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Abstract: Inflammatory diseases (IDs) are a general term of diseases characterized by chronic inflammation
as the primary pathogenetic mechanism, which seriously affect the quality of patient's life and cause significant
social and medical burden. Current drugs for IDs include nonsteroidal anti-inflammatory drugs, corticosteroids,
immunomodulators, biologics, and antioxidants, but these drugs may cause gastrointestinal side effects, induce or
worsen infections, and cause non-response or intolerance. Given the outstanding performance of metal polyphenol
network (MPN) in the fields of drug delivery, biomedical imaging, and catalytic therapy, its application in the
diagnosis and treatment of IDs has attracted much attention and significant progress has been made. In this paper,

we first provide an overview of the types of IDs and their generating mechanisms, then sort out and summarize the
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different forms of MPN in recent years, and finally discuss in detail the characteristics of MPN and their latest

research progress in the diagnosis and treatment of IDs. This research may provide useful references for scientific

research and clinical practice in the related fields.
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treatment

R e — PRI RS RO, HARRE 2 BOE 2 A
95 R S 2 A R B A RO R a2 2B
ST E K R (R 98RE TS S04H 2R 4 A T R
50, DAk, 20E 5 V5 2 9500 B D) AR O, T 9RE P4 i s
(inflammatory bowel disease, IBD)- «0» Ifll & J% %% (car-
diovascular diseasescvd, CVDs). Pl /K & LR
(Alzheimer's disease, AD)~ i B J&E M I H B Fui%
PEFRIR (autoimmune diseases, AID) 254, % T X by
I ) R R A BB R JONE, DRI, A AR A 2 0 NI
73X 88 % RE M FR W (inflammatory diseases, IDs) [ 3=
LTS SR, A& G (I0 7 J7 R4 R 5 T 0 I 2% i
(Gl S YR 9T, A AR AE — S ), I B I IE A R R
15 R BN BRI L TG e N B AN T 2 A, PR
BRI T I R S A PR, 3 ) @ AR R T B
KA 9 RE, 18 9T A FH P RN 5] R 1 fE A AR A
IDs" o B 35 QoK HE AR 1) RO R &, goK IR 5 R 3t AR
BT ARG 25 ) 2 0, 1 L [m) v 4 & i AE A
FH B AT %5 0 245 W R T80 o) g e 4 /20 2V IR IR o
AR IEE, H1Ds BVE T St 7 ipLaas ™, Hr,
MRS &8 S TR EAEH G &N eE-2
Ty /Xl 4% (metal polyphenol network, MPN) & il - K i&
T 2 Fe D R I — MBI M A WL TE L R A X 2% 1k &
(B 1a.b), @3 U415 2 5 50 2%, 5] a0 S8 A R 1
F B 18 % (nuclear factor kappa B, NF-xB). 22 24 Jii
% A6 BT O 38 % (mitogen-activated protein kinase,
MAPK). Janus ¥ 8§ {5 5 ¥ 5 A 55 5% 00 IR 7 3l %
(janus kinase-signal transducer and activator of transcrip-
tion, JAK-STAT), & I H 1t 57 f bt 4 /E M. R,
MPN F A ER &/ S FAMUA B T 2 M2k, it B F
S S B 5 T N AR T A 3 1 e L5 5 2
SR B 't A 4 e RN R B 1 R, E 2R IR AR
W= 2 R AG RN I ¥R 9T 55 AR A IR 25 AT B A AR FR
& J1 At s " (B e~ RAXHEENHT £
JiE B R AN AR i AR, AR5 1R T MPN A A AR TR
A HANERE, 555 VE4HE IR T MPN £ IDs 1297 1 (1)
Wk gT it R, 73R DR O A0 38 ) A I SR I PR 52
RIEEENSFE

1 REMMLES=ERER
1.1 RAERIFA

RAE SRR A B B R (R R e
PR 4G Bl SRR ) B A S TR 2R AR (O PN 1R B )
L) it 0 S g S M. g8 R S R OE T G 5 A it AT
ez 4 i, Horh, AR M i 3G 2 0008 B2, EATA
AR A 3R I T A AR 1) 48 T AT RIORE, BG83 22
M B A, FEZ I R, RS R R R ER
Ak, LA 8 PR B 5, A4S 1 2 B T 2 5 R SR AE JRE R
R [RIEF, 285 Aot PR TECH I AR 1 98 9 e B, gk — 25
PRI A L LE 28 RE DX R SN

