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UCNP@mSiO2 nanocarriers and their controlled

drug release triggered by near infrared light
ZHU Xuesong » TONG Zaizai
(School of Materials Science &. Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To solve the problem of uncontrolled drug release of nanocarrier system in drug delivery
process, a controlled drug release system triggered by near infrared light (NIR) was designed in this
work. First of all, UCNP@mSiO, was obtained by synthesizing the up-conversion nanoparticles UCNPs
and coating them with mesoporous silica (mSiO,). After that, the azobenzene (AZO) molecules were
grafted to the surface of UCNP@mSIO, and then doxorubicin (DOX) was loaded into the mesopores of
mSiO,. Finally, B-cyclodextrin (8-CD) was added to obtain the nanocarrier system DOX-UCNP@mSiO,
@AZO @ B-CD. The morphology and structure of the nanocarrier system were characterized and its
controlled drug release behavior under NIR irradiation was examined in detail. The results showed that the
drug release rate was accelerated with the increase of NIR irradiation intensity. In addition, basically no
drug was released in the absence of NIR irradiation. The cytotoxicity test verified that the nanocarrier
system showed good biocompatibility without NIR irradiation, but exhibited high cytotoxicity with NIR
irradiation, indicating that the loaded DOX was released under NIR irradiation and killed cancer cells. The

above results suggested that this nanocarrier system has excellent photocontrolled drug release triggered by
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NIR and a potential application value in the field of drug delivery.

Key words: up-conversion nanoparticles; near-infrared light; azobenzene; mesoporous silicon dioxide;

controlled release
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1.2.1 UCNP 4KH0F 1A Al
YRR Z 0t B R A 1 R

FREL 135. 80 mg 7S7K G 42 .83. 85 mg 7S /K S AL B
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TEOS IR B-CD

NaY,:Yb,Tm UCNP UCNP@mSiO,

UCNP@mSiO,@AZ0

F1 1. 80 mg FN/KFEALEEE T 100 mL = B,
FFIIA 7. 00 mL B A1 15. 00 mL +/\f, £ = iR
FAF R N, $iPk 0.5 h, BE R R B A IR
TEZAFFE 90,110 ‘CHI 140 °C, HER R TG
B . BREFEE 40 °C L HL 148. 00 mg AL
100. 00 mg A A LA AT 10. 00 mL HI P BE ) ok 1%
T PR b N 2 R B R TR AR S RO
1.5 h, BHAZRIREFF % 80 °C/m 1.0 h,300 “CJ
B 1.5 h ZEP R IE (R TR R R B0
FAFH UCNP g+ 8 15 O e PR

DOX-UCNP@mSiO,@AZO@B-CD

1 MRAGYHEHERBRAGYBHTEE

1. 2.2 UCNP@mSIO, ¥ KAr T 1 il 45

B b i il 4 59 UCNP %39 2. 00 mL fin A&
8.00 mL EEF/KH 0.20 g 173kt = H &Lk
BRSO 100 mL = HBeHip #8745 0.5 h, Nz
35 C.HFERN 2. 0 h 5 BT Ez% . B IE C ke . 13
FNR AW 7.5 mL, B 1.00 mL & KN A &
UCNP R+ TR 5 7 W 885 30 min, 4 I B2 4 2L
F2 70 C,WTTHEW pH 2 8. A 4.00 mL &
B 0. 32 mL IEREFR DY g, 2Ry 0. 5 h 5 23 i
Jin20.00 ml 3-Z FE NI = L A EE AL, FHR 2
70 CYkZE W 5.0 h, 4 5015 3] UCNP @
mSiO, TR FLT
1.2.3 fBAEAR AZO BIA I

FRER 13. 72 g MR EH R T 500 mL [RJE L
oA 200. 00 mL £ B F /K 33. 30 mL
PR IF AN W B PE. PREL 6.90 ¢ WAH RN 5
180. 00 mlL 2 B FIK BL AW B+ 30 min J5 147
TR b A R R . 5940 g
KW, 20. 00 g NaOH F1 300. 00 mL & 7K T
500 mL [RIEEEH H . i HE 30 min, K Bk PIFp S
WORA - FEZEIR TR E RN 1.5 h, AR R R it
TR RN UTIEY) , I IE O F 25 & 3 AT 2148 4
&= AZO,

