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W E: BM LUEEWMEEE (polyacrylic acid, PAA) FEEINFL S ALREY KA (mesporous silica nanoparticles, MSN) 24
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T ZYIHEE BBB #IE R AMNUIR TETE S R W] ANG-PAA-LP-MSN@As,0; B BT IR AN U I BB R . 4598 %
RERE ) 6 2 RGREEH AN As,O; ¥ BBB iz, HINZIWTERIE R R, FRSL IR AL pH i BB .
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Preparation and in vitro evaluation of arsenic trioxide-loaded phospholipid-
capped mesoporous silica nanoparticles modified with Angiopep-2 as targeting
drug delivery system
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Abstract: Objective To enhance the blood-brain barrier (BBB) penetration and glioma targeting ability of arsenic trioxide (As,03),
the lipid-coated mesoporous silica nanoparticles (MSN) modified with Angiopep-2 and polyacrylic acid (ANG-PAA-LP-MSN) is
prepared by thin-film hydration method. This complex is specifically recognized and bound between ANG and low-density lipoprotein
receptor-related protein-1 (LRP-1) which is highly expressed on BBB and glioma cells. Methods The drug delivery system
characterization were analysed by transmission electron microscopy (TEM) and thermogravimetric analysis (TGA). Dialysis bag

method was used to analyse the drug release characteristics at different pH conditions (pH 6.0 and 7.4, respectively). Cytotoxicity of
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nanocarriers and the antitumor activity in vitro of this drug delivery system were measured on human brain micro-capillary endothelial
cells (HBMEC) and glioma cells (C6) by MTT assay. Moreover, in vitro cells model of BBB was established to study the effect of
vehicle on the transmembrane transport of As,O;. Results The drug delivery system (ANG-PAA-LP-MSN@As,05) was constructed
successfully, it showed a rounded “core-shell” structure with good dispersibility and stability. The drug loading efficency was 6.32%.
After PAA modification, this drug delivery system showed higher pH responsiveness to release medium, and the burst release of As,O;
was significantly reduced compared with that of unmodified group. Lipid coating could significantly improve the biosafety and
penetration ability of BBB. The antitumor activity study showed that ANG-PAA-LP-MSN@As,0; exhibited an ideal glioma inhibition
effect in vitro. Conclusion This smart targeting drug delivery system enhance the BBB penetration ability of As,0;, and the special
pH responsiveness demonstrated antitumor ability through increasing its accumulation in the tumor site.

Key words: Angiopep-2; arsenic trioxide; glioma; pH response; mesporous silica; lipid capsule nanoparticles; polyacrylic acid; blood

brain barrier
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SRR X B AMNIEA RA LT AR
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A FL = S A HE 48 K RE ( mesoporous  silica
nanoparticles, MSN) K| & B P A FLEEM .
KT LR TARFIFLAR, oM A BTE 25 84k
2O B R R R IR IR pH
S (1 MSN 1] LLE T iR oA S5 R ik 24
P AT Fe R W, TR IR (polyacrylic acid, PAA)
i — R T 47 BT 1 pH B BUBFERE, A Szt
PAA B BRI ILYEIE 1 MSN (PAA-MSN), DLk
FE AL pH FREEMNAER o [FIZE A FLIEYN
KRR R = (LP-PAA-MSN), TERK
AL “IRARGHM” 25K, AMERREE PEK A
PS5 REN, RRHSHRNEANSESEEKIEH
) E U, T ELBE A R AR AR 25 W ) SR AR
FAUY, ASHI ORI 3 R R A 2 AR MR 1 (LRP)
ZARKIECAA Angiopep-2 (ANG, ANG s2iffFkKk
DL — B 2 AN R TR L 20 1l 1) LA o L e A
%K, 48 TFFYGGSRGKRNNFKTEEY) 1%
M %25 RS APERT (ANG-LP-PAA-MSN), DLsZ
BLI% 25 22 455 BBB A1 A 5 78 00 0L ) 2 gl 1o
1 XEEHH

H7650 ZE 4 2 (TEM), HAHVA
F]; 380ZLS WOtk L e, 3£ Nicomp 2 s
TRISTAR 11 3020 Z 8 1& 4 H 8l Lt 3K 1 A FLBE AT

1%, [ Micromeritics A ]; Pyrisl TGA #EL73#
1%, [ PerkinElmer A &; BrukerD8Advance X &
LATHG HEEAE AR R LLAMEEAL,
F[H Thermo A ]; ICAP 6300 %55 14K 5 i
1%, £ Agilent A F]; #ZMEILIRAL, F[H Palo Alto
AF ENEE, RESGYRHEKEARAR, #¥
X ¥ i 3 500; SynergyTM2 JibriX, ZEEH
Bio-Teck A ],

