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1- Introduction

Metal-phenolic  networks  (MPNs) exhibit broad
applicability in the realm of biomedicine due to their
unique hybrid structure. By integrating the beneficial
properties of polyphenols with metal ions, these materials
offer distinct advantages such as tunable composition and
pore size, along with favorable biocompatibility. MPNs
can be synthesized through straightforward methods,
which enable efficient interaction with biological
molecules, making them particularly attractive for a wide
range of biomedical applications, including tissue
regeneration and antimicrobial therapies. Moreover, the
potential of MPNs extends to their use as targeted drug
delivery systems and in cancer therapy, further
emphasizing their multifunctionality to enhance human
health. Specifically in tumor treatment, MPNs serve dual
purposes, they can act effectively as drug carriers or as
photothermal agents.

2- Structure and Properties of Metal-Phenol Networks
These networks are created through the coordination of
phenolic ligands with metal ions, allowing for
customizable properties and capabilities tailored to
specific applications (Fig. 1). One of the standout features
of MPNs is their remarkable adhesion capabilities, which
facilitates their application as coatings on diverse
substrates. This quality paves the way for varied
implementations in both antimicrobial and anticancer
therapies, emphasizing their versatility and potential
impact in medical science.

3- Types of Materials Based on Metal-Phenolic
Network

MPNs can be synthesized through a straightforward and
efficient method that involves the physical mixing of
positively charged metal ions with the electron-rich
phenolic hydroxyl groups of polyphenols, resulting in the

formation of nanoscale to microscale particles.
Furthermore, if a mold is used, these networks can be
effectively deposited into various shapes such as flat,
spherical, or irregular, which enables applications in
coatings, films, and capsules.
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Figure 1. Different structures of polyphenols and the
molecular structure of polyphenol gallic acid, tannic acid
and epigallocatechin gallate

4- Biomedical Application of Metal-Phenol Networks
1- 4 - Bioactive Interface

Rapid progress in materials science has facilitated the
creation of various coatings designed to modify surface
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characteristics. Bioactive coatings, in particular, have
attracted considerable attention in the biomedical field due
to their role in mediating interactions between materials
and biological environments. Consequently, these coatings
significantly impact the performance of modified materials
and outcomes in biomedical fields. MPNs are notably
advantageous because of their superior biocompatibility,
making them suitable for a wide range of biological
interfaces, and they can effectively coat various substrates,
including nanoparticles and scaffolds. Additionally, the
incorporation of MPNs with different elemental
substances enhances texture and specific functional
properties, such as improved anticoagulation, re-
endothelialization, and anti-stenotic effects in stents, while
incorporation of radioactive metal ions opens new avenues
for imaging and therapeutic applications.

1-1- 4 - Antibacterial Surfaces

The diverse properties of MPNs arise from the plentiful
presence of polyphenols and metal ions, which expands
their application in biomedical therapies. Historically,
metal ions have been widely used in antimicrobial

applications, primarily by exerting lethal effects on
bacteria via direct interaction and generation of reactive
oxygen species. Consequently, MPNs may serve as a more
favorable alternative to antibiotics for the treatment of
challenging bacterial biofilm infections (Fig. 2, Table 1).

2-1- 4 - Bone Tissue Regeneration

MPNs are effectively employed to modify metallic bone
implants, especially magnesium-based alloys, which are
extensively investigated for their potential as degradable
bone implant. These alloys not only offer mechanical
support for bone tissue but also facilitate regeneration by
releasing magnesium ions. Furthermore, MPN coatings
provide a swift and cost-effective approach to diverse
substrates, including bulk materials, nanostructures, and
biological interfaces. Natural polyphenols, with their
phenolic hydroxyl groups, enhance tissue adhesion and
exhibit antioxidant, anti-inflammatory, and antimicrobial
properties, while metal ions like magnesium and zinc
contribute crucial osteogenic and antibacterial effects,
ultimately supporting bone formation and orthopedic
treatment.
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Figure 2. Schematic images: (a) Coating based on copper-phenolic network with antimicrobial and zwitterionic properties,
(b) MPNs film of green tea, (c) Antibacterial and anti-clotting coating based on MPNs, (d) MPNs based coating on textile
fibers




