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Preparation and characterization of doxorubicin and siRNA co-loaded CLMSNs and study on anti-
multidrug-resistant tumor cells

ZHANG Mengwei'?, YANG Shuoye'*, YANG Yanan''*, WANG Zhenwei'*?, QU Lingbo"’ (1. College of
Biological Engineering, Henan University of Technology, Zhengzhou 450001, China; 2. Zhengzhou Key Lab of
Biomedical Functional Molecules, Zhengzhou 450001, China;3. College of Chemistry and Molecular Engineering,
Zhengzhou University ,Zhengzhou 450001, China)

ABSTRACT OBJECTIVE To prepare lipid-coated mesoporous silica nanoparticles (CLMSNs) co-loaded with doxorubicin
(DOX) and siRNA (CLMSNs-SS-NH.@DOX/siRNA) , and to characterize it and study anti-multidrug-resistant tumor cells.
METHODS MSNs-SS-NH.@DOX was prepared on the basis of mesoporous silica (MSNs) , covered with cationic liposomes (CLs)
to synthesize CLMSNs-SS-NH.@DOX, and then obtain CLMSNs-SS-NH.@DOX/siRNA by co-loading with siRNA. The particle
size and Zeta potential of the preparation were determined, and its micromorphology was observed; differential scanning
calorimetry, X-ray diffraction, infrared spectroscopy and physical adsorption analysis were conducted. The in vitro release of DOX
from the preparation was determined under different pH conditions (pH5.0,pH7.4) and different glutathione concentrations (0,2,5,
10 mmol/L). The effects of this preparation on the uptake, migration, apoptosis, cycle and P-glycoprotein (P-gp) expression of MCF-7/
ADR in DOX-resistant breast cancer cells were investigated. RESULTS CLMSNs-SS-NH.@DOX/siRNA had a clear core-shell
structure, obvious lipid membrane layer, particle size of (197.63+3.75) nm, Zeta potential of (20.64+0.98) mV, and with good
physical and chemical properties. In vitro release results showed that CLMSNs-SS-NH.@DOX/siRNA possessed good pH/reduction
double-response. The results of cell experiment showed that after intervened with CLMSNs-SS-NH.@DOX/siRNA, the fluorescence
intensity of MCF-7/ADR cells was significantly enhanced, the migration rate and P-gp expression level were significantly reduced,
while total proportion of apoptosis and that of G//G, phase were significantly increased (P<<0.05). CONCLUSIONS In this study,
DOX and siRNA co-loaded CLMSNs-SS-NH.@DOX/siRNA is
prepared successfully, which has good physical and chemical
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X L i A 4 v g, DA BT ¢ 25 (doxorubicin,
DOX) AR 2516 T2 BTG IR 8 -GS
F-Bt HBEE 250 2, 2 21 2 (multiple drug
resistance, MDR) & 1 4 A6 7 2k W ) — > B 225 1A
MDR1 FE A i ik J&5] & MDR 1) EZJF I, H4ahi5 1
P-H# 5 1 (P-glycolprotein, P-gp ) /-5 ) 25 W) SN HE S 22 4L
BT ZGHLEIS 2 R AR T 3 ik vy 2 35K i R R A
R isar, HEA DR & A WA S -4
P MR B R AR B AR T i S % S e i 7R 494 oK
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ARG RE Sz A= R AR AT A ] MDR 5 b 983 P-gp 235 1 [
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2yl P-gp (13235, 3 8G8 56 g MDR , $2 = e iR
RO 155 CLMSNs-SS-NH.@DOX/siRNA & 45 #245 %
4t 5 1 LA DOX %Y FL R 9 40 e MCF-7/ADR 4 fifF 5¢ Xt
%, 258224 ¥ 5T MDR g 40 i VR L LAY A
K R JE SN R R RS
1
L1 FENE

