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Abstract: Polydopamine (PDA) , as the most typical melanin analog, possesses excellent antioxidant activity and biocom-
patibility. These unique properties make PDA-based nanomaterials widely concerned in the fields of inflammation treatment,
wound repair and biomimetic material preparation. Although great progress has been made, the antioxidant mechanism of
PDA-based nanomaterials remains unclear. In this review, we summarize and discuss the important research progress of
PDA-based nanomaterials in anti-oxidation in recent years. In the first section, we introduce the synthesis and antioxidant
mechanism of PDA-based nanomaterials. In the second section, we summarize the regulation of its antioxidant properties
mainly from three aspects: particle size, microstructure and redox degree. In the third section, we summarize the antioxidant
properties of PDA-based nanomaterials for biomedical applications. Finally, we discuss the challenges and future develop-
ment prospects of PDA-based nanomaterials. We hope that this review can provide ideas and references for the design and
development of PDA-based nanomaterials with antioxidant functions.
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IR PDA 9K T- B8 1 w-HERM S W I TR i 55 SR AR 25
FY X RS R 2k PDA 28 5 B mh B [ i3k, A
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Fig. 3 Strategies for the regulation of antioxidant properties within the PDA microstructure ' ; (a) conventional PDA synthe-

sis, (b) amino acid doped PDA synthesis
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Table 1 Biomedical applications of PDA-based nanomaterials
Materials Applications In vitro model(s) In vivo model(s) Year Ref.
CoCl, -treated Neuro
PEG-modified PDA NPs Ischemic brain protection A rat model of ischemic stroke 2017 [13]
2A cells
LPS-treated human gingival
Periodontal inflammation defense Amurine periodontitis model 2018 [43]
epithelial (HGE) cells

Acute inflammation-induced LPS/H, 0, -treated Acute peritonitis/acute lung

2018 [19]
injury treatment Raw 264.7 cells injury models
PDA NPs A rat model of anteriorcruciate

Osteoarthritis (OA) therapy IL-1B-induced chondrocytes 2019 [20]

ligament transection ( ACLT)

Inflammatory bowel disease LPS-treated Amurine model of IBD fed
2021 [44]

(IBD) treatment Raw 264. 7 cells with DSS solution
Cell membrane- Spinal cord injury (SCI) H,0,-treated
A rat model of SCI 2021 [45]
modified PDA NPs treatment SH-SY5Y cells
Amino acid-doped H,0,-treated human dental A rat modelof cutaneous

Woundhealing 2019 [41]

PDA NPs

pulp stem cells (hDPSCs)

wound model

4.1 2MERERR/ 2R

5L 240 Py i B

I WAL R AMIN T HIKF- Fedm, il

SV IE AR A/ S Ml #5497 (acute peritonitis/acute lung
injury ) 2l PR b AR UL, HRE 2 2% 3 A vh Mk 4R
MR RA LG E POIFRCE F R R 7 JIkA ROS
LIRS, B, Sl v B ROS S i 24 41
ORI ARG T G SOAE 05 A T 2T B, Zhao 55 K
¥ PDA KRBT FIR97 2bk RAEF S 0% dn
K5 s, ATt — 20k G T 50 HE 2 HER) PDA
AT, ASMCEEALTE P IER] PDA X H,0, #%E
FREE ) IR PEHOBIME . 7RISR b, TR L PDA 44
KR AT LI ROE R H,0, SUIE 248 (LPS) 75 S 40 ™2k
19 ROS, HBEHITH] LPS 55 (1 S0P I R 58 AL o (i 44 Py
RIS, TESVERTH05 (ALD) (/N BRBEAL Y PDA 4y
KORL T A G it 5, I 2 il it P4 4 L b

iT5m 3, PDA Gk TR 22 %2 ROS #it
f3, AT FH T Rl 20 A 0 b R B R 1 St AR
4.2 FRE%

5 JE 9 09 A ML 2 e 4 B i B 4k ROS, i
N RIS AL . B AR TR DNA F40i % 4 J& 240 it v e A
ARG, W 6 BTN, Bao S22l PDA 44k
BEFAEH ROS MR, FH T 228 2F JE S 358 I D % AR i
SR AL R TR G R AR UER] PDA 44k
BT 2R ROS(H,0,. OH - . 0, ) ¥ HAHRIEE,
TRANSEEG B, PDA G4 KT AT LG A R J 40
it G 2 S AR SOFN 9 9 BN, /DN BRUR PR 1 28 S 4R A 7 s
— IR T A5 PDA 9K 0] LA 80E BR IR ROS
WD SRR A E RAE . BLAh, AATTE S5 T PDA E{R
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Fig. 5 Synthesis of PDA nanoparticles and their antioxidant and anti-inflammatory properties

WL R KM, S5 R, XTI RS54l i) 3h
AT R AVAE A KR 225 TEEEST PDA 94Kk 1
JG24h, 30dM160d PN, IML7FHAMMEHEF(TNF-a, IFN-y
FIL-1B) A ITE TE B (B P 5[] B VA AR T
TR LR (ALT) | RS TRE ILFE M (AST) Sk
PERERRIG (ALP) MINIE KT, &G, FEHE L. B,
J . Bl ) Y IR RORS RO AL (H&E ) B 5 B % 9,
PDA KR FHR TS /NS B A £ BB
BRIEIN G . AT 1 IX Se 25 AR R WY, PDA 4Kk + 5
AWARR 2 S8,

dopamine
\ 28

3 ¥ .7'{ toxic reactive oxygen species
< '

¢ > &

<

polydopamine nénoparticles
antioxidant defense in periodontal disease
K6 PDA g4k THBR T A &on s E )
Fig. 6 Schematic diagram of PDA nanoparticles for eradication of peri-

odontitis!*!

