, %7 F 7 3 2 12 1% SDS &k % 1 :
1 (viv) OEIGTINA Y RY —2LZnmimbit, REYLesr (& @ 485 nm,
Fe e 0 525 nm) OHEYEIRE A HIE L7z, DOX @ U AR Y — ARNRFRRIL, Lo
o TR LT,

Drug retention (%) = (fluorescence intensity of DOX in the liposome) / (fluorescence inten-

sity of DOX in liposome before applying to the PD-10 column) x 100

[6] fpukEsE L HNATT L~ 7 ZD/ER

~ U AFERGIS AURERE (colon26) &~ A~ v 77— Ukl (RAW264) (X DMEM
ZiE e LT, 10% FBS, 1% =3 U -RA L7 h~A T 2 M ZT-RE#EKT T, 5%
CO, fFfE ., 37°C TH;#& L7=,

Colon26 #ifiiz 0.05% K U 7" ¥k 2 VTR U | Ml 2 51 U 72 12 O E

(2R, 1,000 rpm, 343f) %4T-72#. 1.0x10° cells/50 pL & 725 & 91T PBS Ik
LT, MRBEIRIIOK ETRAFL T, B L T B AIREZRIR D RRL A Y 7T U
fr N BALB/c ~ 7 A (5 i, HEME) OFTE FIZ 27 G OEHEFE FVT 50 ul &
R L7z, (RNENEREAT I IRAE 6 H %, 1R FZBRITAE 5 HE L BIA LT,

(7] AT AT
LB 24 FEFEIRTZ, Colon26 fllfiuds L OY RAW264 ffiz 1 well &7-1 1.0x10* cells
& 725 X 91z 96-well plate (Thermo Fisher Scientific) (Z4%f& L 7=, DOX AKEf A HSPC-
liposome & HSTz-liposome (HSPC 2% 0.5~50 mM), NBCOOH (0.008~8 mM) % k54
WRCTHREL L Lwell H72 0 100 uL T 2OUHI L7, & 52 24 FEf 4 . WST-8 assay (CCK-8)
ATV, A AEEREFE N L,
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[8] VR Y—ADKNENREAM

23D [1] (1) TIERLL 7= "In-DTPA NEH U &R Y — 4 (55~T74 kBq. #IEE & 0.2
pumol, 100 pL) ZHENRAET A~V ADRFHIRE VG Lz, v U R, &5 6. 24,
48, 72 Wl RER L, ik, (O, B, TFHE. N, MR, BENER. B, MB. A
DAERH L, TNENOEE LB EZIE Lz, £, &51% 24 FEEIZR &3
EERE LT, IEES~O R HESEREIL. % injected dose (% ID) 5\ 3% ID/g TR L
72

[9] "In-DTPA OIS P MR Tl

"In-DTPA (37 kBg, 5 puL) %A Y 77 VEEET. ARAET L~ T 2D 0 AR
TEBS Lo, 5 3, 6 REMIBZICAAZRIH L, BEREZIE LT, BRI 5 HEE
DS AARREN e 2 e & LT, "In-DTPA OB NI R &2 FH L7z,

[10] Invivo Sl HFFA

UAR Y — 2 E5% D NBFEEROHEERIZOWTIZ, UTOLSICRELE, £TY
ARV — 2 (RISEE 0.2 umol) OENBIREFEAG L v . FRIRIE G 48 BRI I A3 A~
HEENHKI 4% IDIg THoT1=Z b, VR Y —AEEBREIZNAICBNTH 8 uM 4%
REHT, WIZ in vitro SEWHHEHI O R L0 | KRR IR RO NB #E
RBVETH D Z L PHERENTZ, & 5HIC NB B EAROE G ~DOVEMEZ 5 8 LTk
F. NBiFEAO&H G 8% 8 umol (200 uL 5% =% / —/LIPBS) (Zi%& L7=, NB#%H
BEEG LcEZO~ T ZMEE (K1 mL) HFIREES MM &7 UARY —AITxL
TR EIZR D EEEINT,

