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Figure 1 (Color online) Mesoporous silica nanoparticles based drug delivery system for drug encapsulating and controlled release

[26]

1105



44 % B #& 2015448 £60% F£12#

SRk eV e (PED 75 iR, Bt ekl 43+, Zink
TR % OOV S iz 55 PR 18] 68 43 T4 1 i pH
LM T R BEGUORIET], kS TR K. BE
PR, 38 FH 20 06 PN P e AR s AR B A pH 2R T 1Y
BRI, FAh, AT R RARR G T ST #
PRI ES e R K I 1], R R S A A fL
T 2 T 118 — I Jo 2 43 7 b AR T G 1) LR A 58 ot A
pH BB B GK [ 1T (K1 2(a)). ixFehe g iy, w2
JOR AT 7E = M b 34y FFF BB pHARfE & A B Bl AT
VAT TR TT R . A T 2 BR800 3 2 RS Jot
FeArFRGELE Y, AR IR 1] BB ARG 1 4 1 25 9 53
- 20 PR 55 P I A P ) R
pHABURGE B 5t (AN n T 5 . B . BRSESE)RBAS7E
PRtk 2 1 T T2, H Bk 5 A S pHm R P A FLRE A8 K

AR Lin5 Y50 o R A B A 46 1 Sl e Aok
R B T UREFR T, R R M N AR ]
PEpHAAMF N, AR RE, AW a FH TE&M
KRB B B N B AEAFLALE N, S TRt &
A ERF, 200 TS R T K R B A KR B 5 (cap) B 25,
MR 25571 73 5h, FesO 40 K KL+ e 1B
3 Aok R R R TR B A 1 T A LAk e TE AR 3 R
Y 3 s A 28 24 0 4 R,

iR T 5 figp A Rk AL, S Ay A e p HLIAD 7 44 K R 1] £ B
Y 5. 20114F, MuhammadZ: A2 ZnOH + 5 &
M TS LA E R I A 1 pHE I AL A FL Ak 25 ) 84k (]
2(b)). ZnOit ¥ fiifil g ik i B, Ak iiBE, JFH R
PR R TR N, EAEpH 74055 1F T REIEFR
FEAE, Y pH<S. SHE sl i i, JF HRR i 2B il

A2 O OH o
QOO0
(@) ‘ Me (b = Zzno-si N2 .’E “on
+NH, HCO O OH &
CH,
HO NH,
| — Il .
o e il ANS| = S NH—C—CHrCHC—NH i
R=H or OMe §
* | — —
LR ) ° e = +NH
- (" !
L = _Si.
- o3
b I ??
H
Decreaseﬁp SED
gH
LN+
o
p—i N)L
=X §w 4
+ 3 Ny i~
° Si — Cisplatin L ’L\.V‘F“ /1
o - _Si., = g ,
Guetrmifelur ?C;J? (c) (’ P(OMA-co-TPAMA) + 55 t  ohes 4. Lf" s
— ey
Incresase pH PAH + . — .
o i . S, g
3 MSN-NH, TN st v
8 loading with RhB b il o
Me i LBL polyelectrolyte adsorption pH-induced change reversion
& loading with cisplatin RhB & cisplatin releasing
® I W W . +
. Cco O
n n y NH cl
oY Bt (\Sfo\io *\S=O\io O‘. el
§ VAT I N H CC IO NH Tdl
A y
ol = ’:,N 7o "[\ Cisplatin
- Q
« B ? PAH
-Si

NH HiN
COOH P(DMA-co-APMA)

P(DMA-co-TPAMA)

RhB

B2 (MG ) BT IR S5 5E pH I BARKR I TR B (b) BT RRATFEA ZnO 2 F S EY pH BURIPKI, (o)

pH WAV 22 B AR TR b i I 2 R - LR 25 s e R e

Figure 2 (Color online) (a) Design of pH clock-operated mechanized nanovalve based on cucurbit uril®’; (b) fabrication of pH-responsive nanovalve
based on acidic dissolution of ZnO nanolids'®”; (c) pH-responsive drug delivery system of polyelectrolyte multilayer-coated mesoporous silica

nanoparticles'®
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Figure 3 (Color online) Thermal-responsive nucleic acid-mesoporous
silica drug delivery system!”®!
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Figure 4 (Color online) Redox-responsive nanovalve for real-time monitoring of drug release’
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Figure 5 (Color online) (a) Design of enzyme-responsive nanovalve based on Fmoc-Asp-Ala-Ala-Arg peptide™™'; (b) glucose-responsive nanodevice

[911.

for controlled release of insulin and cyclic AMP""; (c) antigen-responsive nanovalve®"; (d) fabrication of mesoporous silica nanocontainer based on

nucleic acid-aptamer specific interaction'*”
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Figure 6 (Color online) (a) Photo-responsive nanovalve based on cyclodextrin-azobenzene rotaxane" ~; (b) preparation of snap-top nanovalve based

[113].

on photo-cleavable coumarin derivative" ; (c) gold-capped mesoporous silica nanoparticles for photo-controlled drug release based on photo-responsive

o-nitrobenzyl derivative!'*!
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Figure 7 (Color online) Magnetic-responsive mesoporous silica nanoparticle based drug delivery system
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Figure 8 (Color online) Design of pH/redox dual-responsive nanovalve and the controlled release of size-selected cargos
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Figure 10 (Color online) Multifunctionality of mesoporous silica nanoparticles
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Figure 11 (Color online) Peptide-functionalized mesoporous silica nanoparticles for tumor vasculature, cell membrane, and nucleus sequential
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Figure 12 (Color online) Envelope-type mesoporous silica nanocontainers for tumor-triggered targeting drug delivery
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The design and application of functionalized mesoporous silica
nanocarrier

LUO GuoFeng, CHEN WeiHai, ZHUO RenXi & ZHANG XianZheng

Key Laboratory of Biomedical Polymers of Ministry of Education, College of Chemistry and Molecular Sciences, Wuhan University, Wuhan
430072, China

With the rapid development of nanotechnology, nanomaterials with unique physical and chemical characteristics, have offered
tremendous potential for biomedical application. Among them, mesoporous silica nanoparticles (MSNs), a class of well-established
nanoplatforms with different structures and compositions, have been widely used to develop drug delivery systems owing to their
unique physical-chemical properties, such as tunable particle/pore size, high surface area and pore volume, easy surface modification,
remarkable stability and biocompatibility, and high drug loading efficiency. Moreover, MSN-based nanocarriers with “zero premature
release” property have proven to be excellent devices for drug delivery. A variety of fluorescent dyes and pharmaceutical drugs were
encapsulated in MSNs for controlled release. In addition, numerous efforts have been made to develop smart nanovalves on the surface
of MSN to provide on-command release of drug in response to different stimuli, including light, enzymes, pH, redox, temperature, and
competitive molecules. Furthermore, the outer surface of MSN can be modified with various functional groups, that play critical roles
(stealth or targeting) in overcoming the multistage barriers found in the drug delivery process. Fabrication of MSN-based,
multifunctional, stimuli-responsive drug delivery systems can effectively encapsulate anticancer drugs and can maintain “zero
premature release” before reaching the diseased site. Once they arrive at the tumor site with the aid of targeting groups, the nanodevice
can be activated by a specific stimulus to release the drug. The delivery of anticancer drugs to a specific target site can alleviate toxic
side effects and improve the therapeutic index of drugs; thus, achieving significantly enhanced anticancer efficiency. Herein, we
reviewed various strategies for the design of stimuli-responsive, MSN-based drug delivery systems, and multifunctional MSN for
targeted cancer therapy.
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