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Preparation and evaluation of anti-tumor metastasis of
self-assembly micelles loaded with indocyanine green in vitro
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Schuan University, Chengdu 610041, China)

Abstract: In this study, we used low molecular weight heparin (LH) as hydrophilic sides, doxorubicin (DOX)
as hydrophobic sides, and indocyanine green (1CG) as a photosensitive drug to prepare pH-sensitive self-assembled
polymeric micelles (LH-DOX/ICG). The micelles were prepared by dialysis, and evaluated for stability, pH
sensibility in vitro, hemolytic test and photo-thermal effect. Wound healing test was used to evaluate the anti-
metastatic effects. MTT assay and apoptosis detection kit were used to evaluate the cytotoxicity of micelles
against melanoma B16F10 cells. The size of the micelles was (148.7 =2.1) nm and the zeta potential was
(-30.7+1.1) mV. The drug-loading content of DOX and ICG were 11.82% and 5.59%, respectively. The
micelles exhibited spherical in shape, fairly uniform size. The micelles were stable within 48 h in 50% fetal
bovine serum phosphate buffer. The release of DOX was pH-sensitive, while the release of ICG was sustained.
The micelles were biocompatible and safe as indicated by the hemolytic test. In vitro photo-thermal effect
indicated LH-DOX/ICG micelles had similar photo-thermal effect to the free ICG.  Wound healing test showed
that the micelles had a good ability to inhibit tumor migration with laser irradiation. MTT assay and cell
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apoptosis assay indicated that LH-DOX/ICG micelles displayed more efficient anti-tumor effect after near
infrared laser compared to LH-DOX micelles. LH-DOX/ICG micelles are promising for the therapeutic effect
of phototherapy and chemotherapy in combination for melanoma.
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1697 (photo-thermal therapy, PT) £ A—FiG sy &bt fif
Je (R 771, RIRFH 6 i 46 20036 iy B G AGRD, AR A0
IR (—BIRIEAAME) IS N R vk
fie, REMRGEMIE AN, — BRI (a5, MRG 8
ToE, BARKKRER AN, 1BE#EsS (indocyanine
green, ICG) & —M& Ml =R IEE R/ #
A, Be RO e AL A RE, R B T — 4 SE
£ il 24 R AR T R ) AR R, O
FEAE 7 AR IR BT BRI iz P KR
FFH, JeRIT AL TT 0 B B B E] 55 5 i e 4
JHO R T MR B, 3 4 S R BR 52 BT 78 3 1R R VE .
Tang LB 1CG 5% FLLE (doxorubicin,
DOX) B Jig xof fi g 40 e i) A 493 VE F Bse it {H 1CG L
R INAE, R 2~4min, #ENIEIEA G 98%
|CG £ £ A 1M 3 8 1, BATHEACIE . 9 7 %Ki
SN BRI OEERI ), 38 TR & AR R, mT b
BT A I8 I 90K 38 24 5% G038 I 38 98 1 V5 03 A i B AR
M. (enhanced permeability and retention effect, EPR)
e 2 AE IR A B A, b REIER . R,
F VIR YE REF IO 13, 1ICG Bk, BA 14
HEME X

FHEE T N A B RE, — 28 8K 22 0 n i B it
W2 77 BB R HE 2R 46 vh T LG 2 S 1k A0 I 7 1 4t
SRt % 3t FH T o) 4 ko B IR AE N TR R
T, BHA RIFHIAEAEENE, TTREARME DL SRR PE,
KECERIE, BFF R EATEMAEAR bt i)
e, BT T A I AT R R e L B
W AR 73 G245 Ty 5 S H IR AL /AR D FRTE AR,
G R 52 28 7 — @ BRI 52 M, (K9 FEFER
(low molecular weight heparin, LH) H1 %3 T & £ %
flR b B, T RN, et KK, FAfEAS
eSE AT AL BT R RS T . A AN, PR AT
F, AR T 5 2% 0E I 0 ) PR 4 PR AT B RN B
B, BB A KR A

RE W AAE Dy — Fh A R 0 b 98 25 4 B A4
R 18 2% BB 7K P 7 T8 24 ) 5 L 1 1k 2 TR S A
I AE AR AL E AR, IR AW AE AN B A
YRR AR, SR Ea T BORE . 78 A 9296 % 1 AT IR

Fd, Bk LH 5 DOX @il pH MUREEG s E,
19 2 B A PR Ry B DhRe i LH-DOX &Mk
A0, Tk, ARG LG 1ICG WIHAER TR
YR HE LH-DOX W, 193] LH-DOX/ICG 3, 1%
I RAEFOC RS R, Ja#H 1CG F= A m A, A
Jo 20 PR T, AT R #E 0 B o R 2 R T I P TR
YEF . A CHIEIFRAE T LH-DOX/ICG JKH, #I25
PR T HoOnT B 8 2278 44 PR P e e e B v B T

mRERE*®

Ml R TEMER (LH). 2XHEE (DOX)
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2 HUE F LH-DOX/ICG Ff i, I — € & I 4K #i
G, o alillE DOX HIZEHREEA 1ICG IROGRE,
I B SLES FrS brdE i 26 1H 5 1CG F1 DOX (1K
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WEMZL A PBS 0, TR PEHITEE.
¥ B3EwmA 96 FLARH, Bl 200 pb, THEAOL
M EWIEEE (540 nm), HZLLTF At Wi =
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Figure 1 Dynamic light scattering (DLS) analysis (A, B).

