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Preparation of Mesoporous Organosilica-based Nanosystem for
in vitro Synergistic Chemo- and Photothermal Therapy
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Abstract: Organic-inorganic hybrid mesoporous organosilica has gained more attention in biomedicine due to its
high surface area, mesoporous channels, functional framework, and high drug loading capacity. In this study, disulfide-
bridged hybrid mesoporous organosilica nanoparticles (MONSs) as nanocarriers were employed to construct a nanosys-
tem (ICG/DOX-MONs@DNA,,) for delivering drugs and photothermal agents, in which DNA molecules as

“switches” were modified on the surface of MONs to control drug release. The results showed that the

ICG/DOX-MONs@DNA,, nanosystem could increase the temperature to above 43 “C for photothermal therapy with
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near-infrared (NIR) laser irradiation. On the other hand, the ICG/DOX-MONs@DNA,, nanosystem exhibited a very
slow release of DOX (12.3% in 6 h) at 37 °C, but a rapid release of DOX (52.4% in 6 h) occurred at 43 °C. Cell cul-

ture experiments indicated that the nanosystem can be internalized by HeLa cells, and exhibited an enhanced therapeu-

tic efficacy of synergistic chemo- and photothermal therapy. Hence, the ICG/DOX-MONs@DNA,, nanosystem might

be promising for synergistic chemo- and photo-thermal tumor therapy.

Key words: mesoporous organosilica; nanocarriers; controlled release; synergistic therapy
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ing Kit-8 (CCK-8 &) H i3 = KA H A
HIRA T BERREZ5 . DNA W E A& TAM TREE
) A PR/ H), DNA 7414 5°-COOH-(CH,)s-ACT CCT
GGT ATG TAG CGC TA.
1.2 NILBHNEH KBRS R R EEEE

THREENF Y MONSs il % 2 IR OSCER R E (19 77
21212 o CTAC #1 1 mL TEA HIZK I (10wt%)
A 20 mL £BT7K, BT 80 CHBHinidises
H B4V, B35 1 mL TEOS #1 0.2 mL BTDS
RIBIATRA W, e 4 h ek EGuiiEidt e
BB O R LR, 13 B E A ST
MONSs. &5 145 7] 71 25 b R 3R 8 & B i i 2 B,
B &7 4546 S 77/ MONs #8875 208 300 mL £
12 2B VAR (Ve : Veon = 1: 10), T80 C%M4T



512 W

Mk, & S fLA MUY 3R B 98K 33 18 R G 46 S AR IME ST e Rk &R TT TR RERT 7T 1367

HWIBENR 12 h, B0 B IR DT, ARG 2
HEIWEH OB EER, T80 CHZETHERS
#| MONs. MONs [ZIEEMISFZM R ¥ 100 mg
MONS #8280 40 mL /K B, FE7E 100 C
MR AREE 2 h PABRSRE R KAy AR )E I iR
BT 1.5 mL APTES, 7£ 100 °C4&44 T [H]
It 20 h J5 B0 A B, B R RS ) R 2R
CEEPR 3 G T 60 C FES T, EEDEHE
1&1fif) MONs (MONs-NH,).

1.3 YR TES RO

A5 L MONs-NH, A#E, #EH DOX Fi
B2, ICG NG FRFEAE IR B HEK N 20 Btk
] DNA(DNA) N BT M GKIE L RS .
¥ 1CG A1 DOX 73 HIECHI B 0.5 A1 1 mg/mL ) FHBE
R, S E 10 mL YIRS SN 20 mg MONs-NH,,
SRJE T =AM LR 24 he B0 E-
BRSO B 153 1ICG 1 DOX A4
MONS(ICG/DOX-MONS).

DNA o 3 F2 41 R 2526 4 DNA, Bt i) ik
%29 100 pmol/L 7K, F£T-20 CLRAZHH
H 50 uL DNAy ¥, I 50 uL EDC #7%(20 mg/mL)
=¥ 2 min J5, I 30 uL NHS % (20 mg/mL),
k52973 20 min PLIEAL DNAy [ S* 3R 3L, AR,
W15 LI DNAL UM %] 2 mL ICG/DOX-MONSs
f) MES(10 mmol/L, pH 6.0)EIFW T, =B
% 24 h J5133] DNA,, G K ICG/DOX-MONs
(ICG/DOX-MONs@DNAy) - #2 Ji, #2507 2 3 H
PBS S ik =G i T PBS 2t & H
1.4 ZEHEBALMRERIE

K FH Tecnai G2 F30 37 & 5t v 13 5 S 1%
A1 FEI Quanta 450 %437 J& 5 B 75 U8 W 8 J0R [1)
TSR AN 45 4« S P Tristar 3020 7Y bE 2 T AR A AL
1243 BT A 52 FF & 1 B R TH AR AN FL AR 3 A o SR
Nanodrop 2000C AUl & 55 4b—n] WA e EETH
e 256 RGBS B . KA 808 nm T 4L
AN R A AT FLIR AXS5 series B 21 AP AR A
JEFE SR G IV RE . Z0AMEIE R KBr & ik, 1
LAM750 BILLAN IS ESE « A Epoch Y fifgAx
S 5 A A7 35 %« K H Olympus IX73P1F BY{5 &
WA ER AN A1 I « SR F 5 /R 3 Nano-Z.S90
Y KRR A LA 43 AT G T B 25 6 B (DLS) kL
WEAZ 53 A AR R [ Zeta FLAL
1.5 AR

43 BB E A 0420+ 50+ 100+ 200+ 300 pg/mL
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Fig. 1 Characterization of MONs

(a) SEM image of MONs; (b) TEM images of MONS; (c) DLS particle
size distribution of MONSs; (d) N, adsorption-desorption isotherm and
the corresponding pore size distribution of MONs
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Fig. 2 (a) Zeta potential, (b) FT-IR spectra and (c) UV-Vis spectra of MONs, MONs-NH,,
ICG/DOX-MONs and ICG/DOX-MONs@DNA,, nanoparticles
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Fig. 3 Photothermal heating curves of ICG/DOX- MONs@
DNA,, suspension with different concentrations under NIR
irradiation at 0.75 W/cm®, and (b) photothermal heating curves
of 100 pg/mL ICG/DOX-MONs@DNA,, suspension under
NIR irradiation at different power densities
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RS BE B TR DNA,o 5 MR i iR H 7), 15
DNAyo MRIURE K T it B 17 4T FFR0RL I A FLALIE, 5k
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WRPE ik 200 pg/mL, AU R AL 98.4%. N
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Fig. 4 Release profiles of (a) DOX and (b) ICG from ICG/DOX-MONs@DNA, at 37 and 43 °C, respectively, and (c) release
profile of DOX and ICG from ICG/DOX-MONs@DNA, at the alternating temperature between 37 and 43 C
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Fig. 5 Cell viability of HeLa cells cultured with MONs with
different concentrations for 24 and 48 h
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AL B L0 0O R e A A%, K9 Hela
1 fiE % 75 1% ICG/DOX-MONSs fil ICG/DOX-MONSs
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Fig. 6 Cell uptake of different nanoparticles after being cultured
with HeLa cells for 3 h (blue: nuclei; red: DOX)
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