1.2.4 UCNP@mSiO, @ AZO 41k & &+ kLY
il %

FREL 50. 00 mg UCNP@mSIO, F 250 mL [A
JEE e, ) H o m A 80.00 mL DMSO Fil
20.00 mL 22 B /K, @ 7/ 0.5 h, #HL 100 mg
AZO /N53F.45.00 mg DMAP #l 15. 00 mg EDC

BIMZE FIRE RSB PE RN 120.0 h, #7558 4
Ji s MR AS F DMSO Fil 2 85 7K (19 7R G i 5 R B
KR AR GE IR G, U8 2 VR L TR 45 2] 41
[# {4, B 5 UCNP@mSiO, @ AZO,
1.2.5 DOX itk Al NIR fil & 0 Al 45 B AT M
(IR 5E

FREL 15. 00 mg DOX T 20. 00 mL £ B F/KIAR
B A% 0. 75 mg/mlL [ DOX %3 #8745 1.0 h J5 K
30. 00 mg UCNP@ mSiO, @ AZO 43 # %] L& DOX
VST AR BB GRS FHERER N 24. 0 h, 4R
Ja B 150. 00 mg 1Y B-CD G INEAE T . 78 = 15T 4k
SEREPERN 96.0 h, M5 HLLS 5 10000 r/min £5
0 10 min, FEERAE 3 WK BURZITNE B EAK 2454
#H Ik DOX-UCNP@mSIO, @ AZO@B-CD, DOX
A EPR G EZPR ARG (DA TR

my—m,
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m
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Fiftgsm, R EIEBCT DOX Wit gsm, HHEA
DOX i SO KB E AR, g K
PR B AL B R 2 R0 T8 Vo N 24 0%

¥ 5.00 mg DOX-UCNP@mSiO, @ AZO@ B-
CD 5 200. 00 mL PBS Z& ki & . 1 980 nm NIR
JEHRURT FIRIE A R AN RIS BE (0. 6.1, 2 W/em®
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1.2.6  4HHSEE:

AR SCRHFRME MTT 05844 ) 1) 41 i 7 4
H HeLa 4L %L 10000 ™4 ffd 14 55 B $E R0 7E 96
FLERE Tt R 7E 37 °C 5% CO, Z&14F T 4T
Hig® 12,0 he BAR BRI (0.3.6.12.24 pg/
mL 1 8 pg/mlL) B UCNP@mSiO, @ AZO@B-CD
1 DOX-UCNP@mSiO2@ AZO@ B-CD(DOX ffi it
WP Zr 9 R 0,0.72, 1. 44, 2. 88, 5. 76 pg/mL Fl
11. 52 pg/mL) B INBEEFR I, 5557 6. 0 h J5 LBk
BB b R WA L A 77 9 UCNP @ mSiO, @ AZO
@B-CD Fl DOX-UCNP@ mSiO, @ AZO@B-CD, i
Ja FARTE SR BE (0. 6.1. 2 W/em® F1 1.8 W/em?) Y
NIR XA A 40 MBS 15 min, 45235 76 SR WG 551
TFHE— 557 24. 0 h, BRGSO L ) RE 3R 3o
A—Em i MTTCE SRS 0. 50 mg/mL) 5
R FRAE TR 4.0 he BJE &FLA 150. 00 mL
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1.3 MK 53R
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1.3.2  FEGaR A it

B 2. 00 mL R IR & F W6 38 19 e b A
9 T AL H FE AT R A e O 2R, A B0 R
200~800 nm,
1.3.3  S5HEAE

K LT YED) R 2 4 15 DA & 1 85 BOB K IF H
KBr JE R HilBE . SR FH L I AR B 2T A4S0 52 A
fn ZLANRFAE G 5148 I B0 Bl 4000 ~400 em ' 43
HERA 4 em L FRKRECH 32 K.

