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Research progress on anti-tumor mechanisms of arsenic trioxide and its drug
delivery system
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Abstract: Arsenic trioxide, a mineral drug of Chinese medicine material medica with significant therapeutic effect, has been approved
by USA Food and Drug Administration (FDA) for the treatment of acute promyelocytic leukemia. In recent years, it has also been
found to have a great therapeutic effect on the treatment of solid tumors. The anti-tumor mechanisms mainly include promoting
apoptosis, inhibiting Hedgehog signaling pathway, reversing drug resistance and inhibiting angiogenesis. However, the poor targeting
ability in vivo, the rapid renal clearance rate, and the toxic and side effects of high dose on normal tissues of arsenic trioxide limit the
application and clinical transformation for the treatment of solid tumor. On the basis of traditional nanoparticles, the novel drug
delivery system improves the drug aggregation, controlling-release and diagnosis in tumor sites, which is of great significance in
accurate treatment, improvement of bioavailability and reduction of toxic and side effects. Research progress on anti-tumor
mechanisms of arsenic trioxide and its drug delivery system in recent years was summarized and analyzed in this paper, in order to
provide ideas for the in-depth research and clinical application of arsenic trioxide.
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K AHMHIA 7 Ptch ) mRNA ik 7K B2 184
B, N A R T AR I E RS Pich
MM Hh/GLI JE RN, Meister 25221 F =4 4L
TRPALIRRESOULPIR RMS 4R, R IR = AL AT
RMS 40 2.2 14 AR A2 VR A, i FMIC Hh
iR E GLII. GLI2. Ptch. GASI #EJE[ [k,
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FALA I 7 IG5 14-3-3n R A MIREAR, BHEKT
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Fig. 1 Active targeting strategy based on drug delivery system for arsenic trioxide
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Jif R 0 B ) H FR1B381, Chen 8510V it v AR /K A4 v il
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PEGs3so 15 ¥ Y — B I Ik 2 0 I 9t < B i (1,2-
distearoyl-sn-glycero-3-phosphoethanolamine, DPSE )
DPSE-PEGs3s0 4 & Fa i&13R 13/ i /4 f-Lip (Ni,
As), R EII TR A [ea) R i A LA T 238 iR 4
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A AT = W ER AR T ROAR S, JFREA A
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Bt DS Wi R4 , S 30245100 FR) 42 5 Wi SR T
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SE VPR ERAL 2 2 TR 259, AR P 3
2R R IR RS, ORI T A = ahma
PR 2L 5] 3853 2R SR 7E T2 EEARR IR T 158 i 1
(A2 VR ME RIS (pH 48 I8 IR A0 2 AR A BTG ML
M RE 22 5 ) FNAMIEME BRI R 7 R 2 1)
R SEI.
2.3.1 PRGN N AR R G R TMOA B R
iR 78 R A R R A R B — AR T e () AR S
oG, RIS IEHHLUR 2 A F R AEY) R E
B, BRPE. AR, R tEREEC A R
IRAEN, XL e A R SO B D9 PR R B IR
Jriett VT EZ N

(1) pH MANFEEIR R GE: 5 IEF AL pH E
(7.2~7.4) tHLL, SEARSBER pH {H N 5.7~7.8, TfE
SEARN K, BT 30 P R A A T A U 5 300 B 5 )
FRVEIAEE, Ho pH HNH 4.5~5.55), X FEH
TR R PRI AR L AR I AR R MR R TR
MERBEZ, AR R RS, i 2B
Jea 1) o vh o= AR RRMEARUR 14T . M) I e AN [R) ZH 2]
pH Z= 7 A3 pH BURHI 25138 R 48, 7 LA R0
S I A e 988 TCHAS 5 ) i )97 2 ) 5 R . Bttlinger
SENIG L TR RANE S ZIF-8, Wi G HE
HIBCARAZ ks = B G| N PEgh Y, JFDLadk
HREALR PEG iR # % I PEG-NH@As@