(1) ™In-DTPA WU R Y — K% JIT O 7= 5T

"In-DTPA WEf U AR Y — 2 (74 kBq, #AEE & 0.2 pmol, 100 pl) ZHAAET L~
U ADRBEIRE O 5 Uiz, #4548 FEfE#4 12 vehicle (5% =% / —/L/PBS), NBCOOH

(8 umol, 200 uL 5% =% /—/LIPBS), & %V % NBaneCOOH (8 umol, 200 puL 5% =
% ) —)VIPBS) &~ U ADRENRL V&G Lz, £0 6 Fef#%IZER L, FlEss~DlK
Seen iz 2 mo [8] L IFEERD L THAN L7,
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(2) DOX WY R Y — 2% =5 FM

F2ED[1] (2) TERLL 72 DOX NEF U AR Y — A DJFE RIS IENEE T % DIO-Cyg
Z02mol% HEA L7, ZTOMD) KR Y —AOVERIFIEIC OV TET ST,

DiO-Cys 27k DOX P& U X Y — 2 (10 mg DOX/kg, 200 uL) ZHNAET L~ 17 R
DJEERIRE 0 #5 Lz, %5 48 BF# (2 vehicle & 5\ % NBCOOH (8 umol, 200 uL 5%
T % ) —)VIPBS) &~ ADRBFHIRE V&5 Lic, =D 6 FE®ZICER L. BNAEHH
L7z, =D, OCT compound (Sakura Fine Technical) HIZEME L, n-~FH /K7 A
TAARRERNCHIE L, 7 744 A% v b (CM-1850) % FHV T 10 um JE D]
YR AER L, 8OBBMET (BZ-X710) 12X v Bl L=, HIESMIE, DIO-Cyg (X, Jil
fL7 (/L& — : 470/40 nm 3 L OV 7 L4 — 1 525/50 nm, DOX (bt 7 4 v & — -
545/25 nm 3 X V6~ 1 LA — 1 605/70 nm % FU =,

[11] 69525k

< 7 ARG L7228 A DIRFE AN 45 53 mmP 12 7 - T2 R T, 9 DD IRMERY : (a) PBS +
vehicle, (b) PBS + NBCOOH, (c) DOX-HSPC-liposome (5 mg/kg) + vehicle, (d) DOX-HSPC-
liposome (5 mg/kg) + NBCOOH, (e) DOX-HSTz-liposome (5 mg/kg) + vehicle, (f) DOX-
HSTz-liposome (5 mg/kg) + NBCOOH, (g) DOX-HSTz-liposome (5 mg/kg) + NBaneCOOH,
(h) DOX-HSTz-liposome (2.5 mg/kg) + vehicle, (i) DOX-HSTz-liposome (2.5 mg/kg) +
NBCOOH (277 1F TR Rz Psa L7z, H2 %o [1] (2) TR L7- DOX PWEf U 7R
Y —2 (0~5 mg DOX/kg, 200 puL) ZHRAET N~ ADREFFIRE V&5 L, &
H. 48 HEREI#%1Z vehicle, NBCOOH (8 umol, 200 pL 5% T4 /—/LIPBS). & %W\ i
NBaneCOOH (8 pmol, 200 pL 5% =% / —/LIPBS) %~ 7 ADREEIRE V&5 L7,
TBRBIER ., DAOKRE L ~ U ZORELZIE LTz, BDAOKEIL, BLFORITHE- T
BH LT,

Volume (mm?®) = length (mm) x width (mm)? x 0.5

[12] HEaHiwtr

T2 + ERERAE (SD) F7oIRERERZE (SEM) TR L7o, #atfigtrid, 2
FERI O LT Student’s t MEAAT o 7o, ZRELLEITIE. — el E BT (ANOVA)

D%, Tukey IBIZ X VITHo T, Fio, HAHIAEZOREAEL L Tp<0.05 ZHH L=,
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