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Construction and evaluation of anti-tumor effect of polydopamine-arsenic nano-
drug delivery system
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Abstract: Objective To improve the efficacy of arsenic in the treatment of tumors by preparing a polydopamine-arsenic trioxide
nano-drug delivery system (PDA-ATO @NDDS). Methods PDA-ATO@NDDS were prepared under alkaline conditions, and the
synthesis conditions were optimized by single-factor method; The size of PDA-ATO@NDDS was characterized by transmission
electron microscope (TEM) and laser particle size measurement; The in vitro drug release characteristics were investigated by dialysis
bag method; the encapsulation rate and drug loading were determined by inductively coupled plasma emission spectrometer (ICP);
And the in vitro and in vivo anti-tumor effects were investigated. Results The optimal synthesis conditions of PDA-ATO@NDDS
were 0.5 g of PVP, 1:5 of MnCl2:ATO, and 4 h of incubation time; the prepared PDA-ATO@NDDS had a round or round-like
appearance with an average particle size of (243.5 £ 3.5) nm and PDI of 0.229 + 0.011. The encapsulation rate and drug loading was
(8.74 £ 0.03)% and (14.21 + 0.06)%, respectively; The in vitro release study showed that PDA-ATO@NDDS could delay the release
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of arsenic. Cytotoxicity experiments showed that PDA-ATO@NDDS had the strongest toxic to cells at low concentrations (P < 0.01).
In vivo pharmacodynamics showed PDA-ATO@ NDDS had a better tumor inhibitory effect compared to ATO (P < 0.05). Conclusion

The PDA-ATO@NDDS improved the anti-tumor efficacy of arsenic, and provided a reference for the construction of a novel drug

delivery system for arsenic and its application in tumor therapy.

Key words: arsenic; polydopamine; pharmacodynamic evaluation; antitumor; nano drug delivery system
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R OIHMEEIERR (polyvinylpyrrolidone, PVP),
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FHELGHEHARARAR; HR2 B, FEs
98%, #t'5 H2131138, JWH Fighlhr T A4 RHE %
WERAT, HEd, L5 20160708, M HELKEZ
B IR A aE] s e Ak 2 ekl MTT, fit5S
JI1HS184377, W H FilgE = RAEMHAF R A F;
T HIEPETR (DMSO), fitE C15277000, THH
EREHBMAEIRAT; DMEM 33, #its
8123269, Ny HFEER KH/REHEARA R HHEER-
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2 HESHR
2.1 PDA-ATO@NDDS Bl &

FREGER PVP T 10 mL 4likd, oA 13
mg/mL NaAsO, ¥ 5 mL, =& T 20 r/min £ 1
ho BEJE LA 5 o/i FHE BE NN — & &1 MnClL i,
FRBEE 1 h, BRETHEREANZ. B 189
mg/mL $hR L B 0.5 mL, £ NS
— 5E WS 815 2] PDA-ATO 9Kk, H)Gf 18 mL 5
AR TEARE A, #5388 13 000 r/min &0 (B0
F12 N 6.30cm) 20 min, JK¥%E 3 %, 20mL 4ikE
%, RIf§ PDA-ATO@NDDS.
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2.2.1 PVP HE#EE FRELO0.1. 0.5. 1.0gPVP &
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F 10mL gk, % “2.17 Wik A . WEHE
WOV RS, S5RNE 1 P, GEHER
TEA LKA 38, PRIk 0.5 g PVP & AT
YKL IR ] 25 o

£ 1 PVP FEX} PDA-ATO@NDDS KRB (X5,
n=3)

Table 1 Effect of PVP dosage on particle size of PDA-ATO
@NDDS preparation (Xt S, n=3)

PVP H&/g WA Fi4%/mm PDI
0.1 EAEFEA  398.747.8  0.293+0.012
0.5 AR 2435435 0.229+0.011
1.0 AR 272.543.9  0.203£0.007

222 MnCL HEFE % “2.17 Wb 5k nE
i MnClL, 5t &9 1010 #1105 ) PDA-
ATO@NDDS, WA I8 ke . 255840
L2 PR GREWBICA RS, IRt
Eboh 105 8977 AT KL () ) 45
223 WEMEFEL  WEENES A 4. 8. 12h,
% “2.17 TR A Al MBI AS I & ok
%o SR NFK 3 fivn. SRE BRI EA UL RS E R,
EEX 4 h 1) RIS TR AT 49 ARL R i) 45

2 MnCLAEXI PDA-ATO@NDDS K2R (X £ S,
n=3)
Table 2 Effect of MnCl: dosage on particle size of PDA-
ATO@NDDS preparation (X £ S, n=23)

MnCl, 517

B BEAS Fi4%/mm PDI
W5 1 L i

1:5 WAEERAR 2456124 0.24310.019

1:10 I LARITTE - -

% 3 WEEREX PDA-ATO@NDDS HifZHISNE (X £,
n=3)

Table 3 Effect of incubation time on particle size of PDA-
ATO@NDDS preparation (X £ S, n=3)

§5% 75 A1l /h IR $if%/mm PDI
4 HOBERA 2456424 0.243£0.019
8 i 22 IRTUE - -
12 i 22 RTUE - -

