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pH-MSNs R[ G 2] HEC-1-A ZUH3 56, 24, 48 h EEEMHIRE (ICs0) 42518 47.72. 28.82 ug/mL, AR5 S 41 1A
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Preparation, characterization, and antitumor activity in vitro of resveratrol pH-
sensitive mesoporous silica nanoparticles

LI Weihong, ZHANG Tao, GAO Juan, WANG Danlei, WANG Fengyun
Henan Vocational College of Applied Technology, Zhengzhou 450042, China

Abstract: Objective To prepare resveratrol pH-sensitive mesoporous silica nanoparticles (Res-pH-MSNs), and to investigate its
antitumor activity in vitro. Methods Encapsulation efficiency, drug loading, and particle size were acted as evaluation indexes, Res-
pH-MSNs formulation was optimized though single factor test and Box-Behnken design-response surface method. Crystal form of
Res-pH-MSNs was analyzed by X-ray diffraction, scanning electron microscope was used to observe the morphology of Res-pH-
MSNs, and the pH-sensitivity was also checked. Inhibitory effects of Res-pH-MSNs on endometrial cancer HEC-1-A cells were
detected by methyl thiazolyl tetrazolium (MTT) method. The effects on apoptosis in HEC-1-A cells was detected using Annexin V-
FITC/PI double staining method. Results Optimal formulation of Res-pH-MSNs was as following: MSNs to drug ratio was 1.95:1.00,
chitosan concentration was 0.19%, and preparation time was 12.50 h. Average envelopment efficiency, drug loading, particle size, and
Zeta potential were (84.96 = 1.17) %, (22.58 = 0.66) %, (137.28 + 7.69) nm, and (31.09 £ 0.87) mV, respectively. Res-pH-MSNs were
regular spherical, resveratrol existed as an amorphous form in the Res-pH-MSNSs, and drug release in vitro had obvious pH-sensitivity.
Res-pH-MSNSs significantly inhibited the proliferation of HEC-1-A cells with half-maximal inhibitory concentration (ICso) of 47.72
and 28.82 ng/mL at 24 and 48 h, respectively, and effectively induced apoptosis of HEC-1-A cells. Conclusion The prepared Res-
pH-MSNs have obvious pH-sensitivity and antitumor activity.
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T B LI 0T L e A i e A R, T
ITAA R NIRRT TG WG T R EL OB )
ANRRB/N 7R 2808 ARSI AT
AR A, AL mmEEy T, BT K
CIFBRAEY) . WEFCIER 22 P RN T N i B
A BT, R R RGN 2, AR
= R T R AN AED) . (B 2P BRI A RS AL 42.28
pg/mLl), ERZE 25 BRI HIY 0.42 07, AN
EVEZE, R T BRI EE. HETARE
A g S AART), [ g S5 9 KR8, mPEG-PLGA 44
KA oo, (AR A R, 4 T2R
FEE B . LSRG KR (MSNs) B 32
2im. il R RS YA R
SO0, SRR —Fh R AT pH HEUBM KL, 1555
FRPEIREE G, ABAE PR SS BRI B B P LA
WO, e 52 TERE R AN L ARG R T
FIF 5 REBEN pH B BBURARE P AT A FL AN
KL E 55 TR M 1 bR A 3T S TR 2, R T 1G5
2120, AR AR R B £ T B 2R A AL
TEAEEYKRL (Res-MSNs), #t— 5 F R A
B R R Z, WAEEIE 2P pH BUK
AL E ARG (Res-pH-MSNs), K H] Box-
Behnken it - Wi B EIVEDLAL Res-pH-MSNs 4b77
T2, HHX) Res-pH-MSNs Flt 55« pH B BUZAE: |
i 8L I RSN AT VAN, S B RER
HTF 5B NSRRIt =%,

