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Preparation and Anti-cancer Activity Assessment of Gemcitabine Loaded Mesoporous Silica
Nanoparticles

CHEN Jing', CHEN Yan', WU Juan', ZAN Jinhua', HOU Ailin>, YUAN Mingyong' (1.The First Affiliated
Hospital of Chengdu Medical College, Chengdu 610500, China; 2.The First People’s Hospital of Guangyuan, Guangyuan
628017, China)

ABSTRACT: OBJECTIVE To prepare carrier gemcitabine(GemC) mesoporous silica nanoparticles(MSN) and investigate its
anti-tumor activities in vitro and in vivo. METHODS Polymerization method was applied to prepare GemC-MSN. Laser
particle size analyzer was used to detect the particle size distribution and Zeta potential of nanoparticles. Morphology
characterization of nanoparticles was analyzed by the transmission electron microscopy. And UV was applied to evaluate the
drug loading, encapsulation efficiency and in vitro release rate. MTT staining was applied to study the cytotoxicity of
GemC-MSN on AS549 cells. RESULTS The nanoparticles were evenly distributed. The average particle diameter was
107.29 nm (PDI 0.167), and Zeta potential was 0.107 mV. The drug loading and encapsulation efficiency were (37.31£1.25)%
and (87.37+2.12)%, individually. The in vitro release trial revealed that drug sustainedly released from the nanoparticles,
reaching the balance within 96 h. Both of the in vitro and in vivo anti-tumor activities studies showed that GemC-MSN had a
stronger anti-tumor activity than free GemC. CONCLUSION As a new carrier of drug, MSN displays the good
biocompatibility. It can significantly improve the drug loading of GemC and control the release at a relative slow rate, increasing
the anti-tumor activity of GemC in vitro and in vivo. This study can provide a reference for the futher investigation of GemC new
drug delivery systems.

KEY WORDS: gemcitabine; mesoporous silica nanoparticles; antitumor activity; in vitro release
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TR, AL A ARG K (mesoporous silica
nanoparticles, MSN)A K} R HL 45 #4) £ i 1 72 25 W01
3 7 T 4 P Bk AR 22 101, MSN Ak HLA R A% AT
B GWAMBEE. AVHAELG. B TREY
Aefh. RLFREALILERRE L. AR RNEFMR
O O ER 2T /L1 B P N 1 K- R 11 A
WA BEECN— P B AR R A AR . AR E K
GemC % T MSN, il 27 P fth i L — A b0
KAHL(GemC-MSN), FH:Aff 5T GemC-MSN A SN
AT R B AR AR & 1 . H BT GemC-MSN [1)
1l 2% K VPAY ) P A T SRR
1 MRS5S

R AR Z RGN AGRA R, 5
030524); EHTIEEE 75N 14000, HiFHEE
EVREERAT); AR R AS49 4T
o [5 R) 2 B AR WAk 2 5 4 AR ) S AT e, DY R
FHEMFEMTT, 3£E Sigma, fit5: B0050401);
ToAK Z H K (DMSO, Fil+ T A#, #t5:
DZ0231); AR et

TU-1800PC £ 4h—7] W73 66 FEAX (3L E AB);
BS110s & % M7 K °F (45 EH 5§ 2 R W 42 7)) 5
JEM-1230 &5 L1 s (H A 1tk 2t
THZ-C THIEIR G LT R LK T AT );
Malvern Zetasizer Nano-2000 Zh7S 6 HUST R 2%
(D BRSO AR A A ) di KA (EHE
Millipore).

SEXGEIY): Balb/e #R8R, SPF 4%, 5~7 A, 60
R, RE 20~25 g, W H AL 4Ea@E R Lm0 sh P H
REBRAF, EF=FaES: SCXK (32)2016-0002 .,
2 HiE
2.1 MSN [l %

H A 75 e 5 = F 2L JR AL B2 (CTAB)L.S g, H
200 mL IR A& TEKEE AR, IMANZIK 6 mL, fi
FTHEE 60 C, PN NG & DY £ A R
(TEOS)3 mL, fEif @i+ 2 h, [FIE T ifE 2k
24h, By, FIKFERME O % 2 2 ek 2 R
. SRIGLKRLlL, AR TR, RIS MSN.

