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Preparation and in vitro evaluation of redox-responsive silica-loaded arsenic
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Abstract: Objective The redox-responsive drug delivery system of MSN-SS-PEG@As20; was constructed based on mesoporous

silica nanoparticle (MSN), which was modified by both redox-sensitive disulfide bonds and non-toxic, non-immunogenic polyglycols
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(PEG), and loaded the arsenic trioxide (As203) by electrostatic adsorption and evaluated in vitro. Methods Silica was synthesized by
coprecipitation method. The redox-responsive carrier (MSN-SS-PEG) was synthesized on the basis of silica, (3-mercaptopropyl)
trimethoxysilane, 2-(2-pyridyldithio) ethylamine hydrochloride and methoxy terminated PEG. The particle size and Zeta potential of
MSN-SS-PEG were measured by Malvern particle size analyzer; The structure of the carrier was verified by infrared spectroscopy; The
morphology and physical and chemical properties of the carrier were investigated by transmission electron microscopy (TEM) and
small angle powder diffraction; The drug loading efficiency of MSN-SS-NH2@As203 and MSN-SS-PEG@As203 were investigated by
inductively coupled plasma emission spectrum (ICP). The drug loading was further verified by thermogravimetry (TGA). In vitro
release characteristics of the drug delivery system under different pH conditions were investigated by dialysis bag method. MTT assay
was used to investigate the toxicity of carrier and delivery system to human normal hepatocytes (L02) or human hepatocarcinoma
(HepG2) cells. Results The potential of MSN, MSN-SS-NH2, MSN-SS-PEG was (—13.40 + 0.87), (31.63 + 0.90), (27.70 £ 5.60) mV,
respectively. The final potential of modified carrier was positive. The particle size of MSN-SS-PEG was (159.60 + 3.10) nm. The
results of TEM showed that MSN, MSN-SS-NH: and MSN-SS-PEG were all round or quasi round; The drug loading of
MSN-SS-PEG@As205 was 4.38%, which measured by ICP; The release in vitro showed that MSN-SS-PEG@As203 was redox
sensitive response. Compared with L02 cells, HepG2 cells were more sensitive to the toxicity of the carrier, and with the increase of the
carrier concentration, the cell survival rate of MSN-SS-PEG was higher than that of MSN-SS-NH>, suggesting that PEG modification
can further reduce the cytotoxicity of the carrier and improve the biocompatibility of the carrier. In addition, MTT results showed that
the inhibitory effect of MSN-SS-PEG@As203 on HepG2 cell was significantly higher than that of other groups. Conclusion The
carrier prepared in this paper had a round and uniform particle size. The modified silica can release under the special microenvironment
of the tumor and increase the accumulation of the drug in the tumor site. The delivery system has a good application in tumor therapy as
a tumor micro-environment responsive carrier.

Key words: As203; mesoporous silica; redox responsive; liver cancer; nano drug delivery system; co-precipitation method; inductively
coupled plasma emission spectrum method; thermogravimetry; MTT method; LO2 cells; HepG2 cells; cytotoxicity; biocompatibility;
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ATy IR (TEOS), _EBigkls TilHE
FRAR]: 7kt =HIERME (CTAB), hig
FRFEAGRHA R AR, FHEIE-KL R/ (PEG) -
BRIAWE W ik £ B2 i [ methoxy PEG succinimidyl
carboxymethyl ester, mPEG2000-NHS, #H%J4>¥ )i
& (My) 2000], dbERt8EdlRHARAR 3-3ikk
P 3E) = H A SR (MPTS), Sigma-Aldrich ( i)
RGEMRAT]; 2-(2-ME eIk “Hi kL) O Eh iRk, 6
IHBTJREEAL T A R/ ; DMEM K387, 0.25%/#
EAM. R4 MiE, 56 Gibco AF]; H-HFERE
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10 mg/mL, HUMNIUZFEFAF .. NH@E4E (HepG2
YD) NIEH FT4HM (L02 40f), ¥tz
ZIR BN SEIGHT T O iR A

