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Preparation and in vitro evaluation of pH-sensitive drug releasing As>Oz-loaded
liposome
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Abstract: Objective To prepare pH-sensitive drug releasing As203 loaded liposome (CaAs-LP) and evaluate it in vitro. Methods
CaAs-LP was prepared by thin film dispersion and ion precipitation method. The particle size, PDI, and Zeta potential of CaAs-LP
were measured by Malvern particle size analyzer; The morphology of the liposome was investigated by transmission electron
microscopy; The drug loading and entrapment efficiency of CaAs-LP by inductively coupled plasma emission spectrum. In vitro
release characteristics of CaAs-LP under different pH conditions were investigated by dialysis bag method. MTT assay was used to
investigate the toxicity of carrier and CaAs-LP to MCF-7, U87 and HepG2 cells. Results The prepared CaAs-LP were spherical
and well-dispersed with particle size of (117.16 £1.94) nm. The encapsulation efficiency and the drug loading rate of CaAs-LP were
(74.31 £2.11)% and (8.31 %0.13)%, respectively. In vitro release studies showed that CaAs-LP had the characteristics of sustained
release and pH sensitive drug release, which can achieve specific drug release in the tumor environment. The carrier displayed
remarkable biocompatibility in MCF-7, U87, HepG2 and L02 cells. MTT assay showed that the median lethal concentrations (ICso
values) of MCF-7, U87 and HepG2 cells were 11.91, 4.90 and 19.41 umol/L, while L02 was 27.59 umol/L, respectively, which
showed strong inhibiting effect on tumor cells. Conclusion CaAs-LP reveals significantly sustained and pH sensitive release
characteristics. CaAs-LP is a potential drug delivery system against solid tumor with tumor micro-environment responsive.

WS HEd: 2020-05-31

BEWE: WA HEHRBTEAARECTE (2018ZQ013); HITH EHABHATFAIEATIH (LQLIH280004); WIT. HPEZG K5 2018 4EJF
RRFEELTTITE (20182309)

TEEEN: Bax (1995—), 55, e, WA b2, h22R1%. Tel: 18257127682  E-mail: 1374071067@qq.com


mailto:1374071067@qq.com

- 5448 -

¢ %% Chinese Traditional and Herbal Drugs #5 51 % #5 20 #§ 20204 10 A

Key words: arsenic trioxide; liposome; pH-sensitive; calcium ions; in vitro evaluation; thin film dispersion method; ion precipitation

method

As;03 (arsenic trioxide), & #, HKE,
NS s &, FIR T ABEHRKR, FAEILRY]
EOCRFXET) Rt e gf IR ICE. 20
2 70 FFAR, ¥ As203 F 1677 SVt F- 4k 4 g
My Cacute promyelocytic leukemia, APL) Hif5 T
BEMITRL, X APL HIiE B H AR RIS 90%LL
b, HA e AR KT 70%03, T RSk A SOk
UEBH AspOg X 22 i S48 40 B A 00 ) 2 K A 75 5
ToHIERIS, SRT, As,0s e, HHBEANAN
EiEERagSEaFE, AR, HENE
R, AN R SR BA 5, DRI I AR B2 F 52 1 R 1) 1681

B AR AT R ) S A M 5 A AR 2 A, 2
SR Rk, Re R AR N B 5 AT,
TR R, SR, BRSNS, AL
Jii5 AspOs FEZK IR I TEHLE AR AR (AsO3®)
TR, H As03 7] LA H B EBEIR AR,
R AsoOs IR AR E, WMo RBERALS, BT
I, AREFFRFIHT As:O3 W HEAE X5 T2 B 1B
P, R FUE 7 fE As:05 3 FI I )5 4 P 36
PR F R S EF IR ZME T (Mny Ni &
AW TR Cad JE oK AN 1 AR £h 52 & Wik 1) 2,
2 H FI0E18, i T BRI AN M A pH (B
&, ESSFRIA R T E A, RS E TS
TR IR (AsO3 7EAZ BRI IR BT 2O« ARSI
MEB R SRR AR (CaAs-LP) FHA 5 RAE
RANEETI 40 PPAN S5 T T 25 5 25 2245 i S )
B
1 MRI5EE

