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Lo ZKFAH L B 5T B (P<0.05) , BAR T8 48, 45144 F PBS 4bF1US 1Y BxPC—3 41 il i HIF- 1o /K (P=0.846) . MTT 455 s, 76 DHA ¥
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Killing effect of hollow mesoporous MnO, nanoparticles loaded with dihydroartemisinin on pancreatic cancer BxPC-3 cell line
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[Abstract] Objective To investigate the killing effect of hollow mesoporous MnO,nanoparticlesloaded withdihydroartemisinin (DHA)
on pancreatic cancer BxPC-3 cells. Methods Hollow mesoporous MnO, nanoparticles were synthesized by SiO,template method.
PEG@MnO,-DHA and PEG@MnO, were synthesized by co—incubation with DHA and Polyethylene glycol 2000 (PEG-2000), then characteris-
tics and catalytic properties were investigated. The uptake of nanoparticles by BxPC-3 cells at different time (0,1,2 and 4 h) was detected by la-
ser confocal microscopy (CLSM). The level of HIF-1a in BxPC-3 cells was detected by ELISA assay to investigate the effect of PEG@MnO ,—
DHA on hypoxia in tumour microenvironment (TME). Lastly, the growth inhibition of BxPC—=3 cells by nanoparticles was observed by MTT as-
say and cell death staining. Results PEG@MnO,-DHA with a particle size of about 105 nm was successfully prepared and could be stably
stored in RPMI-1640 medium containing 10% fetal bovine serum. CLSM results showed that PEG@MnO,-DHA could be efficiently taken up
by BxPC=3 cells. ELISA results showed that HIF-1a levels in BxPC=3 cells cultured under hypoxic conditions were significantly reduced after
treatment with PEG@MnO,-DHA at 20 pg/mL compared with PBS treatment (P<0.05), and the HIF-1a level in BxPC-3 cells was slightly
lower than that in the normoxia group after PBS treatment (P=0.846). MTT results showed that the cell survival rate of the PEG@MnO,~DHA
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treated group was only 21.81% at 15 wg/mL DHA concentration, which was lower than46.03% of the free DHA treated group (P<0.05). Con-

clusions

The hollow mesoporous MnO, nanoparticles loaded with DHA can be effectively taken up by BxPC-3 cellsand react with the re-

leased DHA to produce reactive oxygen species, which can also improve the lack of oxygen in the tumor microenvironment and enhance the kill-

ing effect on pancreatic cancer cells.
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5ARLEAR AR . MTAESK , 2GR R BT 4 R T
PRI G| T BT E . WA TH H &K (dihydroarte-
misinin, DHA) J2& #2475 5 S Y 77 8 3R 2 il S fb
W& RS B A G AT AR L TR R LA AR
R AR PURETEYE . HRm T HAKEEZE B
FIFAR, 2 0, B g R > thas ALy
KRGS RO TS I B2 TR s T Tz s . K
s A L AR AN KB 25 2R G T R R 25 WKV
P22 9 [ I, B8 808 308 3 52 (AR 1) v 3 325 P Rl P 288007
(enhanced permeability and retention, EPR) 7£ fift J&2 &5 v/
FRCE T WEE R B, M BB 5 DHA SV AR
LA 20 it 25 VR 19 15 74 48 (reactive oxygen species, ROS) ,
AkMikg s DHA BIBTIhREVE T . A 098 B 7Ef d R g
T DHA 1Y h 23 ALK AIURL , I IS A3 R A 6 20
JHf0 55 YBORTT e 35 e g B A5, = ST 100, B %o TR s 240 L 1)
AR, R itk— BT SR BRI 2 42 %