AR Ao i S [B] AN 52 A 2 A, JRE — e ]
I3 N BNE RE RS YE JIE . Sk SORE AR XS A SR
WU —Fh B AR S, BER B EHL. 9Nk
T2 3 IR G B B Al A TR, S R GE o R
JA Bl R S S R, ST R b R 10 SR A 1, T R
ARG, WA ZUE E . S SRR R
RAE TR, RS2 VAT, P R R B R 2L PR
Se T e R ARG, B A A R Rl . SRR, R
i 2B PR B 8 S L T AN 2T S AR B2 A5, S AR
PEIAE AN P, 31X AT R 3 B0 MR IR 1R R, B
¥65 IBD. #l 2 1B 1T £ #E9 (neurodegenerative diseases,
NDDs) Fll AID %52, [Kl i, AR SC 4 JE 20 58 0 AE 1
RAENF IDs 73 AWK, It — ARG A & 1) &R AL, 4
e ML AE 5 N B SR IDs 3EAT S A A B 43
* (K2).
1.2 RIERERE
121 SR B 7% M4 (reactive oxygen species,
ROS) & — 275 fir Fil [ B 14 v 1R 008 1 3 1 40 1,
A5 A B T (superoxide anions, O%). ¥ B iy
(hydroxyl radical, -OH) it %5 1t & (hydrogen peroxide,
H,0,) L4 (0,)P". ROS F % i 2k by A 7= 4
AR T4 A S Ak 38 B R4 2800, (H 5 K SF [ ROS 42
gAY, TS S AR, TR R R
I BB RSB Ak, A RLOE AT 1 i 2
PS5 B %, I NF-«B.MAPK #1 JAK-STAT 2% ,
1.2.2 NF-kBIBE& NF-«B 2 — KR RIERE 55
TIE %, 50 A BB R T AR 8 N U AR G



RIS ST R -2 T 0 2% () 90K 586 24 3R GETE SORE RO 29T 75 T A e e -+ 325

Systems of metal-phenolic networks (MPNs)

a.

Polyphenols
(e.g. tannins)

=

coordination

c.Synergization

Polyphenols
(e.g. tannins)

« anti-inflammatory

« anti-oxidant
« anti-cancer

« anti-aging
o <p
@3 Metal ions
(e.g. Fe*)

3
§
&
&

3
%“&

d.Carriers and coatings

= mesoporous nanoparticles
stents,drugs cells,tissues
hydroxyapatite

MPNs-coated
materials

enzymes, proteins

* promote bone growth drugs--- R0
Metal ions » anti-bacterial 5 4
(e.g. Fe**) » anti-cancer ( - :
loading d'“ag%asded
e.Stimulus responsiveness f.Catalytic ability
5 GSH-resp /ATP-resp
i L GsH Meta [ S
So © oAt ionsde © ¢ T low
Selection of 5@; catalytic
.\ metal ions =0 @ O mmp =0 @ (1 B | efficiency
S ¢ o, 2 o O
!
reduction
Morio: PH-response -
complex i | high
e ] ; | catalytic
E e
; Rl ; efficiency
% Velye Gl Tris- H,0,
L o complex
.3 WG Fo ol Fenton
A AR Hopney o ~ reaction
PH>7 "R n"’o &

Figure 1 Schematic representation of the formation and properties of MPNs. a: Schematic representation of polyphenols and metal ions

forming MPNs by coordination; b: Selected range of metal ions that have been reported to construct MPNs, indicated by the red squares of
the elemental cycle; c: Polyphenols and metal ions exerting a synergistic biological effect; d: MPNs used in the application of delivery
carriers and coatings; e: pH, GSH and ATP responsiveness of MPNs; f: Schematic representation of the catalytic capacity of MPNs. GSH:
Glutathione. Adapted from Ref. 12 with permission. Copyright © 2024 The Author (s). Advanced Science published by Wiley-VCH GmbH
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Figure 2 Summary chart of inflammatory disease classification
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Table 1

Structure types of MPN. EGCG: Epigallocatechin gallate; TA: Tannic acid; PC: Proanthocyanidin; TB: Theabrownin; RA:

Rosmarinic acid; AP: Apigenin; GA: Gallic acid; EPL: e-Poly-L-lysine; Ru: Rutin; CA: Chlorogenic acid; Res: Resveratrol

Form of MPN Metal ion Polyphenol Structure of MPN Ref.
Capsules Cu** EGCG EGCG-Cu(II) capsules [50]
Fe*' TA TA-Fe(III)@PA microcapsules [51]

Fe** EGCG Cur-Fe(II)-EGCG@YM capsules [52]

Coatings Fe'* TA TA-Fe(III) coatings [53]
Fe™ PC PC-Fe(IIl) coatings [54]

Fe** TB TB-Fe(III) coatings [55]

Cu** TB TB-Cu(ll) coatings [55]

Ni** TB TB-Ni(II) coatings [55]

Zn** TB TB-Zn(II) coatings [55]

Fe** C6-C3-C6 Fe(IIT)-C6-C3-C6 coatings [56]

Nanoparticles Fe** RA Fe(I11)-RA NPs [57]
Co™" EGCG EGCG-Co(1I) NPs [58]

Fe** AP FeOOH@PFe(I11)-Ap NPs [59]

Cu™* EGCG PG@Cu(II) NPs [60]

Fe* GA GA-Fe(II) NPs [61]

Fe*' TA TA-Fe(III) NPs [62]

Fe* EGCG EGCG-Fe(III) NPs [63]

Cu** EPL THBA-Cu(II)-TOB NPs [64]

Fe*' RU Ru-Fe(IIT) NPS [65]

Mg* PC PC-Mg(II) NPs [66]

Hydrogel Zn** CA CA-ECS/OP/Zn(1I) hydrogel [67]
Cu** TA Chitin-TA-Cu(II) hydrogel [68]

Mg** Res Res-Mg(11)/PL-MA hydrogel [69]

Nanofiber microspheres St TA TA-Sr(IT) nanofiber microspheres [70]
Membrane ATl TA TA-AI(11I) membrane [71]

Capsules

duerqudN

Figure 3 Schematic diagram of different forms of MPN existence.
Adapted from Ref. 50 with permission. Copyright © 2020 Elsevier
Ltd; adapted from Ref. 62 with permission. Copyright © 2023
Wiley-VCH GmbH; adapted from Ref. 66 with permission. Copy-
right © 2024 The Authors. Publishing services by Elsevier B.V. on
behalf of KeAi Communications Co. Ltd; adapted from Ref. 71
with permission. Copyright © 2022 Elsevier B. V; adapted from
Ref. 72 with permission. Copyright © 2023 Elsevier B.V; adapted
from Ref. 73 with permission. Copyright © 2023 by the authors.
Licensee MDPI, Basel, Switzerland
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GOD) X B 44K F & (Au@MPN), HL7E ATP A
pH 2644 N AP 4 iR, R Fe® AL R (tannic acid,
TA), Fe* 1 TA i J5 jik Fe?', Fe* it — 35 15 Jivysg 4 o py 3t
FIK W H, 0, KA 50 s 87 AR Bl e 3514 1Y) - OH, TA i
f1) Fe(111)/Fe (II) G4 w1 146580 11406 97 (97 3
[ RE, 226 H Bk (glutathione, GSH) t1 /&l it 54 )8 &
TR 35 4 057 SR AR B5 MPN, AT S B0 245 1) GSH i %7
PERETL" . Zhang 26U 1 ¥k 7 EGCG M Fe™', M T
— Fft 5 F MPN 1 94 K ki Ce-aMOFs@MPN . 7£ ift J&
Y1 PN 3, 3 R IA 1 GSH RN 59 R 14 A B RE W8 [ fiRt i
JZ, B Fe’ Fl EGCG, [F]i} % 7% Ce-aMOFs. Fe' 5 il
W GSH [ J8i 42 i GSSG M Fe* . Fifi J7, Fe* 3t — 4 541
Ji P H,0, S 87 AR Bl i B 1 1Y - OH, 5 5 e 4 i 4k
. 25 FRTR, MPN B A5 B 47 (1) pH . ATP F1 GSH i i
PERE, T2 T 9K R4
3.2 FSAEIARR AR EE

