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One-step synthesis of therapeutic agent loaded dendritic large—pore mesoporous silica nanoparticles

GUO Zhao-yang, ZHU Yan-peng, WU Li-ting, CHEN Yan, YANG Xiao-ying

(Department of Medicinal chemistry, School of Pharmacy, Tianjin Medical University,Tianjin Key Laboratory on Technologies Enabling
Development of Clinical Therapeutics and Diagnostics( Theranostics ), Tianjin 300070, China )

Abstract Objective: To prepare one—step synthesis of therapeutic agent loaded dendritic large —pore mesoporous silica nanoparticles
(DLMSNG§) via dual-templating strategy. Methods: DLMSNs were prepared by using cetyltrimethylammonium bromide (CTAB) as templates
and therapeutic agents as auxiliary templates in this study. The morphology, particle size and infrared absorption of DLMSNs were charac—
terized by transmission electron microscopy (TEM), laser particle size analyzer and Fourier transform infrared spectra (FT-IR). Results: The
obtained DLMSNs showed a central-radial structure with the size below 100 nm and excellent monodispersity. The pore size and partical
size of DLMSNs were well controlled by adjusting the ratio of CTAB to auxiliary templates. Importantly, the auxiliary templates remained in
DLMSNSs after removing CTAB by choosing the appropriate treatment, indicating a therapeutic effect in tumor therapy. Conclusion: This
method not only avoids using the toxic auxiliary templates reported previously, but also averts the toxic organic solvent by only using aque—
ous solution as reaction condition. The study will provide a simple and feasible way to prepare the DLMSNs for biomedical application.

Key words large—pore mesoporous silica nanoparticles; dual-templating method; tumor therapy
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TE Yu SR TAERE & T, RS e mlit 2514
A LR E B K 5 R B9IR T R 41T L
VRO BRG], n] LA #8 R4 nl 2 00 L PRI Y
FLAZ T DLMSNs!", AT -7 b ik = B3k
RALE (hexadecyl trimethyl ammonium bromide,CTAB)
MR, 53 PL Sk H R (ferrocenecarboxylic
acid, FCA) FTIL PRk — 2 £ (hematoporphyrin di—
hydrochloride, HP) SHAHBIBAGH] , DL = LMt (i
ethanolamine, TEA ) AEALT, LLIZK RE R, #il & T
RiAE/NF 100 nm, FLAE T ¥ DLMSNs, 3l i BE$E
B IE I T TEBR AN CTAB J5 AN OREE T —
SEIIRIT I FCA R HP, JEEFE T AP

.
1 HE5H®
L1 A CTAB(PIRSHIILGE AR AIRA ),

SRR Y 2 P Ry U AE AR AT FRA A ), FCA
(KA BUE AR IR AR HP (R U
HEAEHEABR AT, TEA (REELEH 2R
FRA ), il s G (R TRHARA ),
SALEH R KU AR R BR A 7] ), ek
Lo Hral, RN A R B AT IR A A,
Took WY (R E L WA 22 iR A BR A W) ) | Atk
(A,

12 AE ESMF2BME (H HT7700),
ASAP2020 ) B RS, A 57 - AR 21 A1 S 354X
(Bruker, Tensor 27) , BhASOGH B 4381 (Malvern,,
Zetasizer Nano ZS), HLEHE G 55 &+ & G161
(inductively coupled plasma mass spectrometry, ICP—
MS )(Thermo Electron Corporation, X7),633 nm IT£L5}
ot AR, W2 X —ray HHOR {¢ (RadSource,
RS2000Pro )

1.3 Fix

1.3.1 DLMSNs 4 i DLMSNs 94 Wy i
N E L, 1 50 mL PSRBT, A 0.4 g TEA
120 mL 2K, £E 80 CIHHHI [ AF T, 500 r/min
PEFERZ IV 30 min, SRS A 0.304 ¢ CTAB, 4kSefii
Uh e, A —RE RO R R BISARR] FCA = HP, £
FRREE AR, QRERN 3 h, SRJF A
3.2 mL JEUEERR DY 2B , SR 30 min, 28 1E SR 78
25502 (15 500 v/min, 20 min) 3575, FH LB 2 K,
BREFREA OV . TEASIEG TP CTAB FIAH AR
I FCA 5 HP fYFTE LIRS 1 3 /N Fufdil, 435l 1:0.1.
1:0.2 H1 1:0.3. L FCA S BIARARGRI A 2 A 7= i, AR
#ECTAB 5 FCA it LR, 390 9 DLMSNs—
FCA(1:0.1) .DLMSNs—FCA (1:0.2) Fl DLMSNs-FCA

(1:0.3), LA HP SRy %l B AR 045 210 09 77 i, 43 501
X 2% DLMSNs—HP(1:0.1) .DLMSNs—HP (1:0.2)
DLMSNs-HP(1:0.3).