2.3 PDA-ATO@NDDS HIZR{E

231 Kife  HS/RSCRARAON E R 2 E% . ATO-
PDA@NDDS HJRiAE R AT, SEg 7k EER
FMET, WHGEERE S, B TR, A
IR SCREARARE I REAR AN 3 AT o 45 AN 4 PR .

x4 BEZ ORI PDA-ATO@NDDS RYHI{Z LK PDI
(Xts,n=3)

Table 4 Particle size and PDI of PDA and PDA-ATO@
NDDS (X£5S,n=3)

e Fif%/nm PDI
- EAutin 1482+124 0.12740.011

PDA-ATO@NDDS 243.5+3.5 0.22940.011

2.3.2 AMUIEA TEM 455 (K 1) &8, PDA-
ATO@NDDS FEAMEE, SEFERILaEERIE, 2
R, THEIS.

L o

200 nm

1 PDA-ATO@NDDS &) TEM

Fig.1 TEM photograph of PDA-ATO@NDDS
233 WEREMNFEL KKK PDA-ATO@
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FEACE, e o, 1. 2. 30 4. 5. 6.
7d RAEARAL, DAESHAGENE, SR 2. H
SCEREE RV, FEE SN E N, PDA-ATO@NDDS
TERKER PR e, 6 DMEM 58 43R F ]
JE I (R AE, {HEAE PBS Lo (pH 7.4) LK
DMEM ¥: 755 (LA s ) ol . %45
RN PDA-ATO@NDDS [l P3R5
BEER.
234 MRAMEZFES A pH N 7.4 1) PBS N
B 5T, 25 %2R [ 48Uk 5 PDA-ATO@NDDS
HHRHERR IR ISR AIE . JCHp, LR ] A JHar P 8 TS
HR (P EZG8) 2020 AR GEN 0931 25 —3%) it
17. PDA-ATO FIREBUNR I IET A%, BHL “2.17
Tirh 5 ) 45 1) PDA-ATO@NDDS ¥ 1 mL, &
T ENT RN, HERRAIREESE, BT
10 mL B Fid, T 37 CHEEKBIRY (100
r/min), Z%)F 5. 105 15, 30min & 1. 2. 4. 8.
12, 24 h BHAEHEH R

H PTG FE BT ICP-OES X285 « S0k
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Fig. 2 Particle size and PDI of PDA-ATO@NDDS in
different media (X £ S, n=23)

WF: HFEFARBEMN 150 Lmin, HBISRE
WA 1.50 L/min, SPHZI3A 1.20kW, FALER
A 0.75 L/min, HEFEZERH 10, 0K ECH
3K, 1 IREEET T 15 s,

BRI BRI, SHIBZihek, 4550
Kl 3. ARFEIFT 25 S nT %0, FLLAE R 25 7EAH R pH
M FRZ5IGE, T PDA-ATO@NDDS i) 2h £F1
BEIE R 61.46%, TE— B FIELE T 251 FE 1

235 #HAEHEEER H“22.17 HE AT PDA-

ATO@NDDS #l3f 1 mL BT 120 CHAEFET,
FREJREN Wo; ¥ 1 mLPDA-ATO@NDDS H A
S EILN Wy B3 ICP 43K 1 mL PDA-
ATO@NDDS Hifi &5 Wro # LA A5 v Hohtk
FRAHERMEZAE. SLNERRHaERA
(8.74£0.03) %: #HZiEHN (14.21£0.06) %.
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Fig. 3 ATO and PDA-ATO@NDDS in vitro release curve
(Xxts,n=3)

2.4 PDA-ATO@NDDS HU{EIMIIERIR E 5

EAL Tl B K H22 20, DA 1X 104 AN/AL
AT 96 FLAR, MAE AR ER AL . PDA-
ATO@NDDS WG MigH;Fdk. 42 24 h )5,
L MTT JA4E 570 nm W EWICE (40 1H, FHi%
AR E A M AETE 2 DL EANHIREE (ICs0) 1H
AW SEIR A R F R A X £s . HlAIELELE ] SPSS
25.0 FIBOSTREAR ¢ 4656, 24 P<<0.05 W CANEHE]
WE SR EE L ES .

MPAFTE R = (4 s —A 2e)/(A 2w — A 201
A s NSEIRI A MH, A s AAEXTIRAR AH, A +a R
I 4 18

It SPSS 25.0 BAF M TEARAS R, MR
ICso {8~ 13.47 pg/mL, 1] PDA-ATO@NDDS [ ICso
B 3.84 pg/mL. AT AT PDA-ATO@NDDS X
T P 4 L P B S T R AR B . R 5 B
N, BRI H22 AR AR R, 45 R
INERF IR E N PDA-ATO@NDDS  EL AL 78 41 i
B, —HFHAAFREEZER (P<0.01),
2.5 PDA-ATO@NDDS H{ARHIER R
251 M TIMBSHATHTE EHRRE2Sg AW
HEPE KM /IS BRAS 0 A BEAR 45 3 X107 A~/mL
H22 20 0.1 mL. AR F] 150 mm? 2241, ¥
KM /NREEHL M 3 21, 5413 H, Rl nt gl
(CAEHEERKO). R4 . PDA-ATO@NDDS 41,
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A /N R K E KT 15 mm SRR AL
B /NRRBET:, SLRIARSE/NER, Zeibsiis. fiid
IRFRRYE A T HAF 2.