1 #REFE

1.1 Bk DHA WK 7 b s 2l A AR I A FR
N 5 BEM S ( methyl thiazolyl tetrazolium, MTT), B s
SHF-1a (hypoxia inducible factor—1a, HIF-1a) 325
&,2,7 - PR . LRER (27, 7'=dichlorodihydro-
fluorescein diacetate, DCFH-DA ) , Hoechst33342 W4 [ [~
M3 = KA EARA RS A RPMI-1640 K5, G 4
1L 7 (fetal bovine serum, FBS) , JiF fiff 78 fb & , 18 112 2%
W?@i(phosphate buffered saline, PBS)W43E H F A= T4y
3 BxPC-3 ZHMIRRIA B 120

L2 ik

1.2.1 PEG@MnO,-DHA yil% 1 JcH = bkt
RO G i 23 AL AR L SRR L 200 L i
2L AR AR IR (5 mg/mL) 5 100 L (9 DHA %
W (2 mgmL) A, #7510 min 5, 8 TRIBZE 74
25°C RN A, BN 485 oS AR UUE , Y B0 3 kB &
Ji# 25 DHA , g5 70 Hfe 2liK vp A3 2 523 1 DHA gy
234 L E AR R (MnO,-DHA) o R T 25 MnO,—
DHA AR E M Sk, Al 2R £ —--2000 (polyeth-
ylene glycol-2000, PEG-2000) % MnO,-DHA 347 3 i
B4 . B 1 mL MnO,-DHA 7K % (5 mg/mL) 5 1 mL
) PEG-2000 (5 mg/mL) , # 75 10 min 5 37°CH¥ & i

R DLVE , HIZK e 3 515 3] PEG@MnO,-DHA .
1.2.2 PEG@MnO,-DHA #y % fE B ¥ Hl /9
PEG@MnO,~DHA ¥ 25 B 5 /K W B 2l "k B2, 73
2 ) FE - B /05T (transmission electron microscope
TEM) F13h 565X (dynamic light scattering , DLS )
MHIESESAE . B8 A PEG@MnO,-DHA 73 1%
TE &4 10% FBS B RPMI-1640 15 35 b , I 43 S 1E
0.1.2.4.8.12.24 .36 i1 72 /Nt BURE FH DLS 5 Hik
BRAR o Bifi )5 38 1 SO A 8 5% {Y (high performance
liquid chromatography, HPLC) jill f PEG@MnO,-DHA 1
DHA B2k 25 R M b5, 3 i i A [ e B2 1) DHA
S50l E eI B fE , A HPLC W& FiE Wb
DHA B9 & 2 Sk ] 422 00 /& DHA A9 30245 B B %
DHA Y& AH 5 % 1] Hedera ODS-C18 {434} (250 mmx
4.6 mm,5 wm), Fi AR ZIE-K (v 2 v=60:40) , R
Pt 1 mL/min, K% 10 210 nm, HR R 206, UERE
20 plL.

1.2.3 DHA MR BUE il PEG@MnO,~DHA it
Sy HLAE pH 7. 4,pH 6.0 Fl pH 5.5 (1) PBS 28 #hi , LA
BT FaA 14 kDa B T4 W, X5 BT 100 mL
() PBS ZZ oy, e AN TR R] N IR 1 mL 3B A7, IF
Ah 78 A R AR R A 22 ol i, AL HPLC I 22 325 B W
DHA [ & .

1.2.4 PEG@MnO,-DHA FJfEALYERERI 38 1 i FH
S SRS I 3 P AR L kL PEG@MInO,-
DHA 75 [F] 25 T i 4k H,0, 73 fiff 7= A S SR g

43 B 0.5 F1 10 mg/mL i il ) PEG@MnO,-DHA
BT & 100 pM H,0, i PBS ZZ i v, FHVA &
GRS 0~10 min AR E & 1/ 3,37,5,5'-
U H LB K (3,37, 5, 5'-Tetramethylbenzidine , TMB)
YE R FE R, KRR TT DHA 724 ROS BRR . 78 pH
7.4 5% pH 6. 5 W EE R -BSTREAZE vh i, 4 S 0 5%
25 mM ) DHA, 2R J5 im0 B8 50 mM 1) G456 1
TN ZERFL TMB ¥ WU5 2 R0 & %, 5o o] I
3966 BE 1T (ultraviolet—visible spectrophotometer, UV—
vis ) I VSR AN IR O

