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Abstract: Objective To improve the stability of arsenic trioxide (ATO) in vivo with characteristics of pH response and sustained
release, a pH responsive poly(lactic-co-glycolic acid) (PLGA) (pH-PLGA) nanoparticles was designed to load ATO. Then, the
properties and cytological evaluation of pH responsive arsenic trioxide-loaded PLGA (pH-ATO-PLGA) nanoparticles (pH-ATO-
PLGA@NPs) was been tested. Methods Using NaHCOs as the pH response factor, this study prepared pH-ATO-PLGA@NPs
using the double emulsion solvent evaporation method. The particle size, PDI, and Zeta potential of pH-ATO-PLGA@NPs were
measured by Malvern particle size analyzer; The morphology of pH-ATO-PLGA@NPs was investigated by transmission electron
microscopy; The drug loading and entrapment efficiency of pH-ATO-PLGA@NPs detected by inductively coupled plasma emission
spectrum. /n vitro release characteristics of pH-ATO-PLGA@NPs under different pH conditions were investigated by dialysis bag
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method. MTT assay was used to investigate the toxicity of carrier and pH-ATO-PLGA@NPs to HepG2 and L02. Results The
shape of the pH-ATO-PLGA@NPs was round and uniform, while the particle size, polydispersity coefficient (PDI), and Zeta
potential were (214.35 + 1.86) nm, 0.24 £ 0.02, (—35.49 + 1.88) mV, respectively. The encapsulation efficiency and the drug loading
rate of pH-ATO-PLGA @NPs were (62.32 + 2.61)% and (1.59 = 0.34)%, respectively. In vitro release studies showed that pH-ATO-
PLGA@NPs had the characteristics of sustained release and pH responsive drug release, which can achieve specific drug release in
the tumor environment. The carrier displayed remarkable biocompatibility in HepG2 cells. MTT assay showed that the median lethal
concentrations (ICso values) of (23.71 + 0.70) umol/L at pH 7.4 while (16.40 £ 0.62) umol/L at pH 6.5 (P < 0.01), which showed pH
responsive and strong inhibiting effect on tumor cells. In L02 cells, the cytotoxicity of pH-ATO-PLGA@NPs [ICso (39.72 + 1.84)
umol/L) was significantly lower than that of ATO solution [ICso (28.25 + 1.33) umol/L) (P < 0.01), which reduced toxicity in normal
cells. Conclusion The pH-ATO-PLGA@NPs reveals significantly sustained and pH responsive release characteristics. The pH-
ATO-PLGA@NPs is a potential drug delivery system against tumor with tumor micro-environment responsive.

Key words: arsenic trioxide; PLGA nanoparticles; pH response; in vitro evaluation; double-emulsion solvent evaporation method,
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Administration, FDA) LRI 22 45 F 19 265 H &
S FAEHS, PLGA BA RUFHAEMIAHZS AR [
fif TR KRL B GAER J5 BT B T 2590 A g
#, IEEBEAWIENTRESET. PLGA 49Kk H
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ARHILAT]; Optima Max JEHEIEMGEEOHL, £H
Beckman Coulter AR AR ; JY92-IIN oK FE
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AR R AAH T B0, NI 5 T8 78 S
SCFREA 15 mine 7R J5 AT IR S
PEFIR 2 J5EE (PVA) WI/KIER, FlEFEERER.
SAZRFEFEM 40 C/KIBIEEZE 10 min J5, T
40 C/RBHFE 4 h, HETHHIIEF, BI4S pH-
PLGA@NPs.

PL pH-PLGA@NPs [R5 J % 5 8 250 (PDD
NIEbR, %% PLGA HE. HAIhE., RIMEHER
WPE . NaHCOs Jot 53 B0 4 KL (1) 52
2.1.2 PLGA HIE MR¥E “2.1.17 BURNFrd 7iZ%,
S HIFREL 504 100, 1504 200, 250 mg PLGA ¥ T
10 mL & HF%E, N 1,3-X0U IR H s 60 mg
J 1.0 mL ®]4-80 W AEEMAH, KA 180 W i~
I, 0.2% PVA &, 2.5 mg/mL NaHCO; J& i
17 Ja 8345, 4% pH-PLGA@NPs, 4> %} Fifs
YR KLHIRATS K PDL BEAT RN, 25 SRR 1. N7
i J5 SR80 AT, LG 9K kDRI &
PDI 455, %0 200 mg PLGA R HEAT 90K K 1)
il o