1 {XEEHH

KQ-300DGV AL CE L A A PR
AF]D; GE0205 AL 7 RF (R RMU XA
FRATD; 1200 B 2ol (i (SEE Agilent 24
H]); Zetasizer Nono ZS-90 BRI M EAY (FE[EL
IR WHA20 ZURE i dbas (4R HEAR
BIRAFD; H/TI6MM & 3 m il B850l Gl ik v
IR IR AT ) RT61212 YA HIAX GRIITT 4
HIXZS B & E R AT D); XRDynamic 500 A4y RAT
S (R R A AR ARD; JEM-2100 &5
B RisE (HARHBFrRath): CF40-8 B4
BaedE b B RH AR AR FK-SY96S Y
Z DifelbnA ClLZR T RHMER A R A 7D NovoCyte
R fi (EE Agilent 2 7))o

FE PR R RS ECN 98.0%, Ak
NEHREARA D AR RS (S
111535-201703, i/ 808 99.4%, HE £ 524

e AR ) s AL EAEEYRRROR K (kS
20221117, HAEMGPUKEBH TRA R AR 72K
(it'5 9012-76-4, LilgRTH TAFIAFD: 48R Gt
5 20220618, FigEEZERAFIARARD; —H
FEAR (35 3231026003, 3£[E Solarbio A );
0.25%EE Al (L5 20221020, _LilgHRERAY
BHEABR AT DY H AR MR (5 M2128-5G,
¥ E Sigma A FD; RPMI-1640 K73 (L5
8122664, [ Gibco A F]); K LLAH MG A
A TREA R AT HEC-1-A 410W 5 it
BAYTREARAHR.
2 FAEEHR
2.1 Res-pH-MSNs (951

1% CBR/K TR 1| — 18 5t 573 380 52 JE b
W, e AZFEE 50mg T 20 mL oK
LI, IMNA T A FLEAL R KRR A, fE5%
#4600 r/min. KIIEEN 45 CHAET NI
FE 4 h, P e 25 A bR 258 WL, BI1S Res-MSNs
WA M 20 mL 5B, WL P HEh & —
IFIE], 12000 r/min 250> 10 min, 3 &, IO 50
mL 200K B 2 I, iR = E T 45 CRZ T
FEit %, HP1S Res-pH-MSNs #3 A,
2.2 Res-pH-MSNs F HEAEER HPLC SEMIE
2.2.1 Bi%%MF  Diamonsil-Cis 3% (250 mm X
4.6 mm, 5pm); VBN HEE - KIFHK (55 1 45);
R AR 310 nm; AR RN 1.0 min/mL; AR
930 C; #BEFEAFN 10 uL.
2.2.2 ARG HE S A 1) B A v i 2 1) )
% RS RE A ZE P IR A 24.68 mg, BT 100
mL &EH, MAFBEMGEES, RIS 0.246 8
mg/mL A2 FE R S A A, B . I e 2
PR HE A ARG B, 8 R - UKV (55
45) FEFERE 12.340 0. 6.170 0. 3.090 0. 1.234 0.
0.1234. 0.061 7 ug/mL RFFTEIRE, 53 7303EFEm
SEVETHIAR, ZBPER 945 772 Y=22.1453 X+1.024 9
(r=0.999 7, KHHEEFEELE 0.061 7~12.340 0
ng/mL £ R R RIT -
223 HASREB S KB H Res-pH-MSNs
MA 10mg, BT S0mL &+, I 0.1 mol/L £
12 5 mL, #A 5 min #3F Res-pH-MSNs K i # 7%
BHOEZ, BIIANY 40 mL HEE, ka5 15
min, JA G I H R E 2 . 12 000 r/min 5.0