1.2.5 ZuiEsEi {5t YR 2 P B (rhodamine
B, RhB) /£ & 7~ 5 7 A7 i PEG@MnO,-DHA, & % T
PEG@MnO,-DHA-RhB. %% J5 ¥ BxPC-3 41 i (8x10°
AN ) 22 P T 3806 3 28 5 B BUBE (confocal laser scan-
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ning microscope, CLSM) & H £ = L4, FH & A 10%
FBS [ RPMI-1640 7E &% H 5% CO, 353746 37°CH; 7
% . H & A PEG@MnO,~DHA-RhB (10 mg/mL) /Y
RPMI-1640 {0 [k iy 35 72 56, 4k 2L & o 7E46 o I
B (0.1.2 F1 4 h) 5 BR 2 & 2535 2k, PBS VR4t 3
W S A 4% 44k Hoechst33342(10 mg/mL) 1Y
RPMI-1640 4k4L0FF 15 min, BRERGFR3E, ] PBS U
B 3 YU L 7E CLSM R WEE AR i 2 6 1814

1.2.6 HIF-1a Kzl B BxPC-3 4l il (5x10° 4~/fL)
AT 6 fLtk 4RI 35 5 22 IR 1. 2. 5 (IS A 20
YA E TR AR TR ) o AR B (5
10 F1 20 wg/mL) PEG@MnO,-DHA 42207 & 24 h, Uk
A 20 i A 200 L 2 A 2 A L R B 1 B R
1) 530000 S e 2 A A R B VR o M A 2 A i i
TR R A [F) 2 VMR B S B HIF-1ae B9 ELISA 55
B E A4 HIF- 1o MR . HIF—1oc 350 6™ b 44 IR 15
AR A T A

1.2.7 4PN ROS AU H% BxPC-3 4fi L (8x10" 4>/
ML) #EFpF CLSM K =ML, 40 M 15 5% 5 2 [\ 1. 2.5,
- A & A PBS. ¥if B DHA. PEG@MnO, Hl
PEG@MnO,~DHA ) RPMI-1640 % 18 i 35 72 L &
24 ho BRES AR SR, & A %650 ROS #4f
DCFH-DA (10 wM) F1 Hoechst33342 (10 mg/mL) [
RPMI-1640 % & 20 min /5 , 1 PBS ¥ 3 K. 1F
CLSM " WER 4 5 e % .

1.2.8  GURPURL A A E IR 4 BxPC-3 4H 4%
BT 96 FLAR (5x10° /L) Al 6 FLAR (5x10° 4~/4L)
YN 3R 0T M 1.2.5, 78 96 FLAk 43 B HR )ik
B W % B DHA. PEG@MnO, Fl PEG@MnO,-DHA
RPMI-1640 %5 48 h 5 , BALANA 20 wL (19 MTT %K
(5mg/mL) ., HkEEMFH 4 h )5, 5L IHEFRIE, BFLINA
150 pL —HOEAR, 785375 i o HTBEAR{XAE 490 nm A0
B WO EE  IF TR A A TG R . A RAETE = (25
YL ZH OD {H — 25 FI X RE 4 OD B ) /(AN Jin 25 40 g 41
OD B — =5 FIX BREH OD ) x100% . SR 5 7E 75 fLk
HATIG -SG5 5255, 23 0 FH 3 47 PBS, li#25 DHA,
PEG@MnO, #il PEG@MnO,~DHA /) RPMI-1640 F4tJ5
R HIFE 24 he FEIERFERLE, WA SH LN
WE (10 wM) FIZEEER = LR (5 wM) 1Y) RPMI-1640 5%
A 10 min, FEIE 5O 10 05T WA 45 4L 40 M2 .