AT 32 BALE8 A JTEM-2100F #1535 5 i 7
##%% ( H S Hitachi 2y 7] ) , Nano ZS90s 8 40 K iy & 43 (3
Malvern 2 1 ) , ASAP 2460 71 9y FR I (A ( 25 & 22 7
N]) , Nicolet IS10 e B 2T 484X . Attune NxT %4
i 204 i 4% (22 [E Thermo Fisher Scientific 22 7 ) , 2695
TR 12 5O A €53 A3 (32 5] Waters A H] ), Axio observer3
RGN (U8 (TR Zeiss 2w ) , DSC214 Bl 22 /R i it
FRASL (i i 3t 2 ) ), D8 T X SRF R A7 S (i el A 4 o
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1.2 FEHmEIRXF

DOX JiUk 2 (41t5 N1111A, 7 & >98%) .DOX %}
WA (L5 NI1L1AS, & 8 >99% ) W [ K% 4R
FARFRAF] ;T sbidt = R RIb s -2 =2
AIERERE(APTES) \ £ R IF . — Ll LR DY 21
SRR E (FITC) MW A iRl hr T A AL BHEE %
By A BR 2N W5 ol mE 3R = O O ke O R R
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(DOTAP) .t fg Bt I AR MEAL G (DSPC) . A=A ki
JE Mt H 7 (DPPG) 31y [ 3% [E Avanti 23 &) ; Annexin V -
FITC 20 Jf 8 T A0 3750 5 440 ) A I 3 55 6 3
H bR = RAEYH AR A Sl P-gp — Bl H I =
JE A W B AR R 7 5 R o S AL bR 1 e ) b e e
PEEREE 11 G Pl F 55 [E LI-COR A ] 5 siRNA i 7%
FREDUAAAT FRA B
1.3 ZHAf

it DOX %Y g & MCF-7/ADR 40 Jifd th1 7] B Tl K
AR T AR E B A AT RE PR BR S e s R
2 AEEHER
2.1 CLMSNs-SS-NH.@DOX/siRNA Ay &

K FRSAR L] 4 MSNs, Bt 100 mg MSNs & T
10 mL Jo7K s, 875 ()46 50 W, 4514 40 kHz, [A])
20 min J5 fiIA 2 mL APTES, 3fF 60 °CJz i 20 h, £5.001%
FEUUTE , B2 T4 H1 75 MSNs-NH.., [f1] 100 mg MSNs-
NH: il A 10 mL PN, 30 min J5 2 A 5 mL &4
1.5 mol/L Z, R IEF I TN A, 25 i T i) 24 b, s
PLVE BRI~ MSNs-COOH,, [1] 100 mg MSNs-COOH /il
A 20 mL B $h 2% vhik (pH5.0) .75 mg 1- £, 3£-(3-
TR A — WL RREL .75 mg N-F2ELSE FE Y
e PSR 2 h S, AL g R R ER IR AR, 7
RARIP T T 35 °CHii ¥ 24 h, 2.0 WUAR DT TE RIS
MSNs-SS-NH., H{ MSNs-SS-NH. 5 DOX i & ( % % it
R 2:1) b 24 h 5 B8 MSNs-SS-NH.@DOX,

