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Preparation of indocyanine green and doxorubicin micelles and
evaluation of its anti-tumor effect in vitro

ZHANG Mi-ya,CHEN Liang, PANG Hai-yan, YANG Hong
( College of Pharmaceutical Sciences ,Soochow University ,Suzhou 215123, China)

[ Abstract] Objective:To combine the chemotherapy and photodynamic therapy in one system, the micelles
(ID-M) that co-loaded the photosensitizer indocyanine green (ICG) and the chemotherapeutic drug doxorubicin
(DOX) were prepared and characterized. The anti-tumor effects of ID-M in vitro were further investigated. Methods .
An ultrasound dialysis method was used to prepare the micelles containing ICG and DOX (ID-M) , while the single-
encapsulated ICG micelles (I-M) and the single-encapsulated DOX micelles (D-M) were prepared using the same
method as the controls. The particle size, Zeta potential, encapsulation efficiency and drug release behaviors of the
micelles were measured. In addition, the anti-tumor effects and mechanism of ID-M in 4T1 cells were investigated.
Results: The average hydrated diameter of ID-M particles was 80.4 nm with negative charge, and the coefficient of
the particle size dispersion was 0.252 ( <0.3). The encapsulation efficiency of ICG and DOX in ID-M were 92.5%
and 96. 8% , respectively. The results of the temperature warming testing under irradiation of ID-M solution reached
(36.5 +£1.1) C. The release experiment of ID-M in vitro showed a significant sustained-release effect. Cell experiment
proved that the uptake of 4T1 cells for ID-M was nearly 2 times higher than that for free drugs. The IC;, of ID-M
inhibiting the growth of 4T1 cells with irradiation was 0.72 pg+-mL ™", which was 3. 6-fold lower than that of free
ICG/DOX. Before light exposure, ID-M was mainly located in the lysosome. However, after light exposure, the
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ROS levels in the cells were increased due to the existence of ICG in ID-M, which damaged the lysosomal

membrane and made DOX in ID-M enter to the nucleus to play a chemotherapeutic effect. Conclusion; In this

study, the micelles (ID-M) with synergistic antitumor effects of phototherapy and chemotherapy were successfully

prepared.
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Z (DOX HCl, REXCEVWHARAGRAF) ;KL
T EE-b-RE N R (PEG-PCL, I RIS AW A IR A
Hl) s = O W (24 4 AL A7 iR A BR A D L Ak
spal) LA (DMSO, |4 s bk AR AL B A
BRZS D) 5 o G A 0 me 5 (MTT, | 3 VI3 A ) B
B A BR /N ] ) ; Hoechst 33342  Lysotracker | 3 P4 48 i
ME(EER S RAEMEAR LA ) W EER (A0, 1L
U Hi AR YA R R ) s RPMI 1640 5¢ 4 1 37
JF (Hyclone, 3¢ [E Thermo 2y H) ) .
3 Iz

NERFLIRIE A (AT, TR R oK =B f i) o
4 RREH &S5RI
4.1 EKFRHHE KEHI PEG-PCL 8 mg 1 ICG
1 mg 5351 /it DMSO % 200 WL, 88 75 ¥ fifk 45 40 0 1Y
VW . KPR DOX - HCL 1 mg # F DMSO 200 pL
o = S e 3 L B Eh O R S A 2 B R AR R
Wo ¥ 3 MIEWIRA RSB AR S M (A) .
36 mL 228 K, 1 R A A BT i #)
K, Ak 2 R RIAS R IE R (B) o KR B &
Prid B, Br 25 R G 8 ny 25 9 KA Lk ), 45 21 1CG
S DOX i 28 1 e R W (1D-M) o 53 4b, 4k J7 o
A ICG F/ 5 DOX, [F] % il #5 75 2 $ 40 4% 1CG iR
HIRW (1-M) (B A0 2 DOX AR (D-M) K =5
B (B-M)
4.2 ERRHIBEZER Zeta BAIEE R BEOLHEU
LA ) 7 AN 45 8 TR IS TR 1 KL AR 3 A M Zeta H AV
#AT T o
4.3 RRBOEHEREZER 0 K- Wk %
ey I E 1CG Ml DOX AR E £k o 0 RS 2
FRICICG A1 DOX 43K 1 mg, 735l # T DMSO ¥
10 mL WAL 2 FP A 25 W, # ICG fif 5 ¥ 1] DMSO
IR R R W FE 35 8 0.08,0.2,0.4,0.8,2.0,4.0
8.0 },Lg-mL_l M) ICG trfEE W (n =3) ,7F 780 nm
I H W G BE AR (Abs ), LG BE (y) SR () 2
SEAGI ICG py bR HEMI 2. 53 4h, 4% DOX fiFf % W
DMSO 5 W e vk B2 53 %12 0.1,0.2,0.4,0.8,1,
2 4 pg-mL ™1 DOX FRUEW (n =3) , HZEE 4
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JGRETHAS I (480 nm B, K Iy 593 nm ) 47
NI ER BE AR, DL IEom B (y) SR EE (x) 57 4
W DOX (2 Shn el £k