ZIF-8, ZIF-8 NPs i/~ B 1 mg #Ak 74 pg As 5
T, PUOKRERMIERRYE M N o iR R 1S 1
IEHHLARIMAR N pH FREUD &R As, 7EMIR4H
LMt pH TR SE4S. Zhang ZEM6E i S AR L
EIFR T —Fi& pH 3 ABK (pH-low peptide, pHLP)
B3 245 248 MnAs@SiO-pHLIP, {8 pHLIP
(ELHE, BBZG ARG T L A R PE R A BT . PRSI aK
16 % W MnAs@SiO.-pHLIP X % Flvi 4 il 2 B A 1R
SR R PR A A BRI, AR SRR — DR,
pHLIP 38 7] DS 25 98K = 4804k R G 3R (8], 7E
PR PE IR BT S = S0 R A AT R, LR AR e TT
L@ MR B0H Mn2 [ T1 {55 13EAL, SEBLSERT
W, 5 =%k —#AH Lk, MnAs@SiO,-pHLIP NPs
FEAR P 4S8 mh 2 22 B0 HH T 5 4D R A e e R
YT R RHEH AN ENEE /N . Zhao SFUWIHIH 4
JEIEE Mn?" 5 HAsOs2 SV R EhITHE iIAE M, 1
B TR0 PN AR I M2 R = S840 R K A
JER (HAsO32 ) B Mn-As &&W0iiE, LA 7
B A RMIAK 2 EL Si0, 1, #1146 T MnAsOx@
Si0. 41 MnAsOx@SiO, it HA7E(E pH (pH
5.4) M TN EASREIRE AL, BAIRETE T1 15
# Mn2" IS MnAsOx@SiOa B A REFEHR R
GRS, ATHERRIZ W R A, SERT IS I =41
T RGN AR B IR, AR R ] B
I YR IT

(2) AAIE SR B (3835 R S8 IR 4 4
T A7 1) 2 SR PR 53 168 73 P98 440 i 19 38 1190 30 SR B 45 ok
Hik (GSH) #E (2~10 mmol/L) &, ZI&I1E
AN GSH WKER 4 5, Hixm 4o
B ) GSH W (2~10 umol/L) 481, K Ak
I As-S BB EiEE R R BURYE, 7R
TS P R GSH iR JFUASTIER Y, R
fSr R A S R AR AR TR AW, DT S B8 F 3
PEAEM RN Zhang SRV 5 T — SRS A
Bk M R B 3L Y PEO-b-P(CCLC6-SH), Al ]
AsY I SRIE BRI s, K AR S
EALZRJH (phenylarsine oxide, PAO) H53LEW 37
RSO TIREMN. ZLEWE As-S BIME
¥ As FIaERe iiem T 15 1%, BA RIFING
ke, JFHar AEME I SR GSH & 1F T
Wi 5 R 2458, 5 AR PAO B M4 AR %
15 NFLIE MDA-MB-435 40 NENE. —Fh sk
AL R S A TR e N PR 3 2 R 48 MSN-SS-
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PEG@As>03, UL MSN N#Ak, it —iBsmiER
1l 5 A B S N 8 PEG, e i@ i i i e
AR = A RSB 78 R 3 MSN-SS-
PEG@As:03 7E57 4 10 mmol/L GSH IR it b
SRR BRI A B 81%, @ T A GSH
AP E, B GSH W R .
HNEEPESEES SR MSN-SS-PEG@As:05 (121 A1l
WP (ICs) N (7.6410.35) pmol/L, &F KT
ZHEA TR (P<<0.01), MY T RSN TR RORE,

(3) LHIB A RIEIE RS AR T 5=
e & A puE e It SRS T E R, 75—
Jihl, XTI RGRLE T G2, HBEER Eh SAHMN
(1) T 2 2k 2 A & 0 A BL B N AR E [Ksp GdAsO4
(10~21.7) >Ksp GdPO4 (10~25) ], Xt KZ
Bl 24 V) LRI 21 TR AFAE R SR R . oML R
£ (inorganic phosphates, Pi) AMUAFELE T RIRH W)
t, EEETWIERIMIE (1.12~1.45 mmol/L) LA
KA (10~75 mmol/L) 1, FEEPIBERR &ALk
AR — A M LA BT . Chen 55214 H
[GdAsOx (s) +Pi (aq) —GdPOs4 (s) +H3AsO;3 (aq) ]
(RSB, BIFFE T DA SR BE L2 GdAsOx NPs [1 7] #
A A TE LBt ik R TS = S8 A R ) R K R 4R
RAMRETIEN /1 W ORI, AR PiIIIEOLE, A
7] pH B2 T 1 H PR ALK R G L T-#A
R = . AR T S 45 2R 9T TR 1)
AR AT, Sl =R A, B AR R
FRYIK RGN N As IR E G T 10 5.
2.3.2  HNIEHEA R I R Y 5k R R