Nano-ZS 90 WOGKLE 73 4%, JE[E Malvern 1%
WAMRAF: HT7700 FE5 o7 RHMEE (TEM), H
AHILAT; Optima Max HEEAGIRE OHL, EHE
Beckman AR A W FiveEasy HL5 pH it, Hifrih-
FERI 2 EH BRI A FR A 75 JY92-1IN 8 75 6% 41 o Al
WAL, THH ZHEMBE AR AR SEBmEE,
X ATS Aw]; IR E AL Labscale TFF R4t,
%[H Milipore A% ; ICP 7000 255 114 % 5 ik
1%, ZE[E Thermo Fisher A ]

As;03, TR %1 99.9%, FRM IR AR A 7,
#it5 20151005; FfARAEVAM, 1 mg/mL, JEEiEAD
WREMBAREGIR AR, KGOV, HERE, 5

0 EAK R I ok 2% T T <L ik ( DSPE-PEG) 1%
WH B FRFEAREARA R, BERE, b
I HAA IR AT KBRS, LigpH T
Tk H; DMEM £5:78. 0.25%/i% 5 Al a4
Mmi&, B Gibco A@l; FITC. VU H I MEEM: L
(MTT), k[ Sigma Aal; H-BEERIE, By
FHow R ot at.

NG FLIRE MCF-7 2R N5 e o TR
u8s7 4ifis. AJEMERTE HepG2 4l M2 1EH AT LO2
Y, 359 FH AT AR B 24 K S B ) SRR A 7 O AR AR
2 FAEEHR
2.1 CaAs-LP i9%#l&

211 & Ca®*fRmfknml& BUKSUN@ENE 500
mg. DSPE-PEG 50 mg. AH[&EE 100 mg, H 50 mL
To/K LEEM#E R, 4 5 IRERR 10 mL AR
W, fE 45 “CoKI R BER: 10 min 28K S,
A 120 mmol/L EEERES W 10 mL 7K4k 10 min, i
JEHRR (225 W, #EA 1s % 1s), ¥ ELL 400,
200. 100 nm Ji&, WERMSIERR, SRR EBEX
SMZUEES Ca?t, 153Nk s & Ca® IR F i
(Ca-LP).

2.1.2 CaAs-LP [iill#& K “2.1.17 i1 Ca-
LP, F 120 mmol/L BRERANTER 20 mL ¥k, I
JER 20 mL, HONZEARE As,O3 R (3 mg/mL),
FWIE R, A AR B ER K TG IE bR 25 IR AR A g
WSS TS 2, HBIER 20 mL, IR
CaAs-LP, #%Hl.

2.2 BERRIABIFRIE

221 HMIEES HHIEH CaAs-LP #ikE s 5.0
mg/mL H5 As;O3 ¥~ Ca-LP K& 4hil. Wik 1
B, BERARGUOR RO R 2R ILA G, ISR,
WRANTCTR M, BONER; ML 0S N, 7=
AT TIERIMG .

WU SR PR AT RORE, B, H 2%
BRI OIAT Yo i, IR T, B TAMT R
M5 10 s AT AR CHLT 5 1E4T TEM 54 . TEM T
2 FhIG AR G KR 2 U R BRIR, H CaAs-LP K4
HAESMEEYMERSE A NTZNE (B 2).
222 FifR5 Zeta i SRAIBEOGRLELC CaAs-
LP [fkifE. £ BUA % (PDI) 1 Zeta Hi (34Tl
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As;03 Ca-LP CaAs-LP
1 As20:&i®- Ca-LP 1 CaAs-LP B95M L (A) RET
BRBR (B)
Fig. 1 Appearance (A) and Tyndall effect (B) of As20s
solution, Ca-LP and CaAs-LP