VY 2 582 fiEdt (tetraethoxysilane, TEOS, JiifE
I 98%) T Nk dE = AR (hexadecyl-
trimethylammoniumbromide , CTAB , i & 7 %
98%). —ZAIENIEE = LA AEMELE (3-aminopropyl-
triethoxysilane, APTES, JiE 441 99%). PAA (#f
XForFiiE 1 800), FE[E Sigma AF]; As,O;3, Jii
BT 99.9%, FRMIETEIRARAF] s ARTERIATR,
1.000 g/L, Jbnitt 2 BBV EYHAA R AR ANG,
oM R AEAC A PR = s il g P Al i i 5 A Ak WP
Wit 3% 2, 8% (DSPE-PEGyg0-MAL), F[E Laysan
VR AR A F ;s RSB IR B GL (DSPC) .
T HEAREE AR EE £ B (DSPE). JHEEE, g
FHFE R HBR A F; DMEM R 953 (500,
BN & VB E R ARG IR AR DU e £
(MTT), [ Sigma 2 w]; HANKFIIL J 7tk

C6 40 Mg A1 N B B B 4 i B N R 4 e
(HBMEC), Wil Kz SLgmshy) o ft,
BT DMEM #5388k, 8532561 37 C. 5%
CO,. HANRIE 90%. P 4N Sge & Bon 8k K
AR AT 6
2 FEEHR
2.1 DSPE-PEG,y-ANG B & RS RAE

DSPE-PEGy00-MAL 5 ANG (W E LA
311D, BAMYT, PBS AR (pH 7.4) Fjx
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N 24 h, NYIFHENTEE X5 TFE 3 500) &
& 48 h LEBRARNK ANG Fl DSPE-PEGag0-
MAL, #& BB r= AR T8 24 h, T 4 CUKFEIR
Fo PPYIHRRBSAIROGEAT RAE . W 1 P, £
F2 115 B DMSO F¥ 71U HIRAE 6 2.50C ] 1-a~
¢)o DSPE-PEGjp00-MAL H B SR MV Jii 3 ¥ R ik
eI HBILAE 6 7.02C1 1-b) o 24 DR EE T i 5 ANG
N JE BP 3 ANG & 1fi (1] DSPE-PEGa0-MAL
(DSPE-PEG,000-ANG), DSPE-PEG o- ANG [/ 2% il
R HIL ANG 258 RORIA IR IENE, 2T O
6.60~7.30 [X 3% (& 1-¢). '"H-NMR %5 F4FH] DSPE-
PEG000-ANG HE [ 46540 i -
2.2 EEIEUAY MSN (NH,-MSN) H#I&

K — 9414 NH,-MSN. K% Fr il CTAB
0.3 g, sracTaik, A 2 mol/L NaOH i
pH {E4) 11.5. 80 CMF, WiJifit: 0.5 h, #

—— ALA-AA o —— P e AL
r T T T T T T T T T T T T T T T
b
I | L } )| |
T T T T T T T T T T T T T T T T T T T 1
I
LU ";_
c 7.4 7.0 6.6
)
—_———— JJ [ \.A_J._l
I T T [] T T T T T T [] T T T T T T T 1
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1 ANG (a)» DSPE-PEG,yy-MAL (b). DSPE-PEG;;)-
ANG (¢) 9 "H-NMR i $£HRiE

Fig. 1 '"H-NMR spectrum of ANG (a), DSPE-PEG;y,-MAL
(b), and DSPE-PEG,4-ANG (c)

TEOS 1 mL A1 APTES 0.5 mL IR & B0E i 2180
N CTAB W [N 2 h, B &, #4k, 20 000 r/min
B0 20 min, fEEREIRYEAEE (10 mg/mL) 50 C
[l 12 h, HEE 3 KL EGH CTAB. 4K
VEGREIR, B, BURTEE, BI15 NH,-MSN.
23 PAA BN FL—EHHEH As,0; (PAA-
MSN@As,03) HIHI&

PSR VRS B FREL 40 mg NH,-MSN T
K1, A 10 mL As;O3 ¥ H (1 mg/mL), i
$£ 24 h. 20 000 r/min &0 30 min, FEIFE As,0s,
ABALKBEBBIR, B, AETEE, 15 MSN@
As;03. FHEFREL 20 mg MSN@As,03 T 20 mL
DMF WA, 785r#i4E, I 20 mg PAA, 100 C
THERER S 2 h, 20 000 r/min B0 30 min, A5
SR TR QB AR EIR, B0, AT,
BI75 PAA-MSN@As,05.
2.4 ANG EIFHINFLZSHEER As,0; BEREN
K (ANG-LP-PAA-MSN@As,0;) B

T 2H 2 J K AEN Y, RS FREL DSPC-
JiH [ % -DSPE-PEG,000-DSPE-PEG,000-ANG (65 :
25181 2) IR BT AN, 40 C AT T iE
ThuE =&kt ImA—E s PAA-MSN@
As;03 QQ0%HE AR D, RIERIE T HUE 40 C
TR AR B . PBS KA SR AR, A S
BRHE (G-100) 4lifh sy Sk £ B igiig, B
ANG-LP-PAA-MSN@As,053. _FiR T.Z AN DSPE-
PEG1000-ANG, E[1#3 LP-PAA-MSN@As,05.
2.5 HERRIRYFRAE

