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Abstract: Objective To prepare polydopamine-modified elemene-loaded mesoporous silica nanoparticles (D/MSN-ELE), and
conduct research on formulation process optimization, quality evaluation, in vitro release, in vitro antitumor activity, and ability to
promote apoptosis. Methods Elemene-loaded mesoporous silica nanoparticles (MSN-ELE) were prepared by solution adsorption
method, D/MSN-ELE and polydopamine-modified mesoporous silica nanoparticles (D/MSN) were prepared by polymerization. The
morphology of the nanoparticles was characterized by transmission electron microscopy. The PDA graft ratio was calculated by
thermogravimetric analysis. The loading and encapsulation efficiency of D/MSN-ELE were evaluated using HPLC, the dialysis bag
method was used to investigate the release characteristics in vitro of D/MSN-ELE. MTT staining was used to analyze the cytotoxicity
of different nanoparticles on HELF and A549 cells. Flow cytometry was used to detect the levels of D/MSN-ELE reactive oxygen
species and mitochondrial membrane potential. Results The optimal preparation process was the drug loading ratio of 6 : 1, the
temperature was 50 ‘C, and the time was 8 h. The D/MSN-ELE prepare under the process condition have a were uniform distribution
with a particle size of (288.70 + 3.88) nm. The average drug loading and encapsulation efficiency were (11.58 + 0.73)% and (59.82 +
0.57)%, respectively. In vitro drug release was pH-responsive, and cumulative drug release increased with decreasing pH. The
half-lethal concentrations of ELE, MSN-ELE and D/MSN-ELE on A549 cells were 91.29, 27.56 and 6.02 pg/mL, respectively. The
detection results of reactive oxygen species and mitochondrial membrane potential further indicated that drug-loaded nanoparticles
were able to promote tumor target cell apoptosis. Conclusion D/MSN-ELE under the optimized process has a higher drug loading,
pH-responsive drug release and greatly enhanced antitumor activity. This study provides further experiments basis for tumor-targeted
delivery of elemene drugs based on mesoporous silica nanoparticles.

Key words: mesoporous silica; elemene; nanoparticles; pH-responsive; tumor-targeted delivery; antitumor activity; quality
evaluation; in vitro release; apoptosis; solution adsorption method; polymerization method; thermogravimetric analysis; grafting rate;

HPLC; human embryonic fibroblast HELF cells; human lung cancer A549 cells; mitochondrial membrane potential
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AR (AR, R pH BURE) 1)
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Bi ATPEARR pH BUBARI, ASHIF 78R R B
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fEGKAL (D/MSN-ELE), Eid HPLC yAE 4K
KB R R, DA RN R iRRNT
D/MSN-ELE AT 54k, R EA 26 1F T il &
MG AT A I AR AN RE 2GR I R AR S Ui
JETERIVEY, SN3ET MSN F) ELE 24548 42 i)
ik PR HE— D FT B SE I FL R
1 XEEHH

MBI (& B-HEH >98%), L5 20190102,
KIER A ARAF; B-HIA X m, i
B 99.4%, dbLRBUbiEARREHEERAR, fitS
100268-200401; #HR % Mh% (5 G1826025). —
AL A (DMSO ), Fldi T A A, #t5
WXBC7821V ; i M A & Wl 7l & (#5
050719190605) ZAi A i Ha A7 Ak & (JC-1,
fit5 040319190715), E#HEZRAEVIFARGIRA
A]; MTT 438 58 S 40 i 2 A R &, BLE AR
WHRAT, 15 KGA312; BB LA dbiE
GURRER, BIR, SFEYUKM BRI R AR, it
5 66328381; —FHIEEAEF L (Tris), FigEE
AVHISERAT, L5 110211; RPMI 1640 155
B, REBEER YRR R AR . ANJE/h21i
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il AS49 4if. ANMAGEA4E HELF 4if. 255
TR LA B ER A iR, Synergy TM2 fig
FrA%, Z[E BIO-TEK {25 A H]; LC-2010AHT /=24
WAH B g Y, H A Shimadzu A @] ; Zetaszier
Nano-ZS90 FifE Al EAX, J2[E Malvern A F];
85-2 TEIRME T INASEFE B, MBI R SR I AR
15 PR B A% 43 AT A (Image Xpress Micro), &
HoAEs (Bl AIRAF; BD FACS Calibur
maR4n A%, 35 E Beckman /A 7 ; FEI Tecnai G2 F20
S-TWIN & B 72 fsE (TEM)D, [ FEI AF];
AJ301 HHAKIE 25 0L, S5 Beckman A #]; P225D
RV, A6 mi 38 2 R B A3 A PR 2 A
MD44-5M BT (MYM), B AT 2> 1 i &
300 000; UV1902PC 54N Moy A eEETH. ES %
Shor eI EETE, RIS RHA R A .