2 HESHR

2.1 FHIEHERK

2.1.1 MSNJ&EH ¥ 0.3 g CTAB T 240 mL i
afike, FFIMAGEER NaOH (2 mol/L) iR, T
40 ‘CNHEE/IBEFE 0.5 h J5, ¥4 1 mL TEOS &k £
CTAB W+, [ 2h, 20 000 t/min Z5-C» 30 min,
RRAEK B DVEsR 3 Ik, HATEE, HapiBsk %
FHR ) CTAB Ji RI#3 MSN,

2.1.2 FmEBM A (MSN-SH) &K #
100 mg MSN 78T 100 mL #8467k 1, fiN 400 pL
NaOH, 40 CZfF N 20 min [EHIA 225 uL (3-
SRALPI ) S R AT, EERM 1.5 h, 15 000
r/min 250> 30 min, /K¥E. BEYE 3 K, EAETEER
5 MSN-SH.

2.1.3 B AR (MSN-SS-NH) K&
B fE “2.1.27 T MSN-SH &GS A2, I 225
uL (3-FiFE N2 = A AR M. 1.5 h 5, 4R
N 25 mg 2-(2-MHk g 5 B EE) S NG Eh IR ER [ B 1.5 h,
15 000 r/min &.0» 30 min, /K¥%. B GBS T
{5, BI75 MSN-SS-NH..

2.1.4 PEG f&1i# itk — A it (MSN-SS-PEG)
&R R FREL 25 mg MSN-SS-NH, ¥ T 10 mL
T HEHEE (DMP) 1, EEHEE 0.5 h EIIA
25 mg MPEGa000-NHS, 4685 12 h, Fif3r=ms
15 000 r/min &5.0» 30 min, 7K¥%E. BEVE 3 K5, B
T, EP7S MSN-SS-PEG.

2.1.5 ARG E R ZLAMGIEO" MSN.
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S38Te 7E MSN FIEE (B 1D A1, 109022 cm™ &b
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= = P Y
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Fig. 1 FT-IR photograph of MSN, MSN-SH, MSN-SS-NHz

and MSN-SS-PEG
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806.25464.33 cm ™! b3 A H B Si-O-Si B X FR AT
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2.2 MSN-SS-PEG@As;0; &%

FEEFREL 40 mg ) MSN-SS-NH,. MSN-SS-
PEG, 735N ZE 1 mg/mL As,Os ¥ 10 mL o, ##
#£ 24 h, 20 000 r/min 550> 30 min, 5= As203,
RAiKBE 3 K, HAETHE, B8 MSN-SS-NH.@
As;03 1 MSN-SS-PEG@As:,03 ..

2.3 MSN-SS-PEG@As;0; £ 252 AN E

231 RS SR TR OLHEE Cinductively
coupled plasma emission spectrum, ICP) 2l %
i,

(1) TAEZAF: $140 (radio frequency, RF) 1)y
E 1150 W, SR FRRE 50 L/min, HHBISRE
0.5 L/min, FAL#$AE 0.3 L/min, ZEi# 50 L/min,
XA LERS S s, T BERTE] 30 s, 2 (Ar)99.99%.
FH PRI TROR 2 RS HE I 2R, AR Hh 2R IR TR ik 3
RS . B 189 nm NAMMTIEL, HFH
A, FaEtElr, REES.

(2) FMPR 2R BRI B E T A
WA, FEE “23.0 (D7 WUTAERMT, dEekile
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10 %, ToGE IR HBRAESNE 10 KRBT SD
B 3 £ 8 2R EVEGE LN E 10 X SD A
(1) 10 fis o SLER S0 70 2% A ASE HH BT 58 BR300
1.68. 5.60 pg/L.

(3) At 2RI 2. % 7% AR VA T B
T 100 mL 2, WRERZIE, 193 EKES
W24 0.01. 0.10. 1.00. 2.50. 5.00 mg/L [fkzE
W H% “2.3.1 (D7 WULAE KA bR 2 i
TRORN & o SR B AR AE VA VRE 189 nm AL F R ST 5
B, PNAART R R BT EE (YD, R AT 9 T EVREE (O,
A Excel 2010 22l A 2, AHOCHR %L
HFEN Y=437.32 X—11.667, R*=0.999 6, H.17F
0.01~5.00 mg/L MR R R IT.