2.2 GemC-MSN [y

F& ZFREL GemC 10 mg £ 10 mL &I,
pH 7.0 PBS ¥+ 2 25 K %A EL 10 mg MSN %
FHRAR, A GemC ¥ 5 mL, 7EHE FHHE
24 h. 2000 r-min”' F#EEL 10 min, FRERRMN
(1] GemC, PBS B0k 2 i, T, HIFSEZM
E IR 252 2017 4E 5 55 34 555 5

2.3 GemC-MSN HJ&AE

GemC-MSN FlI MSN ¥ T 25 8 H 125 5 ¥
BT gL, i F Formar NS¢ P15 1) 8 (Y,
FE i B vE R A5 o KRR NS,
IR X2 RMK, T, 347 W%,
GemC-MSN 1 MSN (R 48 A1 FLAZ SR FH 9K B0
B EEACI e, B> B gRR o 8T B 2lik, b
1240 1 bL A B Bl B A 35— U o FE VR &
Ja, TRELCNE . 9KRLI TS S RAE R &
S L R AR 5
2.4 ZWpEE RGP 2 B T

BUb SRR BT BAiK, T4 CEUT,
14 000 r-min~" #E B0 30 min, HC_EIER, W
MR EE LK, T 252 nm & UV JEHE
GemC & &, wEHRGHZGEL ARt
B AR (%)= BN R 2 )/ 2 B X 100%;
WA R (%)= E -S4 E)/ R E MR
)X 100%.
2.5 ERAHUKRLI RSN TR 7L

KB HEN% %2 GemC 1 GemC-MSN 7E
pH A 7.4 () PBS ¥R PRI « Ko 29K
R8T 28 7K H, BRI 1 mg-mL™ VAR
P2 Bk % B L GemC 1 GemC-MSN 4% 1 mL %
W ENTS T, KENSE T 20 mL PBS BT
Jii, £ 37 °C MEIRIR (100 r-min")#EAT RSB
5, pHIT 0.5, 1, 2, 4, 6, 12, 24, 48, 72,
96 h HURE, FEAM A AR I BN UV A
FEANIT R] SRR TR TR (IR ' (490 nm), FEAR
PRt 28 1HH GemC ) BRI E Lk, 4T
ITHI&IEREAL 3 FEs, IFEJEECEIIE, 4l
PRI 2% o
2.6 ERZAUKKLIN RS L E HE E AT

B A549 YU IR/ DMEM 56 &85 2 (&
10%/MEILE, 100 UmL ™ HHEXMESR), B
T 37 C. 5%CO,. WFEE MR PR . B
BB K BIR AS49 4B, R EE U AL S 1 Rk
1X10°-mL™" (4R LS, BERT 96 LA, Kr 4
MUt & T 37 CHEAa, WEE 24 h, WAEE N L
A] WL Al A I EEAE K . [\ Bk 96 FLANR RS IR
HFMAAR IR E R AR, B 25 uL, [FES
WA G ARG TR B X R AL, B59% 24 h )5,
FEALINA 20 uL MTT (5 mg-mL™"), 4k&Li;9%
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4 h, W E3E WL M 200 uL DMSO, #& % 10 min,
i W R0 25 R 43 ViR . GemC A1 GemC-MSN I
%W (GemC H DMSO ¥ fifihill 2 W %3, 98 J5 F 8%
Fr MR B e 2R ), L ZIRE RN 0.1,
0.5, 1, 2, 5, 10, 20, 50, 100 mg-L™'(}J#% GemC
THED) . K 4H M FLAR B T BEAR 1, A FL ARG,
WK A 490 nm, THEEGHAETE R (PR)F 1Cs0H s
2.7 GemC-MSN RGNt i I8 3 P4 F 72

UG B0 K I AS49 2L, Al i AL I 1 Rl
2X10°mL™" fILHIER, AT 12 FLACR . K4
Ut &+ 37 C, 5% CO, W46+, % E 24 ho JE0
SN HEZH 5 X 107 mol- L™ GemC ZH415X 10~ mol- L™
GemC-MSN 4, 72 h J5, WHEME4E, T
1000 rrmin”' 8.0 5 min, ##E I, FH 2 mL PBS
e, M 50 mg-mL™" fRIBLLL P E (PT) Lk, i
et 30 min, PGB WS AN A 12k
A[13]
2.8 GemC-MSN 44 Py Hit i J8e 3 14 1F 75