1.3 GiiteforkE R SPSS 23. 0 #E414eit /M, 1E
A AEVREGER s 7%, WAL 1B LA R ¢ 4
5,3 20 M DL B BRI R 3R T 25 404, AL )
Wi FL 8K SNK—¢ 5. DL P<0.05 A ZSA G it

2 #R

2.1 PEG@MnO,-DHA FAF KA EH TEM 454 8
7~ , PEG@MnO,~-DHA HA H2s AN FLERIE 2544 , B AR TE
105 nm 247 (] 1A) . DLS 455 878 ,MnO,~DHA £
PEG &M 2 J , KiAe A 121 nm B 1E 150 nm (& 1B) .
TE—EWETLF N, 24 DHA S54FL A Absh ek it & &
Fb ok 201 B, AT 25 9 00 B S m ik 95. 3%, 3 24 R ik
65.6% (& 1C) . PEG@MnO,~DHA F{J ki #2 H 8 ka5
£ 72 h WIEH R AR 46 (K 1D) .
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1 : A H PEG@MnO,-DHA [ TEM $#4iF ; B DLS K5
TASEORL R 5 C AR [FIBURHG T DHA (9 17 3 F0
fIE 2D Jg PEG@MnO,~DHA 75 L e 2 1 .

B 1 Rk R

i/i\{—gg;/i\,-—ﬁ

L (%)
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A @m)

5

4 48 T2

2.2 PEG@MnO,-DHA 25 BEUS0R S fb g F
REE R BN 7E pH 7. 4 2544, DHA 7F 48 h N Rl
B AU 14. 8% B DHA 8B K 5 W FE pH 5.5 4%
F . DHA BRI 80% (18] 2A) o ¥ AN 2 45 2 i
N TE—EWREE R H,0, T, Bfi#F PEG@MnO,-DHA ¥k &
XGNP A R AR R 2 (] 2B) . UV-vis 45
BB /R, 76 DHA 25 mM 5 Mn* 50 mM B, pH 6. 5 ZH4F
I f 5, {H P — %) DHA B0 Mo WJLF-& AR ILERIE
I (1 2C) .

2.3 AMIBEELI AR CLSM 45 R Bon ,
PEG@MnO,-DHA-RhB 541MfifE 1 h J5 , FE 40+t
A DARE IR RhB LA, 4 h 5, o i i seny
¢ On(K 3),

2.4 PEG@MnO2-DHA X} 4 ifg A HIF-1a Fl1 ROS [P 5
) SARE ST PBS 41 ( 1 4) 408 N HIF-1a /K
FHCES , W S8 25 F PBS 4V 4) 408 N HIF-1a 7K
S 85 fi% (P<0.000 1) , 20 pg/ml. PEG@MnO2-DHA 41
(IVZH) B 240 e N HIF-1a 7K 23 T K& (P<0.001) .
20 pg/mL PEG@MnO2-DHA £H (IV 20 ) () 40 Jifd P HIF-
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100 - — 5 DHA 25 nM , M- 50 mM pH-7.4
—=—pHI4  —e—pHES  —i—pHSS 104 —*— 10mg/ml. PEGEMnO,DHA " DHA 25 mM M SOmM pHA.5
304 —+— 5mg/mL PEG@MnO,-DHA DHA 0 mM,Mp* 50mM pH=6.5
_ */‘}__f} 3 —=— PBS 0 — DHA 25 mM ,Mn® 0 mM pH=6.5
g / S :
< 604 s 304 o
% * = 2
‘éi 4 = s
2 ) £
P |
ettt i B 104
01 54 0.0
0 6 12 18 24 30 36 42 48 0 4 6 3 10 400 s0 ol 700 300
B8 () el (min) P m)
TE : A AT pH 2 F F DHA [ RBEUREE 5 B AT S8 AR [ #k JE PEG@MnO,~DHA 4K H,0, 77 A S S 3# 2R 5 C S i TMB A5

AE AT DHA T Mo* 724 ROSHE DL

Hoechst

RhB

Merge

la 7KW 5 T 0

HIF-1a 7K F

1 A H ELISA JEREIN 20 g N HIF-1a K254 (T

B2 DHA RYRERCR KRR Y fiE AL P RE

B3 CLSM G 20 i 45 Ui i

A5 PBS MR (V) (P=

2.51

2.0+ \

151

1.04

0.54

0.0

DCFH-DA

Hoechst

Merge

1
it

v \%

PEG@MnO,-DHA .20 pg/mL. PEG@MnO,-DHA , V4 &
#1%P<0.000 1.

