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B AKMEARTY 259, DTS2 80 2 P AS R 5 25 9 A
2 5Lk,

A 5T UL 2 BAT A ] 3 B 7K M 0 e b 9g
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FORME, B 4y T 5 (M) 15000, i 2 P B2
91% , B EAYFHEARAF (FTER); R
P (PCL, M, =4000) , LA 3¢ 2 3785 M fifb 71, 2%
FEERE K5, PR RS e-C INERTS 2 ; BT 5 R
R (DOX - HCL) , 4l > 99% , At M it K il 24
Tl 5 BRS &) CHT T AT ) 5wl W o5 &, 4 i >
98% , 1 R B R AT BR 2 F () = 4 BE
(TFE) , g 37 oA A BR A 7 (Ll 4R gt ) 5 35 At
£ BBy TR 3,500, 8 R EE 2 R A R A H
CHTTLATM ) 5 oA 24 3 ) 35 2k 3 4.

ILANEOERS, P =2 W, e K& 4tk K 808
nm , I E SR A BRA B (7RI 5 #40
RE @ =0.2 mm, # %5 5 HYP0-33-1-T-G-60-
SMP-M, % [#§ OMEGA /A 7).

1.2 LB/AHR
12,1 k5 A

TMC-PCL % & % 45 #4 i 500 MHz Bruker
DMX-500 #% i 36 4% A% (' H-NMR ) 347 R AF , ] &2
5 SR A W R i A8 AR = 30 2 R R B K TR A U
FH(1/3, V/V). K H ki 42 B Brookhaven 90 Plus
B AOE Y (DLS) £ 2 35 90° Wi £ F k47
SE Ut B ROV WO B R 0. 1 mg/mL, Il 2t if 5
FH0.45 pm P8RS U8 . AR Y 35 10 L 07 (i Malvern
nanoZS-90 Zeta A AT I a2, I B g o vk
7 0.2 mg/mL, /i pH 7. 4,10 mmol/L & T 5%
JE ) PBS. g RJE 25 f 35 5F B F & B8 ( TEM,
JEOL JEM-1230) W2, il B4 5 wl,0. 1 mg/mL
58 R85 R AR T, AR TR I 0.2 wi%e 1Y
BEEIR (PTA) Y . % 24 Ji A AE Je K M i Dk K
(A ) A BRSO B UV-1800 48 A1-1] UL 435
J6BE 3+ (UV-Vis) K, DOX [y K i 3k K: g 483
nm, ICG 1 ICG 11 2% iX 3 (ICG-micelles ) f1 4 ]
K43 5154 780 nm F1 800 nm.

1.2.2  TMC-PCL Ji 5 i il %

TMC-PCL & W1 & 25 38 2 IR IR 4
T AES B A=Y H H-NMR #{F. TMC-PCL
JBE TR E 3 BT VA 4% K 50 mg TMC-PCL 2R 45 ) ¥
T 5 mL TFE, ffi J5 {8 35 WA A B Hrdsh 7 pH 7. 4
(1 PBS Wi M 3 K, fie 445 31 78 1 5 B 1 I SR
W A RSE RE 554 3 i DLS L TEM i 47
FAE.