2 FESH#R

2.1 ELE Z&MNE

2.1.1 g B Cs k(250 mm X 4.6
mm, 5 pm), I ANLE-7K (90 110D, iR
40 C, KK A 210 nm, AFR A E A 1.0 mL/min,

HEFEARFA 5 L.
2.1.2 EWRMIECH]  FEEAREL B-HE A AT IR 2

mg, BT 100 mL &+, PEEER, 135 20 pg/mL
) B~ 4 5 HEL S VAR o
K5 HREL D/MSN-ELE 1 mg, & 100 mL &
i, INHEA BRI, R4, 045 um 1)
TALIEREIES , SR IE AR AR S VA
FEEE MSN 2 i i v i i ) g 72 a5
BRI
2.1.3 LR R R 3 MORENER S
200 pL, %M “2.1.17 TN g R, TR,
TR EER, SR 1, R A X R
N EA Bk, ELE FIOREE B 2958 16 min, =¥

M | B—*ﬁé%‘a(\
i |

A WL /
R 1 ————
c | ) D .
0 4 8 12 16
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1 #HEEBENIRRAR A #HIXBFR B) MZAER
(©) EREMIKE HPLC
Fig. 1 HPLC chart of elemene reference solution (A), test
solution (B) and blank solution (C) in specific test
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FESC T, RS s ARl e, Y
RAF.

214 LRMERRFE  REEAREC -7 0T I
100 mg, fNH ARSI GRS B-HE M 200
ug/mL Xt BRI . 20 S0l R R R AR IR & I
1.0, 5.0, 20.0. 100.0 pg/mL A [ A FE I
2 “2.1.17 BUOAG AR, BFGHRE S pL. DU IR
WA AR (YD, SR FRRIRE (C) MK
Ay, EESLIEETTRE, AedERh 4T RE R Y=5 226.5
X+1830.1, 2=0.999 9, 255K B-Mi 7 M 70 ==
WE A 1~100 pg/mL I 2155 22 BT .

2.1.5 FESEREG HUC2.1.47 W RHI4H S ug/mL
B-A A M X HR IR, T SRIERE 6 UK, i3k HPLC
B B-HE B e AR, THE I RSD A 1.2%,
VLI Z T VR 5 5 BT

2.1.6 HEEWRKL HUE—HEH] & D/MSN-ELE
6 11, & “2.1.27 TR 7kl & g i, A
MW A, 115 D/MSN-ELE H B-H8 745 i 840
) RSD N 0.51%, W EE MR,

2.1.7  INFEEICRIRES R E BRI AN R B
D/MSN-ELE F£4 8.6 mg, BT 10 mL &+, ¥
ITERAE 9 10, AP BKEE AT 0.5 1.04 1.5 mg
B-M A M RO FER T, % 3 4, N R A R 2 %
B, EAERA, B, P mAEIRE B E
WAL AW, 0.45 pm BT IE R S b
NFIRESER, %88 “2.1.17 TR (il 2 0E I E 1
TR . THEAR. . mAS TR R ISP [l
RN 99.5%. 99.6%. 101.7%, RSD Kk A
1.33%- 0.80%- 1.37%, &85 iEUER &

2.2 HERAIRYHIE

2.2.1 HWEEN L ENWEEYIKRL (MSN-ELE)
(I & SRS PR 25 000 R SRR AL 7
) MSN #3 &, 1% 60 mg/mL ELE ZEEA R 20 mL
o, —EIRE T, 300 r/min BE 1 EEEUIN, 10 000
r/min 2.0 3 min, FRIZFE ELE, To/K OBESEEEL
K, B, B3 MSN-ELE.