0.846) (&l 4A) . ROS fa 45 R B x, 5 PBS 414 L,
PEG@MnO, JL-F- A K £ 2 (6,5 5, JiF B DHA 4461
R AR Lk (09 , 11 PEG@MnO,-DHA £H 3% i 1 ¢ ]
W ZR AP (E 4B) .

2.5 PEG@MnO,-DHA X} BxPC-3 4 g i) 5% 15 1% 1L
%7 48 h J5 , PEG@MnO, %5 249 B R >l 200 pg/mL,

YRR AN (B 5A) . 4 DHA WREEH 15 pg/mL
BF, U B DHA 41 41 Ml 17 1% R 45 & ik 46%, {H
PEG@MnO,-DHA 40 fAE TG AR 21. 8%, W AKX T
iF B DHA 41(P<0.000 1), VLI 5B, %540 G (6 2
R IR, PEG@Mn0,~DHA 4 i 7 fe I 52 (Y 41 6,986
M PEG@MnO, 21 137 55 DHA ZH A 0 7 H /b 20 46,5
I, H B L ADEEAT] UL (K] 5C) .

PEG@MnNO, PEG@MnO,-DHA

~IV2H AR 3, 43 31 PBS .5 wg/mL PEG@MnO,~DHA .10 pg/mL

- AL PR PBS £) s B o CLSM AS I 41 i N ROS K AR AR i . H:

B4  4ijEP HIF-1o F1 ROS 7K A
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- 100 Q 2 [lona PEG@MnNO,
oo 01 ° Po@ " ﬁ ﬁ ﬁ
€ ] B ) ¥ H
% 204 %40- PEG@MnO,-DHA
204 204
0 0

(I) 615 12‘.5 2‘5 5‘0 1(I)0 15":0 260
PEG@MnO,MKEE (ug/mL)

05 1

2 5
DHA¥R ¥ (ng/mL)

y
10

T AN MTT 3546830 PEG@MnO, % BxPC-3 AAR A A5 EH s B i MTT 3246017 DHA Fil PEG@MnO,-DHA %f BxPC-3 41
TR A& A FH 5 C by 356 B 440 G e 0 ARG AS ) S8 Xt BxPC-3 I A 5 fE . ™2k P<0.05, %24 P<0.01, %k P<0.001, Y

P<0.000 1,

B5  Aiitos it i

3 itig

i B i AR R RN B L B2 i o e, L
DR J Ak T R R A i s 7 2, TR LB g B 5 L A
XY B AgURR , T LR G AR R 45 G iy 7 IR T
SRR FRAR, e EE RS AR AR TR O AR, 40K
ARG R TR AR ZER. KB R%
SR 3H T R R I N K AR o — S A G5 24 I ol 1
FEH ) SRy 3 RE 5 AR R b 2R3 25 WV i M 22 1Y
[, Aok RH A 25 Yt g i EPR S50 78 B 067
AR TEA 2 AV T (), B R 24 ) e ek
IERALURITER . LT 25 5 9K R SE 5l
KT IR ia T, 2 B AT oT B