1.1

1.2.3 ICG-micelles i %%

ICG 3 (1 3R 56 i LA /K i W b 2 B 17 i
P, U ICG W] 3 o i H AH B4R FH W B 7 BH 25 1
JiE R 2 1. ICG-micelles H A& il £ i & 1 F . 4%
ICG % i (0.5 mg/mL) Fl TMC-PCL Ji 58 7% i (2
mg/mL) 4% — & WA 7E E IR NIRA, BEHE 2 h
ICG s 8 0 1E G , BB E B (3500 Da) i &
brERG AW ICC. ZER WIS AT R B, o 4t
R TMC-PCL Jig ot ity B M, 3R & W) 2 % 2 i Ak 7
J T KT 44% 7 H M AE AR S, ICG AT TMC-
PCL flraf N* (CH, ), % A 9 B /R #% B} Lt (S04 /
N*(CH,),)&E#HI7E 0.2 LLF.ICG 4 fi ik %
B AN 77 350 : ICG-micelles 3 W 7R T J5 , B VR
TR BV R 2] TFE 0 W WCZE 780 nm 4b
(4 W WAL, FF BL X B o R 2R 31 55 1CG S B £ 38
FI 2 250K ICG 1 ICG-micelles [ 1% Ui 3% 1% Hy
UV-Vis #ll ; TMC-PCL & 3 7 % 1CG i J5 19 R~
Sy At DLS A& 0. Ak 2> 1CG i % B fige , DL b fF
A LB A AT HEAT
1.2.4 1CG IS T 1B

¥ ICG-micelles ¥ W (1 mg/mL, SO,/
N (CH,), =0.05) %5 K& T3 )5, 43 B &
Mg (4 2 mL) JFE T pH 7.4 K[F & ok
JE % PBS(500 mL) 1 ,37°C F ik 6 7% 5. & —
SE I [E] HUHE — SGE T 4% 100 WL S Wom A
3 mL TFE v, DT i 20 2% TMC-PCL JiE 5, i &5
61 40 1CG, Jf 38 i il & TFE ¥ W 7E 780 nm b
W, B R R ICG sk B . T ICG
ARG e P, S0 2t A2 rp f 8 F TMC-PCL i ()
ICG 7€ 37°C I8 T A7 4 — o 5 B 1 B i, Xl 2
S B B I AR 0L O TS A 3R AR 1CG B
W A7 R 20000 2 1CG AR . 7 n R o 4 mL
ICG-micelles ¥ VA 318 40 f0 B2 388 614 5 mL 5
O IEE T 37°C K IE . R RE — B ]
W5 %5 W AE 800 nm A W W AEL , I FN 40 4R (B EL 42
T 2 PR A A4
1.2.5 1CG 87 5 e P PP fr

gk 1CG (ot AR M AR 40 SOk 19 7 75 )
R IR ICG & & /i B ICG W N B
B AF5E 1CG B Hot Bk ok i 52 ).

R M I3 i B iR B 1CG N
ICG-micelles ¥ T 50 mmol/L, pH 7.4 PBS 1, Jf
S A TR IR 02 T 5 mL B 4% 40 B2 0O 1 8
OEN(FE 4 mL). HE.08E T ARIEE
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(2°C,16C ,37°C ,45°C ) M I8 h R A7, IR — &
I} 6] B H 2 300 H ICG A ICG-micelles 35 ¥ 15
780 nm F1 800 nm [ W I, A1) 5 1 HL 32, 1T
ICG F&f# H 43 L.

SRS PRI K I A 2 2 Bh ok B A U
2 1CG 1 ICG-micelles ¥ W 55 73 S #7 T 03 5 53 %€
TS5 mLBEOEN(EE 4 mL) JFE T 250 Wiz
JEATF 30 em Ab, FFZEG IR 2 h. B BE — E I E] 43
HIE ICG F1 ICG-micelles & # £F 780 nm 1 800
nm Ab B IR, I FI WG 1E L ER, THH ICG [ e
Sy A LG LA R RO O 77 /Y ICG Il ICG-
micelles ¥ A X FE24H .

1.2.6  1CG GR35

P 1 mL A [FE e E K ICG 8¢ ICG-micelles 1
WARAER B (D =15 mm) , I & T £L5MEOG
#r N5 cm Ak J 808 nm A FOGHFLEHE M 1 min,
JEFHFR AR (IRL & TOEBESN 3 mm ) W I 375 VIR
JEAE k.