KH TEM 43 5% NH-MSN. LP-PAA-MSN@
As,O3 FEATHLEE, 380ZLS Wt Har FE Il s 12 A 5 ot
2040 K BT . TRISTAR 11 3020 £i@iE 4 H s
F T ANFLBR /3 1A 221 NH,-MSN A1 MSN@As,05
AR 2, T LR IR FLAE, A Sy
i se gz U,

T TEM ME245 R LI 2, NH,-MSN ALk
P B 2 A LI 2% 45 4, LP-PAA-MSN@As,03 /1L
S MAIE, HILAMAES NH,-MSN 230 H BRI
BIIERIE . NH-MSN 6429 (101.4040.36) nm,
WK T B s E R kR (B 3-a), BEATEKS
Btk Z e, MSN 2 T ROK A g ki 20
M 1AL, 13K As,O5 LS, T5RT 8 PAA AL
SNFRAEIE HLfT o PAA LR LLIS, 99K 2 1] i i
HIERAR N6, U8 PAA 1B10 Il . MR 23 DL
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2 NH,-MSN (a) #1 LP-PAA-MSN@As,0; (b) TEM
Fig. 2 TEM images of NH,-MSN (a) and LP-PAA-MSN@

A5203 (b)

i
b‘L
10 100 1 000

B /mm
3 NH,-MSN (a) 1 ANG-LP-PAA-MSN (b) ¥I125 %

Fig. 3 Particle size of NH,-MSN (a) and ANG-LP-PAA-
MSN (b)

% 1 NH,-MSN. MSN@As,0;. PAA-MSN@As,0;+ LP-
PAA-MSN@As,0; 1 ANG-LP-PAA-MSN@As,0; B Zeta
BB AL

Table 1 Zeta potential of NH,-MSN, MSN@As,0;, PAA-
MSN@ASs,03;, LP-PAA-MSN@ASs,03;, and ANG-LP-PAA-
MSN@ASs,0;

FE i Zeta A7 /mV
NH,-MSN 45.801+0.81
MSN@ASs,0; 21.474+043
PAA-MSN@As,04 —29.6110.64
LP-PAA-MSN@As,0; —16.6710.87
ANG-LP-PAA-MSN@As,04 —14.85%0.63

J&, SRR K, 5%A BB EEE B 22 LP-
MSN # Lt ', LP-PAA-MSN #1455 )& 5 inty—
HEFRHE, I H &5 B 40Kk 8 N . ANG &
WiLLJg, kifRm k% (123.474+0.31) nm (& 3-b),

HH T EPR 28, Fif27E 100~200 nm 45K 5 25
5y 1 iR L3 AR,

Wi 4-a. b fros, FRBRIBERT 45 SIER NH,-
MSN HA IV B F25E 2, 115545 NH,-MSN
bR A . FLAR AL 932.82 m¥/g. 3.8 nm.
W -5t B S R 2R TP AT, BT HIL R SRR, 3 —
R AAG RN, 2 G,
FLR AN, FLA2 20 B/ % 612.28 m¥/g. 2.5 nm,
Y2 T T A AL = AL N . AT
Lt (B 4-c0, RN 100 CEWIFET L=

a 800 =
—=—NH,-MSN
——MSN@As,0;
600 =
T
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g
S
X 4004
ﬁ
-?E,—v
=
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0 L) I |
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AEXT FE J3(P/Po)
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| |
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4 NH,-MSN #1 MSN@As,0; R EW-iMERLZ (a)-

NH,-MSN #1 MSN@As,0; L% (b)s NH,-MSN #0

MSN@As,O; AE S ()

Fig. 4 N, adsorption-desorption isotherm of NH,-MSN and

MSN@As,0; (a), pore-size distribution of NH,-MSN and

MSN@ASs,0; (b), and TGA curves of NH,-MSN and MSN@

As,0; (0)
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800 ‘C, NH,-MSN. MSN@As,O; [ i &4 2 73 7l
2 10.36%. 16.68%. [ SiO, H A widase rE,
i NH,-MSN [ S 45 2K T g & APTES H A HLE
HEKAL . MSN@As,03 F R S Rk K25 =4
6.32%. WK 5 Fia, AM6iEsERd, MSN 7
1 180.24 cm ' BB RIS Si-O-Si i i) Jsoxt
FRAMAEARZD; 806.11. 462.84 cm ' & Si-O-Si F %
FRAARAREN AN RS : MSN & IEAL LUS, 1 540.87
em ' HEL-NH, " 6 FRR 31 2% B 3 R T 1 7 42
£ MSN |2, PAA 1z J&, 1637.60+ 1718.77
em” ! FFEIR IR 23 AR BRI IRIE T ) C=0 4
PR, KW PAA BERURI
2.6 RINER