#z 1 7T PLGA R E%F pH-PLGA@NPs i 2% PDI 1Y
= (X+s,n=3)

Table 1 Effects of PLGA with different dosages on size and
PDI of pH-PLGA@NPs (X s, n=3)

PLGA/mg Fi4%/mm PDI
50 272.38+8.34 0.424+0.07
100 253.76+4.54 0.36+0.07
150 238.26+3.42 0.274+0.05
200 226.61+2.14 0.224+0.02
250 232.54+4.43 0.2440.02

2.1.3 EAEDhE MR “2.1.17 BRERR T, R
HY 200 mg PLGA T 10 mL & ke, A 1,3-
XU i H s 60 mg A 1.0 mL &]45-80 HfiR{E N
AR, EHL 0. 90. 180. 270. 360 W HifE Lt
1T, KA 0.2% PVA ¥, 2.5 mg/mL NaHCO;
IR EAT 5 24 4E, 4% pH-PLGA@NPs, Ff4¢
SN TSR R4 K PDI #EATRGI, 45 5 W%
2. ke PDI 455, EHL 180 W Bl &%
pH-PLGA@NPs.

2.1.4 RENEWEFIE 2 5IFRE 0.20.0.40.0.60
0.80. 1.00 g PVA /KB INFAE T 100 mL 4fik 145
0.2%-+ 0.4%-. 0.6%- 0.8%-. 1.0% PVA %K. W&
“2.1.17 WURNPRJ7%, FREX 200 mg PLGA & T

%2 AEBEINERIT pH-PLGA@NPs #1125 PDI HYESIR
(Xxs,n=3)

Table 2 Effect of different ultrasonic power on size and PDI
of pH-PLGA@NPs (Xt s,n=3)

DI /W $i {2 /mm PDI
0 896.55+28.52 0.76+0.08
90 428.824+6.38 0.3440.04
180 224.3942.52 0.2240.02
270 234.38+3.65 0.2840.02
360 239.43+£3.26 0.2940.03

10 mL & e, A 1,3-XUEAERR H B 60 mg
J% 1.0 mL =] ££-80 VA fAE Ay AH, 7E 180 W R .
AN 02%+ 0.4%. 0.6%- 0.8%- 1.0% PVA ¥
i, KH 2.5 mg/mL NaHCOs iE W 3ET J5 B354,
il % pH-PLGA@NPs, F473 5l %} Fr 3 g K [r R 42
Jo PDL TR, S5 W3R 3. 0.2%. 0.4%iK S
PVA T %) pH-PLGA@NPs Hif2T0 & &
Z5 (P>0.05), 1H 0.4%K % T PDI /N, #ifi
L 0.4%RBERT PVA W AE 9 3R T 14 770 1) 4%
pH-PLGA@NPs.

* 3 FRREEMEFIRES pH-PLGA@NPs fifZ KX PDI
HISZNE (X +s,n=3)

Table 3 Effects of different surfactant concentrations on
size and PDI of pH-PLGA@NPs (X*s,n=3)

PVA/% Hif%/mm PDI
0.2 212.46+2.84 0.2540.04
0.4 212.35+2.16 0.2140.02
0.6 243.27+2.49 0.2240.04
0.8 259.71+591 0.26+0.03
1.0 290.65+7.52 0.35+0.07

2.1.5 NaHCO; Fi&#KFEE R “2.1.17 TF ik
77, FREL 200 mg PLGA ¥ T 10 mL & H ke,
BN 1,3-XUE HE R H i B 60 mg & 1.0 mL =] #%-80
TARAVENIMAR, 75 180 W RS, A 0.4% PVA
. /KA 314 1.0 (pH 8.39). 2.5 (pH 8.39).
5.0 (pH 8.40). 7.5 (pH 8.42). 10.0 (pH 8.44) mg/mL
NaHCOs &, F3HTf5 4451k, #1#% pH-PLGA@
NPs, F535%f fif5 pH-PLGA@NPs [J¥if% M PDI
BEATREIN, 25 05R 4 iR . SR6 kiR 5 PDI 4548,
BEHL 2.5 mg/mL NaHCO; ¥ N N K AH il % pH-
PLGA@NPs.