1.2.7 DOX/ICG #: M1 #k K K ( DOX-ICG-
micelles) 1l &

AR AW B DOX Al ICG 3 671 2% 5
TMC-PCL g5 rp. 154, /1 O/W FL4L kil 4 DOX
B R (DOX-micelles) ™. i ifii 7 2 , ¥ 3 mg
DOX-HCI /38 F2 mL =& H ke, I fmA 2.4
pl =M (TEA,3 F5EEJR &) , i Pl ok 7% B B
L. RN ER R ) DOX Bt hfin A 10 mL %5
WA e 2 h S e 28 R bR R =AW e,
5 B 2T 65 3 245 AV W, T W 0. 45 o I8 B U6
KRN DOX. i — K DOX-micelles ¥ i 5
ICG ¥ W — 2 LR 45 1 48, 1CG 18 aod i W A
AR W 3 e o e, DT ) £ 73 2] DOX 5 ICG

¥ DOX-micelles ¥ ¥ 7k 1 )5 i it 21 TFE
o, UV-Vis i 5 483 nm £ DOX By W I, JF 5
FrofE B £2 e i B DOX Y 3R 24 & ( loading
content, LC) Fl143 3 3% ( entrapment efficiency,EE).
HEALWMT, Kb W, PR DOX A &,

W aaea I DOX BERHE , W, N B2 R A ST A
LC = ( Wlnarled/WMirelles) x 100% (1)
EE = (Wi’ Waiaea) % 100% (2)

1.2.8 DOX M s B AT

$ 3 mL DOX-micelles 8¢ DOX-ICG-micelles
FEW (1 mg/mL) i A A4, JF # T 50 mmol/
L,pH 7.4 PBS(50 mL) th 47 % Hr. 4 e — & I

[ 4 mL OB Sh 5 b 5T 08T fif PBS. UV-Vis
I 483 nm N BTSN WA W fE, 35 A F
DOX (¥ R BRI o i 58 BT B8 3R & X DOX
LRI, S AR 37°C A1 45°C AN Z& 4 T ik
1.
1.2.9 32 A 40 g 2 1 9 F 52

R MTT 32 BF 5 A ] 3 245 168 R0 A 26 i
A HepG2 1y 40 i #¢ M. AP BRan R - 4 40 i
AR 200 pL/ALAMAE] 96 £L 40 B IR A,
FLANMLEC Y 1 x10°. B3 & 24 h 15 41 L 55 43 W B
Jai g 5 SR R A TS R O AR R B 3R 4 b X T
Joits YIRS Y2 WE 4 b JE R B R W i MTT
(0.5 mg/mL, 200 wL/AL) HFHEFE KR 4 h;
XPOERE SR A, W AE HUBE 1S min Ji5 ] 808 nm
L ZEAN L B 1 min, Bl S 4RZE0EH H 3 4 h )5
B A A MTT #9740 A1 MTT JE g
B4 h 5, B W, R LA 150 pL
DMSO, #i ¥ 5 min {f BT 3% 58 43 . A 130K
AL T 570 nm 4B WCME, I 3155 40 i 19 77 3%