47 Journal of Metallurgical and Materials Engineering, 35, 4. 2024.
Table 1. Examples of different forms of biomaterials based on MPNs as antibacterial surfaces
Sample . Metal .
Code Substrate Phenolic Part lon Properties
-Low cytotoxicity
-High tissue
TA/Cu-PEG | Composite Tannic acid Cu? compatibility
-Anti-sediment
-Antibacterial
-High wettability
Cu?*- Contact Poly (carboxyl betaine-codopamine cut -Low protein
PCBDA lens methacrylamide) absorption
-antimicrobial
. . -Anti-thrombosis
AgPG Catheter Phenyltriol Ag Anti-infection
Cu'- S ot -Antibacterial
GAICYSA Catheter Gallic acid Cu _Biocompatible
AQITA Textiles Tannic acid Ag* -Antimicrobial
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Figure 3. Schematic images of: (a) Nanocomposite containing iron / tannic acid network used in chemotherapy, (b) Cul.94S
nanoparticles with iron / tannic acid network in photothermal therapy, (c) Bovine serum nanoreactor containing iron /
epigallocatechin gallate network as a photothermal agent, (d) FerH intratumoral self-assembly nanostructure consisting of
iron / tannic acid network, (e) pH-sensitive polyethylene glycol capsules contain calcium-hematoporphyrin monomethyl ether
network

for cellular regeneration while safeguarding the wound site
from bacterial invasion. MPNs are commonly
incorporated with various components, including chitin,

3-1- 4 - Skin Tissue Regeneration
To enhance the efficacy of wound healing, dressing
materials are employed to create an optimal environment
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sodium  alginate, chitosan, silk  fibroin, and
polyacrylamide, to modify their functional properties. In
addition to silver ions, other metal ions like copper, iron,
and zinc also exhibit antimicrobial properties and are used
in MPN systems for wound healing purposes. Polyphenols
contribute to chronic wound management by alleviating
oxidative stress and regulating excessive inflammation.

2- 4 - Diagnosis and Treatment of Cancer
1-2-4- Photothermal Therapy and Combined Treatments
Photothermal therapy, an innovative non-invasive
technique, converts light energy into heat, leading to the
disruption of bacterial membranes and the irreversible
death of bacteria. Moreover, multifunctional MPN
composites possess remarkable photothermal properties,
and strategies using photothermal or photodynamic
therapy have effectively managed bacterial infections
while minimizing damage to adjacent healthy tissues,
indicating potential applications in infectious diseases
control and advancing intelligent and programmable
approaches in future research. Additionally, photothermal
therapy is generally more cost-effective compared to other
treatment options. Researchers are working to integrate
photosensitizers into MPNs for targeted drug delivery and
enhanced tumor retention (Fig. 3). The selection of
polyphenols is crucial because their specific functions can
lead to synergistic effects in cancer treatment rather than
just additive benefits, necessitating the incorporation of
specific ligands that selectively bind to tumor surface
receptors.

2-2- 4 - Drug Delivery. The drug loading capacity of
MPNs enables them to perform various therapeutic

functions, including  conventional  chemotherapy,
photodynamic therapy, and photothermal therapy.
Furthermore, the unique properties of phenolic

compounds, such as pH responsiveness and metal
chelation, make them effective nanomaterials for
biomedical applications and allow long-term circulation in
the bloodstream, while their isolation in acidic
environments facilitates targeted drug release within
tumors, reducing unwanted side effects.

3-2- 4 - Tumor Imaging. The utilization of MPNs in
imaging-guided precision medicine has garnered
considerable research attention in recent years. By
leveraging the unique characteristics of metal ions and
incorporated materials, diverse medical imaging
techniques, including photoacoustic imaging, are being
explored in conjunction with MPNS.

5- Conclusion

Engineered MPNs must be structurally robust to ensure
long-term delivery, with considerations to respond to the
tumor microenvironment and personalized designs to
accommodate individual patient differences. This review
provides an overview of the development and utilization
of MPNs in biomedicine
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Metal-Phenolic Networks as Antimicrobial and Anticancer Biointerfaces in Bio-Medical Applications

Shaghayegh Kohzadi Zahra. Mohammadi

Abstract Metal-phenolic networks are an emerging organic-inorganic hybrid network system that has been gradually
developed in recent years through the coordination between metal ions and organic ligands containing phenolic groups,
such as gallol or catechol. These networks exhibit exceptional multifunctional properties, specifically anti-inflammatory,
antioxidant, and antibacterial functions. These materials greatly change the surface characteristics, resulting in improved
performance in areas such as anti-corrosion, hydrophobicity, biocompatibility, and binding of specific molecule on
various surfaces, including metals, oxides, polymers and biological materials. Furthermore, phenolic metal networks
have attracted considerable attention in the field of infection prevention and advanced cancer therapies due to their easy
synthesis process, remarkable biocompatibility, and outstanding antimicrobial properties facilitated by polyphenols and
metal ions. The aim of this article is to provide an overview of the recent biomedical applications of phenolic metal
networks in different structures, with a particular focus on their inherent characteristics, including novel antimicrobial
and anticancer properties.

Keywords Metal-Phenolic Networks, Biological Interface, Anti-Microbial, Anti-Cancer.