— MR, KR I AR AL S B A
R A AR b, FE R SRR A S TN K (pH = 5.5)
H SRR (pH ~ 4.7) BlG )5, 7 B A4 9% AR G 5 400K
FLAE F, S 3099 KR A7 81 25 9 50 M AR K o T
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(W #5 A5 \DNA FI RNA) 85 B A, M ™ B B AR R
ITRCRTT R, 90 KoRE e 75 106 1 2 Bl A4 0] I 3R
(AL 8 S0 B 2. [HARE R I &, MPN A7 7E gk
KL e % 388 o T T AR RUORL N TN A T A 0 iR
o, MPN 1 2 By 25 551 1T DLLE BR M P9 A%/ T A4 21 358
THEAT T4k, AT ZE T TN, 5 B A
A FEL P V200 R 2R, 3R T 51 R 4 KR TR 35 3 ik SRR 6
RV, IR, MPN AT DLE M GR 25 I 30 2, B 1k
WFAER, JEEG KR 5 B i 2RI 6 1%, M2 mriR
JTH . Guo FEHRIE T —F TA-Fe Bt A7 ¥ B 1) MPN
Bk, HAEH SR T T H SR 10 £ 85T TNF- siRNA,
i I MPN [ 53 ¥ 25 AR 24035 siRNA PR N 1/ 1
P, AT AT 20 PR AH S AL Rl 7. Chen 26018
it TA M4 )@ B 1 (W1 Fe* A AP B A 1) £ MPN, 1] DA
GE I, AT 350 P i T A V5 0
R HETCATLRNA LGN KL 1) P A 06 3
33 FEFWR AR

SRR B — R FH 4 R A A ALK HL0,
JR A F A N FE R R IR H RS T, T2 M A
T2 A48 . Wang S5 % 1 5 R 2k 01 0¥ GOD,
M GIE T RS G, RINEF GOD REW 75 78 %) i ik
L e (R O A T 25 B 20 9 e T BE R AN HL 0, Fe™™
AN Fe™ fil R S5 B, 7= A2 KFE ) -OH. Chen %51
B T A EE T MPN £/ 10 2 ThREN & 8 2 & 4K
Fi MnO,@GA-Fe@CAL, I i A% 40 i N pH AP 5P
GSH >k 5 9 Jif 81 ol 28 858, AT 2 v Bt i 988 97 30
Ik, MPN 1] LASEEL 2 W A 5 1 P A A DR 3 R0 G 21 5%
LY SAS
3.4 eI ERRMERE

MPN E A 3 KL L4 (near infrared, NIR)
WA DGRRAIE, 18 B A 2 ) e AR b 2, DA R I )0
M MS ., T LA AIT ¥ (photothermal therapy,
PTT) T8 UF B & — Bl A 2 e RE 6 9T ik . R,
PTT 5 T 1 40 /& — ME/E M Ui K 3K . e 40 o
FIEH HSP 7 ARG EA/E PTT #0452 #4 . Liao
M EGCG-Fe & @ 2 My 91 K M ik B 12 /D R~
Ti,C,T MXene 44K )i L, il % MXene@EGCG, 1
808 nm PG IS T WoR Y R U5 e AL 3 0%, T 7R
S 40 B R T EGCG, I HSP 355, M ik 248 55
PTT IR .
3.5 FhBfERE

RIRZ By 2 A A S A TR UdE s 4 8k
M 5 4 e 4 B A AL P AH AR FH 32 B0 HA AR 98 1) 5 Bt
PEMT IR, MPN A] DL 50 IR B R A 3 76 AT £ 46 41
TEAR I b, 3X AT REIR T 9 508 I DI RE o AR AR

TEAR BIAS [, 7] AR 25 5 3 4= B % it MPN &b B A1 .
5 AR ER B EL, MPN 8235 (i 35 2 — 2 e Ai16E
i LART 52 1) J5E 2 286 B 21 10 ARTRE F: 44 £, Cheng
ZEBH) & T HAE T & (procyanidin, PC) Al Fe®* 14 2 1)
Z U)He PC-MPN I 2, B A S 2 e 3k /) B 40 L i
PR MC3T3-E1 26 I AIIG 56 1R e 7). Li %07 78
55 Tk I IR 2 1T O U 7 WK S Fe® A AT IR = Ty B4
Bk ¥ il (pyrogallol monomer containing phthalazinone,
THPZB), fill % T MPN K #t e i% = . HH, THPZB 1Y
Qs ANy R AL 5 e ML AL A% IR 2 B R I &G b
71, B BAERTTH FUGANAE B B SR AR 5 T AR
4 MPN FERIE MR RISTT 5 AR

