F F IR

RIEL

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A12090680

PEAEAE T T REAE A0 I A [, 2 5 i B AR (1 4 40

DL 2R R A W PR e Kk o W] e/ A%

BRI BE 1L 9T FLER G K EK 52 24 o 5 = RO 40 B3 [0 1% 156 K AT = R 70

AN BE O ORWHE &R x=Ear
CLERSI R ETIE R T IRASEASRE L 200433)

WE LURAR 90 nm WA FLERGIKERYE A 0 ) 45 253800k, SR FH I8 Ao Ak B A0k T D AR1 2 T PR 238 s 7K A2 B P v v 1R 23 1
P, W ST ARE, JERIT EDC-NHS 4 RS BN FLAR K BRI . 10 3 2L SR AR OB AU e S it =X 4n J
P SERMR R R G, 45 TR L TR I BB AL A AR AR ER BE A e i 6 325 W6 T HeLa 4UMUIAIE5 L 12
R, WRBAYERIA N HeLa 40T RIS U (1 A FLIR A K /N BRI A W S5 2R I 2 I IR BT M 3R A 1) MCF-7 41
%I HeLa 40 M REE IR 543 7€ B b 12 11 88 1) 46 T 7R 32 i A ALK 9K BR ) 2 3R I T, B — 204 T B 3] T
HeLa 41 ffu 1) 5.

KB AIL GURMRL e, AR mVATT

Folate Functionalized Mesoporous Carbon Nanospheres as Nanocarrier for
Targetted Delivery and Controlled Release of Doxorubicin to HelLa Cells

Zhu, Jie Liao, Lei Zhu, Lina Kong, Jilie Liu, Baohong*
(Department of Chemistry, Institute of Biomedical Sciences and State Key Lab of Molecular Engineering of Polymers,
Fudan University, Shanghai 200433)

Abstract Ordered mesoporous carbon is a kind of novel carrier for intracellular drug release. There are few reports on the
use of mesoporous carbon nanospheres (MCNs) as the transmembrane deliverer in human cancer cells; on the other hand, the
particle size of MCNs synthesized by hard templates is usually larger than 100 nm. It is accepted that the optimal size of a
transmembrane delivery vehicle should be less than 100 nm in diameter and the surface should be hydrophilic to circumvent
clearance by macrophages, to maximize circulation times and targeting ability. In this work, MCNs with a diameter of ca. 90
nm have been developed as a targeted drug delivery system of an anticancer drug, doxorubicin (DOX). The small MCNs
were synthesized using triblock copolymer Pluronic F127 as a template. The MCNs were first treated by acid to improve its
dispersion property in an aqueous solution, and then modified by folic acid through EDC-NHS. The structure of the MCNs
was well characterized by transmission electron microscopy, small-angle X-ray scattering, nitrogen adsorption/desorption and
dynamic light scattering. pH-dependent drug release is successfully achieved due to the supramolecular n-x stacking between
DOX and the carbonaceous structures. By effective passive and active targeting, MCNs can be readily internalized into HeLa
cells, where the carried DOX can be efficiently released in the acidic microenvironment of the tumors for further therapy. The
results from confocal laser scanning microscope and flow cytometry demonstrated that the cellular uptake efficiency of
MCNs toward HeLa cells was increased through the functionalization with folic acid, and the folate modified MCNs show
much higher endocytosis properties toward HeLa cells (folate receptor positive) than toward MCF-7 cells (folate receptor
negative). The cytotoxicities toward HeLa cells were studied by MTT method, which indicated that the cytotoxicities of DOX
loaded mesoporous carbon nanoparticles was also enhanced due to the introduction of folic acid and targeted delivery, while
the cytotoxicities of MCNs show very good biocompatibility toward both HeLa and KB cells.

Keywords mesoporous; nanoparticle; cancer; targeted therapy
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Figure 1 The characterizations for the MCNs
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(a) The TEM image of MCNs; (b) Histogram showing the size distribution of MCNs, 100 MCNs were measured from TEM images; (c) the SAXs pattern of MCNs;

(d) the nitrogen adsorption/desorption isotherms of MCNs
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Figure 2 The characterizations for the FA-MCNs
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(a) The SEM image of FA-MCN:s; (b) the TEM image of FA-MCN:s; (c) size distribution of FA-MCNs measured by a Nanosizer ZS-90 instrument
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Figure 3 The confocal microscopy of HeLa cells cultivated with
DOX@FA-MCNs (a), DOX@MCNs (b), the confocal microscopy of FA
blocked HeLa cells cultivated with DOX@FA-MCNs (c) and that of
MCF-7 cells cultivated with DOX@FA-MCNs (d)
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Figure 4 The flow cytometry analysis of HeLa cells cultivated with DOX@FA-MCNs (a), DOX@MCNs (b), the flow cytometry analysis of FA blocked
HelLa cells cultivated with DOX@FA-MCNs (c) and that of MCF-7 cultivated with DOX@FA-MCNs (d)
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Figure 6 The cytotoxicities of DOX loaded MCNs, FA-MCNs and

DOX against HeLa cells
The cytotoxicities of DOX (A), DOX loaded FA-MCNs (B) and DOX

loaded MCNs (C) against HeLa cells after 24 h (a) and after 48 h (b), cl
and c2 represent different concentrations. The details are shown in the
supporting information

40 mg 7 SEFRAMRE T 0.1 mol/L E 8L B, 2
JE A 20 mg FRILALHE TS () MCNs, #7520 min Ji5, 4k
SefiiEE 16 h J5, YT, 132158 SERE 1N MCNG.
4 ERBPRL 20 mg #7523 HUCT pH 7.4 G2, 2
543 WA 30 mg FA, 60 mg EDC A1 60 mg NHS, 7E 4
CFRMNIEH, 14%] FA-MCNs.
4.3 DOX Hyfa#

3 mg DOX 5 10 mg MCNs/FA-MCNs I\ %] pH=
7.4 1f) PBS ZZph Wb Bt HE 24 h, 2 )51 pH 7.4 [f) PBS
WIRGENT 2 d(FF 6 h #—kuK) bk ik 1 2% DOX.
FIT A (P AT B SR A R 158 oh s AR, T 75
£ DOX 7EMPEL 1 91 28 5.
4.4 REIRIESRIE

HeLa 410 &4 10%I07% (Fetal Bovine Serum)i]
DMEM(Dulbecco’s modified Eagle’s medium)s #7FA(E
37 C I 5% CO, 4 FRIFRIE (S X 10%/L 41 isr 14
mm [ 55355 BRI AER). 5595 24 h )5, 400 PBS %
WU 3 K, Z I AR AN TR 1) S 56 75 BEREAT 5 4R 5.
T FA TACHR S L4 5, BN FA 0.5
mg/mL ) DMEM ¥ 2 mL, X} TR 5% FA FALBK
PIARFEEZH, W E N DMEM 5988 2 mL; H9% 2 h
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WRPERPPSE M B 258, 15 24/48 h J&, MTT &4 (5

74 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

mg/mL, 20 pL)4 A 2040 rb D AE e, 4k 211
37 CHEFE 4 h, M FHIEH(DMSO)fi# I, 311
PR (SUNOSTIK SPR-960)7E 490 nm i K AbBEAT i &
KA.
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