HUIIARE, 80. 00 mg BT BSD-PS A4#% I, i<
TRBEBLE R 110 °C L AU R — IR RFT A5 AR

BRI FE & 5. 00 mg, ffi ] NanoZS90 5 /K 3
WOt B2 43 B AL XS L E AT Zeta WL A I 5 5 HX
6. 00 mg FFMIFE M, OB TS RN TE N, £
#1,10 °C/min MFHEE T, WA & 50~800 C
T S B N I R EE I O

1.3.4 NIR filt & B 25 ¥R T M

¥ 5. 00 mg DOX-UCNP@mSiO, @ AZO@B-
CD AEH /0 7 3500 MY BT 48 b 6 HOl s T
200. 00 mL PBS %, ] 980 nm NIR Jt MR [
WA 1.0 hy B 2. 00 mL PBS %8 T 9 38 11 L
LI, ARSI AT WG A P A TR I 5%, 45
R B 200~800 nm, MAFI G 8 i - 15
H PBS W DOX #e B2, BERS ) DOX W, it
— 09T DOX BAT M

2 HR5ITiE

2.1 WXRBGMBRERIF IR

Xt L A KL AT IR B RAE & 20 B
B BIGKRL 1 33 S LB CTEMD JE 35 L An 181 2 B
R M 2 FIE 2() AT UL, & B NaYF, : Tm,
Yb #l UCNP 442K ki ¥ 5 B3 8OE N IR B,
NaYF, : Tm. Yb #l UCNP g4 KL F 19 R~H 43 511 4
80 nm Fl 90 nm, MK 2 (c) W LLAEFR B B 1Y
UCNP@mSIO, #5245 . H mSiO, BA1H i1 4r
FLEH . B 2CD AT LR Y R a2 P i ok
fAiE 1 32 & AR VE A Bk B-CD 7 35 )5 » DOX-UCNP@
mSi0, @AZO@B-CD Z5# iy mSiO, /- FLEH L
IR R T B-CD B 376 mSiO, i,

XK 2 W AR AR HEAT T R TE AR,
BF— BB AR AN 3 7R . AAIEL 3 iyl LI
1, UCNP@mSiO, 1 DOX-UCNP@mSiO, @AZO
@B-CD HA Ay IV SR A 2k, H1 J2 )5 M2k, &
B T ) & B 40 K B0 B TR AR R Gl T S5 5
UCNP@mSiO, # ke, DOX-UCNP@mSiO, @ AZO
@B-CD W Bttt vkt 6B 1 250 LB 7 3K
2.2 MWXRGMEAEEIR LR E S

NaYF, : Ym, Yb j&—F_EFEHGUR T L
HAE NIR ot & F (I=980 nm, 1.4 W/cm) %
SRR 4 Fias. B 4 2L 7E 360 452 nm Al
A74 nm A HIESF IR T Tm® 19'D,~H, .'D,~'F,
G, H, BRiE; UCNP W70 38 B & T NaYF,
Ym, Yb, HJF R NaYF, 5% 2 (03 58 300 . X 24
NaYF,: Ym.Yb Rt 4 —JZ NaF #itE5e)z, ol
DA IS Z2 Y RE L B0 T A AR BRSO R
WS T HAOEIR I il UCNP@mSIO, Y2858
KT UCNP, s i T 3A AR A1 M0 R B A 16 1k
7e)2 mSiO, #ifl 7R B> PEOCIEK WE
THIOLEE .
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1070 em ' 1809 em ' AbAFHIE S—O—Si ROMFR  om ! A BMR I 2 2 5 AZO %A TR R I
4 I 2h W A1 Si—O B X FR 0 4 4% 3 08 . SLHERARILIEH 1690 em ' F 1720 em ' AODEES,
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@mSiO, @ AZO@R-CD 4 Zeta HL{iL, 45 R AN 1&] 7
IR . INIEL 7 AT AR GOK AR Zeta B
HARFYAE , #F—2BUESE T UCNP@SIO, R E A L
O3 T
2.4 AZO KRR
N T AT AR AR R T 19 AZO 31 1 I
RIS, A UCNP@mSIO, @ AZO 4k
KEFHEAT NIR BRI 0 550 I 320H 5% A1 — AT DL
WO (UV-vis) 4R AN 8 Frz, 18 8 B . 7E5%
JEh 45 mW/em® B9 NIR J¢ F HR 4 15 min )5,
355 nm AL IR SO S5 | 17T 7E 468 nm Ak W i 04 3

7 REMEMKE AW Zeta BT
#: AN UCNP@ mSiO, . B ] UCNP@mSi()Z—NH2 .CH
UCNP@ mSi()z@AZ(),D & DOX-UCNP®@ mSi()Z@AZ()@BfCDD
K355 nm Fl 468 nm &b B 435 JE F pp” F
n-p” BRiE, F#ITE NIR BGHE, F i n) UV L flif
RAGT T 10 X AIAI AR S I S A