10 min, F5%H 0.5 mL FiEW, B 10 mL &,
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i FH RS - KIAW (55 @ 45) FsReEZIE, 4.
2.2.4 J7iES#ESL B Res-pH-MSNs FyAK#l% 6
P HER A, e AR B R A, T AR
RSD 189 1.70%. HX 12.3400.1.234 0.0.061 7 pg/mL
2P RO BRIV, A ERE I E 6 ik, 1A
W THAR RSD {H23 5N 0.20%. 0.64%- 0.54%. HL
Res-pH-MSNs i, 4071 0. 4. 8. 12,
16+ 24 h W AL 1 0 &2 40 THEASH RSD 1H
N 1.26%, 2% Res-pH-MSNs fitiat i i v A s v )
If . A2 HL Res-pH-MSNs ¥ K 5 mg, BT 50 mL
s, Loy, AN, . m 34, Al
0.246 8 mg/mL [ 22/ BE X} e i il 471 3.5.7.0410.5
mL, #1% Res-pH-MSNs i fdi, s (2
M s H,  THEAS R Y 101.09%, RSD
N 1.73%.
2.2.5 FEMIE T K Res-pH-MSNs By A il 4%
PRSI, e, RAEREAT AR it 5 a2
PR R R
23 GIFE, FAHE. WEM Zeta BAIAINE

&5 % FREL Res-pH-MSNs ¥y oK (W) 43 BT 7518
K, 18 Res-pH-MSNs JEE K. %2 1 mL T
12 000 r/min 250> 10 min, W5E FIE R P A2
JREWEE, RIRIFE AR AR RS (M), WE
Res-pH-MSNs H & BER TR (M), THEE
Zie, R,

HE= (Mo—M) IW

AR = (Mo—M1) /Mo

Hi& & Res-pH-MSNs V&R Bt o I, FH 4%
BRARPEAT4 Ja TR Al B e RiAe . 2 70
6% (PDD. HX Res-pH-MSNs JRE B Zeta HLAL
LR, AEEARERTRENE Zeta AL,
24 BEZRER
24.1 MSNs 5AZSEEREILFES ERERE
JREDHCN 0.20%, &Y 12 h &4 5%
MSNs ¥y K5 AZE PR R E L (1.0 0 1.0. 1.5 1.0+
2.0:1.0. 2.5:1.0. 3.0:1.0) %f Res-pH-MSNs 11,
A& HARMBAARTM, 455K 1. Res-pH-
MSNs fudf R[5 MSNs 5 122 7 i o £ bE i3
T3, FEAN I MSNs & LA T8 5 Res-pH-
MSNs 32080, M i E ST 2.0 1.0 B
BRI IRGE, (H MSNs F & Lt KI5 Res-
pH-MSNs #FHZEFZMME K. Res-pH-MSNs Fiffiz
WG K, AT RE S MSNs HuAslid K Res-pH-MSNs #¢

#1 MSNs 5PZATERELEX Res-pH-MSNs RIS (n=3)
Table 1 Influence of MSNs and resveratrol mass ratio on
Res-pH-MSNs (n=3)

MSNs 5 H #

N WE % HGE% Kiftinm
PO B
1.0:10 61.15+1.06 2368+0.22 114.76+8.04
15:10 74584094 22774043 124.25+6.17
20:10 8542+1.34 2393+057 137.08+7.09
25:10 8548+1.07 2059+041 152.89+5.96
30:1.0 8566+091 17.89+0.38 179.48+9.28

BEOY, BT AR —E M, 2 Res-pH-
MSNs 2 [A1 & AR ERE ARG 02, SR k.
GAEHEAE R, RGBARABES, FEL
MSNs 5 AZ P& 2.0 0 1.0 N, X 1.5
1.0~2.5 : 1.0 #4714k .

242 STRWERESHEIES 7 MSNs 5 HZ
B B bb o 2.0 1 1.0, il HTED 12 h 2484 K535
555 BB 3 %10 0.10%4 0.15%1 0.20%1 0.25%
0.30%) X} Res-pH-MSNs [FJ520, 255 0% 2. Res-
pH-MSNs 035 28 1%k 24 5 il 45 5 SR ot 1 0 20
W 2emiE TRES, Rt R amEE
Res-pH-MSNs & [ i F1) T k> 2030k, FIF42 s
AR (58 RN T 5 43 B0 I 5 SR AR A I B
HEN MSNs #257L18, Al Re 25 HED H K034,
SEEE RN E TR BEE 7R RSB
#8410, Res-pH-MSNs 2 [HI W Pt (1 72 SR pE AL 52 )2 )2 B
BE2 38, SECRAAZRHIE K. HTRRERERE S
BN 0.2%HF Res-pH-MSNs £ 35 5 Fl1 24 5 35 AH %)
K, KRN T 150nm, JE42EL 0.2% 0, K52
FHE 8L 0.15%~0.25%HE4T 04k -