MPN j& — i H1 & )& % 1 5 2 MR WAT A1
7> RCAL AL A1, DY RS IR ) AR S A T )
N T AP 27 . MPN AT T AE P R A%, 49t i
JLIR %1% (magnetic resonance imaging, MRI), 7E IDs H]
W R RBAE R . [, MPN & ] N T 2
IDs [f)34 97, 491 41 IBD.CVDs AD. F B} 5 JiFt P 752 93 K
AID %5 (& 4).
4.1 MPN 7£ ZE P R 12 B P 89 B2 AR

ILAESR, MPN FE A8 51 5k 1 B 2 o (0 57 45 2]
TR BT eEeE 5 LSRR,
MPN 1] 5 MRIA{ 45 & F T IDs (1287 Deng 25 &
T MhEET 4 R 2 W I 2 /A A Al N T R KR,
AL AT LA EGCG I CeOx & 45 Hi S8 A A7 4 1
HEA Fe’ /3 1 MRISUE A Ce /31 CT L& 112
RS AR BE 70, AT T VRS 2OAE RO 7™ AL SE, 92 Al
VRIT 45 1% 4 (ulcerative colitis, UC) $24L 7 —Fh 81387 19
J7i% (B 5). H AT MPN R T IDs BAR (458 175 28 5
A B AR R AR (IR BRAR O A R L I
TR AL R X ST LT AR 5Ok
JAR AR P AR T AT ST AT T 2 ke
4.2 MPNEREMERFIATHHIA
4.2.1 MPNEREMMRET FROKMMA 1BD & —
Ttk B il SORE, 5 LI I SORE BLAE £ OE i
AR S, T E A S ARV PR . 223 E (curcumin,
Cur) & —F RIRTLTL4Y, d T H TR AT
H, R 2t 77697 IBD. 281, BT HAE T K,
PR 2 RE FRALAR SR 2D, OR B I [V, P S 1 7
RO R S o T 58 K 30, MPN BE 78 24 2 & 40K+ 8t
oK 352 Cur, M 805 I8 A B2 AN 25 W) RE AT 9 Jin
SEIPLRH f] A L 3 SRS ] 4 1 Cur@Fe& TA 94K i
R4, i I IBD /N B B fi 1 20 L v 2 A
K7 i &k, R4 IBD VR YT o« Li%EP ¥t 17— Fhds
J A 1) 1 s 245 2R 4, ¥ Cur 3526 5 EGCG M Fe® JE i



RIS ST R -2 T 0 2% () 90K 586 24 3R GETE SORE RO 29T 75 T A e e

+ 329 -

MPN ;
& )0

|

Alzheimer’s disease

Figure 4 Summary of the application of MPN in various inflammatory diseases (Created with BioGDP.com)

@
170°C 12h Fe*
Na,PO,12H,0
. e \’l_’* ok aC
Ce(NO,),-6H,0 CeOx EGCG MPN@CeOx
@ @ i Flectrostatlc bonding
Enteric l Vis /& Fai -nos\ 9
coating éé vir. il mw [ uﬁ\ % % ?3/
‘ ; ”K« - p S
o ol *'*ee eé% Ve
@ @ ii Release z Q iii Antioxidant = o
\ EGCG CeOx B
(@) P 4 >
Fe** CeOx @ a

cT

Mo —| M1
e zo1 T
S occludin T TNFa |l 1Ll
@ Claudin 1 T L6 | MPO/

Restoring intestinal barrier Inhibiting inflammation
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A, DRI A 52 1B B, I B 1) 8 08 3 iy 38 ARE 8 47
(Bl 6A). ILAh, TA.J5E4E 7 % (proanthocyanidin, PC)
SR IR 2 Wy O IR B YR T S A 1 i R E
flo Zhang SFUUH A T A R AT S U M1 Zn-TA
KR, FLEA A A A | 2 WS PRI R ROS
e 71, BE% A %06 97 1BD (K 6B). Zhu Z5PViRIE T —
ol FH T 28 R 0 A7 BE 7] 38 0K A AR R IR )2 0K IR 2
(EcN@PC-Fe/HA) 5% . 1%MPN i)z (PC-Fe) A% [

N S 30 24 0 (1) 9% 305 A7 I ] 326 3% 1 42 1) BE i, 76 IBD
BT I BRI .