2 Ca-LP 1 CaAs-LP B9 TEM
Fig. 2 TEM photograph of Ca-LP and CaAs-LP
S, GRNFE 1. LP-Ca fkifel (119.32+2.16)
nm, Ti# 2551 CaAs-LP kiR ET, A
(117.16£1.94) nm; F# PDI 4374 0.19540.021.
0.21240.018, ##zir; 1H Zeta HAIEZHTA
(=21.72+2.42) mV, ifi CaAs-LP e f7 2% FF&
% (-26.331£2.25) mV. X2 H T WAERIE 1385,
WIS ER G5 i 7 2 (3108
223 BAHEKOHE WERKNEFRAH 2 mL i@
JEBL LA HEAT B0 (12 000 r/min. 10 min), WeE S
VR 100 pL, F 5%MH PRV R 22 10 mL Jid 0.22
#z 1 Ca-LP X CaAs-LP gy%IfE. PDI 1 Zeta i
Table 1 Particle size, PDI and Zeta potential of Ca-LP and
CaAs-LP
P it k% /nm PDI
Ca-LP 119.324+2.16 0.1954+0.021
CaAs-LP 117.16+1.94 0.212%0.018

Zeta HLA/mV
—21.72+2.42
—26.33+2.25

um JEMR, FZESCENLAF ICP kAT B
A2, S B A 100 pl JnE SR 50 uL i
FEIEIR, FH 5%FislR e A %) 10 mL, i 0.22 pm JE
IR S . WE ICP XSRS 8. S
1100 W, %58 FARARF S 50 L/min, B4
JE 0.5 L/min, ZAAMAHRE 0.3 L/min, ZE#
50 L/min, F25E%ERF 5, 1EPEHE] 30s, #HA mEal
G MTER T 189 nm. RIELL T ARIHE
AL RGN (74.31+2.11) %A (8.31+
0.13%).

A R = (Wo —W1)/Wo

G E = (Wo —W1)/W;
Wo Jy a2, Wi 92y )G B i B2 s, W
Ny CaAs-LP [ 5 &
2.3 OMERR

% pH 1B 505 7.4, 6.8, 5.5 [ PBS NFE
NI, F5E As:03 A TR ITAR T As20s IR IEURE
fiE o A 2% B B As203 I S CaAs-LP (7 As 1.0 mg)
2mL, BT ENT RN, HERRSEE%
#, BT 200 mL B H, T (37.0£05) C
TEIR KB IR (75 rimin), 45T 0. 15. 30, 45 min
K1, 2. 4. 6. 8. 12, 24h BURE A mL, FESZEDER
hnéE B[R A pH {EHT RN 5T, FF A4S 0.22 pm
AL RIS, USRI R F 1CP Wl e BRI 5
RS E, THERFBRAER (Q), FH&HRh
2. As03 VAV CaAs-LP 7EAN[E pH (44 T i
B2 2R WP 3 AR o As O3 IERAE R 5 4 h
LRI GE 4, HAR pH E T FR R 217
ik, o pH AEW M. . ANJF pH fE T CaAs-LP 1%
TR ST A0z VA . CaAs-LP (IR Z5 14k
B, G IR T B RME pH
TE PRI I, 48 h B 7E pH {E 4> 518 7.4, 6.8,
5.5 I, BB N 41.6%. 62.1%-. 89.9%,
A TN pH BRI ZRE . 24 pH {E4 5.5,
BEGE AT pH N 7.4, 6.8 B Nk, H 48h
PR R GE 4
24 HIEEM

43 AU B KA MCF-7. U8T7. HepG2 4]
AT LO2 2, 8X 103 AN/FLEEFH T 96 FLA, 37 C
NEEFE 12 h, B R ER RIS A NS [ R
(1. 5. 10, 25. 50. 100. 500 pg/mL) Ca-LP [
MiER TR, NS FRFE gk a8 7% 48 h, W&
B9, I 0.2mL & MTT (0.5 mg/mL) {710
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> W74 g /
40 E 401 i i
6.8 !
20+
20 55 ]
0 il 11l R d
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o ' 1 ' 2 ' 3 ' 4 JF R VR (ng-mLY)
TR R 2 (ngrmlL ™) 4 Ca-LP %f MCF-7. U87. HepG2 %1 L02 4RAuANE; 4
100 7 CaAs-LP aa,l\gi
=
%0 Fig. 4 Cytotoxicity of Ca-LP on MCF-7, U87, HepG2 and
L02 cells
601 12 h, B3R IR, o0 B 1. 5. 10, 25, 50 pmol/L
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Fig. 3 In vitro release profiles of As20s solution and