2 BR5IE

2.1 TMC-PCL kB4l &

Ei R TR T A s S W | B W S
k2254 By TMC-PCL' . 1 Je 4 58 B 5 1t/
HR I I, & A5 1) — B 3L 52 M (DMC) | %
DMC HLA B 0 1) Ak 24 25 4, T A 1 e 3 354X
K E WA ORAETE B R I S
[F) B 5 SROBE P2 BN & A W 34 s 3 — 2038 i DMC
5 T SRR R 4 (SDS) 2 [H] A LA HLAE
fil 215 2l A b it & b iy SDS-DMC B & ¥
(SDC) ,iZ&E & W vl ¥ T % WA HLE 7 4n DMSO
55 DMF v, DT AJ A Sy PCL 2 ¢ S 0 1Y) i 9 44
PCL (3 % 3 H 75 W — S 30 & fig ( HDI) ¥ 4k
Ja  AEXIRIR NS A 3] SDC i FE 0L I, 3K
% SDC-0-PCL; iff — 5 I = H 3 i i FH ot (v ) i
24 SDC E4%, Bk SDS, Al f45] DMC-PCL; H
WU e Xt DMC-PCL iF 47 H 3 4k, RO A5 21 fir
TMC-PCL. i@ i g 742 PCL 1 SDC A9 2 8} I, w] 2
A% PCL A #2845 248 DMC-PCL 5 it B %5 11 )2
R B ], AT 8 45 TMC-PCL %) 2= iz i 78 BE. TMC-
PCL 4544 ' H-NMR 4E, i & 1 fim,1 ~9 F£x
TMC EHER 0, Hrh §2.9(7) F16 3.18(9)
S N BEEE R B A = H 3 H ik
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RLFE, 38 A Fb A 0 Y U T AR AT 3G )
TMC-PCL () Z= i AL B2 52 ~ e Dy PCL 1 JiT 7 U,
He# 82.2(e) kb PCL F 3V H % (2nH ,n ly PCL /Y
DP) 16 4.97 (1) 4b 72 FBE B0 85 49 v HI fy i
AR RETHAE PCL (44 BE . 3H5 T 45 PCL 424K
3.13% . %M 5% PCL Fl 32 4% TMC f%) HDI %% B
(4 JoT - e, HC 0 T AR /)N, HLI P B PCIL I (b ~
d) Fil TMC W (9) #E 55 , PRtk 7 33 18] v 9 oK 13 g
E2E . T TMC-PCL (1) 7= e Ab A8 B 1 42 5% i)
G W B %) A0 B 1 LA R I SR AE K A I i
Fa e Ve, 4R T 2R G IR SR Y 240 B 7 R R AR
0 B, O ol e e AR KA T 8 SR AR AR SOKE
Wy 7B e AR B A I AE 55% .

TMC-PCL 7E P 7K A7 51 v Al 2 26 8 1 78 i A2
S3 A BRI B (A&l 2) , DLS il g FoF- Y hi 42y
37.7 nm, W AE pH 7. 4, B T3 % 4 10 mmol/L ¥
PBS ) FH A (26.2 = 0.46) mV.

ICG-loading

_—

30 35 40 45
Diameter (nm)

2 Eiid 2012 4F
H 4
OR H , SOR H  or
H-O H-O Hzo
H /Q,O H O7|HO O
s AN ar NH N
H \ 3HO=C/ Hl H 7/ ~N
9 \CIéIS

Il
TMC segment R=H or CNH-PCL

I | a b ¢ d e |
—CNH(CH2)6NHC(OCHZCH2CH3CH2CH2C)”OCH2©

PCL segment
7
a e b+d| c
9
3~6
——
M w
5 4 3 2 1
o

Fig. 1 '"H-NMR spectrum of TMC-PCL in the mixture of
CF;COOD and D,0 (1/3, V/V)

30 35 40 45 50

Diameter (nm)

| ICG micelles FEg g

Fig. 2 (a) Size distribution of TMC-PCL micelles before and after ICG loading (ICG-micelles were prepared at SO; /N * (CH; ),

ratio of 0. 05) and (b) TEM images of blank TMC-PCL micelles and ICG-micelles prepared at SOy _ /N * (CH;) ; ratio of 0. 05

2.2 ICG fA#E R FRMF F MR
ICG-micelles i i3 & & ICG % Wi fl TMC-PCL
T SR W A& BT A5 T3k A B ICG 3R B B R

W (A0 BIREES (1B 3 (a) ), A, Ak B IR A
WA T 3 5. 6oL 25 2R 1 1 2 SCHk P A iR
i Kirchherr SEBF 5T T K 2 B R ] 149 2% i
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W PEFR AL 2 1CG 5 W OG5 i 28 4k, 45 2R Kk BL i
KB Y 3R AR 40 3R ICG 5, ICG W Wi i 21 7% B1
SR A AR 1CC T
RN B e (PAH) 4 K JiE 48 (NCs) L 1CG 1)
Wi i it 77 A R B RO T A A 2 A
W 5333 1CG /Y B3 1 B AR AR ((dimer) 2L 7)1
ICG ( monomer ) [ W% Y& 1" % B 1CG % W
monomer/dimer [t 4 1.8, 11 2k 8] TMC-PCL 1 J5
ZAE AR F) 2.3, 3% R W] TMC-PCL i B Hi 55 1
ICG 3 ¥ B W AH EAEHT BHLIE T 1CG 73 F I R 4.