Balb/c #f i B HL 43 A X BR 4 . GemC 2H Al
GemC-MSN 4, &4 12 H o 435 T8 RA RS
TS AS49 RN R 5X10° MR TR
o R R A K& KN e T !,
£2.d 17, 20 )R8 BKES GemC(5 X 107 mol-L™)
M1 GemC-MSN(5 X 107 mol-L™), X & T4 7 £
K, %) H IS s KN R R &, T2
7, 14, 21, 28 Rt GitHH44r, HT5 28 Rib
FEARER, TR, TR R
3 #R
3.1 GemC-MSN [ A HFE J R 42 43 AT
3.1.1 GemC-MSN GKFififefl Zeta AL HUE
# GemC-MSN, HEB 7K OB — 55
Jei s THOCRLE K& AL BT G € GemC-MSN 1)
KR F Zeta AT . FTS GemC-MSN 434 #%), F
YJkif2 N 107.29 nm, PDI A4 0.167; SLH I,
Zeta 1475 0.107 mV, iR LA 1.
3.1.2 GemC-MSN HJJERS¥RAE KA GT G
MAKR BT LB TKE, BIENES kv, &
BRI, 45 R EIR, GemC-MSN &
FEAMMERTE, RE¥Y—, H#85, LHE
FRME, 5R K 2.
3.2 BB ML RN E

FATHI% T 3 it GemC-MSN, UV il H Ay
BERMLGE, 48 TR GemC-MSN B A B &1
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AR MR, BE AN 86.98%, 89.66%,
85.47%, I E AN 37.52%, 35.96%, 38.44%,
B 4 ) N (87.37 £2.12)%A1(37.31+1.25)%.

TR/ Y%
C—NWE UL ® 0D

1 10 100 1 000 10 000
Hi4%/nm

160 000
140 000
= 120 000
i) 100 000

Zetatfifi/mV
B 1 GemC-MSN 4142 5 Zeta ®ALHE
Fig. 1 The particle size and Zeta potential picture of
GemC-MSN

B2 GemC-MSN i 4f .4
Fig. 2  Transmission electron microscope diagram of
GemC-MSN

3.3 EEGGCKRL RSN U 7T

UV lE B2 &2, 1HE ZRBIE)
HARAMEZ A, GemC Bk, 6 h %
AR 5E 4, T GemC-MSN 7ERT 6 h B AR 22
8. GemC-MSN 7£ 12, 48, 96 h 2l B2 &/ 5|
N 77.48%, 89.31%, 100.4%, #9KKirEFENREIL
AR B B SRR, S5 R LA 3.
3.4 YR EMERT T

GemC Al GemC-MSN X} A549 4l i it 515 1
FH 35 S B FE AR #i M . GemC Al GemC-MSN )2
BOBIEW E 2> 9N 20,62, 10.73 pg'mL™", FHDE
GemC # T MSN W, I H) GemC-MSN HA
SRR BUR EYE, TN S A R G AR vk
FE TR, 45 R ILE 4.

h EBLACR 2% 2017 4 5 H 5 34 555 5 4
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Fig. 3 The in vitro release curve of GemC-MSN(n=3)
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B4 GemC-MSN #7 GemC X A549 4A i ty fR 4 A K 41 41
16 2 R B (n=3)
Fig. 4 The inhibition results of GemC-MSN and GemC on
A549 cells in vitro (n=3)

3.5 GemC-MSN A1 i 83 i P 7t

ZiER 72 h 5, 5XTHBZAAELEL, GemC 4
H GemC-MSN 4 140 B UG B 55 22, 50 75 41 i A3
FEMR I« VEVE, TN HR AL AN A G RE R Ay, M AE
s, 3 A ERESFRE. TEH#IT T
PI Guft, fEROGEIEE TS M2l . XF i
ZH A1 B i AN B R4 GemC 4. GemC-MSN
ZH %, 1M GemC-MSN 41 fu £ £ 1% /> F GemC 4,
$27~ GemC-MSN H B A BAF MR S e vd v,
HARTF GemC 4, #5H WK 5.