(4) %R UK. . & (0.01. 1.00,
5.00 mg/L) Ji FE il FEARM R #EVATR, 4% “2.3.1 (1D)”
T TAESARE, 20T 1 d WEHT 6 Wil &%
g6 d AT (BRI 1), THEH AR H AR
BRE, S H AN H RS %5 B2 RSD 43 710N 1.39%.
1.66%- 0.85%#1 2.02%- 2.89%-. 1.11%, FHHH.
H TR %5 BE 3R T 1R K

(5) FRoEtEikEe: BUREWREN 2.5 mg/L FE i
EIIERL IS 73 5 F 04 24 4. 6. 8. 12h % “2.3.1
(D7 BUTAEZAFERE, 2559 RSD N 0.10%, FFé&

(6) EEMRL: BUREIREN 2.5 mg/L F£ i
W64, i “2.3.1 (17 WTAELAFNE, 455
il IR FE ) RSD N 1.79%, 58 ikSER,

(7) IAEENSCERARE: A 2 VR I AR i
VAR E 2, i AsrO5 TR IRE 27518 0.014
1.00. 5.00 mg/L 1E R EICR LI 3 AR E,
ZUE AR PE R B AR % “2.3.1 (1)” TARSAFiEAT
Wi, A FREIREPATIE 6 K, TTHEASMbRIE
T (USR535 (1.080.08) %- (1.07£0.05) %-
(1.03£0.01) %, RSD<3%, FF&iiEsrEsR.

(8) WAEMIME: HUHZIR “2.27 I il Fr
#3117 MSN-SS-NH>@As,03 Al MSN-SS-PEG@As,0;
SR OIEG S ICP M E S KA M#diE; HF
HRHIE T P IRIE 2 RGN 2 & .
B “2.27 T B0 FT S8 AsO5 Ui B _Id Al
Vi, ICP BN B 25 B &R EIC A Ci,
wi=CV, WRIETRERTEAOE RS,

AR =(Wo— W)/ Wo

LR =(Wo— W)/ Wi

Wo NEARZ R, Wiy MSN #2549 &, Wi oA MSN (1)
EY5E

IS ICP W5E HiE h 25 i SR FEE R Tk
3 MSN-SS-NH,@As,03+ MSN-SS-PEG@As,05 ]
WED RN 4.73%- 4.38%. [FI], AW 58K ICP
KM ES O PRI AR R b 24k i, R BLAE ]
BV FE T As:O3 0158 LT 7] LA ZBE AN 1T o
232 MESITENERZ R [FE R HRE ST
PAEE AR T TR A E ST, IREREER
10 C/min. WK 2 Frax, MWEEH 100 C LT
800 ‘CH}, MSN. MSN-SS-NH,. MSN-SS-NH,@
As03. MSN-SS-PEG@As,03 1] Jii & 45 2% 73 5l N
8.98%. 30.43%. 35.24%. 38.15%. M4 &AM
BT, MSN-SS-NH,@As,0; il MSN-
SS-PEG@As,03 HIE 2 5737l 9 4.81%- 4.36%, i
KEUN, X5 ICP MAHH MSN-SS-NH2@As:03
RABERAREEZR (P>0.05),

R/ %

1 -e-vsn
"] ——MSN-SS-NH,

60 —¥—MSN-SS-NH,@As,0;
—— MSN-SS-PEG@As,0;