FHRIA pH {8 ROERL 2h 2200 (PBS, pH 6.0+
7.4) NBEBUY IR, #5553 P2l (AsOs ¥

PAA-MSN

I 2 (I)OO ST 1600 I
viem™!
5 MSN. NH,-MSN #1 PAA-MSN #YJ FT-IR [Ei&
Fig. 5 FT-IR photograph of MSN, NH,-MSN, and PAA-
MSN

T T T
4000 3000

MSN@As,0; 1 ANG-LP-PAA-MSN@As,0; )
As,O5 FIBEHURFAE, FEHRREUEE 3 P As,O; il 7]
IR TR (& As,05 0.5 mg), FI 2 mL B i
R, BT OAERENTSN, HRRE%E
B, BT 100 mL BHAFF, T (37.0£05 C
MHIR/KBIRG (75 t/min), 435)F 0.1, 0.25. 0.5,
0.75. 1. 1.5. 2. 4. 6. 8. 12. 24. 36. 48 h #ifff
HURE 2 mL, 37 BP0 455 AR 1R pH B 6 il
BT, FEMZE 0.22 pm WALIEIRIEE, HUELIEM
RSB PRGSO E As WRE . TAEHKM:
RF Ih% 1 150 W; ICAP 6300 %55 TR E 50
L/min; #BIRME 0.5 L/min; FALEME 0.3
L/min; ZZ3# 50 L/min; XA ELERS 5 5 JFLERS
] 30 s; AT (AEE 99.99%); ik 189
nm. As,0; %~ MSN@As,03. ANG-LP-PAA-MSN
@As,05 TEAN[A] pH BB ER Eh 2% 3k (pH 6.0+ 7.4)
FBETBURFE WL 60 As,O5 W AE 2 h BTG T 90%
2%, MSN@As,03 7E 2 h JERE UL 56%- 53%H]
Zi¥) (pH 6.0+ 7.4), HASRFII RS, Fl MSN
i E R S BUR FRIRE ), Btk MSN
@As,05 IR 28 EL AT 158 (6 pHE AR i 742027,
ANG-LP-PAA-MSN@As,0; 7/EANF pH (6.0, 7.4)
WEE 48 h W7ol RARBETIEE LT 58%. 47%.
2.7 BRI S SIIE

BTt $eA: KR C6 A1 HBMEC 40jE, 7
L 5X10° N/FLEEFT 96 FLIR, 37 ‘CH53% 24 h
JE B FIEFEW, AR EWRER NH-MSN,
PAA-MSN. LP-PAA-MSN F1 ANG-LP-PAA-MSN,
REEREFE 48 h JE, WREE LRI, B AN
% 0.5 mg/mL MTT HJLMEEFFK 02 mL, T

—8— As;0; ¥ pH 7.4

As;03 RBVEIE/%

—8— As,03 ¥4 pH 6.0

=%« MSN@As,0; pH 7.4

—¥— MSN@As,0; pH 6.0

—a— ANG-LP-PAA-MSN@As,0; pH 7.4

—%— ANG-LP-PAA-MSN@As,0; pH 6.0

6 As,0; RNEFIFIZERE pH (6.0 7.4) FEHAIAINEZ L
Fig. 6 In vitro release profiles of As,O; in PBS (pH 6.0, 7.4) from As,0; formulation
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37 CHEHE 4 h, WESH MTT 57, H
PBS & 2 )5, BFLIIA 0.1 mL DMSO, f#i4fE
)50 )5 F Synergy TM2 BEAR G 7€ 490 nm AbR G FE
(4) fH, THEHMTE JJ30H] 50% ) 5 & ik
(ICs¢) B8 BT SZER A 3 IR
MMAFIE R =A wslA s
A s IR TR EREM AR, A 97 EIABRIZ IR
KH MTT 7052 48 h N NH,-MSN. PAA-
MSN . LP-PAA-MSN A#l ANG-LP-PAA-MSN

HBMEC 4Hfufl Co i iijsg 4 e, wisk 2
Fims AR ERE /N 10 ng/mL IBHE, C6
1 HBMEC 4B MIAFIE R A m T 85%, 4 Fhaifkgn
JLEE RSB AN o I A AR O B A B I IR K
NH,-MSN X 2 Fft &4 i 3512 B HH 45 s 1 4 B 0 il %6
H T 38 A 2 T A A B ) I LT, P S TR R 5 5
ALV M N AR, DR = A e 20 B 1
B EIRE PAA-MSN AbFE 5 CKT 50 pg/mL),
HBMEC 41i/ifl 5 C6 4Hiu A7 % 45 NH,-MSN AL #1244

%2 NH,-MSN. PAA-MSN. LP-PAA-MSN 1 ANG-LP-PAA-MSN %t C6 A1 HBMEC RSN (Xts,n=5)
Table 2 Viability of C6 cell and HBMEC cell after being treated with NH,-MSN, PAA-MSN, LP-PAA-MSN, and ANG-LP-
PAA-MSN (concentrations ranging from 0.1 pg-mL™" to 100 pg-mL ™" for 48 h, X £ s, n =5)