CaAs-LP in different pH medium

ER IR E 4 h, BBIEESH MTT 7%
Wiz 2%, PBS EETEYE 3 X, FFSLIMA 0.15 mL
DMSO, T#2K L #R$E 15 min, FEEARUSNIZE 490
nm B (IROEEE (A B, FF3EA ST E A F s %
[AHPAAIE R = (A s — A we) (A s —A 20) 1, G551
4. 1t 3 PN IEH A, RS iE
AR I R AR AYE, B MCF-7 #£ 500
pg/mL B (86%) #F, fFiEZ4 KT 90%. MCF-7
TETERAE BRI N 1~10 pg/mL I, BEEFAA K
JRER g i E, B S E RN 25~500
pg/mL I AATEZRIE DI UBT f7 1% AL 2k AL
9 1~100 pg/mL KBl AR BT AR I BT &R B B A2 5
s, BEJE FBE: HepG2 NITEFR EIKE N 1~50
ug/mL B FHE, 76 100~500 pg/mL iR [ i 1E 5
FF4mpfe LO2 7E i &3k Bl 1~50 pg/mL i FHir, 78
100~500 pg/mL i 5 T pakas .
2.5 BAHRGEINSMHEITMN

B AE K MCF-7. U87. HepG2 1 L02
YL 8X 103 ANALEEFIT 96 fLR, 37 C FHF®:

As;03 J CaAs-LP TG RE 7RI, TRNREFRAH 4%
SRR FE 48 he JEEUDIRE 2.4, WA EIFHE 4
fEIEZ, PEANHIKEE (1Cso) fH.

iR ILK 5, M%E As,O3 M CaAs-LP ¥ B3
b, MCF-7. U87 K HepG2 4l A7 3% I PR,
UiHH As,O3 & CaAs-LP F MCF-7. U87 & HepG2
Y M3 B B I E R, 2R X
IR AR R . ARIBLS 2R B T A AT 56
THEAE S A 1) 1Cso 1B, 45 KUK 2 iR . As203
AEFRE MCF-7. U87. HepG2 Al LO2 ) 1Cso 12 4 5
9 14.86. 7.49. 26.67. 31.84 pmol/L, JgAf %
J&i» 1Cso {8 FF% % 11.91. 4.90. 19.41. 27.59 umol/L,
Uil As,03 K& CaAs-LP i 3 s gn i ts A K 4F
AEIER . 2REaEE, BAREESRINY
YIERTHIRIVE T, (B4 48 h Jo, X s 40 i 24 25U 1
Weit—2Bneg (3 4115 P<<0.05).
26 BHARGRMIIERNS

BOR E A K I UsT i Mo TG R
FHESFEIL, #rE N 1X10*MmL, 37 CHi: 48h,
W EEFREE, INNE FITC Aric BR A ) DMEM £
Frkk, #EFE4h, PBS¥E 3K, 5 05mL4%EE
FE 3L E 10 min, 4k4E PBS 534 3 7, A 0.1%
) Tritonx-100 3L£5% & 3~5 min, i 0.5 mL 12 ug/mL
) Hoechst #4f& 15 min; PBS ¥ 3 X, MMA
Phalloidin J 40 il 22 20 min, ¥k 3 ¥, b &
PBS B kT, #HATEOGILRERN. SR E 6
Bz, U8T % FITC i i g o2 4 (1 B U1 v R 47
HEZES AL

OO B4 KA U7 4B LA EE Y 1X10°
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5 As:03i&& K CaAs-LP Xf MCF-7, U87. HepG2 #0 L02 AR 4 AR S 14 % 52
Fig. 5 Cellular cytotoxicity of As203 solution and CaAs-LP on MCF-7, U87, HepG2 and L02 cells

< 2 As203 K CaAs-LP f£ MCF-7. U87. HepG2 #ll L02
FH 1Cs0 1B

Table 2 1Cso of As2Osz and CaAs-LP in MCF-7, U87,
HepG2 and LO2 cells

g1
Y I1Cso/(umol-L™1)