P sRg A AR = R K > g 9 22
252 FAEAE BGst RROR N X £ AL
BAEHA SPSS 25.0 FIMNLFEA ¢ K156, 24 P<<0.05 B
INAEHE A it24 8 U 22 5

253 /MRMIEARS AR R RE “2.5.17 i
(IS E6 7 ZR15 B/ R R AR PR E T (R 6)
DAK g K/ (B 4). 53R EoR, 42/ R
JR B FE AR B WLk, 7E45 2 )5 WAL FE 245 PDA-ATO
@NDDS ZH 11 i #5195 21 7 A 2040, 3 H PDA-
ATO@NDDS I RO ZAL TR REZH, 2 ZH 1Al
Ji R AR A B P2

£ 5 HFEM PDA-ATO@NDDS X H22 {RERYAPEEN (X£S,n=23)
Table 5 Cytotoxicity of ATO and PDA-ATO@NDDS to H22 cells (X £ S, n=3)

U HAFIE /%
2H )
0.39 pg'mL! 0.78 pg'mL™! 1.56 pgrmL! 3.13 pg'mL™! 6.25 pg'mL!
Ttk FE 97.60+6.95 99.48+5.78 91.81£6.02 56.92+1.92 42.03+£2.09
PDA-ATO@NDDS 74.89+2.55™ 61.88+7.47" 54.84+1.97" 49.13£6.26 38.59+1.17
5t P<<0.01
"P <0.01 vs arsenic trioxide
=6 NEMEIEFRFERE (Xts,n=3)
Table 6 Tumor volume and body weight in mice (X £ S, n =3)
Jit g A /mm? R & /g
2H 51
od 3d 6d od 3d 6d
X 160.11+18.54  390.38+24.84 790.88+104.78 29.13+2.34 32.73£3.19 36.53%+3.38
b FE 180.60+53.05 245.07+23.93* 422.79+89.66" 2937+£0.99 32.77£0.55 3727%£1.75
PDA-ATO@NDDS 115.22+28.50 144.67+6.07"*  206.53+57.16"* 29.67+1.40 3333+191 37.10%£3.28

S5htiEA e "P<<0.05
*P<0.05
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Fig. 4 Tumor picture of mice

3 e

A SIS H| %) PDA-ATO@NDDS il 57  B
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(243.5+3.5) nm, WA —E 1ML m pE03], 31X

“P<0.01; SXTRRAIE: #P<0.01 #P<0.001
**P<<0.01 vs arsenic trioxide group; #P<<0.01 *#P<(0.001 vs control group
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SR R R 2 5 2 BRR A, ﬁﬂf e dul
G A OB 77 3, 1 R 8 2 = 2 T 2
(14.21£0.06) %, IXAHET & Se i AL AR )72k 24 =
HHr LTt . PDA-ATO@NDDS ]3] 52 F 28 R 45 14
Al g 2 B Af R 1 RERR ZE IR R A oR o Py S
RICHR FEE 25 e 1 1) R
HAAR SN 25807 B T AL, bR S PDA-ATO@
NDDS X} H22 #iffiff) 1Cso {5514 13.46. 3.83
ug/mL, HE(EEIRE N PDA-ATO@NDDS %4
N FF PR SRR A W (P<0.01). XHA]
RS2 PR AE 1l 77 B It AR O 5 1D ST A B o ) 4
BB @M pH SUsE, v Uil 25908 i e i 3
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PIRARBRIE R A R, BRI 2591505 2 G0 I A
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FK W, A 5 PDA-ATO@NDDS %} /)s Bl A4 6 Sz 448
B B4 i A 7 FH - {2 PDA-ATO@NDDS X fil 8
AR RS SCR E R TR, PRI B
PEZES (P<0.05). HEZS 24 IR 52300 BRI A4
BRI, RHOIRBIIG, M 172459
(0 1 R R 25 B S S S PR A A o X P RS FH T
(1) PDA-ATO@NDDS fil| & F2H I T MnCly,
T 98 2 B Min? 7 [ S h A7 /e AR A,
DAL AT 4 i 17 Al 7097 28, ks 1 LR pEDs-200, (2)
% P A ek e I IEH AL RITE R, A3 T B
BITIERBL, Bz, &S WA NIER T PDA-
ATO@NDDS 1] 038 fitt 75 [5G Sk B I 203t 25 W 1)
P, IR EIT R IS EEE.

2% F P&, PDA-ATO@NDDS 1] 45 24 fik 7
TEVRIT LRI T AR N2 AR SE 2. o
S AT EEERIG, NI RE A RN TSR R T
BESLAt . phAh, ARSZIG R RSN TR 2 B L S
Fa R IS 6r, G oAt FE o CR 0 RIS 1
HXFIER AR, AR A2 KRG
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