B2 100 mg DOTAP .50 mg H [ 5 . 30 mg DPPG ., 30
mg DSPC.8 mL G 1) , M 75 %5 i 5 2% 12 T 7% ni s, B A
CLs, HUCLs 5 DOXififa (W# it b 2: 1) A gl &
5 min, B7% CLs@DOX. # CLs 7%/ 5 [ i# firf§ MSNs-
SS-NH..MSNs-SS-NH.@DOX iAW iR & I 5 , R4S
CLMSNs-SS-NH. . CLMSNs-SS-NH.@DOX , ¥+ ¥3 Ik
SiRNA B .(» 10 min J5 % F 375 wL DEPC /K, 2R j5 5
CLMSNs-SS-NH.@DOX 5 i€ 112 ] , Bl 5 CLMSNs-SS-
NH@DOX/siRNA (#LFH #LEL ) , If- LA 50 nmol A siRNA
M A R
2.2 CLMSNs-SS-NH.@DOX/siRNA B R E
2.2.1 K18 K Zeta WL 7 4> 7 K 3B = MSNs-SS-
NH.@DOX, CLs@DOX, CLMSNs-SS-NH.@DOX #il
CLMSNs-SS-NH.@DOX/siRNA 73 T 55 7K il
By, g HoRi AR F Zeta L AZ . 45 5 W 7R, MSNs-SS-
NH.@DOX ki 42 H (153.73 + 15.6) nm, Zeta Hi, {37 Jy
(35.13+0.73) mV, Z 5 M 45 £ (polydispersity index,
PDI) R 4f . X CLs@DOX & I £ 75 K &t 1F Hi fa Hoki 4%
[(168.77 + 3.84) nm]% MSNs-SS-NH.@DOX A i &,
i 2 CLs fu ¥ J5§ CLMSNs-SS-NH.@DOX ) ki 1%
[(160.03 £ 7.13) nm]#4 K H Zeta Hi {v/ 3 K % (104.83 +
1.86) mV, iX . W] CLs 7] 47 22 7 T° MSNs-SS-NH. %
i, Wk — 2 71 %% siRNA J5 , CLMSNs-SS-NH.@DOX/
SIRNA (R4 [(197.63 +3.75) nm]H4 K, H i T4 &
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P, B Zeta LV IS AT FEAIG, iX $2 7R CLMSNs-SS-
NH.@DOX/siRNA 7] 5 # SRS 52 7 A P 9 20 it A
], LR AN B RCR

2.2.2 BOWIEZS M 35l O MSNs-SS-NH.@DOX |
CLs@DOX., CLMSNs-SS-NH,@DOX HI CLMSNs-SS-NH.@
DOX/siRNA i 43T 95% L BEH, SR )5 435 T4
W I, 2oy 0, R S i T W A Be it T Ui gE o
455 7R , MSNs-SS-NH.@DOX I/ FL45 F4 15 M , Rigs
¥ — oyt ity s 4 CLs )5 |, JIr#% CLMSNs-SS-
NH.@DOX 1l i I — 25 B R I ; i — 20 11 2 siRNA
Ji , CLMSNs-SS-NH.@DOX/siRNA 544 75 7 , 22 171 g i
S S UL IZ G R AN R . S5 5R DL 1,

A. MSNS-SS-NH,@DOX

B. CLs@DOX

D. CLMSNs-SS-NH,@DOX/siRNA

1 AEMEMRER RS S BT RRE

C. CLMSNs-SS-NH, @DOX

223 ZERAM ST 430 HU MSNs-SS-NH.@
DOX , CLs@DOX , CLMSNs-SS-NH.@DOX/siRNA i
B2 SRR B S THEHE RN 7 °C/min, 7F
N A3 25 AT K 45 6 i 75 — 50~ 300 °C i Bl P i) i
TR TE . 25 5 7R , MSNs-SS-NH.@DOX 7 60 °C At
A — 1 S R | AR I B AT B AR TR AR
AR NEERZS . CLs@DOXTE 90 °CAbA — 1 I W Al | =
AL AT py 1 A5 5% A8 e A4S . MSNs-SS-NH.@DOX £
CLs M 5 AHAR IR 2494 75 °C, M3 T IR AR M AR IR AT
4 i, W LA CLs 43 1 AT 42 5 MSNs-SS-NH.@DOX/
SIRNA IR E T . 255 UL 2A

2.24  XPLATH AT 433 HMSNs-SS-NH.@DOX .
CLs@DOX . CLMSNs-SS-NH.@DOX/siRNA ) 1 5 #3
KA, BT X LGSO R, 258 PR,
MSNs-SS-NH.@DOX 7& 22° 4b A — A~ 45 fiF Wz i i
CLs@DOX 7F 32° 4 A — ¥R 1E W Wi 1§ , CLMSNs-SS-
NH.@DOX/siRNA 7 22°7H1 32° kb ¥4 47 RRAE W Y04 , 3 2
] CLMSNs-SS-NH.@DOX/siRNA T i It 455 0l
& 2B,