2.1.6 pH-PLGA@NPs il & J5 =4k 45 ey
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* 4 [ NaHCO; REIKEX pH-PLGA@NPs HfE}
PDI BUEME (X +s,n=23)

Table 4 Effects of different NaHCO3 concentrations on size
and PDI of pH-PLGA@NPs (X xS, n=3)

NaHCO3/(mg'mL™") Fif%/nm PDI
1.0 229.48£2.63 0.2610.03
2.5 210.56+2.32 0.21%0.02
5.0 247.851+3.68 0.2940.08
7.5 276.42+5.71 0.39%0.12
10.0 435.40+10.22 0.51%0.12

PLGA . 8/ T3 RIEVE MR E & NaHCO;
R IR E LR, 435 pH-PLGA@NPs 44l %
JrZE: FREL 200 mg PLGA ¥ T 10 mL & H 5,
AN 1,3-XUEE AR R H g 60 mg A 1.0 mL ] #%-80
WARAENTAT; X 2.5 mg/mL NaHCOs % 0.5 mL
VERKAR T B0, TN 2.5 mL JHAH JG T HE A ok
EACTIBL 180 W Ty 26 10 min, JEEHIFL. Frfs
HIFLFINN 0.4%5 ) BE PVA K 8 mL J5, 180
W DS AN 10 min, f38E A B
HAEREFMEEZE 10 min 5, T 40 CT/KIBH
F4h, HEFEHIEN KT 10 000 r/min (5%
B0 10 min, 2 BiE, KT 245 pH-PLGA@NPs.
2.2 pH-ATO-PLGA. PLGA. ATO-PLGA £{KHI
( pH-ATO-PLGA@NPs « PLGA@NPs . ATO-
PLGA@NPs) W&

KA 0.5 mL 10 mg/mL ATO ¥&W, JiAH
& “2.1.67 WUF TR VLM%, JGE2PBRMIE. #
THHER G, ¥ pH-ATO-PLGA@NPs 1A
ZIFENTRET, £E 500 mL AMEIAEEFENT 6 h (100
r/min) FRrZERBEMIFE ATO, 3% pH-ATO-
PLGA@NPs. fill &id B AMA NaHCOs IR E K
“2.1.6”7 Wa 8P EE, 193 @M PLGA@NPs. G
pH 1N {38 PLGA@NPs, B “2.1.67 ij54:
IR ATO, #3%] ATO-PLGA@NPs.
2.3 pH-ATO-PLGA@NPs RYFRAE
23.1 Kife. Zeta HALAIEA I Nano-ZS 90
BOEHRLEE M A £ PLGA@NPs. pH-PLGA@
NPs. ATO-PLGA@NPs. pH-ATO-PLGA@NPs i
£+ PDI K& Zeta Hi£z; SRH HT7700 3% 5 H 1~ A
Bi%¢ pH-ATO-PLGA@NPs [HH4 .

HAENZE R IER & 9 PLGA@NPs. pH-
PLGA@NPs.ATO-PLGA@NPs . pH-ATO-PLGA@
NPs [1ki42 1% 5, PLGA@NPs 1712 .PDI [ Zeta

HL A2 43 1 8 (206.18 +1.83) nm. 0.20 +0.02.
(=2226+£1.43) mV. #Zjj5E, KR ERAEH PDI
B4 Frt K, A8 N (212.54+2.04)nm f2 0.24+0.03,
Zeta HEALREE (—23.46+1.96) mV. pH Wi [H
FINJG, pH-PLGA@NPs ¥i12%; PLGA@NPs &
HHEIN, Zeta HAIFNEZE TR (-32.75+£1.8D)
mV. pH-ATO-PLGA@NPs #2424 & pH i NI
e, KRB KZAE (214.35+1.86) nm, Zeta HLfZ T
%% (—35.49+1.88) mV.