5 C6 M AFIE /%
0.1 pg'mL™" 0.5 pg'mL™"' 2.5 pg'mL™! 10 pg'mL ™ 50 pgrmL ™! 100 pgmL™"
NH,-MSN 99.91+3.82  9453+250  88.50+1.99  83.89+0.88  74.32+3.08 65.57+3.75
PAA-MSN 98.98+2.44  93.14%2.09  89.79+2.19  85.68+1.72 76.91+%1.14 72.98+1.92"
LP-PAA-MSN 99.90+2.28 9591190  91.00+1.58  84.60£1.83 79.97+228  76.97+2.82"
ANG-LP-PAA-MSN 99.05+1.41  9341%£129  89.97+1.36  8597+125 77.69+1.66 71.43+1.37
150 HBMEC 21 A7 26/%
0.1 pgmL™ 05ugmL™" 2.5 pgmL™ 10 pg'mL™ 50 pgrmL ™! 100 pg'mL™!
NH,-MSN 99.50+5.87 98224428  95481+3.68  84.51+£3.78  7584+3.97 69.401+2.39
PAA-MSN 95.61+2.54  9579+3.54  90.65+4.41  88.55+£1.50 81.15%1.67 76.80+3.38"
LP-PAA-MSN 99.3244.16  93.06+3.93  90.27+4.78  87.78+3.79 8522+2.76°  81.69+2.21"
ANG-LP-PAA-MSN 98.7245.02  94.86+1.73  90.76+3.30  87.63+£0.88 83.09+1.51°  80.12%2.41
5 NH,-MSN 41Lh#: "P<<0.05
*P < 0.05 vs NH,-MSN group
PR R (P<0.05). LP-PAA-MSN AbHIZTE 1009 —o— ASIO; W

Jii R LI 6 HBMEC I 22K T PAA-MSN Ab 2
#H, ANG-LP-PAA-MSN ALt T- LP-PAA-MSN.PAA-
MSN 7 = 5 iR I X C6 B i) SR 2k £k
2.8 {RIMRINEE M KIS

HOG S KRG C6 4, LA 5 X 10° ANALEER
F 96 FLIR, 37 CHFE 24 h 5B FEHEI#ML, 435
AR EIR T As,O3 %57 - MSN@AS,03+ PAA-
MSN@As;03+ LP-PAA-MSN@As,0; 1 ANG-LP-
PAA-MSN@As,O; k41557 48 h 5, BRfLIIAE 0.5
mg/mL MTT [ GIIER 7 0.2 mL, §#H 4h. K
FHBFR I & A B, THE ICspo FTESLIRER 3 K.
As,03 ¥« MSN@As,03. PAA-MSN@As,03. LP-
PAA-MS@As,0; 1 ANG-LP-PAA-MSN@As,03 Xf
C6 4 AN E Bl an Bl 7 B, Bl o 6 R B ) 1
K, SHAMAFEIE TR R EEIC, RV As,O5 Xl
IR PR A I AT R A A E R . MSN@As,O5+

e MSN@ASZO}

= %= *PAA-MSN@As,03

—&— L P-PAA-MSN@As,0;

.. —¥—ANG-LP-PAA-MSN@As;0;

804 T

60 =

40

C6 YIHAFTER/%

20 =

0 T T T 1
0 5 10 15 20

As:03 JT B B /(umol L)
7  As,0;i8& MSN@As,0;. PAA-MSN@As,0;. LP-
PAA-MSN@As,0;3+ ANG-LP-PAA-MSN@As,0; %F C6 ZHff
HOHDHI 2k
Fig. 7 Viability of C6 cells after being treated with As,0;
solution, MSN@As,03;, PAA-MSN@ASs,0;, LP-PAA-MSN
@As,0;, and ANG-LP-PAA-MSN@As,0;



)

Chinese Traditional and Herbal Drugs 25 49 % 3 6 #§ 201843 A

° 1295

PAA-MSN@As,0; 5 LP-PAA-MSN@As,0; ] ICs
3L 93210 8.229. 6.942 pmol/L, KT As,05
T ICs 6.42 umol/L. ANG &81iZ J5, ANG-LP-
PAA-MSN@As,0; #FEZH 1C50 M 5.684 pmol/L, /)s
T As, O3 WA, Ui ANG-LP-PAA-MSN@As,0;
HA SRR AR S TR A o
2.9 {K4NFE BBB 35355008

k4 BBB HiEL .. HBMEC i1 12
FL transwell #z (FEHREHAE 12 mm, “FHFL4ZE 3 um,
B 1,12 em®, EEBETAFD, 4% 1}10°
AL BiFR 3 d Ja, FHZ M L REASC 3 Ao DN 5 4
FiFH (trans epithelial electric resistanc, TEER), R
2t R 2 2 PR BELER T 250 Q/em® A RER T SEAe B
Fto KM D-Hank’s ZmBAENEIEI T ST &AFE
s B GE R . SEER R FH T 37 C ORI
D-Hank’s et et 3 I, 7EAEAh 2 A
B As,03 V. MSN@As,03. PAA-MSN@As,05-

LP-PAA-MSN@As,0; 1 ANG-LP-PAA-MSN@As,0;
[¥) DMEM R57%K, SZab R in NS A2l AT
6 fL, MEEE, T 1. 2. 3. 4. 8 h fEZ4RHHIRL
HURESD 200 pL, FE RN RS . FEmE RS
TR HEE LTI As,O5 FTEIRE .