2 WAV, 100 A5 1R FE DMSO Wl I )5
N G5 A WO B AR AN 2 Ol 5 B2 {8, 3 5345 3 i R
WP 25 E ., iR (EE) AR EE(%) =
WAL AR/ ) B x 100%
4.4 BRHOAXABEMEEZRI ICCWKEH 10 png-
mL""# ID-M B AR % ¥ 0.5 mL, L 785 nm 6 %
(1.5 Weem ) )EHE 5 min, 4 30 s 30 5% — K I IR
B2 RHBOGE  Frm R B RS, DU R & 0F
TR RS 5 min, A0IOE RIS IR B 5 K,
4.5 BRRMEMBERITAHAER HBENTEELE,
43 5% 80 g mL ™' DOX ¥k i Y ID-M FI Free 1/D
VRE T BT AR (MWCO ;3 500 Da) J& , it AR AE
LA A58 R0 98 4 A 375 AR 9 R B Y pH 7. 4 PBS Al
pH 5.0 PBS i1, 7E 37 °C,120 r-min " 48 3 7% 3% (X
BT o 43 I T AN [ B ) 5 IBORE R, O #b 78 A A
FRUBT B8 22 vh W, FH ¢ 5636 K D 22 ohil b DOX 1y &%
T R BRI B SR
5 BRAEIMAREIE
5.1 WBIREMNER IERKREDLYHEA
i JE7 240 LA i, OO B AR A 4T R i 4 T 6 AL
Mo (AN BE 5 x 107 AN - fL 1), & T 4 M 55 3R 4
11 (37 C,5% CO,) W6 24 h J5 , 435I 1CG Y
M8 pg-mL ™ ID-M %} B2 437 25 ICG + DOX iR
G W) (Free I/D) £ 5 24 h 311 PBS 1§ Ve 4 iU /5 , 4%
Y B WK AT 43 HETE PBS rh R34 8 A5 (500 W, 120 s)
93 B 240 L, B 200 B RS B I A DMSO 375 W, A i 448
JL$8 A ICG F1 DOX ¥ BE ( T ¥k W] “1. 27 301
5.2 HMESMEREE N E G AT g 46 M )
0k OB K Y 4T 40 i 3% FhF 96 FLAR (41
M HE 5 x 10" A~ -mL ") WEE (S “2.17 30,
JNAAS [ BE 1 1/D-M, Free I/D, %525 24 h J5 , 5
el SR G IR ZH ] 785 nm BOGEE (1.5 Weem 7,

K1 A ERAELS

3min), AZLEE 24 h 5, AR EE SR, MA S mg-
mL ™" MTT %%, W8 4 ho W AL AR A A9 A&,
A DMSO, 4z % 151, A5 AU I 490 nm &b 9 1%
JCHEAE (Abs) o TR MIAFTE 3 (% ) = Absyy,/
Abs gy X 100% 545 % 2H 20 A7 15 28 B 205 24 Tk B
A TG, 5% 545 3 1C,, (8 5 355 o [W] 45 %k CI,
Cl= (IAazk IC, b A 25 MMk ) / (SR A4 A 2
P IC, A VR B2 ) + (a2 1C, 40 B 25 ny ik ) /
(L ALER B 259 1C, AL MV ) ,#7 C1 <0.8, )] {3 [A]
BIRREE",

53 RHABENTEFTEENER HXHUERK
B0 AT AL EERD T 12 LR b AT 5 57 R 1Y
ICG ¥ J¥ # 4 wg-mL ™' % 1-D,D-M,ID-M, Free /D,
WEE 24 h, G L Ky R Uk 3 Wk, R IR AL (SR TH)
“2.2700) HAEJG R4 — & n A DHE #% & 30 min,
FH N 1 fU5 W2 21 68,96 o