422 MPNELIMERRETHFRMA CVDs £
TR B A R R, & R R Bl KA N IR T
BRMNRIT T2 — . (818 X M S R &7
A RN, A L /ISR 286 B RS AL L SRR Sk v
I 2% 36 28 0 40 3R I 4% . MPN HLA L4k Bt & A
BEEIKER, I+ BA 2 FL1E, nTA s - & e
ORI 25%, B TR J7 CVDs. Zhang S5 %51t L i
HHVEAL T L E I B B E] R AR S 2 i EGCG-Cu 4
KL, Hodr i Cu” A F AR R AR DTS T o T LA
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Copyright © 2024 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd; B: Schematic illustration

of the preparation of HZn-TA nanoparticles and scavenging RONS for IBD therapy. Adapted from Ref. 90 with permission. Copyright ©

2024 Acta Materialia Inc. Published by Elsevier Ltd. YM: Yeast microcapsule; RONS: Reactive oxygen and nitrogen species; IBD: Inflam-
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BhIk s FETELL (atherosclerosis, AS) A& O ML
R LSRR 2 — o AS IR AR BT IR K P T,
AT R 5T (0 2 JH [ ) 3k N B Ik B, 5 3505 5
R WFFIESE, AN SOIELE AS H A A i 1 o
B EEAEH . Zhang S5 FH BT K UL 2 B EGCG
5 Fe’ B AL il MPN #8044, JF 107 2471 iy LI 25 P Bl 4
XA YT (atorvastatin, ATV), $& s FH AW R H B, 17 I 95
B2 G AL ) S A S ORI R T AR S, 3 T ek A B
% ff AS. UL Ah, Tang | % T FF 2 B (salvianic
acid B, SAB) 5 Fe™ [ 4 2% (¥ e A7 2 &4, a8 ik ek 4% 1l
ANBRA T 1) 90 IR, $ Bt AS I AR

A1 JE B K B9 (peripheral artery disease, PAD) &
EH I B B0 1k 8 43 B 5E 4 BH 26 51 R 1K, =2 e IR 3N ik 41 3
Fik AR AL ) I PRER B . PAD 5 ERGHIOA B 1) A8 A AL+
FAL NI S SRR IR A A 1 5 . DRk, A i A AR
B R TR B S PR BE AR OC EE %L . Duan Z5PYIE
EGCG 5 Cu" M FEMAR T &8 2 MK %, ¥
EGCG M FL & Pra i 5 Cu™ (AR I8 A= it 14
S a e —lg, A B T RIFH PAD VRIT AR . I T A
H 1 (critical limb ischemia, CLI) & & ™ & 1) 41 J& 3 ik
PR, A BT B0 NS 1 B A R AR LR ) 2H 2 0k
ZHG R . Duan 5] % 7 B Cu® 1 EGCG 41 1
K] MPN i 2 A0 9 (1 M2 B 40 i, 32 v 1 M2 B 4
JEL AR A Z R I 0, o8 1 BRI AL IR A 855, (i a2k