K E RIS BBB Hizpe IsLinssi Rank 3
Fim, W 3 Pl LUK FILE 8 h 5 As,O; 7K - MSN
@As,05. PAA-MSN@ASs,05 LP-PAA-MSN@ As,0;3
Al ANG-LP-PAA-MSN@As,0; {15 BBB #%iz % 4y
A (221£0.19) %, (247£0.11) %. (3.04+
0.07) %- (3.8110.35) %Al (7.70+0.48) %, J&
JR B FE RIS R BN (P<<0.01), 1M
ANG &1 LLJ5 , ANG-LP-PAA-MSN@As,03 AbFEZH
IFEIE RS ) PAA-MSN@As,O3 f1 LP-PAA-
MSN@As,O; AbFEAH ) 2.53. 2.02 5, Z45 R K
ANG 540 _EmRIA M) LRP-1 F55 MR )
KB T A IE BUR

£3 As,0; A EHIFIE BBBHEER (Xx+s5,n=5)
Table 3 Transport ratio of As,O; formulations across the BBB model in vitro (x £ s, n=15)

I H/%
2153
1h 2h 4h 6h 8 h
As,03 T 0.33£0.01 0.8240.10 1.2440.12 1.63£0.12 2.21+0.20
MSN@As,0; 0.39+0.02° 0.98+0.15 1.38+0.10 1.77+0.04 2.47+0.11
PAA-MSN@ASs,0; 0.66+0.07 1.43+0.09 1.81+0.117 2.30+0.14" 3.04+0.07"
LP-PAA-MSN@As,0; 0.85+0.13" 1.56+0.06" 2.05+0.11" 2.96+0.407" 38140357

ANG-LP-PAA-MSN@ASs,0; 1.65+0.10"%

3.06+0.117#

45140267  57540.177%  7.7010.48"

5 As) O RIZEELE:: "P<<0.05 TP<0.01; 5 PAA-MSN@As,0s A LLE:: *P<<0.01
"P<0.05 "P<0.01 vs As,O; solution group; P <0.01 vs PAA-MSN@As,0; group

A4N, I 4 iR, 1F LRP 32 A4R5% 4P 77)
ANG &Y Aprotin fAERIZFAET, HR&EHE4 h N
(e 3 30 . 2 5%, T ANG-LP-PAA-MSN@
As)O; WA FIEE BBB R (4.53+0.39) %%
RF] (2.44+0.11) %M (2.56+0.11) % (P<0.01),
Vi) ANG-LP-PAA-MSN@As,0; %5 BBB 1R K&
OB ANG [ EShEE R EH .

3 g

AHIT 5T I I il £ ANGAZ MG pH B R RS FL =
FALRENR BLFEGIAKRL, A RUR 3 T As,05 5 BBB LA
5 ST Rk J 5 8 24H R BEES ) A6 e PR 5 ik R R TR 2
W, EAARE TR SR A E A . SEER R
— B L% NH-MSN, S A0iEA 7 1L
K 1) L 25 Th AR DA B 0 26 3% T 1) O PR g D TR 1

R4 As0; TEFIFIF ANG FHIRAESXS LRP S80S
ML (X+s,n=5)

Table 4 Transport ratio of different As,O; formulations
across the BBB model in vitro in competition assay with LRP
receptor antagonists (ANG or Aprotinin) (x* s,n=35)

. B Y%
2 ANG LN
As,O5 TR 1.23+0.12 1.21£0.12 1.174+0.05
MSN@As,05 1.304+0.12 1.33+0.03 1.38+0.05
PAA-MSN@As,0;  1.8340.07 1.84+0.05 1.82+0.11
LP-PAA-MSN@As,0; 1.89+0.09 1.93+0.10 1.96%0.05

ANG-LP-PAA-MSN@ 4.5340.36 2.44+0.12" 2.56+0.11""
ASZO3

HE{AkE: TP<0.01

P <0.01 vs control group
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Asy O3 TAIE T RUF I 18k 25 F . MSN-NH, EAE 2N
TIEMAN LA, BT MSN@As,0;. PAA-MSN@
As,03 il ANG-LP-PAA-MSN@As,05 324 5 F45 14
SEREEAHAI, T U PR B 2 B X 245
RBHEHNFLESATIITL, HEZLL MSN-NH,.
MSN@As,O3 NHFFEX R . AT E #8045
NH,-MSN KSR 1E HLAar, AT DAd i i Fh A B 4k 48
N A ) PAA BRI 26 4F, FT-IR B
1 637.60. 1718.77 cm™ ' HNBIHREIE, K] PAA &
Wi ZhP PAA BHELLG, 1ENCHEE 42, NARAR
T FERRME T A IR, REESE R R R
YRR E IR “A%-52” S50, Nem 3 )55
¥j—. ANG #t—21EM )5, K45 BBB 45 K9
ANG-PAA-LP-MSN@As,0; 1% BBB #4iz %R B i,
T HA A, REASIIGH ) ANG-PAA-LP-
MSN@As,O5 % s 12 5 1767 B — 2L .