| |} 1 ] L) L) 1 1

0 200 400 600 800
REEIC

[El2 MSN.MSN-SS-NH;.MSN-SS-NH2@As203- MSN-SS-

PEG@As:0: IR E 771

Fig. 2 TGA curves of MSN, MSN-SS-NH2, MSN-SS-NH>@

As203 and MSN-SS-PEG@As203

2.4 YRRIAIFRIE

24.1 SPUES  9RRSE HTE TG 2N A
AR, BREHERAARECRHIE. KBS
PSR THIM b, # 8 10 min, JELAURT, AILE
IETIGEE S8 Nk T e, 4R WK 3, K
A%, MSN. MSN-SS-NH, E.A B B A FL IS ) 45
F, TSk A AEE (sSi0y) TN EA ] B/
LR L4 o X2 T RRRIE AL T /e FLgEm, BAr
FLEERIREMT, 45T . sSi02« MSN. MSN-SS-NH,
HMULEE R BT EEIRTE, HAHLE T sSi0, 5 MSN,
MSN-SS-NH» [ 43 i 5 4
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3 HERRLESERIEE (FRR7 200 nm)
Fig. 3 TEM images of nanoparticles (scale bar is 200 nm)
242 CPEIKIAR. Zeta BV EEE  EIBOGR X

SR RLIIRAZ T Zeta FEALHEATINE, 25 R 1.
MSN [fkif2 N (62.50+7.83) nm, MSN-SS-NH,
[KkLfE N (127.97+1.50) nm, PEG &14fi i ) MSN-
SS-PEG [fJkife N (159.60+3.10) nm, H#EZ¥)5
MSN-SS-PEG@As,O3 ¥ift Ay (177.77+£4.82) nm.
% 1 A7%0, MSN [ Zeta HAA (—13.4040.87)
mV, S G A AT B % 9 IE, MSN-SS-
NH, ] Zeta 474 (31.63+£0.90) mV, PEG &%
J& LTk /N, Zeta FEAZAN (27.7045.60) mV, MSN-
SS-PEG@As,0; 1] Zeta A7 (24.13£2.73) mV.

% 1 MSN. MSN-SS-NH:. MSN-SS-PEG. MSN-SS-PEG@
As203 BURITRF0 Zeta BB (Xt 5,n=3)

Table 1 Particle size and Zeta potential of MSN, MSN-SS-
NH:z, MSN-SS-PEG, MSN-SS-PEG@As:03 (x £ 5, n=3)

FE Hif%/mm Zeta HLAZ/mV

MSN 62.50+7.83 —13.40%0.87

MSN-SS-NH2 127.97+1.50 31.63£0.90

MSN-SS-PEG 159.60+3.10 27.70+5.60

MSN-SS-PEG@As203  177.7714.82 24.13+2.73
243 /NMAKRATS (XRD ) N AATE £

B RAIBA 7 LA R BAFAE, f&2 MSN RAE
RERMTFBEZ —, BB P L4
FAERREE o ASEIR AT S5 N E 1°/min, TAE
HLJE 40 KV, TAF LI 200 mA. /M X 5F£E 45 52,
Kl 4, 7E2°~3°MSN H I B AT S, RKHA
BAFLEER, 24325 B PEG B2 G759 1% LT
TR
2.5 RINERRR
RABNTESEIB 2 RGN 205 . ik
F pH 25N 7.4, 6.5, 5.0 FISAMHK 10
mmol/L (BAEARMHIKD [ PBS EBARA
Jii. MSN-SS-NH>@As,03 1 MSN-SS-PEG@As,03
(& A$:03 0.5 mg) 73 #1228 W bR 2 H il A

—+-MSN
—+—MSN-SS-NH,@As,03
+~MSN-SS-PEG@As,03

200°)

E 4 MSN. MSN-SS-NH:@As203. MSN-SS-PEG@As:0;3
BN AR AT

Fig. 4 XRD photograph of MSN, MSN-SS-NH:@As203and
MSN-SS-PEG@As203

EHTAS N, % 5 BT 200 mL B i, 37 °C
MEIRKBIRY (75 vmin), 250F 0. 0.25. 0.5, 1.
1.5 2+ 4. 6. 8. 10 12. 24 h BUEE, FEIrBpAMm
i AR R pH A RIS DEH IR & SRRSO T, FF
AT ST, LSRR R ST T ICP W E 29 ) &
&, AN HERRAR (), HaflRAihLk.