5.4 WMHMAEBEREHAYHNBARZNE
&= N BERE (AO) ZEGHRER LRI, 4 4T1 40 Jifg 42
Bl T 24 FLAR T, 23 S A 3% 5 LA B Y 1CG ki
44 pg-mL ' ID-M, Free I/D,I-M,D-M %W &
24 h J5  OCHR A (SRR 2. 27 ) S ARG IR 4 — i
FA 10 pg-mL ™"y AO %7 30 min, FHZEE B M BE
W2 L AR P 240 A S [) 501

5.5 RBMUTHUHENARZAOERE K 4TI 4
Jf1 4%l T confocal 35 5 1L, i A H] 55 77 B 6 8 1)
ICG ¥ FE N 4 pg-mL ™" ID-M %, W5 6 h 5,0t
PSRRI 2. 27 300 JS 4k 220 6 h, SAEL A
—if2 ,JH 1 pg-mL ™" Hoechest 33342 Ju#% , 1% & 3 1
PBS Wit 3 ¥k, A 50 wmol - L' Lysotracker DND-
26 YLy AR E VU, N 1 mL Ky SR HEOL
R AR W U WL %S confocal TN H A 40 IR ZS .

& R

1 RRHIRAE

1.1 ERMPER Zeta BUER LR WK1,

xxs,n=3

5 H ID-M D-M B-M
KA R/ nm 80.4 £14.3 49.2 +1.70 50.9 +1.95 52.9 £0.88
LR 0.252 £0.015 0.162 £0.049 0.207 +0.021 0.259 +0.014
13 /mV -17.2 +0.66 -0.268 £0.016 -1.37 £0.45 -0.931 +£0.22
DOX 3%} %/ % 96.8 £6.48 95.4 £2.56

1CG I %/ % 92.5 £5.29 93.7 +6.27
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1.2 IRAEMSHES ICC WMLl y=
0.218 8x — 0. 013 8, £k M3 [l 0. 08 ~ 8.0 pg-
mL ™' R* =0.999 8, k1 3 R KL AF. DOX s vfi h
Rhy=122.47x —4.981 7, LVEJEHE J 0.1 ~4.0
"R*=0.999 6, MK RRYF,
1.3 RERMEHEER 50K,

U] DOX F1 ICG 4 25 i AT A 9k 2l HE ) 2L
SR, IR 25 PR e R R
1.4 ERMARBEMEEZE ID-M KRR MIEHE
FEVESE UL 1, RS I 1 R A R e, (T 3 R TR
FEksd(36.5«1.1) C,iRZEHN(11.521.1) C,
FEIAERE R R AT

pg-mlL-
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1.5 BREEIINERITAZR K2 8 ZEBRH
LK R2 AR HELITE 7 1 Higuchi
J7 BT Weibull J5 %2, XF DOX 831 B i 2 AH OC £ 4
HEATPLA 755 ID-M 1 Freel/D 4337 pH 5.0 PBS
1 pH 7.4 PBS (i BEIAT 45 2R, 0 AR il 25 25 )
HI RO LG 5 #B AT & Weibull J5 12, 25 ¥ 2 i
WAL S G REAE ] 3 AR A AUL T A B B Y pH
7.4 PBS o ) B AR B G2 18, 1A HUL Mk 98 A A v il
RN EREE pH 5.0 PBS fff BEAC AN, ¢,,, Ak 105. 36 h
GRfE A 22.85 h, 450 T 78.3% . LW ID-M A
DOX I [ % 1% 2 i 22 240 L 975 i A4 Ab R i, O R 484
FH 10 A 35 21 505457 1T 245 9 itk U 2 o

141 100} —®—Freel/DpH74
- ®- Freel/DpH5.0
12t f’ o J . —— DM pH 7.4
. / -
! [ 80 v ID-MpHSO
o Fl/ f . § roiiiiiiiindd i
/ / / / i -
8 : /. '/ /. -’. & 601 .‘ L
SO I A I A R A g 3
~ . [ / - = ¥ Rd ;
# o / J i J S I -
= . / / . / Eﬂ? a0k } o a--"
4 / [ / r o, -
r / 8 T -7
" / / /. r 3 - b4 T J
2-/ = . J / 20? o~
h P>
Ot= L L .
1 1 1 1 1 1 0 1 1 1 1 1 1
0 5 10 15 20 25 0 4 8 12 16 20 24
t/min t/h
B 1 ID-M S:H TR iR 2k 2 DOX iy Rt Reih £
Fz 2 DOX MBI G T &
2640 WA ? tyn/h
ID-M pH 7.4 In[-In(1-Q)] =0.856 6Int -2.733 2 0.949 7 105.36
ID-M pH 5.0 In[-In(1-0Q)] =0.793 2Int —2.848 4 0.994 1 22.85
Free I/D pH 7.4 In[-In(1-0Q)] =0.548 6Int —1.202 4 0.956 8 4.589
Free I/D pH 5.0 In[-In(1-0Q)] =0.518 5Int —0.956 8 0.902 1 3.122