222 R Z E B A FL AR 98 K kL
(D/MSN) F1 D/MSN-ELE fill#%  #H8 SCkfoE
KR AR, K% FREL MSN. MSN-ELE %
50 mg T~ 100 mL Be#FH, BN 10 mL 285K,
REFE 7. 30 CHAMET, BEJIHHE 0.5 h, I 0.01
g Z LR LA | mg Tris BRSN 2 he SBZE K
J&» 10000 r/min B0 3 min, 258 F/KEEEEIX,
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B, T30 CHUFERHLTH, RIS D/MSN A
D/MSN-ELE.
2.3 D/MSN-ELE 945 TEMK
2.3.1 D/MSN-ELE #Zj &R it
HY D/MSN-ELE 4 mg, M 10 mL ZJi5, #7548
DS, R IRV 80 uL, B 1 mL &,
HOEMRBZRZIE, 2251, i 0.45 pm LIS .
i “2.1.17 TR ISR

B E =4k ELE 05 /9K R R &

AR =gKHi b ELE )i 2/ELE @25 &
232 AW EEAELLEIN FEEFREX MSN kR
400 300, 200 150 mg, ZrHIiHIZ 60 mg/mL ELE
CBERE 20 mL A, 3%H8 “2.2.27 TiHp AT i 7 vk
% D/MSN-ELE. = RGHAH I 2 201 & D/MSN-ELE
PERGEMAE R, T3 IR, BAELBHEEE
BUILER 1. SRIess B RAW S HAR LS 6 1 1 Hl&
(") D/MSN-ELE #2550 R K 5. B4
HEAREEI N 6 ¢ 1 TR S84k
233 il EBUREEY 30, 40, 50,
60 °C, 4l “2.1” Wirh ffrik 77 %4 4 D/MSN-ELE.
T BORUREIN 52 1R & D/MSN-ELE )4 25 8- A1 40 3
E, AT 3 IR RAERBEFHHNE 2. LK
45 278 D/MSN-ELE H# )& 50 R /AR
Wi, 2% L& BGN K [ SR B R L g N, ok e
R 50 C.
=1 ZHMESHALLHIX D/MSN-ELE S48 585 RNE
g (x+s,n=3)
Table 1 Effect of drug to carrier ratio on drug loading and
encapsulation efficiency of D/MSN-ELE (x + s, n=3)

ek % s
B PR

295 8K LA HE/% B E%
301 6.51+0.12 38.0240.79
411 7.33£0.27 37.14£1.43
6:1 7.3740.18 59.25+0.73
8:1 7.71£0.32 10.11£1.25

% 2 #I%BEX D/MSN-ELE H#AE58FENEM
(Xxts,n=3)

Table 2 Effect of temperature on drug loading and
encapsulation efficiency of DMSN-ELE (x*s,n=3)

2.3.4  PEFERTEACAL  JEEUREERT N 4. 6. 8.

12h, %M “2.17 Did prdk 777241 % D/MSN-ELE.
RO I 2 I B D/MSN-ELE K424 & A3
R, AT 3 IR SRR 3, BREBHEE A
AR RIATURE LA Ji5 ) 45 BT 7 RN 8], 328 HOH B[]
N 8 ho

% 3 fHETEIX D/MSN-ELE H#AE58FEMNFM
(xts,n=3)

Table 3 Effect of mixing time on drug loading and
encapsulation efficiency of D’MSN-ELE (x*s,n=3)

SEFER []/h HAR/% BEE%
4 10.17£0.13 16.92£1.98

6 10.85+£0.87 42.36+0.30

8 11.26+0.94 65.52+0.77

12 12.05£2.21 53.22+0.24

2.3.5 D/MSN-ELE ffEfil & T2HE KB IRI
MSN #37K 200 mg, HIZ% 60 mg/mL ELE ZEEVER
20 mL #, —EIRE R, 300 r/min i 184 8 h,
10 000 r/min 0> 3 min, FR%EUFE ELE, Jo/K LB
VR ER, B0, N 40 mL £ 57K, 8B
30 CHMT, Wi/1Hisk 0.5 h, AN 0.04 g ZEJEZ
IR AR 4 mg Tris BB 2 he M E5 S, 10 000
r/min &0 3 min, 2 BT /KGEGER, H0, T30 C
AR RHET25 ), B1453 D/MSN-ELE.
2.4 ISIFSEIE