TEM Z55% (& 1) &R, pH-ATO-PLGA@NPs

LR, REFEHLSCEERY, oittERLr, T
FIRI A, H TEM FRAE LR A2 OGS 7y 20 nm
KA.
% 5 PLGA@NPs. pH-PLGA@NPs. ATO-PLGA@NPs
5 pH-ATO-PLGA@NPs BJifZ. PDI. BB (Xts,n=3)
Table 5 Particle size, PDI, Zeta potential of PLGA@NPs,
pH-PLGA@NPs, ATO-PLGA@NPs and pH-ATO-PLGA®@
NPs (X s, n=3)

A $ifE/mm PDI  Zeta HLf7/mV
PLGA@NPs 206.18+1.530.20£0.02 —22.26+1.43
pH-PLGA@NPs 210.43+1.680.21£0.02 -32.75+1.81
ATO-PLGA@NPs 212.544+2.040.24+0.03 —23.46+1.96
pH-ATO-PLGA@NPs 214.35+1.86 0.24£0.02 —35.49+1.88

1 pH-ATO-PLGA@NPs #J TEM
Fig. 1 TEM of pH-ATO-PLGA@NPs

232 QAEHFMEHEZAE B ATO-PLGA@NPs 5
pH-ATO-PLGA@NPs il #5id FEH 3% T 6 h J& IR
SN, SN B B SR B T R S G A
FA R A EEN 2, i T A R A B R A
RS ATO Wi, ofE wis KRS Rk
Kipia, 1dfE we U AR AR ATO 6
FRMPBE.

HER=0—m)/Wo

WG R =(Wo— W)/ W
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Wo N ATO 3% Z5E, Wi N ATO-PLGA@NPs 5 pH-ATO-
PLGA@NPs H[1ii# 5 25405, Wi N ATO-PLGA@NPs %
pH-ATO-PLGA@NPs {4 )i &

T L AT AN E S5 R, TS F] ATO-

PLGA@NPs [AEE A (68.76+£2.92) %, HjE
N (1.84+0.42) %; 1fi pH-ATO-PLGA@NPs £
BEH (62.32£2.61) %, #ZiEHN (1.5910.34) %,
ATO-PLGA@NPs (1) & R 5 3 24 & ¥ & T
pH-ATO-PLGA@NPs.
233 faEME K 4F ) PLGA@NPs. pH-
PLGA@NPs.ATO-PLGA@NPs % pH-ATO-PLGA@
NPs 7T B4k, T 4 CHEIE, 2 nllE
H 0. 1. 3. 5. 7dRBREK Zeta FAAL IR

KARAAL S5 R LB 2-A, Gk RDRAR I8 B 2 T
B A SR TR RN . B 7 K, PLGA@NPs
TREZE (195.31+2.94) nm, Kt FFE T4 11 nm;
pH-PLGA@NPs F[&% (192.68+3.02) nm, ¥if& F
B% 7T % 17 nm; ATO-PLGA@NPs FF&% (197.62+
2.64) nm, BAIEKRAENE T4 15 nm; pH-ATO-
PLGA@NPs F[%% (187.74+3.14) nm, ¥ HJ4EK:
B EIREE R R, 21N 27 nm.

A  PLGA@NPs
215 ® pH-PLGA@NPs
4 ATO-PLGA@NPs
* pH-ATO-PLGA@NPs
g 205
@
=
* 195
185
0 2 4 6 8
B t/d

Zeta FL{7/mV
L
3

- PLGA@NPs
® pH-PLGA@NPs
+ ATO-PLGA@NPs

¥ pH-ATO-PLGA@NPs

2 PLGA@NPs. pH-PLGA@NPs. ATO-PLGA@NPs
5 pH-ATO-PLGA@NPs £ 4 CIFEABAREMRR
(A) B Zeta B (B) Tk (X£s,n=3)

Fig 2 Stability changes in particle size (A) and Zeta
potential (B) of PLGA@NPs, pH-PLGA@NPs, ATO-
PLGA@NPs and pH-ATO-PLGA@NPs in cold storage at
4 °C (Xxs,n=3)