05F 4

<
~
T

ICG-micelles

Absorbance
=
w

=
to

1 1 1 1
650 700 750 800 850 900
Wavelength (nm)

40

b
35+
Ionic strength
30 —0—0.02 mol/L
$ 55| —o—0.15mol/L
‘g —2—0.3 mol/L
2 20
[
a
gn 15
s 10
=
5
0 1 1 1 1
0 10 20 30 40 50
Time (h)

Fig. 3 (a) Absorption spectra of free ICG and ICG-
micelles in pH 7.4, 50 mmol/L PBS buffer ( ICG
concentration was 10 wg/mL and SOy /N* ( CH; ), ratio
was 0.05.) and (b) ICG leakage from ICG-micelles in
pH 7.4 PBS buffer with different ionic strengths at 37°C
(SO; /N* (CHjy) 4 ratio was 0. 05. )

TERLHT B AF 58 o, FoATT & B R 4k TMC-PCL
JIE o B JRe A B 5 M, TMC-PCL 32 B 114 25 i Ak 78 i
T 44% 0 ASOR 9 TMC-PCL 25 i A i 1
5 55% , [H 1t ICG % TMC-PCL F %% FN* (CH,),
() BE SR H R A B 3 0.2, % 1 3k ICG/TMC-PCL Ji
AR ICG FERER P iy i (LC) S35
(EE) By 52, AL T SCBk P 28 A 1CG 244k, TMC-

PCL AT A 25 5 2K 1CG. 4n 1CG 75 5 (N 3¢ iR -t -
2. 58T) (PLGA) 4 K ik i (1 EE A LC 433 4
60% H10.15% "7 ;i PAH NCs Jf F 1 2% 1CG R,
B2 LC M 11.3% H %] 23. 1% ,EE M 97. 1% [4
% 34.19% """ 1CG 7 TMC-PCL Ji ot v 1) 1 28 1 %
JiE AR AR BT W 2 52, B SO, / N* (CH,) B
IR EL R BN, 5 OB AR BB AE 35 ~ 45 nm JEHE A, X
Wi TEM FAEAEHESL (E 2(b) ).

Table 1

ICG loading content and entrapment efficiency of ICG-

micelles with different SO; / N (CH; ), ratios

Loading content  Entrapment efficiency

SOy / N* (CH,),

ratio (wt% ) (% )
0.05 7.07 98. 22
0.1 12. 86 95.26
0.2 22.47 93.49

585 1CG 7 ARy i s Wi, L 2 ~ 4
min""* AR 4 24K — 77 100 R BE 5 2 1 3 1CG L
— 7 T TE I A6 B b, VAR K ICG R B 7R I K
S B Rl I ICG NI P i B
P T TMC-PCL G B X} ICG [ B fig J1. &1 3
(b) B8 T 37C F ,ICG-micelles 7£ pH 7.4 . A d]
B P ORI PBS B IR 1T N . T ICG AR A
2 )3 ) % A B 45 4, 1ICG B IRAT N 2
S TS 19 KN 52 . 24 B 15 Ok 0. 02
mol/L [} ,48 h B AUA 8.31% ; 75 1 P 4% {1
T,48 h Bl R 18. 18% ; M B 3 & (15 0.3
mol/L I}, & I 8 0 B . # H e 166 1k,
TMC-PCL g s £ B R 47 1) ICG £ 8 58 J1. PAH
NCs # k18 1CG 5,78 PBS /7 8 h J5 ICG
LAy 49% . 3l K 1CG AU T 4% (TBA)
HA, LR ICG W s K, B J5 % M vk f
ICG-TBA # A B (7R & ffi-ali-Th Sk R ) -b-R K 4
J75 (PSMA-b-PSTY ) fig ki 1'% AT R A% 1CG 77 AL B
FHETHBERE(11%) Bz AR & D A
82 2%. RWFGE R ICG AN AT 3 2o 18] i 34 4% £ 2k 2
TMC-PCL & rp 8 BEFE A= B2 1 F 9% I R A
AR ke B 7E A PO A o R i R
2.3 ICG AFKATEX HBEENHR