LB PR R P B P A SR T 0N BRURS R SR I )
IR AR, B BT I ORIBUR
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b AR AT 1 5 AR, JFLAFE SR B A AE W G, 121277
AN FI TR ™ B k. AD A& B 2 R i R0 B, &
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BN 22 /b AR M A 2 1 L 2 4 T 1l 1 B e 3 350
() 98 RE B N A A2 AD K JE B G K 35 2 — . Zhang
L0 BLMPN (Co-TA) 1T LA B[R] # 1) B & 4 # B2
(amyloid beta, AB) £ 4E 1) i, fi H N R KK
T EA%IEY) . Andrikopoulos 25Ky 7 T — R 7E &
YKL R B EGCG 5 Zn™ B A7 ¥ MPN # 44, H
TEAR AN &7 H 535 I PLUE B i 2R R SR AB PRI
M, HAERMHT AD R IT . Ji4h, BN E R AD
PR S R E KA & . Lin R 7 — MR
ZRLAA B 5 M T (quercetin, QC) AT 4E 1) & RE M
KWy, Fol i = BRI 3 SR AR [m) 3 1k, 1
QCHIZ WM& 5 Fe’ it B K ELALIE ., # 3H 5 R A 2k
N ) ALY Fet B G, TR IR AL B 4 TE B MPN,
00 L 9 B R A Y B S S N 7 AE T ROS, A EE
T HE IS0 AD FATT -
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5 4 (osteoarthritis, OA) J& 7 JL I 15 14 LA & 8% 95 9
Z—, FEH VG E N I S AR ik v AR R EE . MPN
RE A% 18 I I B = ROS ZE 2% 48 i i3 f A OR 4 1 s D¢ 5
BCE, N OA BEIT A KB HINLIE . Chen 5578 1 Hy
S U 5 AR ) 2% 17 AT A IR B R/ 5R L- TR A R B A K £
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Figure 7 A: Proposed mechanism of coating with antithrombotic, anti-inflammatory, re-endothelialization, and smooth muscle cell over-

growth suppression action. Adapted from Ref. 92 with permission. Copyright © 2022 American Chemical Society; B: Schematic representa-

tion of the mechanism by which nanoparticles act inside nucleus pulposus cells. Adapted from Ref. 60 with permission. Copyright © 2023

Wiley-VCH GmbH; C: Schematic illustration of the mechanism of multifunctional zinc-organic framework-based aggregation-induced

emission-active nanozymes for accelerating recovery following spinal cord injury. Adapted from Ref. 101 with permission. Copyright ©

2024 American Chemical Society; D: Application of THBA-Cu-TOB nanoparticles in the synergistic treatment of infected corneal ulcer;
Adapted from Ref. 64 with permission. Copyright © 2024 The Authors. Advanced Science published by Wiley-VCH GmbH

HE YRR, E R 1 34T B TA R0 Sr*" 4 1% (1) MPN &1,
i H B & R IP0 28 R i, DABS 586 97 OA IR R .
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Cu-EGCG 41K v, [Rl B B A EGCG ft S8 AL AF A Fl Cu™
ML 2 AE F, JE A R0 B gl i A i & 1 ROS, 35X
220 L DR 7 1) 2 IA 3 B A, I o 1 T e
1 6 R A AT k2 2 4 L 6

MEIAIEEIR AR (intervertebral disc degeneration, [IVDD)
F2 JER 1) FE B IR, LR AE 2 77 A 3 &2 1) ROS A 40
SIERMAET . Zhou FE T SR LK £ R A4 B [17)
Jik TLIK (pentapeptide, FP) i 4% 3| th EGCG Al Cu* it /i
I MPN &4 L, iZh & i T PG@Cu-FP 44 K4, H
HA TR PUE PUE TR P A REYE, 7T H T 1IVDD
2 haeia s (B 7B). th4bh, Zhou ' F K T —Fh
% T BE I AR B2 0 152 78 MPN 44 K B TMP@Alg-PBA/
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bR, 1 20T B ROS, 820 40 i 4058 03 004 B fife, B IR T
IVDD HJ I PR 77 -

HHEH 19 (spinal cord injury, SCI) 42 — Fft f7 HX 4
2 ARG E I RERR AT, §E0E 2 BUR G Th AR R
B . SCIRIRE AR 2T RE S, WK LFEL
FR2GMtAT T IRNATT, B EE R T O EAE KE
KIGFFHAH . RN, &G0 2436 77 0 T30 ) 4
PSRN, T Z R fiAR AN S ) SR, 7™ BRI T SCL Y
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Zn (14 J8 A HUAESE, JLTE A BB 4007 30 A0 W7 R T80 13
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AL R IR ST R A MMP-9 F 35 1, JF5@ id ROS A
5 (1) NF-xB 18 26 {2 33k 4% 7 VA 86 400 13 J5 #4800 1) 7
Az, BET s A S S IR (B170).
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5 VG 4T L 1 7 W 37 ok, 2 3 9 1 8 R 40 PRLCE 98 0 5 4
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