=2 EEHERE ST Res-pH-MSNs AU (n=3)
Table 2 Influence of chitosan mass contents on the Res-
pH-MSNs (n=3)

7o BN I ‘ )

B RI% W% K% Inm
29 8/%
0.10 72184117 21314025 98.23+567
0.15 77.05+1.24 21.64+0.33 118.46+7.46
0.20 85.94+0.92 2256+0.52 133.81+8.99
0.25 86.77+0.97 21.42+0.31 148.97+7.83
0.30 82.63+1.05 19.49+0.44 162.49+8.24
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243 HIEIFEAEEE [EE MSNs 5 22 R
RN 2.0 1.0, FERERESECN 0.20%F M T
g I E] (8. 104 12, 14, 16 h) Xt Res-pH-
MSNs 52, Z5 5 WL 3. Res-pH-MSNs .32
I 24 B o ) 4 I TR) 3 0 22 26 3G 5 R B

AT HE A ] 28 BRI 2590 AR A 78 70 W B i N MISNs 2K
ZifLIEWN, 7o REPEORA 78 70 fL 7B /E Res-pH-MSNs
FM, AL RN BRI, (H ) A
B AT e S 22 e kAR A%, HL Res-pH-MSNs H &
FE P AT REAZ B FEm 04, S 2 R EUEE A
&= . il 450 (A X% Res-pH-MSNs FLAZ 5200 AN K,
i & I TR] 2 12 h I 60, 3 ZR N8 24 AN UK, i
JRLL 12 h Jyrhete st il 4 i (] 10~ 14 h AT AL .
2.5 Box-Behnken % it-0o M AKX Res-pH-
MSNs &5 LTE

251 REBIIHTE MSNs 524995 EL (XD,
FEERMEE S (X)) Ff &8 (X3) 1EN Res-
pH-MSNs &M 2, ZHERRRLER, Xi. o X
KFRENER 4. RAGEZE (YD), 48 (1)

AkiAE (Y3) B PF)H—{E (OD) it Res-pH-MSNs
W7 TE . BEBMBAERM d Cansanse) =
(Mi—Mmin) | (Minax— Mmin) THE, FiERH d we=

(Munax—M:) | (Munax—Muin) T35, XA Miv Miax
A Miin 73 59 ARFRAZ L S50 S B K AE AN B/
fl; OD fHTIFEAN: OD= (d wuxXd azeXd nw) 7o
53 A E AN [FI 4L 77 Res-pH-MSNs [0 345 1 25 &
FkifE, 5 ODE, 4R NES.
%3 HIEAFEST Res-pH-MSNs BIFZME (n=3)
Table 3 Influence of preparation time on the Res-pH-

MSNs (n=3)
H&R TN BEE% RAE% KAt inm
8 72.124+0.92 18.74+0.59 140.28+6.08
10 79.88+1.11 20.58+0.37 132.16+4.86
12 86.194+0.98 22.38+0.50 136.64+6.11
14 81.43+1.07 21.05+0.63 138.05+5.86
16 76.081+1.34 19.891+0.48 142.77+8.20

F4 EMEAZEFMKFEER

Table 4 Influencing factors and level settings

K- A
X1 Xo/% Xa/h
-1 15:1.0 0.15 10
20:1.0 0.20 12
25:1.0 0.25 14

#z 5 AR Res-pH-MSNs HIEHE, HHAE. WEMOD E (n=3)
Table 5 Encapsulation rate, drug loading, particle size, and OD value of different prescription of Res-pH- MSNs (n=3)