A MR T 28 2 B MSN X 245 B 2R
XS BT 2L A R B ST T B A R B
B, AR RN R R . PAA BIiLLE, K
HEE T AFLLLUBHAS T MSN R WL 25410
MTHL PRI GE T 80 25 0 RBEAR L
B pH MIBFIK As,O; IR EIE R, FEE
H T RRIE S5 T PAA BT 74k, WA 22 NI4T TT
BRI, BRH As,0°, BhgE EEW] ANG-
PAA-LP-MSN@As,0; A% I #2454 & A1 T i g
BRAL SRR, AN AE 5 U 1 2 A2 roRg 4 ORIt
HAE /NN IE 5 A0 B A 452455

WARFRMESZIR A5 R PAA HB M ] A 2 A
NH,-MSN K H#E R 255 iR AR ErE. mT
NP AE YA A s, e o B B B I i 24 R G
A et — i E . ANG-LP-PAA-MSN Ab 2
YA T TR FE INF PR 48 40 1) 26 1/ T PAA-MISN Al
LP-PAA-MSN Ab34H, 2N ANG &1L s, @
ot E s NG R R R R K, BRI AR TR
i akeea

AN UMRE T SeEG T, Bl MSN ANRETE 2R
AR Asy03, S5 MSN@As,0; A FE 4 ) ICs
{E =T PAA-MSN@As,0; A HE41 . PAA f&1HiLLS,
ICso A MSN@As,O5 Jl/MP R : 1) 23 14k fk
XTGP GERENG s 20 AT i Je 40 P A 55 v 7
AR 1 25 (e PR A B SR 4R . IR BE 3 DL
Ja, AR KRR A AR, BRI, R
1E % MSN@As,O5 3858 . ANG &1fiLLfE, HT%

{RAF 1 N % (receptor mediated endocytosis, RME)
PERINLH, (6451625 RGN BB RIREER N, Bk
HpimE RCR B35 08 T HR 4.

ARSI ) pH AE MR XU AL 13 As,O5
L AT IR BT BN AR B RE 24 R GERE A AL
IR As,O5 Miava 22 L 375 LG 7 Ba i LA S 7 A Gk = 5
FVESFGR AL, SCL T “HERIRZ 5 CREX AR
27, S35 i v 2 s L 5 e DA S Ox i e J e
7 28 [RIINF,  ASHIEFERTR YT & 78 7KV It 25 )8
[F1) 8326 22 i A R L R AL B — E IS B 0 {E

SE R

[1] ERE, E 4, M & % Zf5HomiEERT
Jifge (AL B TR [7). 2GR, 2016, 51(2):
208-214.

2] #EE2, FEMH, HRE, F W= pH {E
JA Y FL SRR GRORRL R 1) 46 S AR I ARPEAR [7]. s
%], 2015, 46(7): 982-989.

[3] AdiF, FWMEE. =% a7 2k R AR A I
T 8 B BRI A 2 A A AL (0], A2
HIfIR, 2012, 27(3): 242-244.

[4] Emadi A, Gore S D. Arsenic trioxide-an old drug
rediscovered [J]. Blood Rev, 2010, 24(4/5): 191-199.

[5] Sun H, Zhang S. Arsenic trioxide regulates the apoptosis
of glioma cell and glioma stem cell via down-regulation
of stem cell marker Sox2 [J]. Biochem Biophys Res
Commun, 2011, 410(3): 692-697.

[6] FEBeH, D, T hEk LGk & = A mh e s i
[J]. HHEZY, 2014, 45(5): 648-651.

(71 FEER, Ik AL SRR LR ().
MR E IR, 2015, 30(11): 1422-1426.

(8] ZMEH, EitHn, wKAKBR, 5. BRPTE O] & A F A
VB P25 W) A L AL TR 9 KR 8 2 FLA: S L 1 AT
[J]. #1HEZYy, 2017, 48(13): 2638-2644.

[9] Baek S, Singh R K, Khanal D, ef al. Smart
multifunctional drug delivery towards anticancer therapy
harmonized in mesoporous nanoparticles [J]. Nanoscale,
2015, 7(34): 14191-14216.

[10] f7%e%e, 6, A =, 5 ZEE-NIL ALY
KORE [ A 73 B I ) 2% 5 R AR [J]. T A2, 2016,
47(13): 2283-2287.

[11] Zhu J, Niu Y, Li Y, et al. Stimuli-responsive delivery
vehicles based on mesoporous silica nanoparticles:
Recent advances and challenges [J]. J Mater Chem B,
2016, 5(7): 1339-1352.