0.10f
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UV RBET UV R Seig

2.5 WRGWEEEFRIAYREMITAHRR

TE LI 28 G K 25 ) BAR Z )5 o A S — A A
5% 7 HAE NIR BT B2 BT R, 6
YK 245 ) ARV WORCE T NIR BG4 T B 5%
1 h, BEJGTE RIS R RESR 1 h, DA s B b 3L, |
FHEE AN — 0] LR IOEE (UV-vis) 7E 480 nm KK it
FR G R IS 2 R T Oy B R A 9
fis. MR 9 AT L, 24 NIR BREFIT, DOX B B
TP s T AE SRS 2 T DOX FEAR BRI, PR I 5 B
BT R 2 MR AT A 5 BRI 0 2 2 W R T R
1) B , i R IS ] PR3 259 R RS TR R
.18 h J5 B Wik 3P 75 0.6.1.2 W/em®
1.8 W/em® 1) NIR RIS T , 250 B 43 )ik 5]
44.2%0.65.3%6.77. 3%, FfiZE NIR [ I 558 B i
BN, 25 iR TR B S 3, G D R AT BB 2 NIR
SRR EG MAE A5 UV Ot iy 5 B2 3, (A i =
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AZO PRy HEAT 7T 3980 5 0 SO 3 Bk 1 B- 2001 UCNP@mSIO@AZO@B-CD
CD BB 453 50 2 B 259 0 F R ok E= DOX-UCNP@mSiO@AZO@B-CD
90 - 150 | B UCNP@mSiO,@AZO@B-CD+980 nm
sl . = DOX-UCNP@mSIO@AZO@p-CD+980 nm
£ ¥ DoX
70 $HT
X or % 0 ?ﬂ
g% 40 50 é%g
g 30] —=— NIR-0.6 W/em? it g
‘20_ —e— NIR-1.2 W/em’ ; g ; _ 1
—A— NIR-1.8 W/en?? 0 : 3 : - u . i
10+ JENIR
. —— FPRR BT (g L)
0 2 4 6 8 10 12 14 16 18 20 B 10 EBENHMSENTR
A [E)/h 150
N 980 nm 0.6 W/em® 15 min
B9 NR/BEEFGTHURERBERL 771980 nm 1.2 W/em”® 15 min
2.6 'ﬁ:f’l‘élﬂﬂﬁlﬁ'lﬁ 980 nm 1.8 W/em® 15 min
JAAR [ ke ¥ () UCNP@mSiO, @ AZO@g- <" Ny
CD #l DOX-UCNP@ mSiO, @ AZO@ B-CD 44Kk A
THiFE 24 b5 I MTT 3005 HeLa 4HMIEHE , 45 i
50

R 10 Fros. HE 10 A7 Al B % UCNP @
mSi0, @ AZO @ B-CD F1 DOX-UCNP @ mSiO, @
AZO@B-CD 1Y J5 5 v &£ AN W i 240 3% 1 JC ]
T £ UCNP@mSiO, @ AZO@B-CD Jii v Ji 4
INE 48 png/mL 4HMLAEIE e B LURFFAE 96. 5%,
T T A B EE /N B T A 0 A R A
DOX-UCNP@ mSiO, @ AZO @ 3-CD Jifi & ¥ i 4
48 pg/mL I A0MLAF TR AL RE L 2 86. 706 . R
NIR T T2 380110 24 $ 36 A A B0 AH % He DOX-
UCNP@mSIO, @AZO@R-CD fA R 7E NIR B HEFF
o Bt L I R R B (R AN DRI A AT R
Wi, 2 A7 2800 24 W R R T8 T 3 1 DOX R % 4t i
1735 AR, 24 DOX-UCNP @ mSiO, @ AZO @ B-
CD Jfii & W & 8 48 pg/mL (DOX Ji & ¥k J&
11. 52 pg/mL) SR A9 DOX B B i, —
5 SR 0 40 M T A B I U AE NIR BR
T B Z5 9 % Hela 40 0 (4 388 58 EL A B 8 (4 410
HIYEM

T AT NIR GRG0 B X 25 W B AR
HE AT 3 B2 (19 DOX-UCNP@mSiO, @ AZO@
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