2.2.5 LIAMEIES T 5 5 B MSNs-SS-NH.@DOX .
CLs@DOX . CLMSNs-SS-NH.@DOX/siRNA 4 T+ 4 43
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2 AEMEGEARBEHETHBMENE XHLk
OT5TE BB LT S0 S 1 5% 400 T2 R - B it 2k

KI5 M ARIR G , ma BN S & T
LT AMNEREA LRI, 4559 /R , MSNs-SS-NH.@DOX
1E1 680 cm ™' Ab H BE —SS — RRAF I US04 , 53X B —SS—
RIS 2 MSNs #1fii . CLs7E 2 930 .2 850 cm ™ '4b
B HE AR TR C—H i 44k 8l 1 . 48 CLs 5,
CLMSNs-SS-NH.@DOX/siRNA 7£ 1 240 cm ™ "4 P=0
s iR ENIEAR 55, B AT 3 500 om ™ &b (4 fk s 3L A ) i
95 W T 59, X & B CLs 1] 4 7 F MSNs-SS-
NH.@DOX £ [fi, £ ILE 2C,
226 W WM 4 B 43 A BU MSNs-SS-NH.,
CLMSNs-SS-NH. iy T ¥y A e, TR E P E T
Yy PRI B E EA TR . 455 7R , MSNs-SS-NH. 4]
P S-S B £ T IR R . 28 CLs B 5 , CLMSNGs-
SS-NH. [ 4y B W i - J58 F iy £ e BEs /)N , 31X 4 B CLs
M40 ZE T MSNs-SS-NH, £ [, 45 5% W& 2D,
2.3 CLMSNs-SS-NH.@DOX/siRNA HHRSMER ENE
R FH 5 ROWCAE 8 3 1 5 CLMSNs-SS-NH.@
DOX/siRNA 7£ A~ [A] pH 2% {4 & (pH5.0, pH7.4) S A [F]
GSHHE T (0.2.5.10 mmol/L)DOX (UL MBS . 45
R FERl— pH &1 T, CLMSNs-SS-NH.@DOX/siRNA
H DOX [ B 5 GSH ¥k B B AE Fe , HLE pH5.0 4%
1 °F DOX 1y Bk B 34 i T pHT.4 51 T, X & W]
CLMSNs-SS-NH.@DOX/siRNA H. A K i i) pH/ik 5 3L
IR R 2R . A5 SR ILAL 3,
2.4 CLMSNs-SS-NH.@DOX/siRNA [ £/ i1 216 % 52
2.4.1 RIS R AU K T MCF-7/ADR
R L 1 X 10" AN ALEER T 12 fLAH, T 37 °C L 5%CO:.
KRR 24 h)m , sE LRI R 5 40 DOX 4
MSNs-SS-NH,@DOX 4 . CLs@DOX 41 . CLMSNs-SS-
NH.@DOX 41 F1 CLMSNs-SS-NH.@DOX/siRNA 41 , %
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>4 0 mmol/L 80
2 mmol/L

475 mmol/L ’»"’ }J 0 mmol/L
& 60 —v—GSH 199 10 mmol/L < 60 ——GSH 292 mmol/L
= p—F— . §—3 = ] ——GSH A5 mmol/L
= 0/ = —v— GSH {377 10 mmol/L
a0 ] i 40 I AT
= I »‘a—/*\x"ﬁ—a——{——; = 4
& 90{ ¥ BN [" g
[
- asere 3
0 01
0 20 10 60 80 100 0 20 40 60 80 100
I [l /n M [E]/h
A.pH7.4 B. pH5.0