(1) M LR IR R Gt ) RE I e . AN 7]
PEBT, AT DASEILEAT KRGV 25 e P A 1) 12 s
B AMINE AL A R43%) (alternating magnetic field,
AMPF) I 7P AR THR B RERT B R FH R 1 Bl
EIREYE R &R T (B, EREAL) BT REILR AR
1% (magnetic resonance imaging, MRID) &2 Krif
JT — 14k 24553, Muhammad 2554 EDC {42
T7 K FesOq WA G0 AR [E 7 72 B EAL A FL =
A ALhE (mesoporous silica nanoparticles, MSNs)
K133 Fe;0.@MSNs, 5 2RI NS
SEM R SRR A SR, DO = A A
€ TR, wEREME7AET MSN K2 L4
M, 7RI T MSN BIFLRRS 3R, 643k 45
[ s 7 28 55 AR 5 = S8 A AR ) CPT-=%8{k — -
Fe;04@MSNs o H 5T & Bl CPT- = % 1k — fifi -

Fe;04@MSNs B2 i, BA 45 B ie- 3 iest
TRIFTE] T2 (IR 7, v SLEL MRI A% 12 Wi DI 6E - Yang
SEDSIR FH 5 7) B vk = S A e Bk A A
PEGEK R LA E T AV o] B PLGA il %
T =E M A-MgFe O3 BEPEGNKRL T o BIF 7T K 1%
WA AR B RS m v, fESME)
()51 5 SEIEAL R e PRI Ik, FESEZH AR T
IEAME BA = A R R A A R
o = A A R BERLAIG, AN FEAIS T =4 — i
W — M H 2R B W EE M, JE S B R D RE R 52,
WD T ZEA R EIEA . Chi 50K Ni2TE
A S R N AR = R TR 2
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5 BSFE G 8 — B R R, R A R
FHAZUR FE To I, BG4 B EOR B35 1) 4 I A R
ARG BN TR R, AT 25 PRI, DA
ST FE BUR AR B R 400 Winter S5 001 m] DL %
HEl et AR IEHE AR, ( dipalmitoyl phosphatidylcholine,
DPPC) ffill & I E B INAA R LG 1-N 55
Pk i -2- % A Pt 2 B A% IR ( 1-myristoyl-2-palmitoyl-
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sn-glycero-3-phosphatidylcholine, MPPC) K15 /i
JRARTEARAZ IR Te BT POEBERU N =4t —
fih. WF9C %, DPPC:MPPC (5%) g1k
DPPC : MPPC (10%) fEfRfE 37 C NREED,
HAE 10 h Wl TRE (4 10%). i8R eig in
ME 42 Cla, 2 Fhlg R M S AR A,
76 1 h A2 S RGE R 40% 11 55% 1) =S84k —fifi,
2.3.3  EEHIES N % RS RE 2R
B 524K (lipoprotein receptor-related protein receptor,
LRPR) 7 i JI2 Jo3 e 40 . % i A B2 4 135 v 3Rk
SR T I B BT R I T LE BE AR (1. Angiopep-2
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FEF R, Tao 5512VR]FH Angiopep-2 X 4K & 4
T B, KA B A W R ) Re MR 4
ANG-LP-PAA-MSN@ — %4t — il ZE A G P
KA %, o s A AL A
(NH2-MSN) A6 LA W B 171 28k — S8 AL — A1, PAA
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By 7 2L LR Jof 8 £ 47 2 3 A — SR f i
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A P IO P 5 B3 3 e, Sk R R JER AN i P2 S 9 114
B8] 20 A R (24.96%) VLR IRIT R . A
Angiopep-2 [ 3B 7] 5 R AR PAA ¥ pH 1A )3
FEHL 2 FLAE B s R e SRR, =
BRSO T HRA 7 IR
=AM A B AL R R R R ALK 1.

R 1 ZEU YR FEEENSE RGN IRE
Table 1 Physico-chemical targeting strategy based on drug

delivery system for arsenic trioxide
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pH R ZIF-8 H 23 B At Zy)
JiEF7EN MnAsOx 43
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H, SEBURAERIT I H . EBhEE R 254181 &
S A4 E R SR B e, AR R MR B AN
A, 3 AN [F) B4R e e 08 1R B2 Ak 5 AH BG4 S A
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WAE S A

BT AT AR R R, PS5 2R
&R T RS G MERDE, AR FM T i =
PRI A3, WCAE P SRS 7 (1 25 36 1% R 48
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KAk, BIEEA RN AP H ARG = 42
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