P8 “2.3.57 T sE s R T2 PAT & 3 4k
D/MSN-ELE, &t 58255, 458 NK 4,
ERAL T Z %M N4 # D/MSN-ELE #2251
BERAHIN (11.58+0.73) %F1 (59.82+0.57) %,
YRHIZ LA AT, TEMNEEMNRLT.
2.5 HERAIRYFRIE
2.5.1 JEA. RIAEA Zeta AL R ERE TEM M
M1 4 FhYKRLIFTESR, MSNL D/MSN. MSN-
ELE. D/MSN-ELE &8 WL 4;: %I T RHBOLR
= 4 WIFSSIETEHOR D/MSN-ELE B2 5805H%
(Xts,n=3)

Table 4 Drug loading and encapsulation efficiency of

| £ I8 B °C HEE/% A F5f K /9%, D/MSN-ELE in different batches (x s, n=3)
30 9.0940.30 25.12+0.87 Rk BAR%  CPHEY%  BEE% CFIE%
40 9.5240.19 19.3440.35 1 1231 11.58%+0.73 5927  59.8240.57
50 10.57£0.21 62.51+0.44 2 11.57 60.40
60 11.0341.33 63.40+1.79 3 10.85 59.80
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B4 MSN (A). D/MSN (B). MSN-ELE (C) #1 D/MSN-ELE (D) & TEM &
Fig. 4 TEM images of MSN (A), D/MSN (B), MSN-ELE (C) and D/MSN-ELE (D)

FE A 5 - 9K RL R A% . RS0 AT Zeta HALT %
ZorEdaE (PDD, 53 ILE 5 fiZk 5. TEM M4
KA G B8, D/MSN-ELE 230 2288k, i
%£2)100 nm, #0395, TLHERENS. K 4-B
EIWT WL, D/MSN kLR EuE HRA “5727 =, /i
J9EAAE MSN 2 Hi f) PDA 2 .C 7] W, MSN-ELE
NEBSLLy, RO IR

10 100 1000

HifE/mm

10 000

-100 0 100
Zeta HLA/mV

[El5 D/MSN-ELE HWRIZS % (A) 5 Zeta BB{I[E (B)
Fig. 5 Particle size (A) and Zeta potential picture (B) of
D/MSN-ELE

=5 TRMKREFEIIREZS Zeta BAL (X +5,n=3)
Table 5

nanoparticles (x £ s, n=3)

Particle size and Zeta potential of different

i SEHRIARMm Zeta LA /mV PDI

MSN 268.5+8.41 2.2610.82 0.231%0.022
D/MSN 282.2%3.18 —3.02+1.18 0.293+0.041
MSN-ELE 270.4+2.91 —7.10x1.48 0.24710.055

D/MSN-ELE  288.7%3.88 —20.87+0.46 0.236%0.022

M 5 Al %0, D/MSN-ELE KIF#KiE A
(288.70+3.88) nm, PDI &y (0.236+0.022), Zeta
HLA N (—20.8740.46) mV (n=3). MSN-ELE i
BR/NE MSN H2il, RGN A BRI S AN
K. D/MSN #if2 K/INEE MSN WK, 16 PDA 2
S A FLAT R R4 . MSN 42 PDA 121 J5 Zeta F,
PrR AT, HIEEAR N AUE .

G MRIAR 45 SR R IO EE AN BRI AR S K
TiES S . BT MSN LLRMmAE LR, Kibghik
KL AR RCR A BEAE ), FEAREEEET) .
FEA R FIEE R 155 . T M EAER, 9
KA R RN JE AR . TEM 1T LLEWLE B 40K
KLIVAMSARIAR RN, BRI AT DL 9 KR I
KN o TR EE A A5 ) 2 A KL A AR R R A
KA, RERITHBRBIRENFB, HHRKRLE
£, B LA 5 S 08T
252 BADGIESHT R EFREX ELE. MSN,
D/MSN. MSN-ELE # D/MSN-ELE %% 2 mg, HH
M 3 ML 25 pg/mL WK, Z BB, 71
AT RIS 8, PTGy 200~400 nm.
6 AT 41, 7F 204 nm At ELE A f KW Ui ié, MSN-

a

v

c’ /200 250 300
g A/mm

E 6 ELE (a). MSN (b). D/MSN (¢c). MSN-ELE (d) A
D/MSN-ELE (e) By&5MHIEE

Fig. 6 UV spectra of ELE (a), MSN (b), D/MSN (¢),
MSN-ELE (d) and D/MSN-ELE UV (e)