HL AT AR A 25 5 WL 2-B,  4hKokr B A 25 it 2 i
B I R GE KRN . B8 7 K, PLGA@NPs
B RIEE (—27.41+£1.89) mV, FREIEE R/
pH-PLGA@NPs L. F %% (-44.92+1.98) mV,
AR AL R T4 12 mV; ATO-PLGA@NPs H,
RIRPEAE (—35.22+2.63) mV, BHIGEEA N T
%] 10 mV; pH-ATO-PLGA@NPs Hi fi7 | B &
(=59.58+1.39) mV, BHILEHA N T4 23 mV,
NG

SERFW, NN pH WA T RE A, 9K
i (R4 52 PEE PLGA@NPs B84 T [

24 RINEERL

KAENTASIENE ATO. ATO-PLGA@NPs 5
pH-ATO-PLGA@NPs RSN 2505 VE . K 2 FREX
ATO. ATO-PLGA@NPs fll pH-ATO-PLGA@NPs
EESEEMESS, 232 mL (% ATO 2 mg)
TaEMT R, B G N pH E 73508 7.4.6.5.
5.5 11 500 mL BERR £h 2 rPiA W (PBS) SRR
FIedt, SRIGE T 37 “C. 100 r/min fEIR /KB E
v, B, PATERE 3 3. T 0. 0.25. 0.5, 1.
2. 4, 6+ 8 12, 24 h B TA] ASR Y 1.0 mL (3BT,
HA AR S BRI R FEAH 022 pm fFLEE
g fa , SRR G A IR, IR R
FURER, 45 R WK 3.

ATO JKIEEZY), RER BN IR
MR, 2 h ITE 3 MOANE pH {EK PBS 4R B0
i 90%, HIEZ JEEEARRSE 4, Rtk 17
2%, % ATO-PLGA@NPs Ui J5, ATO IR HGEF
WS F#%, 24 h7E pH 7.4, 6.5, 5.5 53 B
T (62.81+3.11) %. (60.78+£2.96) %. (60.78+
2.87) %, BAWHBMERRE, R4 pH mi RN F
£ . pH-ATO-PLGA@NPs N 24 pH MR F: . 24 h
i, pH-ATO-PLGA@NPs 1 ATO 7f pH 7.4 PBS
FRERBB R L ATO-PLGA@NPs, Ny (67.36+
3.24)%; 1£ pH 6.5 PBS 1, RABINE CL s T ATO-
PLGA@NPs, 4 (72.42+4.51) %; {E pH 5.5 PBS
H1, pH-ATO-PLGA@NPs #1 ATO F3 RFRE ik &3t
— BT EE (89.0613.92) %, HA& pH N,
2.5 HpEFEITEMN
251 FEAHMEMBEEE BT AR
HepG2 4, LA 8 X 103 AN/ALEFIT 96 fLiR, 37 C
7R 12 ho BUEIRBEFRAAM S 1) 96 FLAR, FEFREo%
W, 3 B E 104 25, 50, 100+ 250, 500
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100 1 Y 3 3
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R
M 60 4
=
=401 + ATO
B + ATO-PLGA@NPs
20 = pH-ATO-PLGA@NPs
0
100
< 80
;”Z: 60
K 40 + ATO
B + ATO-PLGA@NPs
20 # pH-ATO-PLGA@NPs
0
100
< 80
*‘g 60
¥
= 40 * ATO
B

4 ATO-PLGA@NPs

20 & pH-ATO-PLGA@NPs

0 4 8 12 16 20 24
t/d

3 ATO. ATO-PLGA@NPs % pH-ATO-PLGA@NPs 7£

pH 7.4 (A)~ 6.5 (B)~ 5.5 (C) IMEHAIAIMNERBZ (X £ s,

n=3)

Fig. 3 In vitro release curves of ATO, ATO-PLGA@NPs

and pH-ATO-PLGA@NPs in pH 7.4 (A), 6.5 (B), 5.5 (C)

(Xts,n=3)

1000 pg/mL ff] PLGA@NPs & pH-PLGA@NPs ] 7¢
MGG FR Ik 5L 195 24 h |5, W 25837,
LI 0.2 mL 4 0.5 mg/mL MTT (] PBS, T 37 C
AREEFE 4h, WEETH MTT K727, H PBS &
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