ICG & —Fiols AT E /N T ekt BT
A P G 2 g R AR £ Sk B i i
ICG BN GOk E R b G, 0 AR E MRS 3
L RSO B ICG WA 2 L S T
#ICG 6 AREREMAT . B 4 F1 5 FoR, 2
J5 ICG 1yt L BB i 3 R A0 18 o MR . AE
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ASCHIRAT 4 KJm, liF 8 1CG U 4% 20% , i 1 90
#1CC (UM T 12% . 78 FE M 5250 1P, 10 pg/ s0f freelCO
=)
mL 7R 1CG M2 1CC M4 2 h LR G Al S TOF .
. Z 60 ICG concentration
HWK 15% 5% 1LR 18% . 5 PAH NCs M It 5 o 10 pg/mL
= 50
TMC-PCL 30 5 H 2 B B Fa 58 iﬂj[ e = ° 50 pg/mL
£ 40 A In darkness
EXCiREE N EREE % > Kirchherr = o
=
SEOT TR B, AR g K M R X ICG R E MY & 20
)
o3 RO A 0. I, ICG I TMC-PCL i 3 S0k
22 1) e I 1 8 S8V 7 — 5 A A
HKMEAER , AT {6 1CG £ 3k 5 % 3L H H PAH 0 20 40 60 80 100 120
NCs T 7 B Lot
90
100 80 L b ICG-micelles
a Free ICG
80 7 S T70F
9 Temperature \é’ 60 1
£ 60 2 ?6CC g 50 I ICG concentration
%_ 37°C §40 o 10 pg/mL
= 40 - ’ = o 50 pg/mL
‘% 2 30F 2 Indarkness e
E 220
&b A
8 10 |- g 2
e N C —3
L | | | | O 1 = 1 1 - 1 1 1 T
0 20 40 60 80 100 0 20 40 60 80 100 120
Time (h) Time (min)
25
b ICG-micelles Fig. 5 The effect of light exposure on the stability of free
_ 20+ ICG (a) and ICG-micelles (b)
5 Temperature The concentration of ICG-micelles was fixed at 0.5 mg/
§ 15 - ?;(‘;C mL. SO; /N* (CH, )5 ratio in the micelles was 0. 065
= o
2‘ 37°C and 0.013, which equivalent to ICG concentration of 50
s 1o v 45°C o
5 pwg/mL and 10 wg/mL respectively.
=
<
& 5
] SCHRBIF 5T e W] 43°C A & T 23 X0 i 96 4 B 1% 40 i
0 IS0 40 B 2R A AN R B A5 40, O B 1k HE
1 1 1 ] 1
0 20 40 60 80 100 &g, 7E 5 pumol/L ICG ¥k i FHLIE 1
Time (h)

Fig. 4

The effect of temperature on the stability of free
ICG (a) and ICG-micelles (b)
The concentrations of either free or the immobilized 1CG

were all fixed at 50 pg/mL, SO; /N* (CH; ), ratio in

the micelles was 0. 065.