2 BRRHIERSNE AR LI
2.1 HRENENER K3,

| ICG
[EEH DOX

=
=)
T

I
&)
T

YR g 1054 4

0 A
Free I/ID ID-M

B3 4T1 40fExt DOX F1 ICG By

3 SR 25 W 2 I R AL 805 1 TD-M, Ay i 248 ffd
B2 R Wy i % m T RS 259, DOX 1 £ Bt
T 2.0 f5,1C6 WIEBCEIE M T 1.6 5. 1M
AN E ID-M 45 D-M 41 [ I-M 2 [ X} )i 24
Py ILF— 30, ID-M 45 T & B0 20 o iy A 4o
2.2 HEMAERE R4 4TSS TT R,
25 S SO A ML L dE b . AR A B A
NIRRT R DOX A7 /EM . 1C, (pg-mL™") :I-M
TESS 25 Wk B2 Bl N )L T I A B M <<Free I/D 4
(3.02)<D-M 41 (1.44) ~ID-M 41 (1.35), YRS,
AR DOX Abyr il 1CG YeREMEMEHT,1C, (pg-mL™")
I-M 4 (4.72) < D-M 4 (1.83) < Free 1I/D 41
(1.21)<ID-M 4 (0.72) ., J6HEJ5 ID-M ) 41 }fy 5
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PR E RN (IC,, BEAR T 46.67% ) . [A]Hf, ID-M )
WM AGITF R, R TR IMAg£5
SN VEHASAY LR EW®ER (P >0.05), A
TR ID-M( > 1 pg-mL™") 558 4H ¥4 W N EE W
25 (P <0.01) , Hifhs fE B 2 2 . OF B iH &

733 ID-M By B [6] 45 %% (CL) 2 0. 62, £ & SCHA XF
CI <0.8 Hf b 25 Pr [F] 96 J7 280 1 225K, i W A F
FEECA 2 MR YT F B, ICG M DOX 4 #k ID-M H
A 5 W R

A 160 - Free I'D B 160r c
I-M
. 1200
S S
% %
G- 5
& &
2 =
S g
02 05 ' ¢ 02 05 1 4 8 10 50 75 100 150
ICGH ) /ug-mL" ICGH ) /ug-mL* ICGH ) /ug-mL"

A AENGHRA ;B G RR A ; C L 3R A1 B
B4 A2k B A0 A7 T R

2.3 REFBMAFTEFTERRNER 1CC 2™
AT 4R (ROS) J2 & 4 2% 1 4 G A 1 % o 22 45
bro PLZOCHRET — 2 40 (DHE) k2l ROS, | ] #%
APty DHE a] 75 40 Jis 4 BE B ROS S AL A L &
e, A AL 4 e A DNA ™= A 20 500, il %¢ Dt i
TR EE 92 5 55 FI T i 1 ROS i 181 5 ik
PR ROS DA M 25 2R . vl L, 269 B (. u. ),

Free I/D

E[iiiitdi

bt

B S5 Zth s

2.4 WHEMAEBERELAGMHNARZBE
2 0 IERE (AO) DGR nl i 1 16 40 M B, E A 4R
JiE PR B P P 8 T v T A AR AL R Bk T
T A0 A% S5 i P B PR T U SR B AR 5 . IR
6 %¢ ' I B WL 45 2R T RN, D't I T 4% 4 AR AR L
BRI, OGS & 1CG MRE i 4 # A 40 6,580
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YEHR T :PBS 41 (0.2) =Free I/D 41 (0.2) =1-M 4
(0.2) <D-M £1(0.3) =ID-M 41 (0.3) , & 21 JLF-#
HAAEE MNP0, JERE:PBS 41(0.4) <D-M
2H(0.5)<Free I/D #H(1.4)<I-M 244 (2.4) <ID-M
ZH(2.6) . VLI ID-M i 3 i 83 240 A 9 7 4= ROS 1y
AE T R, U0 W HOG R fR K