The transmission e ectron microscopy (TEM) image of heparin-
doxorubicin/ indocyanine green (LH-DOX/ICG) micelles (C)
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a3 ) A 25 R AR R A 43 o6 e B v D 9 4
il DOX #1 ICG Wb HiZk, Wil 2 ffiax. DOX ()
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0.05~5.00 pg-mL™* § DOX Z1hx & RIF; 1CG
PR 2k y=0.0883x+0.0218, R®=0.9996, % HI7E
1.25~20.00 pg'mL 1 P 1CG £k 116 R BT, 43 5 5E
LH-DOX/ICG Jig#it DOX Hl ICG 7% ;i i A
JEREAE, THE 3] DOX HI# 2 &N (11.82+ 1.30) %,
ICG %k 25 & A 2 53 7 2 (5.59 + 0.91) % Al
(85.63+3.62) %.
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Figure 2 The standard curves of DOX (A).
curvesof ICG (B). n=3, X*s

The standard
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Figure 3 The variations of transmittance of different micelles
in 50% FBS phosphate buffer. n=3, X+s
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Figure 4 The release profiles of LH-DOX/ICG in vitro. A:
The DOX release profiles of LH-DOX/ICG at different pH; B:
The ICG release profiles of LH-DOX/ICG at different medium.
n=3, X+£s

A LHpOX LH-DOX/ICG PBS UP Water
B LH-DOX LH-DOX/ICG
UP Watkr ! msf abr 1 pas
C
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Figure 5 The safety evaluation of different micelles. A: Mi-
croscopic images of red blood cells exposed to different micelles;
B: Photo images of tubes containing supernatant from red blood
cells exposed to LH-DOX and LH-DOX/ICG at varying concen-
trations. PBS and UP water were used as negative and positive
controls, respectively. C: Graphical representation of percent
hemolysis by different micelles. n=3, X+s
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Jai%e (B 5B); LH-DOX Al LH-DOX/ICG K]
WA /N T 5% (I 5C). LA 25 5 oIk i v e 2
46.875~1500 nmol-mL* LH-DOX #1 LH-DOX/ICG
IR I A 2 5] A4l v ofn, 3R I R A R
VA ANE

KRR 45256 7% %2 LH-DOX/ICG i s % B16F10
Mg s 5B E e ARt xR 4L AR R R
J& 12 h, B16F10 2 ff id i i B S IR X 38, 4
LH-DOX. LH-DOX+ICG fl LH-DOX/ICG J&, XIJR
X 35 1 78 517 450 B X 52 040k T g e 7RI, TE

6 RINKIRIR

SRt BHRGE, 1ICG REWRE KT 2 pgmLt
I, A5 i R FRORE, 43 °C A 7 T B 4 e f g
1 6 ) 0 L LRI S 7 AR R PTG . ] 6
45 R IR, LH-DOX/ICG IR 4L 5l B8 1 CG 434 Re /e
BOCIRE T R A e e, fid A A RNE, 78 JE S I
[ i% %) 300 s B, R ET = A 45°C, WA
B 2, RYEAEEFREY ICG MkiAkbE)
JEE . i LH-DOX 41t T A% ICG, A Rgsl i -
WA R T e i"’” wemn
7 XRBAEXRK '

Y5 T RE ST IS, LH-DOX+ICG F1 LH-DOX/ICG 4.

—o— Free ICG
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Figure 6 The photo-thermal effect of different formulations.
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Figure7 Effect of B16F10 cells scratch metastasis by different formulations.
formulations; B: The migration rate of different formulations.
irradiation

A: The macroscopic scratch healing images of different
n=3, Xx+s. ~P<0.01, "P<0.001 vs LH-DOX/ICG group with laser
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(T % B EHALT LH-DOX 4, FEIEEOGIE S S
ICG REWS R AE I R iL A AEH . LH-DOX+ICG
AT LH-DOX/ICG H LB 2 5378 (35.92 + 3.67) %
Al (13.23+2.42) %, Pi&EAA BEEER, FHIX—
MG EE: LH-DOX+ICG HH 1) 1ICG N BRAS,
FoE MR 22, 0 E N 40 i IR AR o o B AR T
LH-DOX/ICG 4+, UK ICG BT W%, IR
PEH, % LH-DOX/ICG RE{EMOL ST T Hh &
FEHI ] i 20 B B iz 3 518 B Rk

