B ZEERFF O 20174E6 A 38 BB 6 http://www. ajsmmu. cn

Academic Journal of Second Military Medical University, Jun. 2017, Vol. 38. No. 6 e 707 -
DO 10. 16781/j. 0258-879x, 2017. 06. 0707 - AT 4R E -

FzhEBE ZLAREE R pH M 5 40 K #L F B9 #4938 B AR SME 0

RARME G R B M AR

L iR A A Bl ot e AR W24 28 L b AT 100084

2 R AR TE A2 e AE i 5 B B2 D S5 LA IR 7 TR S5 30 &, TR 518055
3. R 2 e GRIID 2550 25 22 T 510275

A BTN B SR TRE S B A2 5 AR 00 1 TR AR B 117576

CRE] a® il Eshm TR pH IR 571 28 25 2 A2 B (docetaxel , DTX) (4K T, 3% 5 H B0 1
JiERZG N2 W) B RERRAE K %k A FLI R MCF-7 41 (9 38 1l RS G 8CR . ek SRAIGUKR TR FSE TR Z B ik
(polydopamine, PDA) [ 42 1 & 1 77 3 1 4 32 h#0 7] MCF-7 402k DTX fiR (folic acid, FA)F1 PDA {54 i JIH k-
BRI R 2 R B 9Kk F (DT X loaded CA-PLGA@PDA-PEG-FA/NPs) ; 5% FH i 41 FL 55 WL 40 Kk F 1T 55
YKL LA T AR T W RLAR N zeta HLAL, X SR HLF RETE A (XPS) 43 41 44 KR~ 3 T 8 1 155 100 5 SR JFH 38 A7 32
o SRR €5 T VR R ST AL 1 B 24 26 A 3R L R AR R I i 2 5 SR P U 40 i 2R s Sl A s X 4 A 43 170
BICHE AR T A A SN EEEC ;R F MTT 35S 58 BT AOARL T X MCF-7 I A7 TG R s, 4 &/ A
WF5E 414 1) DTX-loaded CA-PLGA@PDA-PEG-FA/NPs 5 “B-52 " 45, 7K &ki42 g (166. 4=£3. 9) nm, zeta B {37 K
(—11.7£3.8) mV, 32N (9. 6720. 45) %6, 413K (88. 3243, 10) % . 7€ pH 5. 0 BB LA i 25 W B it AE pH
7.4 BB B AR, XPS 045 R 7R PDA FI-BRAE 4 KRL~ 2 1] 18 4 » MCE-7 290 S5 314 3 Bl 8 1] ) 40 AOKE
2o ¥ e T S M 16 TR VAR (9 4 KR, 224 R Bl 1) 4 KORE T (¥ 200 B 2 1 B A F DTX I R I 7 28 R ®. 45 &

= I ) LR 1) pHL i SO 1) 2 2 AN AR 2R B S R A ) B SH R g A MCE-7 0 R iR

[REIR]  GOKEE: 5 2R 2 s #0115 338 5 pH I 1 14 5 2L e b

[HEAFES] R737.9 [XHtfRERE] A [xEHS] 0258-879X(2017)06-0707-08

Preparation and in vitro evaluation of active targeting pH-responsive nanoparticles for breast cancer

NIE Jun-peng'?, ZENG Xiao-wei’, FENG Si-shen**, MEI Lin®**

1. Department of Biology, School of Life Sciences, Tsinghua University, Beijing 100084, China

2. Shenzhen Key Laboratory of Gene &. Antibody, Division of Life and Health Sciences, Graduate School at Shenzhen,
Tsinghua University, Shenzhen 518055, Guangdong, China

3. Department of Pharmaceutics, School of Pharmaceutical Sciences (Shenzhen), Sun Yat-sen University, Guangzhou 510275,
Guangdong, China

4. Department of Chemical & Biomolecular Engineering, National University of Singapore, 4 Engineering Drive 4, Singapore
117576, Singapore