El3 7A[E pH T CLMSNs-SS-NH.@DOX 1 DOX
RO SRR 1 RS
ZH DOX &5 HH 10 5 pg/mL (e BE AR F5 miy 1) 7 S 46 2% 51
WHE) . BB MRSl AU AR & 24555 37 356
YEEE 12 h, L 10 pg/mL Hochest33342 4 {7, 30 min, F
DABERR R 2% w4k 2~ 3 U, T8I B 26 W flss ™
SN O ER I 100, , 3757 ] Tmage T 1.48v 344 % DOX £
PR E I T2 BT . SR FH SPSS 25.0 # {4 k47481t
SO BT BRI U x £ 5 Fon , Z AR FLECR R E 7
43T, 2HL 1) 9 L 358 R FH LSD-¢ K 56, A6 56 /K UfE o =
0.05, &3R5 DOX AL (FEEsRIE R 0) hik, HAxss
ZH A B 2 G5 BE (40 ) 27.7+1.7.31.2 £ 1.8,159.7 +

DOX#

100 pm

—_—
MSNs-SS-NH,@DOX#
100 pm

CLs@DOX4

100 pm

—
CLMSNs-SS-NH,@DOX41
100 pm
—
CLMSNs-SS-NH,@DOX/siRNAZH
100 pm
—

Nucleus DOX

10.3,193.7 £7.6) ¥ I 3% 3 9 (P<<0.05) , H CLMSNs-
SS-NH.@DOX/siRNA 21 4ff i 7¢ 't i FE i it , ixX $ 7
CLMSNs-SS-NH,@DOX/siRNA [/~ 5 A M 6E 71 Feoin
ZEIR L 4,

242 MIEFNELE B MCF-7/ADR i L LA 5 X 10°
AR T 24 LA, 43 A% ERZE . DOX 2H . MSNs-SS-
NH:@DOX £ . CLs@DOX 4 . CLMSNs- SS-NH.@DOX
2H . CLMSNs-SS-NH.@DOX/siRNA 41 , % 41 DOX I 7
N5 pg/mL, AR 3N L. SAUMAMNL 24
K3  FH 200 wL B A AR K]t A AL TP i LA
1, 2R BB WG 5% 0 h Al 24 h B A0 i RS A 10
iR BN K9 24 hg o B R B B AE %8, MCF-7/
ADR 40 )3 #%5 % 4 (35.0 £ 0.56) % , %6 ] MCF-7/ADR
41 i AT B AT FS BE ), LAk 454 MCF-7/ADR 411 fiig
B X 3[40 91 M (20.0+0.45)% | (21.30 £0.72)% .
(18.00%0.23)% . (15.80 +0.42)% . (8.00 + 0.34) %% Xt
WAL ) b 251K (P<<0.05) , H CLMSNs-SS-NH.@DOX/
siRNA 41 2 Jifd iF # 3 5 (X , 38 W] CLMSNs-SS-NH.@
DOX/siRNA 7] i 2 #1 il MCF-7/ADR 41 i %% . 4%
LI 5,

100 pm 100 wm 100 um
—_— — —

100 pm 100 pm 100 pm
— — ——

100 pm 100 wm . 100 wm
—_— e

100 pm 100 wm

T 100 wm

100 pm Ry ) LENE (T
—_— | r—

FITC Merge

El4 4 ZHMCF-7/ADR 400 EEUE 7 A6 S B E
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pOpiEEiy DOX 41