8 YHARE ML

KH MTT 1L 82 Ut BL6F10 4H i 1 25 1k o

Kl 8A iz, W7 DOX F1 LH-DOX Jig # %t B16F10
P ARE — R, JFEARMGER S DOX £
FIEAMHE R, EMIFEK DOX #KE T, LH-DOX i
I FEEAR T 72 DOX . 1M 8B s, LG
JE ST, LH-DOX . LH-DOX+ICG #11 LH-DOX/ICG %
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Figure 8 In vitro cytotoxicity assay of different DOX formula-

tions on B16F10 cells. A: The cytotoxicity study of free DOX

and LH-DOX micelles; B: The cytotoxicity study of LH-DOX,

LH-DOX+ICG and LH-DOX/ICG with or without laser irradiated.
n=5 x+s. 'P<0.05vsDOX group; “P<0.05, “**P<0.001 vs
LH-DOX+ICG+aser group; *P<0.05, *4P <0.01 vs LH-DOX/
ICG+laser group

AR R MK T LH-DOX+ICG 4, HA BEM=E
g, JRZEES I 1ICG A fasE, T LH-DOX/ICG Ji’R
o 1CG WH T H/KE L, Y 1ICG R4,
LH-DOX/ICG REFE O HE I T 5 e b 410 1] Jof 8 4 i
K.
9 MpAT LI

SKH Annexin V-FITC/PI XX 4% 40 i 7 7 46 I3k
FIEF Calcein-AM/PL XG5 & % 52 % 41 R A i
S B16F10 41 Tk M. IEH 1A Annexin V-
FITC 1 Pl B3 B, 53008 T Fr B 40 i
Annexin V-FITC FAPETG P, B BAE T B BEFIIR
FERI4HHE Annexin V-FITC A1 Pl ¥ 501, B 9A
A, BCAHEOCIESHY LH-DOX/ICG 4115 540 i i
TRUARZE R BB B 3 = T LH-DOX ZHAAR S T Ok
MBS LH-DOX/ICG 41; Calcein-AM Ay ic i 41 fifd,
Pl FRicE4ifi, B 9B st 5K 9A R4 R,
NEVE R BN, FEBOGHS T, LH-DOX/ICG 4111
T4 %R = T LH-DOX+ICG 4, H A5 1CG
FaEEA %, LH-DOX/ICG A 1ICG M T #K K
AR, HREN ST LH-DOX+ICG 41 i & i)
ICG, e OGRS T LH-DOX/ICG i o fE % T i 1
X B16F10 4H i AT 4 LI A0ST S e R R T

it

A UR AL R SR M R A YR LH-DOX/ICG,
EAERSEBEMRT BHEE RN —, BEMR
A 2RERFE 9K e e o . WFFE R BH, Ri42AE 100~
200 nm P 4K RE 8 I S AR 11 8 T A EPR
RN AE ZH 8 ) 21 FofRg s A3 28 AR AR 2 ) LH-DOX/
ICG Kife A (148.7+2.1) nm, AT, W2 T #3)
A ) B A A

N TR IZ R EYIR AR pH R, 5T
[{ pH '~ LH-DOX/ICG ' DOX [REIAT A 4R R
B, MR pH M 7.4 T FEZE 6.5 I, 764 [
H AT DOX PR 5 S 0 . 3 35 W% R AR i
FEWSRIE i BRI RS AE IR G pH TR S, RE T
JFRE DOX. MeAbh, IEH T 1CG HIRIMAT N, H
1E pH 7.4 WIBERR Eh 2 il h BRI 218, TR L
HIL; FERSUA A IR R RS 10% FBS /)i, 1ICG
(R TECRA R o

T Xk 4 PR S £ 4 PR A E I U B, 38R i
TR AN PR I SR EAE 42.5~43 °C, W/ bR dm i nlik
44 C9, 1CG 1N — MG, — LA B R



+ 1940 - #j 2% 24 3)  Acta Pharmaceutica Sinica 2017, 52 (12): 1933 -1941
A Control LH-DOX LH-DOX/ICG
1o | 0-040% 0.050% 10 §0.566% 11.5% 1o 1 0.810% 13.3%
10° 10° 3 107 73
1947 - 10°
105 t"’/f‘ 10° 9
3 0499.9% 0.010% 04 29 294
5 aaaa T R ea e e " .
= 010 10f 108 10 O T\ T/ A 11 L 11 (I T TV G TV 11
f‘:lf Control/Laser LH-DOX+Laser LH-DOX/ICG+Laser
= i 4
£ | 1070012% 0.100% | 4. {0.670% 123%| o |0.630% 33.9%
10° 10 10° 73
104 10 10
10 g:;j’?f’ 10 10
03 99.9% 0.012% 09 29.4% 57.6% 049.21% 56.2%
Ly ) U 1 Lk | ey "M U T il Lishia | Ly B 1 1 L by
0 10 10 10 10" 0 10 10 10* 10 ] 1 10 10 1
Annenxin V-FITC
B LH-DOX LH-DOX+ICG LH-DOX/ICG

No laser

Laser irradiated

Figure9 Cdl survivals of B16F10 cells after chemo-photothermal treatment. A: Flow cytometry analysis of B16F10 cells after chemo-

photothermal treatment.

B: Confocal images of B16F10 cells after chemo-photothermal treatment.

Viable cells were stained green

with calcein-AM, and dead/later apoptosis cells were stained red with Pl (scale bar, 35 um)
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