4.3 BXTHK(OA)

B I R (osteoarthritis, OA) BY & I AL 24X B 40 it
Hr A AR ML 2K R I T SR A BRI SY
LW, TEPERE(ROS) FIE £ A (RNS) 78 OA 1Y & J& i 2
FRRECHEME T, HIECE 4 ROS 1 RNS B iEA
BIRYT OA, Zhao VAL 1 IR 41411 J] PDA 44K kL1
7 OA RYT HH L [ B ST bR R 2 L B ge 4y BINERA T
PDA Xl S0 Rkl . 8 AL AR I Bl S 18 BRI
e, RIMIME LIRSS RAE W], PDA 44K 7 i B0E A
Wit AP AR AR IR ET . FR OA ALl R
R, EERCE A R aE 28 ROS RIEESE [ Y PDA
gk F R ERS T A WA EY (EHE LC3-1I/1LC3-1,
ATG7 1 Beclin-1) 7E 4B 4 i b i 2R3k, 3 S fL B IR

[19]

B 7R 7E PDA AbHR S A5 i i oA K AR, /R
OA FBERISZIG . PDA 419 OA FraE%H MMP-13 Bt L IH
PEYL A B/D | ROS KlRE S5 5 /R PDA IRYT ALY
ROS Fll RNS 7K - 45 %) e 21 i 25 PRI, 3 26 4% SR 4R ¢
PDA Y4 KKLF 1] LA ROE bR &7 Fee b i A Ak i i, 2%
fife OA (15 FLEJ2

4.4 HEFH%(SCI)

HRP 20 AN BPLAZ 240 R XoF 7 451 T 20 B 1) 1 T
BE10 (spinal cord injury, SCI) 5| i) 4k & M 31475 )
FEARE Y SR AP RN . AR /N R
20 AL 0 S T GG I 4 L 7= 2 A T 2 SRR T 4 U (RONS )
TEZBUEREP IR AN B, FBO&ITse T A
P17 R, IR T R G E AR IR BE T LU RGA YT
SCI, Wang MBI H T —Fp g R B w30 2 8 0
A PR AN i A S0 R AN AR IR T A5 A R SCT
JERITHREMR ) BRI, AT PDA 1R okl
OB AE 6 (NMVs ) A0 22 B A2 0, il 45 1 v ks 4 g £
BLHY PDA 9KKLT-(NDs) , WNIE 7 ffrzs . FIH NMVs
SN T, ORI 2 Rl S A s Ak PR R A E T
AT H T e R A0 i R AN Ak, [, PDA TEBR T
MZITRI AN RONS, fR4 420 s 32 |AL i, 78
PRGN B e DR F- AR fR TR B S 6 oy, X6 40 i 36 Aotk
BRI RER, WSEHEF (40 TNF-a, TL-18 Fl T1-6)
FEANAR N (9 2% 35 K7 L BUBIAIG, B NDs R84 4% W% Bt
TNF-o, 1L-18 1 1L-6, Mt 4h, 40 H ) — %A b & &
(iNOS) 7E7 Ak B BAA2% 41 A1 /0N 68 5t 400 Jfd v A1) s 6 38 7
NDs {74 o g i E I, X 2e30 48R W], NDs Al L)
3 158 W A R A I A D 2 S T T A B P PR AL i
SO A0 AT L R O A0 I Y T AL . H T B IEIL IR (electron
spin-resonance spectroscopy, ESR) Yaifk 1 2, 2'-Bk Z(-X-3-
I TT 158 R Bk -6- il 2 ( ABTS ™) I3 3 — 25 9IF B NDs
PRER TARSRAY A H LTS BRIGEE, 25, i TAE A P se 5
FTAL T NDs X SCIL S 9 53 B Be AT 399 40 Ui 1 15 52
IRE ST, 45T, NDs 7E SCI 5 i 5L 3 By Be A 24 b 1
T ARAE VAT B Ak, e U D TR SRR )
TEBOHIEHE TP 2o A . B T4, Ry
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Fig. 7 Schematic diagram of the preparation of neutrophil membrane-coated PDA nanoparticles ( NDs)
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M) AL, GDFE 415 W40 s 3L S AT 2528 Ak, Faps
DY — L E B 7E GDFE 2H W25 M2 I 4 fitg 3¢
AR CD206 Y PHTE G (4, X SLTEHE R B GDFE /K &
JBE R LA S50 T s 200 R ) M2 e A O ) B IR
WA A DR GDFE 41 B £ AR M1 AR &9 IN-
082 Rk M= rg M2 frEWY ARG FKik, JFH B W40
Y8 GDFE /K EEI S T M2 R AL, e MhAT5E 5,
GDFE /KEERGEHLR | Bréafh . M2 B W 240 ik £k A i
A, AR R R A3 1 A TS SRR A fE
FETE G M SR 45 TR T LA i T
4.6 FEMFERHE
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Fig. 9  Schematic representation of AmmRBCs for tumor therapy'”* : (a) preparation of AmmRBCs, (b) AmmRBCs accumulate at tumor
sites and promote lO2 generation to enhance PDT, (c¢) PDA in AmmRBCs functions similarly to CAT and SOD in RBCs to protect Hb

during circulation protection from oxidative damage
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