* 2750 ¢ (3

Chinese Traditional and Herbal Drugs 2% 514 35 103§ 202045 A

ELE £l D/MSN-ELE ZHKHRLAE 3 K G AH B
TEMR SO0 , 25 A B} A B AN B S5, T3 ELE
Wi, LR,

253 ZAMGIES T SRR R ER R A
A7 B AR e 2T 4863 (Fourier-transform infrared,
FTIR) EM5r#r. s ml#iidsk MSN. D/MSN.
MSN-ELE #1 D/MSN-ELE ] FTIR i [, %6l
94 000~400 cm™!, ZERIE 7, EREIR, 45
YRR I T MSN IRRAETR i E: 1 080, 791
em ! Ab R Si-O-Si FIAN I FR A AR H 45 415 sh W i i
458 cm™' AbA Si-O-Si 1) ARSI IEN, AH L
MSN [#] FTIR %, D/MSN #l D/MSN-ELE #] FTIR
PR EHEL T 2EIR (1 600~1 450 cm™) LTSI
20, BTLUHJE T PDA I g Wl g,
WEH] PDA 522 D) 78 55 £ MSN K i .

254 HEN FIHAESPOONE PDA [1H:
F UL R KR4 25 &, B MSN. D/MSN,
MSN-ELE 1 D/MSN-ELE & &, #RZM 30 CiZ
7 A% 600 C. 5K WK 8, MSN. D/MSN,
MSN-ELE Al D/MSN-ELE K &4 2 %5 5N

MSN

D/MSN \/\/—V
w

MSN-ELE w

D/MSN-ELE \//V_V

|

4000 3000 2000 1000

viem™!

7 MSN. D/MSN. MSN-ELE #1 D/MSN-ELE £ FTIR
EE
Fig. 7 FTIR of MSN, D/MSN, MSN-ELE and D/MSN-ELE

1004

90
£ o] MSN
P D/MSN
= 70 MSN-ELE
e
60-
50 D/MSN-ELE
200 400 600 800

7/'C
8 MSN. D/MSN. MSN-ELE #1 D/MSN-ELE #E 53 4h
Eig
Fig. 8
D/MSN, MSN-ELE and D/MSN-ELE

Thermogravimetric analysis spectra of MSN,

(18.04+0.13)%. (18.77£0.19) %. (30.49+0.23) %.
(48.87+0.045) % (n=3). A[LAfFH D/MSN-ELE
258N (12.444020) %, MELER S HPLC
DN 45 WA, PDA IR RN (0.73+£0.31) %,
D/MSN-ELE Jii #4512 1] fig =2 il 25 i #2 0 ELE % b
EGKRiET, BT PDA 5 ELE M EAEM, %t
LR Az 52
2.6 {KRINERL

FAARTE] pH A 1 0.5%+ —Je FE bR BR A 1% 6 2%
MR (0.5% SDS PBS ¥V, pH 3.0, 5.0, 7.4. 8.0)
NI R, #%%% D/MSN-ELE KR SNEZG1T 1.
&% F) B D/MSN-ELE 5 mg, Fl 2 mL 2 BE3% 7% i#
B HG BT OAERENRA, HRRE% S,
BT 25 mL B pd, T 37 CRERIRS (100
r/min). Z3H1F 0. 1. 4. 6. 8. 12, 24 h #ERFEUR:
2 mL, FF57 RIAMINEE S R ) pH (B RO i,
FEMEZE 0.22 um FUALIEMEEE . D/MSN-ELE £ AN A
pH 175 0.5% SDS (1) PBS ¥4 % 1 24 R 1 ith 2% a1
9 ffion, Hb pH N 3.00 5.0, 7.4, 8.0, AL
TR IR . R RO . IR AR BREA R
AR LIRS pH 251F. 45 REW, 1€ pH 7.4 B
B, ELE BEBCHEFEZENE, 24 h BRBINZL
11.36%. £ pH 5.0 B 5, ELE RO ZA T
Whn, 24 h BRBL 14.77%, 7 pH 3.0 Bl
JiiH, ELE 24 h BFREIHZ 20.07%, K PDA 7E1IK
pH 25 R A SRR i 71k, Z54F1 PDA
Z IR 454 FIB# A% [Rlitk, D/MSN-ELE )RR i 28
A pH Em .
27 BAYERRMHE SR