M,=CiVot+ X CiVi

On=MVo
M, 2B ] AU BRUR ISR, O I ] 2 EARECR,
Co RIFIR] 0 I EIZGIDIRIE, Vo NBEIEATRARAN, Vi St Ia] i
IR AR PR, Rt IR] I 2R BE G 25
[ AR

RANR 2545 AP 5-A BT, fE 24 hy BEH
Jik >4 10 mmol/L i, MSN-SS-PEG@As,0; 7E pH 7.4+
6.5 5.0 1] PBS RN As:03 7378 (55.16+
1.57) %. (69.49+2.88) %. (81.00+3.24) %, 4
RRLE pH 5.0 1 FRUBMEME ST pH 7.4
IR, Wi IZIE 2 KRG EA — M pH {E N
B, AR T AERME M TR thAh, 1EE
5-B 1, MSN-SS-PEG@As,0; 7£ pH 5.0 At H ik
FELE (10 mmol/L) HIREIA 5T 1 As,03 RIEETHE:
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A 1001

0%

——pH 5.0 MSN-SS-PEG@As,0; &t H ik 10 mmol-L™!
—#-pH 6.5 MSN-SS-PEG@As,0; &t H ik 10 mmol-L™!
~@® pH 7.4 MSN-SS-PEG@As,05 2Bt H ik 10 mmol-L™!
~¥—pH 7.4 As;O; 7t H ik 10 mmol-L™!
—¢—pH 6.5 As,0; &t H Ik 10 mmol-L™!

pH 5.0 As;O3 At H K 10 mmol-L™!

Onl%

—- pH 5.0 MSN-SS-PEG@As,0; 2 it H Bk 10 mmol-L™!

—% pH 5.0 MSN-SS-NH,@As,03 2t H ik 10 mmol-L!

—@— pH 5.0 MSN-SS-PEG@As,0;3 %t H ik 0 mmol-L™!

—4—pH 5.0 MSN-SS-NH,@As,0; 5t H ik 0 mmol-L™!
pH 5.0 As,O3 7/t H ik 0 mmol-L™!

pH 5.0 As,O3 Z¥ Mt H Ik 10 mmol-L™!

16

o 4 8 12
t/h

5

Fig. 5 In vitro release profiles of As2O3 (n =3)

A1k 81.00%, MELAHEH KK pH 5.0 PBS /i
H1, 24 h I MSN-SS-PEG@As0; ] BFRE AL
N 25.84%, MSN-SS-NH,@As,05 F 2R HCE N
25.28%, 10 mmol/L %+t H AR )i il ff MSN-
SS-NH:@As203 ] As03 P BN 24 h N EE
70.02%. ZRFH, FEESMH KRS
RGRIVEAIE JFE A SAERE, A F T 25075 e
TR MR
2.6 #HixSM

43 B B A K HepG2 A1 LO2 4 A, 8X
103 AN/FLEFNT 96 FLI, 37 'C FES% 12 h, B3
B IR WG 53 MM NAS AR FE 1Y) MSN. MSN-SS-
NH>. MSN-SS-PEG TIMLiEE 7R, NR: 7= 6 4%
SRIETE 24 h, WIFEAREFRTE I 0.2 mL & MTT
(0.5 mg/mL) M TCIMIFRHFRMALEITE 4 h, B
oA MTT R IRl H 2, H PBS EEH G
3k, FFLIMA 0.15 mL DMSO, THEK FHEHE 15
min, FEEFRCREIZE 490 nm I HITROGEE (4) 1H,
Hedze o T S A0 A7 2R

AT 5 R = (45— AB)/(Ac—4B)

20

24

{RINRTERZE (n=3)

As IR, An Ry FUMBE IR HIROCRE, dc A
ZITRRIR B O froset BRI e

SR 6. fEHATENESIEH, MSN, MSN-
SS-NH2. MSN-SS-PEG X} L02 1 HepG2 ¥R I H
BRI EE, ROH DM AR . ik
JREWREALT 2.5 ng/mL i, L02 40 IF7ETE R 1)
KT 85%, HEBARZIETRERER. HIMILLT
LO2 2, HepG2 4 Xt H A4 11 25 1 SE fUak . 43
R E T 5 ng/mL i, MSN-SS-PEG ZH 141
HA7i% 2T MSN-SS-NH, 4, ] PEG 1&/fi)5
P BR T BRI AR, SEm T BRI AEY)
FHZE
2.7 BARGEINSHEITFN