75 X1 Xal% Xalh Y1/% Y2/% Ya/nm OD &
1 0 0 0 84.7411.12 22.4410.26 136.22+7.17 0.840
2 -1 -1 74.8210.89 20.6610.36 140.67+6.25 0.290
3 1 -1 80.771£1.04 19.51+0.19 164.511+4.26 0.233
4 -1 1 0 73.9210.77 21.01+0.28 155.26+5.58 0.000
5 0 0 0 83.6410.98 22.52+0.15 140.94+6.08 0.773
6 -1 0 1 77.81x£1.12 23.2810.22 141.54+3.69 0.597
7 0 1 1 72.2411.33 18.43+0.20 157.67+4.82 0.062
8 1 0 -1 79.18+1.05 19.14+0.14 156.72+5.19 0.279
9 -1 -1 0 75.3511.14 24.1310.31 138.27+3.61 0.469

10 -1 0 -1 74.4610.98 22.19+0.25 136.82+6.63 0.301
11 1 1 0 80.74£1.25 18.26+0.39 168.15+5.87 0.000
12 0 -1 1 78.6710.82 21.7410.23 140.74+3.28 0.571
13 0 0 0 86.1310.90 22.6310.19 135.22+4.41 0.897
14 1 0 1 81.651+1.24 19.86+0.28 154.37+6.08 0.412
15 1 -1 0 82.4910.96 19.58+0.25 155.63+5.51 0.387
16 0 0 0 84441111 22.3710.31 134.15+5.93 0.845
17 0 0 0 84.8610.89 22.4910.26 139.63+8.02 0.815
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252 HEEMES S ESN ARG ZEmEEX Res-pH-MSNs S iFH—{H OD 50

Design Expert V12.1 %I OD {E##511740 4, 15 OD
TRZ T E: OD=0.830—0.036 X;—0.180 X>+
0.067 X3+ 0.020 Xi.X>—0.041 XiX5—0.110 XoX; —
0.260 X12—0.360 X,2—0.180 0 X32, H&%Y R2 F R%;
3N 09771, 0.9477, RIAREEE R 5N HLE R
AHRME R U . 7 2500 W3R 6, OD HE#HA P{H
ZREAWEZEM (P<0.000 1), KT P HN
0.100 8 (P>0.05), TLRFHEZER, UWHMELRA
BRERISHEME. OD HEFHM T X5, XoX; 2
FEARENE (P<0.05), 1M Xw X2 X2 X2 &
WA EE (P<0.001). H3E FETH, 340E

WG Ae e BB o B 40 40> 1l % BF ] >MSNs 52
YR .

2.5.3 WM. Res-pH-MSNs fix {477 MSNs 5
YR EL (XD, R ES A (X)) Ff| &K
] () AEREMWNEZHAERLE 1. fEE L
AR Gy 1 ASEEICREAED, OD {2
Je TG FREaSs, [Hk OD B KME.
OD fl s KME NI H#5, 43 Res-pH-MSNs
Ab75H: MSNs 525 it st 1.95 1 1.00, 725
R HON 0.19%, &0 [EN 12.58 h (fB1ER
12.50 h), i OD {54 0.912.

=6 ODEAENH

Table 6 Variance analysis of OD value

T H - H R B1J5 Fii PE
it 1.43 9 0.16 33.20 <0.0001
X1 0.01 1 0.01 2.17 0.1838
X2 0.25 1 0.25 52.66 0.000 2
X3 0.04 1 0.04 7.55 0.028 6
X1X2 1.62X1073 1 1.62x1073 0.34 0.5757
X1X3 6.67X103 1 6.67X103 1.39 0.276 7
X2X3 0.05 1 0.05 10.71 0.0136
X1 0.28 1 0.28 57.48 0.000 1
X2 0.56 1 0.56 116.47 <0.000 1
Xa? 0.14 1 0.14 28.71 0.000 1
W7 0.03 7 4.79X1073
RAUT 0.03 3 8.48X 1073 417 0.100 8
EIPORT S 8.13X 1073 4 2.03X1073
Vil 1.47 16