MSNs-SS-NH,@DOX41

CLs@DOX4L CLMSNs-SS-NH,@DOX4  CLMSNs-SS-NH,@DOX/siRNAZ1

5 &% MCF-7/ADR AT ER

243 YIMEIHT-MEEE K MCF-7/ADR 401 L) 2 X 10
ANFLEEFP T 6 FLM, 3% “2.4.27 T R ik 54425, 5
A 3R AL kSRR FE 24 h 5 AR AN UCTE , A
500 puL 455 W B &35, 43 5l A 5 uL Annexin V -
FITC FIRLAL P IE (PD) YLt ik, = I E 10 minJ5 , R H
TR LSRG I A5 L A B T T Ol . 25 SRR, R R
24 h J5 , % B8 2 MCF-7/ADR 41 il 1 3 U8 T L 31 ok
(10.19 +0.56)% , H: 4% %% 0 MCF-7/ADR 41 its (1) S 0 7=
e AT 43 50 49 (18.84 + 0.25)% . (18.84 +0.45) % . (24.86 +
0.75)% . (30.55 £ 1.08)% . (40.90 £ 0.78) % | %5 %} & 2H #5
. T (P<<0.05) , H CLMSNs-SS-NH.@DOX/siRNA
H AN AU T L Bl , 26 1 CLMSNs-SS-NH.@DOX/
siRNA FJ{£3/F MCF-7/ADR 40T, 459 UK 6,

244 ARSI ELE B MCF-7/ADR 41 gL 2 X 10"
A FLERN T 6 LR Y, 3 2.4.27 T R T4y 4l 5442
R 3ANE AL, RS 57 24 hIS WCAE NI ITTE , LIRS
PR ER % PR Ve 1~2 5, T4 °CA&AF T LA L mL 75%
T [ R A 5 B 0 3 W, AR R 6 9% s Pk V% 2
W, A 500 uL PLYL (A3, T 37 °Calf )34 5% 30 min J5 ,
K 0 2 40 M SRS I 4% 2 A B R Y . 45O R B SR
24 h J5 , % B 2H MCF-7/ADR 40 il G/G, 3 Fir o5 L 43 hy
(21.00 +0.65) % , Hi4x 4% 2H MCF-7/ADR 4l it Go/G: 3 Jir
b b4 R (35.40+1.12)% . (37.85+0.95)%
(42.33+1.37)% . (45.50 £ 0.57)% . (63.90 +2.37)% | %%
XF M4 ¥ B JF & (P<0.05) , H CLMSNs-SS-
NH.@DOX/siRNA 21 4l il Go/G. 3 it 7 b B8] i v, 26 B
CLMSNs-SS-NH@DOX/siRNA 1] 4 MCF-7/ADR 4l iy
49 A= K 3 S5 BELVAS T Go/Go 91, L 388 3 56 2 e g 240 oL
MDR R

2.45 i P-gp RikMYFEEE  FF MCF-7/ADR 41 L)
2X 10" ANALEERN T 6 fLAR P # 2.4.27 T F Tkl S
W2y R 3R AL, AREEEESR 24 h IR AN LT,

- 2884 - China Pharmacy 2022 Vol. 33 No. 23

10°
14 o Q2
. ]1 0.14% 7237%

10' 704 o

Q1
189.9% =TT 1400% im04% S84%
10° v rrmp gyl vy ey 10° 4wy vy ey ey ey ey

10° 10" 10* 10° 10" 10° 10° 10° 10' 10* 10° 10* 10° 10°
FITC-A FITC-A
AL XL B.DOX 4!
o 10°
10 Q (2] b Q@
1071 297% 14.4% 10 lu.n'r. 198%
107 10"
< 1!
&0 ; Wi it
10° 3 ‘ 10° 7
10" o @ 10" 104 Q3
% 4% % S86%
T S S S, 10° I B B B e |
10° 10° 10° 10° 10" 10° 10° 10° 100 10° 10° 10° 10° 10°
FITC-A FITC-A
C. MSNs-SS-NH,@DOX4H D. CLs@DOX4H
10° 6
Ql Q2 10 o Q2
s J085% 8a% 0.41% 15.1%
107 10°
10'q 10°
< i
: 103:‘ e f 10°
-9
1021 10?
10‘]0‘ ) 10 Q4 Q3
68.6% S15% ®7% 28.4%
B e R R e B 10"" ki I R BRI AL |
10° 10" 10* 10° 10" 10° 10° 10° 10" 10 10* 10' 10° 10°
FITC-A FITC-A

E. CLMSNs-SS-NH,@DOX#  F. CLMSNs-SS-NH,@DOX/siRNAZ

El6 4 MCF-7/ADRZAMEATHRAHEE
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