AT f# DLMSNs {4 B8 — & 5 B3R Y7 7 FCA Al
HP, FeA M4 FCA Al HP AS[a] ()4 BRAL A R
AFE BRG] CTAB 7. XFF DLMSNs—FCA,
K H 10 wit% fisRE: I, 7E 80 “CIHIA IR 6 h,
A 3R, X T DLMSNs—HP, % 1 wi% AL
RSV, o el 3 h, B4 3 IR,

1.3.2 FCA 1 HP &g >R ICP-MS ¥ &
T 4 % DLMSNs—FCA H1 iy FCA &1t o X T [A]
DLMSNs-HP H HP [ & 5l 2 , 4c & Uiy Hos
T, AR IR B A B B v A 52 AN O FE A
fRA HP EAMRUEMZ PR HP 1) &

1.3.3 DLMSNs-FCA #9'0, - Fr=% RS
YLK 2,7- S AN E LR (DCFH-DA)
KGR 10, 7K, DCFH J&—MNEE LS,
HORBEAEAE , SCI Y DCFH A& DCFH-DA
W15 wl (20 mmol) 5 NaOH ¥ 1 200 plL
(10 mmol ){RA 30 min FHEH . #RI5 ,MA 4.8 mL
IxPBS %51, Hi%E DLMSNs—FCA(1:0.3)7E X 52k
HES R = E 19 ROS /KF, F 100 wL DLMSNs-FCA
(1:0.3) K% B8 FCA ¥R E 2598 0.5.1.1.5,
2 mmol it & , 4375 Lkl %) DCFH & 100 pL
RA . SRIGH X SHEBRGRR &Y, BREIR50h 0.,
4 F1 8 Gy HIFOEMIEEETHNE T DCFH 2
J&E ORI 488 nm,

1.3.4 DLMSNs-HP [ '0, I F /=%  RHE K
YR DCFH-DA R I36 P48 10, K20, SEEG
() DCFH W24 DCFH-DA W 5 wL(20 mmol )
5 NaOH ¥ 400 wL (10 mmol) R4 30 min, /il A
2 mL 1x PBS & . Al DLMSNs-HP(1:0.3)7Ei#%
FEREGT T =40 ROS ZKF, AARHEZE HP 9 DLMSNs
Ui B HP A XF B8 K5 100 wL DLMSNs—HP(1:0.3)
i HR DLMSNs—HP ¥ J&Z 73 51y 24 .48 Fl 72 mg/mL
BCE, SRS 53045 EaRi 450 DCFH % 100 wL
RA . FHESWTE 633 nm 300 mW/em? 0% T ST
5 min. FAZIEAH LT E T DCFH Y25
JE ORI R 488 nm.
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2.1 TEM &4 WE 1 i, ZEFHEN BT
12 54 5% (transmission electron microscope, TEM ) X il
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fiEo NI T ] DU G B AR 1 R HAA A
KR FLAYERIE 4548, R e KN — , I HArEor: B
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a.DLMSNs-FCA(1:0.1);b.DLMSNs-FCA(1:0.2) ;¢.DLMSNs-FCA(1:0.3);
d.DLMSNs-HP(1:0.1 ) ;. DLMSNs-HP(1:0.2 ) ; . DLMSNs-HP( 1:0.3 )

1 TEMEK

Fig 1 TEM images

# 1 7AE DLMSNs-FCA #1 DLMSNs-HP {4 D,.PDL. Sy, #1113
Tab 1 D, PDL Sgirand pore diameters of different DLMSNs—FCA
and DLMSNs-HP