0.90 -
0.74 .
0.58 =
o] 0.43. ,;§§<\
8 0.27¢
0'250'23-0 2 2.0 1.0

22 20
X% 01801515110 X

E1 BEXESHNEZ%E

Fig. 1 Three-dimensional plots of independent factors and response values

2.5.4 Res-pH-MSNs LZLHE il 3 fit Res-pH-
MSNs, WAF-F¥ iR, RAGEARAR 55N
(84.96+1.17) %- (22.5840.66) %. (137.28+7.69)
nm, FAE 347 B L] 271543 52 OD B 0.909,

CLFN OD & (0.912) NZH5 1T 5435 OD fEAH
X 22 N—0.33%, RIS OD A5 £ 2= A T
ERBONFRF. H4S Res-pH-MSNs ) Zeta HLAL
9 (31.09£0.87) mV, W2, HT72RMEZE—F
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A
1 10 100 1000 10 000
HAEnm

B

4 Res-pH-MSNs BZR5M (A) F33EEER (B)

Fig. 4 Appearance (A) and TEM image (B) of Res-pH-

-100 0 100 200 MSNs suspension

Zeta L7 /mV
2 Res-pH-MSNs fiifg (A) F0 Zeta BBAIE (B)
Fig.2 Particle size (A) and Zeta potential (B) of Res-pH-MSNs

7 1E FL a7 1) 2 B, €078 7F Res-pH-MSNss 3K [H J5
25 I AT o
2.6 FRIMRYCEIES

AL EFAREGOR RN T K ECE WL, 7
AT ERAMRO TS At . BB ZERE . SR PEAN
Res-pH-MSNs &, W THE (BH 1%L,
TR, BT, Sl rE s, A
YL Y 190~400 nm, 4558 WK 3. A2 BEE R
1E 310 nm A 5 KR IKIE, T Res-pH-MSNs ¢ KK
Wl A LT & 314 nm, IX AT RESE B THUA N L=
R S VASISE Rl S 3 SR R 2
YERFTEUS) . 72 R bR S22 P % . Res-pH-MSNs £
RIS g B 30 e AR TG 58 AR WAL, TR 5 Res-
pH-MSNs H &2 i

310 — IR
s — SR
? ~Res-pH-MSNs
314 nm
200 250 300 350 400 450
P K/mm

3 Res-pH-MSNs £5MNA] LA IR E]

Fig.3 UV absorption spectrum of Res-pH-MSNs
2.7 Res-pH-MSNs R 2RI R IHEBIE

HY Res-pH-MSNs ¥y ARG &, MAZEMH/KE S
10 s {2 73, Res-pH-MSNs 1 ZR AN ILE 4.
HY Res-pH-MSNs R &K 2R L, REEHE, =
BT, B4 5 T HH B8 T M %2 Res-pH-MSNs &
i (X12500), Z5R W& 4, Res-pH-MSNs 25N
Y, kg —.

2.8 X-STE&LTSI O

2% Res-pH-MSNs 4b 7, HUE & 20
FLE A REGORRDR R N T AT R IR &, 15
VIEREY) . WARE R ERZ] . AL AN
KR A FERPE, YFLIE A YA Res-pH-MSNs £5)
KGRI E XRPD Fith . MA41F: Cu-Ko 4, ic
SERTHHAE (20) JilEN 2.5°~45.0°, FHIHEE AN
4°/min, 45K WK 5. AREFERLAE 4.4°, 12.1°, 13.6°,
15.4°, 15.5°, 25.1° HIUARFAEAT 0%, /LA Ak fE
YRR R ST RBER) XRPD 3 o oA AE 7 7
g, RFAWEWRTLEEME . EYHIESY
XRPD B3 475 ) I, (3 22 7 B R AR AT S0, i B
HPHE A ARNAL . #E Res-pH-MSNs # A& XRPD
P 1 22 7 AR A AT SV R, ) o 2 P e ]
REH A NTEERIES, MASNSCRFR T A%
BRI

MSNs A

0 10 20 30 40 50
20/(°)
5 BEFAEE. MSNs R, 7RE. MR GYIM
Res-pH-MSNs Y XRD Z55R
Fig. 5 XRD of resveratrol, MSNs powder, chitosan,
physical mixture, and Res-pH-MSNs