2.4 ICG Wy N

ICG W IEIAT AN & 6 Frn. $F4L 6 IR 1 min
J& i # 1CG Fi ICG-micelles % W & £F 75 A~ [A]
IR BE R T OF HOICG £ o B v, TR R B T
(AT)#K. 24 1ICG ¥ N 5 wmol/L B, 1 min Jf
)5 ICG-micelles ¥ R AT $2 F+ 5 ~ 6°C, B #E 3L bR
I T H AT DA R B I B DA 37°C 2 T3 43°C A2 4

min , §E 2 2 5% 2K b 78 46 ML i 4 A, (RS iR Y 1CG
W RECIRIT AT /0y, 8 b Jed 240 MM #) % KA 22

B0 5. NSE g g5 ), kAT e & B 1CG-
micelles [ AT KT UEES ICG () AT, X = E 1CG

2 E , HOt TR . 1 3 5. SR ICG i 2%
FIHBERMEE PG, KO RIHEGE AL E
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Fig. 6 Photothermal behaviors of free ICG and ICG-micelles after 1

min irradiation with varied ICG concentrations
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F192.32% 5 #1824 2 15 K 2 23. 08 wi% K,
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Table 2 The dependence of the loading content of DOX in DOX-

micelles on the theoretical loading content

Theoretical loading Actual loading Entrapment
content (wt% ) content (wt% ) efficiency ( % )
5.30 4.92 92.32
10. 71 9.49 87.42
23.08 20. 52 86. 03
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mL i — B DOX S AR 1C,, /N T 1 pg/
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Fig. 7 DOX release profiles from DOX-micelles and
DOX-ICG-micelles in pH 7.4, 50 mmol/L PBS at 37°C
and 45°C (SO; /N* (CH; )5 ratio in DOX-ICG-micelles
was 0. 05.)
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Fig. 8 (a) Cytotoxicity of blank micelles, free DOX, micelle + DOX and DOX-micelles towards HepG2 cells (LC of DOX for DOX-

micelles was 16.67% . ), (b) Cytotoxicity of free ICG and ICG-micelles towards HepG2 cells ( Content of TMC-PCL copolymers was fixed to

50 pwg/mL for each group of ICG-micelles. Irridiation lasted for 1 min. ) and (c¢) Cytotoxicity of dual-agent-loaded micelles towards HepG2

(LC of DOX was fixed to 16. 67% , ICG content was varied from 1 pmol/L to 5 pwmol/L. Irridiation lasted for I min. )
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CHITOSAN-BASED CATIONIC MICELLES FOR CO-INCORPORATION
OF TWO TYPES OF DRUGS WITH DISTINCT HYDROPHILICITY

. 1 . 1,2 . . 1,2
Hai-wen Zhang , Li-qun Wang *~, Hong-liang Jiang
(“ Department of Polymer Science and Engineering

" Key laboratory of Macromolecular Synthesis and Functionalization, MOE , Hangzhou 310027)

Abstract Trimethylated chitosan-O-poly ( g-caprolactone) (TMC-PCL) micelles were used as nanocarriers
for co-loading of two types of drugs with distinct hydrophilicity , including FDA-approved near-infrared ( NIR)
photosensitizer,indocyanine green ( ICG) and a first-line anti-cancer drug, doxorubicin ( DOX ). Both two
agents could be incorporated within the micelles with entrapment efficiency of more than 85% and loading
content of up to 20% . The loading content could be adjusted by varying feed ratio of the agents to the micelles.
A red-shift in absorption peak of ICG from 780 nm to 800 nm was observed upon incorporation in to the
micelles. The competitive binding of the micelles to ICG molecules also increased the momoner/dimer ratio of
ICG. TMC-PCL micelles showed an excellent ICG retention ability,and only 18. 18% of ICG was leaked from
micelles after 48 hours incubation in physiological media. In addition, the incorporation of ICG within the
micelles enhanced its thermal and optical stability. ICG-loaded micelles ( ICG-micelles) exhibited higher
heating capacity than free ICG. DOX release behavior was affected by the temperature, while the presence of
ICG within the micelles had little effect on DOX release. The cytotoxicity of the dual-agent-loaded micelles
towards HepG2 cells was found to be higher than that of single-agent-loaded counterparts.

Keywords Chitosan, Cationic micelle, Co-incorporation, Tumor targeting.