[ Abstract |  Objective ~ To prepare docetaxel (DTX)-loaded active breast cancer-targeted pH-responsive
nanoparticles and to determine its chemo-physical properties, drug loading and releasing characteristics, and targeting
ability and cytotoxity against MCF-7 cells. Methods The nanoparticles were synthesized by nanoprecipitation method

and surface modification based on polydopamine (PDA). The morphology, size and zeta potential, and surface modification
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of the nanoparticles were characterized by transmission electron microscopy (TEM), dynamic light scattering (DLS) and
X-ray photoelectron spectroscopy (XPS), respectively. Drug loading content, encapsulation efficiency, and in vitro drug
release profiles were measured by dialysis and high performance liquid chromatography (HPLC). The in vitro cellular
uptake was analyzed by confocal laser scanning microscope (CLSM) and flow cytometry (FCM), and the the effect of
drug-loaded nanoparticles on the viability of MCF-7 cells was determined by MTT assays. Results The DTX-loaded
nanoparticles, CA-PLGA@ PDA-PEG-FA/NPs, exhibited a core-shell structure, with hydrodynamic size of (166. 4 +
3.9) nm, zeta potential of (—11.7%+3. 8) mV, drug loading efficiency of (9. 6710. 45) %, and encapsulation efficiency
of (88.3243.10)%. Furthermore, the drug release rate of the nanoparticles in pH 5. 0 release medium was faster than
that in pH 7. 4. XPS spectra showed that PDA and folic acid were modified on the surface of the nanoparticles. The
active targeting nanoparticles ingested by MCP-7 cells were more than the nanoparticles not linked to active targeting
ligands, and the cytotoxicity of active-targeted nanoparticles was significantly superior than that of Taxotere® (clinical

preparation of DTX). Conclusion The active breast cancer-targeted pH-responsive nanoparticles (DTX-loaded CA-PLGA @

WK 201746 H .55 38 4%

PDA-PEG-FA/NPs) exhibits promising targeting ability and efficient antitumor activity in vitro against MCF-7 cells.
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Fig 1 Characterization of DTX-loaded CA-PLGA@ PDA-PEG-FA/NPs

A Schematic diagram; B: Transmission electron microscopy image; C: The size distribution by intensity; D: The zeta potential distribution.

CA-PLGA@PDA-PEG-FA/NPs: CA-PLGA nanoparticles modified by folic acid (FA) and polydopamine (PDA); DTX: Docetaxel; CA-PLGA.;

Cholic acid-poly(lactide-co-glycolide) ; PEG: Polyethylene glycol
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Fig 2 XPS spectra of drug-free nanoparticles
A: CA-PLGA nanoparticles (CA-PLGA/NPs); B: CA-PLGA nanoparticles modified by polydopamine (PDA) (CA-PLGA@PDA/NPs); C.
CA-PLGA nanoparticles modified by polyethylene glycol (PEG) and PDA (CA-PLGA@PDA-PEG/NPs); D: CA-PLGA nanoparticles modified
by folic acid (FA) and PDA (CA-PLGA@PDA-PEG-FA/NPs). CA-PLGA.: Cholic acid-poly(lactide-co-glycolide) ; XPS: X-ray photoelectron

spectroscopy
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Tab 1 Characterization of DTX-loaded nanoparticles

n=3
Sample Size d/nm, r=ts PDI 7P ¢/mV, xts LC (%), s EE(%), z+s
DTX-loaded CA-PLGA/NPs 103.4+2.8 0.115 —22.5+4.3 9.96=+0. 34 94, 12+3. 50
DTX-loaded CA-PLGA@PDA/NPs 160. 84-3. 4 0.122 —18.444.1 9.78+0. 28 91.63+3. 90
DTX-loaded CA-PLGA@PDA-PEG/NPs 164.5+3. 1 0.119 —12.443.2 9.65+0. 32 89.05+4. 40
DTX-loaded CA-PLGA@PDA-PEG-FA/NPs 166.443.9 0. 139 —11.74+3.8 9.67+0. 45 88.32+3.10