B]

Bs5 FotResRE

A-Xf P 4; B-GemC 41; C-GemC-MSN 4.

Fig. 5 Fluorescent staining results

A—control group; B-GemC group; C—GemC-MSN group.

3.6  GemC-MSN 14 P 470 988 75 P AT 52
GemC Al GemC-MSN ¥ a] #1141 6. A549 fif
AR, BEEL AR AR I, GemC 4H A1

o EBACRL 252 2017 4E 5 H 56 34 555 5 )

GemC-MSN ZH #f 5l A4 5 &2 1) 384 K T FE 38 /N T %) R
4, BHEZEMEERP<0.05); 4% 28 d Jq,

GemC-MSN ZH 4 5 e g AR AR B /N T~ GemC 4
(P<0.05). 5B WIK 6~7. 2525 28d 5, XFHE4.
GemC ZH A GemC-MSN 41 4R B8 5t 5 50 ) N
(4.19+0.59)g. (1.83+£0.26)g F1(0.93+0.28)g, 3
20 2 1B LA 22 e 3 G L(P<0.05).

30r
o4l AGenmC4l X GemC-MSN#L
X2
251 \ 1 )
L0
)
8
5l
1 5 1 1 L L
0 7 14 21 28

t/d
6 AR B AR E 4 2 i A 6 2 Ab
SHALLLE, VP<0.05; 5 GemC 41IL#:, PP<0.05.
Fig. 6 The tumor weight trend of nude mice in each group

varies with the time of administration
Compared with control group, "P<0.05; compared with GemC group,
2P<0.05.

SIO00AT oAl A GemCHl x GemC-MSN41

4000 [

3000 [

0 7 14 21 28 35

t/d
7 BARBBERRES S AR AR E
SxtHA L, VP<0.05; 5 GemC AL, PP<0.05.
Fig. 7 The tumor volume trend of nude mice in each group
varies with the time of administration
Compared with control group, YP<0.05; compared with GemC group,
2P<0.05.

MEIEIT 28 d Ja, X4, GemC 41H1
GemC-MSN 4 4111 983 2 73 1 4 (12.06+7.25)% -
(73.22+4.59)%#1(83.44+2.86)%, GemC Fl GemC-
MSN Hig R E s T4, H GemC-MSN
HAIRE K 5T GemC 4.

4 g

AR R A ER % T GemC-MSN 442K
K, RBRAE—CFRAE 107.29 nm, PDI<0.2)
(gl oK kL, A R 3 24 & 4 N (87.37+
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2.12)%FM1(37.31 4 1.25)%. AR TAR I 25 S R 1,
16 pH 7.4 24 FYKR REB RN, £ 96 h Bl
153 100.4%.

ARSI B 41 45 ) GemC-MSN 24 K BE 1% T8 17
b A T B A iR 2R R 2 O R TR, A e R
P A, AT B AE X IE 3 4R B AT 2L A B
Bo ZHMREEPEIRIG S5 KRB, 2 MSN 4Kk R
ARARM A, WAHKE. GemC-MSN X}
AS549 ZHPRIASNER IR GemC FE A%, iBA
MSN A R H AP A2 10, o py g i
PERF7E R W, 555 GemC F1 GemC-MSN 4 A 11|
R B A2 K, {H GemC-MSN 7 i 8 17 12k B 5

zi ERTR, A6 GemC-MSN [ %, B&
K 7 W0 BE IR EE, B 7 H bt AS49 41
R R e S VI e b TR R o e S R S
BSOS A AR 2V R R s, B R
ANBEIE B RGN & MRS B 3 PR O S 1]
i MSN BA A (ki4E, S aipsns, TR
M EETE, W FREMALERRKR, HARK
ks i U7, VNIRRT R B B S . 7EZ 7
ik, BEEWF AN, MSN I LE R A M E 2
BN AE N, FHAAY AR AA
e B BB U RT St ASHHE 70N BA MSN U4 (1 442K
YR U] R GULE MR VR TT I S R I T R B R 1Y
S IE S B ERE - S i
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