B8 A KK HepG2 4RI LA 8 X 10° AN/FLEE
T 96 Lk, 37 CREEFF 12h, IR, 7
IR I () As203+ MSN-SS-NH>@As:05 Fll
MSN-SS-PEG@As,03, 4kLEHEFE 24 h 5, W&
iR IR, BLB I 0.2 mL & MTT TG i 3
FM, T 37 CHLLHE 4 h 5L % 15 min,
KA BGAR SRR, HH AR SR Tl
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SEIGEE 3 k. SR 7. B FUEIKE
BN, As:03+ MSN-SS-NH,@As:03+ MSN-SS-PEG@,
As:03 FHBIFAHE R FAC, B As03 % HepG2
2 1 B A B A A

1201

@R MVSN [ MSN-SS-NH,

E=3MSN-SS-PEG
1004

80

60

404

L02 M AAFIE R /%

204

0=

100
EERMSN  EEBMSN-SS-PEG  EERMSN-SS-NH,

HepG2 4 AE35 1%

2.5 5 10 25 50 100
JREAE/ (ngmL ™)
El6 FRERE 1~100 pg'mL' T MSN. MSN-SS-NH:.
MSN-SS-PEG 5 L02 (A) #1HepG2 (B) AfEtiEE 24 h /5
B ZHRR T I R
Fig. 6 MTT assay of L02 (A) and HepG2 (B) cells after
being treated with MSN, MSN-SS-NH: and MSN-SS-PEG at

concentrations ranging from 1—100 pg-mL™! for 24 h

100 - As,0;

=i MSN-S S-NHz@ASZO3

80
= == MSN-SS-PEG@As,0;
HT 60 ]
%
=
5 i
o 40
Q
5
T
20
0 T T T T 1
0 5 10 15 20 25

As,03/(umol-L")
7 FREIRERZIEHRGS HepG2 #E 24 h R4
R
Fig. 7 Viability of HepG2 cells after being treated with

As203 formulations at different concentrations for 24 h

B 2 AT, AHEET AsOs Y ICso [(14.65+
0.16)umol/L ], MSN-SS-NH>@As,05[ (10.1540.39)
umol/L] A1 MSN-SS-PEG@As;03 [ (7.64+0.35)
umol/L 1 K] ICso A k&ML, HEAFEZEMER
(P<0.01).5 MSN-SS-NH>@As,0; # Et., MSN-SS-
PEG@As:03 ] ICso B B E M ZER (P<0.01), &
] MSN-SS-PEG@As,03 H A H A {411 HepG2 4H
s PE e
2 TREIRENE As20: BHRKS HepG2 HiFE 24 h
E4RAE 1Cso &

Table 2 1Cso of HepG2 cells after being treated with As203
formulations for 24 h

2H ) ICso/(umol-L 1)
14.65+0.16

MSN-SS-NH@As203 10.15+0.39™

MSN-SS-PEG@As203 7.64+0.35"#

5 As,0; A% P<0.01; 5 MSN-SS-NH,@As,03 2H b4
#p<0.01
P <0.01 vs As,0;3 group; #P < 0.01 vs MSN-SS-NH,@As,05 group

2.8 GItFAIE

KH SPSS 20.0 73 AT Gi it o0 br, %
Y (8] LR F 7 22 534, 2R TR) BREBCR A AR A
t K5, HUREDAY £5 Fon. P<0.01 EUHEEM
5.
3 1ig

ARSI 45 ) MSN. MSN-SS-NH,. MSN-SS-
PEG. MSN-SS-PEG@As:03 ¥ T 7K J5 7ML 3 2 1
L6, FEH ST NS gk 2 UL KR
T, rEERT . 5 SCHRic >, RiARTE 100~200
nm A IR KR T 1 5 S AR (1 i P AR R A
M (enhanced permeability and retention effect, EPR)
B0 SE T BE 25 5 AE R AL B A . AR SIS ) 45 1
MSN-SS-PEG@As;03 ¥if2 N (177.77+4.82) nm,
WO 25 AE IR B A SR AR PRk T v B . MISN-SS-
NH, KGRI, H Zeta BALNIE, X A AL B
iy SRR AR B9 BRI A . £3R AsO3 5,
%24 2248 MSN-SS-PEG@ As,O; [FJ AL R %, {HA)
{RFF—EMIE M, I Zeta FAAN (24.134+2.73)
mV, ZH 2 RGN EALLE R, R R