MCF-7 u87 HepG2 L02

As;O3  14.86+1.54 7.49+052 26.67+2.11 31.84+2.35
CaAs-LP 11.91+1.02"4.90+0.38"19.41+1.83" 27.59 +2.43

5 As,0; A Lh#: "P<<0.05 "P<<0.01
"P<0.05 P <0.01vsAs,O3 group

ANImL E:Fh 2 mL F 6 LAk, 37 CH:F: 12h. |k
R, N 100 pL ) AsOs /K IFUAT CaAs-LP,

Phalloidin FITC

SRIEE 1. 2. 4 ho PBS ¥k 3 UG, U4,
AbFE S 2 \CP e 25 i, VR U8T 4l
% CaAs-LP [ABEL ., 45 BnE 7 P, BEEdL
W E IR AE K, As:O3 5 CaAs-LP AW A4 A
W AHEET As:03 R HIE A HHL, CaAs-LP 7EJF
46 2 h B NiuE (P<<0.05); 4h )&, P&
Wk TR, TEEEER.
3 g

NT R AsOs ITEARFRE M, PRI E A
S NI ZE A AE ARG IR B (8] 48 L e g v, A
FAENBE TR R AL SR K

Hoechst Merge

6 HAHREEHIEVER U7 HAEXS FITC FRCEFHIRENKL A S

Fig. 6
confocal microscope

Intracellular process and intracellular distribution of FITC labeled liposome cultured with U87 cells observed by
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o o5 SO T - PR 10 pH IR AR B, 59277 A As,On
g™ RS 0T B A 1 R 2 0 R K 7
= MBI IS %,
¥ 10+
g s 2230w

od : : ' [1] Zhang X W, Yan X J, Zhou Z R, et al. Arsenic trioxide

1 2 4 controls the fate of the PML-RAR alpha oncoprotein by

t/h
5 As,0; A LL#: *P<<0.05 *P<<0.01
*P<0.05 *P <0.01vsAs,03 group

7 UST 4RENT As:03 & CaAs-LP RIIRBI R E 5
Fig. 7 Cellular uptake efficiency of U87 cells to As2O3 and
CaAs-LP

W, R R AP seR AR 224, 4R
THL W AERAR B T (As:03 7E KA T HIAEAETE
2O IR LR AL AHEE, XH152
Yy 5 BATAE T K 1 770 1 7K FH B8 DAV B 1) T8 X 5
A, MECUARAR PGB R ML a, HAE NS
W FEAFAE ™ R BERRILR 8, AF FAERE TR
I P V) % B R FH RRAR 22 S S R 2 W el 1, a8
FIFT As20s XI5 T R BB REE, i As205
HEN 3 i S5 A 4 3G K 2 s v 5 BT UK AN
PR B A, SEILNT AsoOs B2 21125,
CaAs-LP fEANA] pH {ERE BN Jod H (R 247
AFE, B pH EMBECEER . L1 Ca-LP
TEARIR FE S A LT3 AR a1, 17 HLPE AR
JE R A B R N — PR AR S R, fE— e RE
XT3 Mm AN AR . o, U8T 1R AN
JR IR TR AR, 0 AR RS LT, A3 2R AR T
MCF-7 J HepG2 A m. KN Ca?tik 16 m #
—EFEIE S T Ca (T, SR N
R, SR At TR0, i DURE R gk sk
B, AR AEIE Z M . CaAs-LP AHEL T
As;03 TE 3 il 4 i w487 7t B 53 1 40 i 2
XAETTRE R T HIERY B, 20 B R0 A R AR 25
BAMHEAER, 200 LAY CaAs-LP, fdi4H i py 6
(P2 P B B (RIS RE A o 5 — 7T, As203
TE4H L H 2 8 3 LR AR ik VA (e B A R T2, T 4%
FifAA G TN Ca IR es. CaAs-LP
TG ML Ca? W E TR, R ERRRIAT S,
TERRESHEE, I T CaAs-LP igufsg ki,
CaAs-LP E.#5 11 pH RS e M mT RE 145 25 W72 s
AL PR SR, B T AR RIE R .
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