IR R A, RA MTT %A
[FI QRIS AS49 A AR EIER, O EE

20+ —
PH 3.0

154

pH 5.0

R %

0 ' 8 ' 6 24
t/h
9 D/MSN-ELE £ [E] pH B4 THIRE AL
Fig. 9 Release profile at different pH value conditions of
D/MSN-ELE
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KA A549 4HffL, 2l 5X 103 N/ALEM T 96
FLBR . 37 C 5% CO2 263595 24 h J5 B 72 35 97
W RTIMAAR AR TR CGFEZ4D. 1. 5. 10,
15, 20 pg/mL 4 FiANFEIGKKL & ELE [ . BE4
SIS EE 3R, BANREIKE S ANESL. 4 F PBS
B, #5937 48 h, BHERALIIA 5 mg/mL MTT ¥
50 uL, % E 4 h, WFFRFFLA, i DMSO 150
ul, B FERE 10 min. £E 570 nm P Tl
EWIEE (4) H, xR, Aig—4 MSN Xt
HELF 408 A E A, R BERA S K 72 3R A .
KH SPSS.22.0 FAFHAT ¢ K537 -
SRR AR BN Y MSN IRE IR /N T 10 pg/mL
B 1E ARG R AT 4E 40 HELF S50, TEH
&= AR MSN X IE® NMATLEFREIER, 4
YA tE R, Wl 10 fiw. 2 Fa A9k R
MSN £l D/MSN X i 4 e A549 4 i i 4 A 2514
AR EWREN . MR ERE KT 10 pg/mL
ff, D/MSN A KT MSN, {H AR WG4
ZE 5, W 11 fis. Z9R25305 2517 & B EAE
K, LSLIBAAIAH MSN fERREIRE N —&
IFETEMER], B 11 %B) D/MSN £ & i ERE R
PDA &1 n] LAY 5549 K %o A\ it 40 il A 549 )75
PEFERT, DRIEI D/MSN AT LAk 55 /a0 o B i 7 a5
FH MSN X 1 4 )2 EAEH . MSN A1 D/MSN
I HAMHR EE (ICs0) 43710 18.29. 38.89 pg/mL.
N T HERRZE 1 MSN MR B IR ST D/MSN-
ELE 40U Bt fm, HEA7AN A &K MSN-ELE.
D/MSN-ELE [ MTT 558, Wil 12 fis, 45858

HELF 175 R /%
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Fig. 10 In vitro growth inhibition effect of MSN on HELF
cells(xts,n=3)
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Fig. 12 In vitro growth inhibition effect of MSN-ELE and
D/MSN-ELE on A549 cells (here “concentration” indicated

that of nanoparticle contained, x £ s, n =3)

TN YUY RRREIRE /DT 20 pg/mL B, S
MSN #1884 % D/MSN-ELE S 55, TLatit2#
#%5 ., ELE. MSN-ELE 1 D/MSN-ELE X} A549 4
25 1 38 R IR FE A, anf 13 Fiom. MK 6 1]
%1 MSN-ELE F1 D/MSN-ELE (/] ICso {843 4 27.56
6.02 pg/mL, /N ELE [ 1Cso 8 91.29 pg/mL,
PDA f&1fiJ5, D/MSN-ELE #; MSN-ELE *f A549
Y1 e 24 B AR RO B O R 2 (P<<0.001), A
D/MSN-ELE B A ¥ B8 )RS0 s 7E F .
2.8 JEMSEEN

I TGRSR (ROS) 1B A—FI S 5401
WA, b, EIASEAEFEThRER —ME IR, 1
YL TRF 2 51 k ROS Frmil. R A 4 A
¥l ELE. MSN-ELE Al D/MSN-ELE %} A549 4 fifs
TR ACE R . IR T X HUH H A KRS R
UF ) AS49 20 il R AR BB, BA 6 X 103 AN/FLEFT
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Fig. 13 In vitro growth inhibition effect of ELE, MSN-ELE
and D/MSN-ELE on A549 cells (here ‘“concentration”
indicated that of ELE contained, xts,n=3)