Bl AATTXE 0 KB L TR A ST, R s L 4R
AR 0 RO 114 ok 38 Bl B 5 i) 1o 4 % ol 3 = AU g
WHEETPIIFE DL, Fang %5 F 2/ FL
Ak R 1 2K B R 2R DB RN & 19 BMHDC 44 K J5i
ka3 fi A IR HL0, B2 T 7 2 A AR A
1717 i AR I (R AV SR R B 1T 34 i ' 3 197 2, B BMHDC
Y K JIURE 3 it HH B Min® B8 38 2o B R AR R AT
X 2 B H s AL SR AR AR 9 K 0k 2 — b s I B
PERGOR AT RE . H AT, X 28 A FL A A 40 K ok
(BT 5 22 B v A el s =2 SR 1 Jirb g S A 58 L, T Xof
H5 DHA [ pi=4: ROS IR . s fl =&
b4 20 K UKL AT VE S DHA (9448 K 244, BE ek 3% DHA
VI 25 1 IR R, ORI FH AN K 2590 1) EPR RL0 , $2 &
DHA MY WA, thas AL AR 40 oK
i F LR 1 e e SR A e L ATl DHA 4
B8 fEs/> DHA (/e BRI .

FF v 2 A fL AR A K R SRR 1 e 8 R s
A8, AT DR F L0 B 1 07 Ul DHA A3 78 Y38

Iii PEG@MnO,-DHA 3 [ & 1fii 1Y) PEG i — 2L #f f&
DHA A2l a2 WOk $8 v T 90K 3804 1 A= W AH 25 4
A5 TEM 5 DLS £ & 7~ , PEG@MnO,-DHA &y
150 nm 247 B as A FLANKER . 25 Rz 2%
e T KRB R 25 PERE . 5 R R 25 F sl etk
S48 38 1 W B D B R 2 A5 O KA T, T as A FL &S
FIA R = T 2 R . ARFSE HPLC 255
7, PEG@MnO,-DHA ' DHA A9 63 3 %8 I 4% 24 % 5 3k
95.3% H1 65. 6%, Wang 2543l T — P A U fig 5t
[ 28 0 B ACEG 9K WU H-M—pp/C&D , BEFE 7 1ML
A G R P R A TE 25 he FHILZ T, &0t
PEG &MY PEG@MnO,~-DHA , H il v 2 i Mt s
2 72 h, X YA MR P R is T T AR . AR
FIFJR S0, = 480 ORI HL0, J2 A Jeg R 5 Y 2 A
FEMS . HIF-1o RIPAG S A A 545 . AR
7% ELISA 253 WoR  FEIREA A F T JE 77 ) BxPC-3 4l
84 PEG@MnO,~DHA A ¥ 5 , HIF-1a BY7K I 8 T
W, iX £ W] PEG@MnO,-DHA #4122 )5 , Ak N
TR HL0, 72 A8 T 4800, G2 e S0 A 1 = SE0IR A
DHA J&—F B A7 53 Nk S 458 A il N R 21k
W AT Z PR AT R IEH . Rk
L, DHA 7E Mn* BOAEAL T I P b 5007 B 24 7 A 240 it
YERY ROS., AHFFT AN ROS K45 5 R, 5 PBS
ZHAH L, U2 DHA s il — e RS a5, 2
HRE TN AT RE SRS DHA 5410 PR R Mn> S, 7=
4T ROS, {H PEG@MnO,~DHA 2H %% (058 6 i TS
DHA 4, 3X £ T s A FL ARG 99 K kL B i
) Mn** 5 DHA N =4 T3 £ 19 ROS. )& , MTT
FINE FEAN M e (2 45 S 44 (R, PEG@MnO,—~DHA 4 &4
YER Bk, R T & b 2 AL AL T 3kt )

2]
DHA WA VE AR 203458, uEBH T b2 AL S Ak
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1% DHA GEA Ml e A K

o3 S R T A o - I BT U= R & 7 S |
B 138 DHA. — 5T, 94 K RF R s A FL 4k
B2 DHA , 6838 1 SCR I 3807 1) EPR Y58 25 ) 78
I B B A 5 5 — 7 T, T Mo”5 DHA R ™A=
ROS, #& /5 T DHA M4 /E s B Ll AR AL pe R
PE H,0, 77 B BRI = A0S i — DR S
T ey AR X 2 B SRR o T s A L A A A B
Z DHA TR N I FH B, 6 DHA 470 b 96 18 FH i) 3 5
RSN SR —20, A il — 2T
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