CA-PLGA/NPs: CA-PLGA nanoparticles; CA-PLGA@PDA/NPs: CA-PLGA nanoparticles modified by polydopamine (PDA) ; CA-PLGA
(@PDA-PEG/NPs: CA-PLGA nanoparticles modified by polyethylene glycol (PEG) and PDA; CA-PLGA @ PDA-PEG-FA/NPs: CA-PLGA
nanoparticles modified by folic acid (FA) and PDA; CA-PLGA: Cholic acid-poly (lactide-co-glycolide) ; DTX: Docetaxel; PDI: Polydispersity

index; ZP: Zeta potential; LLC: Loading content; EE: Encapsulation efficiency
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Fig 3 Invitro drug release profiles of DTX-loaded nanoparticles
A: pH7.4; B: pH5.0. CA-PLGA/NPs: CA-PLGA nanoparticles; CA-PLGA@PDA/NPs: CA-PLGA nanoparticles modified by polydopamine
(PDA) ; CA-PLGA@PDA-PEG-FA/NPs; CA-PLGA nanoparticles modified by folic acid (FA) and PDA; CA-PLGA: Cholic acid-poly(lactide-
co-glycolide) ; DTX: Docetaxel. n=3, x=%s
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Fig 4 Cellular uptake of coumarin-6 (C6) loaded nanoparticles

A Laser scanning confocal microscope images of MCF-7 cells after incubation with nanoparticles for 0. 5 h and 2 h. 1, 2, and 3 represent C6

loaded CA-PLGA@PDA-PEG/NPs, C6 loaded CA-PLGA@PDA-PEG-FA/NPs and C6 loaded CA-PLGA@PDA-PEG-FA/NPs with free FA,

respectively; B: Graphic demonstration of flow cytometry (FCM) analysis of MCF-7 cells after 1 h-incubation with nanoparticles; C;

Quantitative FCM histogram (z-test, ** P<C0. 01). CA-PLGA @ PDA-PEG/NPs: CA-PLGA nanoparticles modified by polyethylene glycol

(PEG) and polydopamine (PDA); CA-PLGA@PDA-PEG-FA/NPs: CA-PLGA nanoparticles modified by folic acid (FA) and PDA; DAPI: 47,

6-diamidino-2-phenylindole. n=3, x¥=+s

2.5 HBMAETF RIS mIL AR RN
P S0 T 42 S W 23 24 0 KR~ % T e 40 L ) A% 1
B AR ST SR MTT 33 T 9 oKL 75 15 77
24 h 1 48 h J5%F MCF-7 4uia i 2o s, s 5
iR s CA-PLGA @PDA-PEG-FA/NPs (R~ #245) 7¢
AR BE A I A MR HEBR T 25 A

A T 1 5 HoAy DTX BCT7 #4932 B A i w1
H 2 T 28 20 OB T B 20 R R Tl PR T
DTX il 77 28 2775 5 Bl A e J3E I 1] 1) 38
ZYLRORL P4 I L 200 25 P o 1 i 5 2
Kk F CA-PLGA @PDA-PEG-FA/NPs 2 8 £
56 (14 2 L RE 1



55 6 1. ARG, A5 E SN FLIE N pH W R IA E RARSN A < 713 -

Il Drug-free CA-PLGA@PDA-PEG-FA/NPs [ DTX-loaded CA-PLGA@PDA-PEG/NPs

[ Taxotere®

* * %k *%k * ok

100

80

60

401

Cell viability (%)

201

0.25 25 12.5 25

Drug concentration pg/(ug * mL ")

DTX-loaded CA-PLGA@PDA-PEG—FA NPs

100p ! ;

80

60

401

Cell viability (%)

201

S
-
ES * *
Ed
*
*
| T
£
B
25

2.5 12.5

Drug concentration pg/(ug * mL ™)

B 5 RAFEESE 24 h (A)F0 48 h (B)3+ MCF-7 MM S ELHER
Fig 5 Viability of MCF-7 cells cultured with DTX-loaded nanoparticles (NPs) in comparison with Taxotere®
at same DTX dose and drug-free NPs with same amount of NPs for 24 h (A) and 48 h (B)
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