2.9 Res-pH-MSNs #9 pH B HRE

71 pH 7.4 BEIR LS P U UL 1L H B4 85,
pH 5.5 TR £ 22 B R S IR PEIA 52 . X Res-
pH-MSNs My Kidi & (&% HZEE 10mg), HIA pH
7.4 BERR #hO2 pPR 8 mL, 1HEEW, FH 10mg H
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FPRE R T R, BT @ R
(BB AR 27 & 8 000~12 000). HX pH 7.4 fi
FRER M 1.0 L 1ERBZAIAN R, HEHEN 75
r/min, FFAAEESE (3711 CIEHHTSLL, 439
F AN S EURE 5 mL, BUREJESZEIAMNIN pH 7.4
PR SR SZ PPV 8 mLo &M 12 000 r/min &5/ 10
min, W& EHERF AR RE, [R5 % Res-pH-
MSNs 3 AR 227 B R 25 78 pH 5.5 BERR Eh g ity
WA RIREZAT A, SR IE 6. AFEFTREFRIZTE
PRl pH (EA s RE 2y, R T AR 2
5. Res-pH-MSNs 7E pH 5.5 WER 2 b h B2y
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Fig. 6 In vitro release curves of resveratrol and Res-pH-
MSNs in phosphate buffer at different pH (n=6)

FIPEXT R . 8 A 2.5 mL 4ifkK, 1EAFH
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JEEUH, BT B 3 000 r/min 250 3 min, HY
FIERCT 416 nm ABIE FIROGEE (4D fE, TR
MAREME= (A wp—Awe) | (Awe—Awpr) Jo &5
27K Res-pH-MSNs Jii 8K E /N T 0.4 mg/mL i,
WIME/NT 5%, Ut SR T I 24
PRI, AES R T S%,

®7 AMKERITMER

Table 7 Design and results of hemolysis test

B Res-pH-MSNs JR B BAR /ML AR K/mL  FEKRE (mg-mL™) atifk /K imL T L% %
1 0.1 2.4 0.1 0.0 2.26+0.11
2 0.2 2.3 0.2 0.0 2.92+0.33
3 0.4 2.1 0.4 0.0 3.88+0.39
4 0.8 1.7 0.8 0.0 7.72+0.62
5 1.0 15 1.0 0.0 11.16+1.15
6 2.0 0.5 2.0 0.0 15.25+1.40
7 0.0 2.5 0.0 0.0 0.00+0.00
8 0.0 0.0 0.0 2.5 100.00£0.00
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A HOIBFEINEIE R

BTN R HEC-1-A JifiE T4
H 10%JA2- 1175 ) RPMI 1640 55753y, B340
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BB 3 G b T3 8K AR HEC-1-A 4 i i3t
1T SE5

K FH 85 7% W43 ) I ) 22 B A Res-pH-
MSNs 25 HUAL T X 504 K Y HEC-1-A 4,

PA 1.0X10° AN/mL % FEEEFNT 96 fLIR, HEfL 100
ul, EEFEAE (5% COx 37 C) K597 24 ho 53 0T
B4 (HEC-1-A 40ff8. #7782, 0.5% MTT Fl
DMSO). FZ g2 (10, 20 40, 80, 160 ug/mL)
A1 Res-pH-MSNs £ (10, 20. 40, 80. 160 pug/mL),
R R W 6 NERAL, MHFEZMET 054k
F# HEC-1-A 20/l 24, 48 h. HikT A4 (B,
0.5% MTT #1 DMSO). Jil 0.5% MTT ¥ 20 uL £
1B 3%, 4 h EHRZEHFE, #% 150 pL/fLIMA
DMSO, %% 2min. B TEHR (490 nm) I 5E )
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H5AFEMEAM: P<0.05 "P<0.01.
“P<0.05 *"P<0.01 vs resveratrol group.

7 Res-pH-MSNs X HEC-1-A 4AREHNEIER (n=3)
Fig. 7 Inhibitory effects of Res-pH-MSNs on HEC-1-A cells (n=3)
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Fig. 8 Effects of Res-pH-MSNs on apoptosis of HEC-1-A cells
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