ANFRR RTINS PEE 3T 3 0k o) £ 1) N 3R
IRBAT AR RAE . N RATH S5 R MSN B &2
HIELATSE, RENILEM, i MSN-SS-NH.@

As203
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As,03. MSN-SS-PEG@As,03 AT IEIEAE 5 41
AP 25 R MSN # S 221 /5 2 557.14 cm™
b H ISR IR R AR s ZEEM /S 1 505.68 em™' Ak
Bl N-H 1725 #h3Rzh0%, PEG &1fij/5 1 617.05 cm™
A1 666.14 cm™ 73 il B e AR B A C = O B if
gifRBhE, REAFMEMNRT), HhRESPE
PRI PUE T PEG MIEH ) .

FH A AR T 4s AT AT, MSN-SS-PEG@As0;3
7 pH 7.4. 6.5. 5.0 PBS R As:03 735N
55.16%+ 69.49%. 81.00%. #* W MSN-SS-PEG@
As;03 ZGEAIR pH %4 T RERA F I 25 &,
B DU R IR A R T 2R X T RE
RHT RARM IR — W IEHRA, 27 RFRL
HL A 25 B AN R DBEE pH (A R PRI 3G I, AT
R T As203 AR FRETI. 641, MSN-SS-PEG@,
ASzO3 5 MSN—SS—NHQ@AS203 E/E’; 10 mmol/L GSH
BTN T As203 RAVETE S 5N 81.00%-
70.02%; PBS W43 bt H KA FEZERS , MSN-SS-PEG@
As;0; 5 MSN-SS-NH:@As;05 1 B 78 4 il N
25.84%- 25.28%. Ft, AAISIEZ Rgn] Lhd it
A e B AT R T

55 R R R R AR B LA i MR
/INo LO2 4 AN HepG2 40 1) 40 i 25 LI LG, i
B3 B AR A A R AT . BB T 2R K
HAnf e 2 35K, H MSN-SS-NH, HI 41 7
P£35°KT MSN-SS-PEG, XA fig tHT- MSN-SS-NH;
PR ) IR LA, PH B - 22 5| S I I S5 4 P 2
PERY, WA PEG B T AL FH, — EFR AL
K BH B T T BSOS AN M R Y s, PR
Y ERPEAR X BN, #2557 MSN-SS-PEG HIA4HH
BHES

245 RGARAPER SRR, As:O5 [ 1Cso {H.
N (14.65+0.16) pmol/L, MSN-SS-NH,@As,03
A1 MSN-SS-PEG@As:0s (1] ICso fH 73 318 (10.15+
0.39) pmol/L 1 (7.64%0.35) pmol/L. MSN-SS-
NH@As,03 1 MSN-SS-PEG@As03 [ ICso 13 2. 3
KT As203 (P<0.01), RHBMAIATEM G, 16
—EFRE LA m T RAMIRIT R . H PEG &
HiLLJE , 1Cso 1% MSN-SS-NH>@As,03 ¥l /) 3 2 [
FREA PEG )G &K T 154 REHIAE N TER
I [a], {8750 2 25 BIA MR AL, FLYE IR AR
i Rt T GSH Wi MR, kS5 A
(96T %R . RlIE, MSN-SS-PEG@AsO5 113708

VERE: As:03 5 MSN-SS-NH@As,03 & % 15
45 L firi&, MSN-SS-PEG J&—FlAUU (¥ e ik

Mg SR A, HRAARS I E, RN

41 MSN-SS-PEG@As,0; AT As:03 TEMPIRIHE

TRIAIEE T RE ME L TR o 24 ) L ik R AL Y

P, XM 2 R GV R R T RCE TR T

.
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