B Dynm D/nm  PDI  Sy/(m¥g) fL#/Mmm
DLMSNs-FCA(1:0.1) 90 65 0112 7846 7.1
DLMSNs-FCA(1:0.2) 118 74 0.077  793.7 9.0
DLMSNs-FCA(1:0.3) 156 80 0.076  808.7 10.2
DLMSNs-HP(1:0.1) 108 67 0125 7522 6.6
DLMSNs-HP(1:0.2) 126 70 0.025  774.0 7.1
DLMSNs-HP(1:0.3) 156 78  0.088  796.7 8.3

23 FT-IR #&ml A SIS A By 45 A4~ L Y
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transform infrared spectrometer, FT-IR ) YERER AN K 2
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J5i i) DLMSNSs 7£ 2 925 em™ .2 854 cm™ il 1 473 em™
LA C-H MR, SRR 2 BT 2 5%
AR T REEMER CTAB,

24 FCA 4 % # DLMSNs-FCA # '0, ¥ F =~ %
K HIICP-MS £ & T 45 Ff DLMSNs -FCA 1 ()
FCA 5, 4N 3 fizn, [ DLMSNs 11 FCA 7%
P FCA 5 CTAB Jfi He A3 i34 i o DLMSNs—
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CTAB:FCA (1:0.1) After removing CTAB

CTAB:FCA (1:0.2) After removing CTAB
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Fig 2 FT-IR spectra of DLMSNs—-FCA (a) and DLMSNs-HP (b)

before and after removing CTAB, respectively
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Fig 4 The HP content remained in different DLMSNs-HP (a) and
ROS level of Free HP, DLMSNs without HP and DLMSNs—
HP (1:0.3) solution at different concentrations at exposure of

633 nm laser irradiation at 2 W/cm? for 5 min (b)

3 g

B DLMSNs ¢ & AR FE 200 nm DL 1Y
HA DR M FLIES5 ) DLMSNs, 8% BUr] AN,
FF25%) LR AT BAR ARG R YL R
e 259, B B ETA IE, DLMSNs 4 0 15
B8 8] TR KA & . DLMSNs A9 & H i 2
T PRFR T3, BVSCRLIR I RO 7 o — B RUB Al
92 H 8 FH Al B A AR R T8 A S B I, A 8 S, A
e BA AW, AR R TS O] FCA
FOEHGA HP R BhIAGR, #4E FCA F1 HP 94k
SR TR AN A B 25 CTAB BRI A 7 v , (5 B8
—E Y FCAPIH HP, 3k 31— 4 il & 300697 571
DLMSNs ) H Y. FEScs i & 3 FioR[H] 1) CTAB
TR B AR AR R 1 A8, 05 51 0, it 2l B A A )
FHAR AR K, TR I AR 771 2 265 I ) e o b kG, e
LA AR A A, X5 E A A —
5, AT LA A PR R A L R LA

ARSI R TEA VBB A AL, A AT
DIAE Ay (A 500 42 ol — S0 PR Ak 0 A7 90K R 1 7K fige
i R AR /NT 100 nm (BB, 1 HL oM ek
e B BASAE ARV P BT R AR AL T AR
FHBESERLE /3 A {300 %2 B9 AN ] DLMSNS 1% Dy, 24 L
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H Ak TR 3 R e T K IR

TE L BRI CTAB 5k iy I, B FCA
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TEAT AR, O RN IR £ 1Y L BV R CTAB, {H
JEXTF HP, JLAE B B s i AR A, i 2 1 K AE
P VAR, R 1 w9 ) G Al Y s i
TR T KBk CTAB. X PR LFR CTAB [ 7
SCHR A HRE SO0 A At IE B 28 R F R vk
A UES U R CTAB, MRPEIZIZER, FliF FCA
ot HP 5 CTAB Jit & L A 34 in, -4 Bl A A 551
DLMSNs Hiy & 23 i DLMSNs-FCA Fi
DLMSNs-HP 7E X S sHO6 G T 742 1 10, 7K
ST ARSI 45 S SR B, AR S B ) b 2k — 2D A
THEEIRYT M DLMSNs,

TEATRE 3 P2t T —FhJr ik, R 4 Bl
BRI CTAB WIAH EAER , — ikl as R i 2a
I 700 0 FLARS IR A28 357 T 428 10 A AR PR R FL AR 40 oK
+ I R R B AR 5 CTAB (9 LA AT LA
AR R ALEE Y FLAR , 38 0] DA KL 9 KA 11
KA o 20T R A 3 AR 23 (R B AN T R
IRYT 53T DLMSNs $24E T & S nT 17 iR 4
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