[12] Teng I T, Chang Y J, Wang L S, et al. Phospholipid-

functionalized mesoporous silica nanocarriers for



)

Chinese Traditional and Herbal Drugs

HF49% Fo6H 2018E3 H * 1297 «

[13]

[14]

[15]

[17]

[19]

[22]

selective  photodynamic therapy of
Biomaterials, 2013, 34(30): 7462-7470.
Ashley C E, Carnes E C, Phillips G K, et al. The targeted

delivery of multicomponent cargos to cancer cells by

cancer [J].

nanoporous particle-supported lipid bilayers [J]. Nat
Mater, 2011, 10(5): 389-397.

Huang R, Ma H, Guo Y, et al. Angiopep-conjugated
nanoparticles for targeted long-term gene therapy of
Parkinson’s disease [J]. Pharm Res, 2013, 30(10):
2549-2559.

Xin H, Sha X, Jiang X, et al. Anti-glioblastoma efficacy
and safety of paclitaxel-loading Angiopep-conjugated
dual targeting PEG-PCL nanoparticles [J]. Biomaterials,
2012, 33(32): 8167-8176.

FEEM, R, KHER, &, Angiopep-2 BIit%-F/N
AL ST IR FUEAKRL ) % S AR SMEAY (0], Hh
Zepdk ik, 2015, 50(9): 775-783.

Fei W, Zhang Y, Han S, et al. RGD conjugated
liposome-hollow silica hybrid nanovehicles for targeted
and controlled delivery of arsenic trioxide against hepatic
carcinoma [J]. Int J Pharm, 2017, 519(1/2): 250-262.
Zhao Z, Wang X, Zhang Z, et al. Real-time monitoring of
arsenic trioxide release and delivery by activatable T1
imaging [J]. Acs Nano, 2015, 9(3): 2749-2759.

H. A new

macromolecular therapeutics in cancer chemotherapy:

Matsumura Y, Maeda concept  for
Mechanism of tumoritropic accumulation of proteins and
the antitumor agent smancs [J]. Cancer Res, 1986, 46(12
Pt 1): 6387-6392.

Sing K S W. Reporting physisorption data for gas/solid
systems with special reference to the determination of
surface area and porosity (Provisional) [J]. Pure Appl
Chem, 2009, 57(4): 603-619.

Kruk M, Jaroniec M. Gas adsorption characterization of
ordered organic-inorganic nanocomposite materials [J].
Chem Mater, 2001, 13(10): 3169-3183.

Aw M S, Bariana M, Yu Y, et al. Surface-functionalized

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

diatom microcapsules for drug delivery of water-insoluble
drugs [J]. J Biomater Appl, 2013, 28(2): 163-174.

Chong A S M, Zhao X S. Functionalization of SBA-15
with APTES and
J Phys

characterization of functionalized
materials [J]. Chem B, 2003, 107(46):
12650-12657.

Yuan L, Tang Q, Yang D, er al. Preparation of
pH-responsive mesoporous silica nanoparticles and their
application in controlled drug delivery [J]. J Phys Chem
C, 2011, 115(20): 9926-9932.

Mishra A K, Pandey H, Agarwal V, et al. Nanoengineered
mesoporous silica nanoparticles for smart delivery of
doxorubicin [J]. J Nanopart Res, 2014, 16(8): 1-10.

Xiao X, Liu Y, Guo M, et al. pH-triggered sustained release
of arsenic trioxide by polyacrylic acid capped mesoporous
silica nanoparticles for solid tumor treatment in vitro and in
vivo [J]. J Biomater Appl, 2016, 31(1): 23-35.

Gao Q, Xu Y, Wu D, et al. pH-responsive drug release
from polymer-coated mesoporous silica spheres [J]. J
Phys Chem C, 2009, 113(29): 12753-12758.

Fhhdn, WG, FWICE, 55 LABUOK A A0 ER ) R
R RN - MoK 45 25 RGN ) & RARSE PP [T].
2R, 2015, 50(7): 899-905.

Yu T, Malugin A, Ghandehari H. Impact of silica
nanoparticle design on cellular toxicity and hemolytic
activity [J]. Aes Nano, 2011, 5(7): 5717-5728.

Li HW, Zhang J Z, Tang Q Q, et al. Reduction responsive
drug delivery based on mesoporous silica nanoparticle
core with crosslinked poly (acrylic acid) shell [J]. Mater
Sci Eng C Mater Biol Appl, 2013, 33(6): 3426-3431.
OO, FERE, IR, 5. pH MR FL S
K UKL FC) 1) 26 J2 TR RE TR (0], S o AR 2 54,
2012, 33(5): 914-918.

Dengler E C, Liu J, Kerwin A, et al. Mesoporous
silica-supported lipid bilayers (protocells) for DNA cargo
delivery to the spinal cord [J]. J Control Release, 2013,
168(2): 209-224.