&6 TREIMAKAS ELE HY ICso ELfE
Table 6 ICso ratio of different nanoparticles to ELE

ICso X Ll 2H ICso EUAH
ELE 5 MSN-ELE 3
ELE 5 D/MSN-ELE 15
MSN-ELE 5 D/MSN-ELE 4

2 6 LM, T 5% C0s. 37 CREFFFIEE 24 ho
4399 F JE I 55 777 10 pg/mL f] ELE. 86.4 ug/mL
MSN-ELE #iI D/MSN-ELE (#2544 ki & ELE
PR ERE Y ELE ArEiRE—30 i
24 h, WUEE AS49 4, FE BIEWE PBS B 1
%o 1 10 mmol/L 2',7'- 5 Y6 3 W £ iR £ (DCFH-
DA) WIGFRME, 37 CHEFRAFEIEHTE 30 min. FH
PEXTHRZH GRAF & Rosup FHPEACERZHD 42 IR 7 &
VLI P ER AL EE . PBS ¥ 1 %, 500 pL PBS H &
Y, FERE AU JE A A ORI 41 P9 ROS
KF

DCFH-DA AH&A RN, NG, LhE
Bitg fF i 25 g AR R 2,7- “E AR R
(DCFH), DCFH ##i % &+ fid E A% ROS
Ak, AERRTOEI 2 7- &R (DCE), @
I DCF 7K~ HA2 40 BT S B ROS 7K~ (2246122,
ME 14 FH, 5 ELE AFH AL, D/MSN-ELE
AN TR B K. XKW D/MSN-ELE j#id
LiA4HE N ROS /K-Fi55F AS49 UM T .

oxygen levels in A549 cells

29 ZHNARIREAL (APn)

AV BN RLERAATIREN EE S, Kk
AP BRI T — AR 22, AP, BRI 2
Y MR TR R — 2B R — AN bR . SRR
M ARG ELE. MSN-ELE #1 D/MSN-ELE % A549
YL AW HIFEMR o IR AT X B0 B A KR AS R 4T
(1) AS49 2 Fa il S Am f 2, DL 6 X 105 AN/AFLEEF 2
6 LA, T 5%CO02. 37 CREFFFFIFE 24 ho 535
A 10 pg/mL f ELE. 86.4 ug/mL MSN-ELE Al
D/MSN-ELE Ab34HM 24 h, W4, FE Bk
TG PBS e 1 IR AU TE ML 5% 37 5 R BE 11
RNERR AL T ekt (JC-1 Jekb), 37 CiEE 20
min J& 600X g &0 3 min, A JC-1 Loz il
2 WJEHEE, H iU i =g ok 20 i
W AP Ko S5 et FL1 @EAam; 20
JEIE FL2 B IMIRY, AL, &7 esm AR Xt
PEAE SR AW BIRALFERE . 45 3 SPSS 22.0 #X
AT e IR A . S XTHRZHAH EL, D/MSN-ELE 5
T A549 4R AP, B3 T (P<0.01), 3L
K 15,

3 it

ELE s IE % 40K E 0 i e 254, (H
KBS, SFECEMRIHEA S, XEERR G255
RIFFENGIR ERIRI o« ARSLER I H MSN J#ifA,
I FH A R B AN S T 2R A % D/MSN-ELE, 3L
bRt —, PR EMAEFSHN (11.58+
0.73) %Al (59.824+0.57) %. 5 ELE A% 40
WL MRPARSEDIRE L, A R, X 2R ]
#id R A2 R ELE 8%, R4
D/MSN-ELE Hf4 245 . Xf H MSN i 2 HAth 24
YIRS BRI, A SLEG ) 45 1) D/MSN-ELE (13
2y iim, PDA EIG RE A s fLiE, RmA)
FIF =
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Fig. 15 Effects of ELE and different nanoparticles on A%¥m
in A549 cells (x £ s,n=3)
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IEH B A 40 M 9 #F M pH EPY. 25 R EoR
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PE, BEWSAERRIEIAIG R pH W SN AWREIN,
HASAEM IR T A2 pH e S R0 4
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W21 /475 6 LU AB B 0 FRAHL B 25 R R, ) AW,
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