M5 AT1 41 s DHE 7% Y K]

W, OO RS, Bt E A, MG
30 min 45 21 (1) %5 B A 85 I 23531 4 . PBS 4 (1.3% )
<D-M 41(5.3% ) < Free I/D 41 (41.3% ) <I-M 41
(100% ) =ID-M 21 (100% ), K, 't 5 1CG ™~
A ROS {2 fiff 375 il A4 i B2, 1F 1 42 o ID-M rfr ) DOX
B A0 A% K 45 % BE M I8 A0 M R A H o



Free I/D

B

2.5 RREHATHYMHENBERZODEERE
22 DOX Al JE A M5 40 Jf &% 40 il DNA 55 RNA
BB, LA A ARy 7 A . 7 O ID-M
DOX FEAZAE O o 20 B A% 249 ke e Jl €0, 78 T Kt 24
g, DOX WAL (5. 4 i A% h Y DOX iy 41
W 9L i AR I A P DOX H £L 48 5Ok
e R W, AT B9 DOX MIFE f e b, 200 59t
FEE 7R, UL DOX HE A A% 2, B Ib Jed 28R
Uf s 2R PO IE LR U DOX fE I MR 2,

Hoechst33342 Lysotracker
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1

BUR 25, 55 BRI 6 R R B, L AT, DOX £
92.5% TEHS B AT ,2. 7% A A0 M 4. 8% ¢ i 3%
s O RS AN [) B[R], DOX DA 7 il 4% 34k 36 1 A 4 fifd
By s I, 2R IS 12 h 7 B 82.7% 1Y
DOX ik A4 A%, 4% N 25 B 29. 6 £5 . I,
6 IR R AR = T ID-M 0 40 M E 1, 5 R K
Jny BE A0 M A% B 2 5 A G, INITIESE T ID-M 5
Z5CH ) e e A M AR K A TR AT O EE M Y B [R)
EH .

RS AW
JeE FSE LR
92.5% 27%
87.1% 9.3%
80.3% 18.4%
32.4% 62.6%
12.8% 82.7%

7 O BT B R A R A A ) s 07 15 L
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T e

VT AR R, FI ] 344 20 25 W il 45 ORI E R B
)z N T R BIR T o A A R AR AT 25
B BE R VE HT 4 s e M, B 92 BEAE R0 i ogg 1
W AR o[RBT, 3T AF R 6 8O0 7E M 6 7 th &
FEICIR T VR 09 0 FH A 8 ok ik ik . 38 el RN 5
FET7 25 B I A 2K 5 405 24, e 8% A A1 T b 9 1
RITRUR

AT LA T B # & PEG-PCL ] % ICG 1 DOX
AW ID-M, IF X AT . 78 2 7 W E Ty i
B, B F 25 %5 LA DMSO Sk 7 51 e il A5 6 i W, 1 e
A o VS VR R T RS R A R R K, S AR
WFSE L T THEAT T 38 1 70 28 G0 06k TN 5 5% Wil 1) 2% 52
S5 R I 45 R 58 4 — B, Ul IH AR SCEE ST R I
DB AT R . RAE LS R WK ID-M 94 KR AF A #
Bl ) R IFOR R A AL BB R Y A B R ID-M
SEIERE PR R AT, A A SO A 4 A S5 56 A R S
1 RBOE ABHT 3 IIHRFRE AR, T — 223
LU T B T A, RN RS SRR A
WY 5 Y 22 BRI, OF ELAE IR PE A5 44 7T me 1 PR RE TR, A
J S0 IR IR T B ST RS T o At KT B F
TR AT 40 HE X ID-M g o8 A9 5 B i I 35 4 e 5
e S, e DOX 1 ICG (1 ID-M, B A & 2 (1417
Jed VB AR L i e P IR 4 T, W42 32 A N ROS 7K -F- 1
FARE T B0 I 1A R TR 24 W DA ARk
i, {2 #E DOX #E A 20 M A% & 5 A7 A F L DT i 52
T ID-M g A i kg A A B R ARIT
PRIVE LA B 245 0 e R 1] 3 326 A0 AT 48 R I
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B2 ARSI AL BB A 4 K L ID-M A 41 Jif K
S EAESE TS AR ST i R R A TS oy A
2 Ty 2 B O B AN R R RE S B 25 W A ML A
BN 20 RS My R R A 1A N e R S B E T
Hefili o
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