A3l VIV 0T 5y b 5 VRIS i il 6
Q.)@J «Q\J@ AK«.L;‘J 4&‘4.".;J QL:A 6[.&_;}\.«3 9 (}.LG Qg.b/\..:..b ;C,...L.:..i‘ 9 &:&‘fﬂﬁ M aK.QLAJT ‘J‘).a):..v 6,:5: LS)"‘:"'\: (\)
nu\)@J GK.-:.‘J 4&‘4:.;) QL:A 61.&)}\.3 9 rjl.& \,\lf.x.i.;alz ;C,.«.L:o.i‘ 9 ;{.:e‘ﬂ):; ﬂa’u‘ a&%lﬁ)T ‘C,JL Jﬂw 9 Jbﬂ):.- )L:..Z.‘J cJ)L«.A a.Lw..l‘,.v (Y)

Email: mohamadiz@ut.ac.ir Olg

Y4


https://jmme.um.ac.ir/article_45825.html
https://jmme.um.ac.ir/article_45825.html
https://doi.org/10.22067/jmme.2024.88514.1150
https://orcid.org/0000-0003-4523-7071

oo d S 5 19, K0l S e Lol Olsie 0 S8 =il (claaSC

2 el S IS 00 s BB bl bl
[8] sl (S iy slaaise
S5 K5t it by S5 5t I e s
5 s 0 Ol (lew Ol ys 5 2l (gl Lo
5 ool okl b ekiga sl slpe el o3 g ann s
SLa i Ol ge a4 Al o0 3 By i 5 (golaml Glajld
Cle LS I3 e s Ol Cadle gl Sleys
o el g S o gl gl Sl S el
Oszmar gllae Sba S5 sbml 5 Lagls gla lol> lans
Shcbli= 5 ol olel Lilay (g pbioilas! (St
S edd el Bl e sbml ol 5 sob cbd S
ol dabds s sy 1 e gl 5U Oliios
Foa Jgd o 5l et (ol edle [9] s wnn s
Cod S Kpie eslial glaassemeyl 5 o34t
Olse 4 ss05 Joms a0 Doy b els b Olejon (g 5lua] pueS
a0 pbaws slp Ly Rdbl LT sladlsl; slastzs s
a5 [10] s o 33T adul3s 5 odd plsdlen Slays S
-G sl Ll 508 jse s Oleys g (S5 IS
Lola g abows w0 1) Lagls ool 5l 5 8 dal 3 55 J 5
o U] s o Jame a5 Joee wodd o Glad seeS 2
e 53 00t 8 b LBl e U5 s 0leily W
S350 Gl b Jalse Ol a5 GLb SaS 4y 5505
G Gwemen WOl [12,13] L5d o eslizal e glad sl
mo g 250 il FSKalun s 53 55 e kiS le Jalse D5
cllen 0 (ST b Vpene oS WS 1 0l
R 25l 5 Slys SE e BB sk a5 0
LS o habls ok ad sl 51 S I e 5o 5 dirs s
LALS] &y o 51D Sy 5 o s (5 550 L5k @ Al 5
LU o Saber plel o I b gkl
L o 2SNl 51 (SaS oo D5 30 slal 5 I
Sy oS Slsdal 5 J5e o el s 4 Lol sadD
kB s 4 s G b 51 [16] sl e atl ssls J g
Ul b Jsd - o bl dad sl Jlo St
Gladals b e s (g0, (JSK3 5 Dbl 85 L 55 Ok

LYV

wlhed Sl S Olse 4 b o g gl
slee cilite JEI Chgo w0 Sdme o T O el s
gl 5 05 sy (e 5 S350 WJiader (i)
Sl 5L s g Slagler 4 ax 5 b slpesm 0SUS
Do e 53 S o Wil [ abgy e (Sla 5k o ey Slal
(S ol s m e s el gileesled il
e
ol Bl sk 4 aS il a b5l saog 5 Wd s
b R o Shes olles Cogo 4 Lol Sl ol
3 e gy SRS 5 ol e 53 5 ol sdelsy 3 g
357 51 M 5 o ke IS0 w4 alge e b aglie 3 (g 5
slasbsle Ghls Jss o o3l slaais [1] das e ol
S O o Sales 516 dxes S50 G5 ok
Sl 5 S5 sl 5 Ksd e 1S S gL
SOl (S did st S e 4 asialy i J S Bls
SlE sl e ke (ol ple s S
SLaSl (b o s 00 S bl 5 b lad 53 L
slge 5l ey i b gl 1 g ol Jgs o g5k
[1,2] dens o 1)) 65,518

wils Jolad s ol 5 g b il 5o Bl3 LSl !
[2] w5 d =25y (S5 glacdld 5 Jolo jls, 5 il
Selid o glides b S 5l b ol
“Cy slakuly Ol 4 Jd o 5 sleasll sl
Lot 3ol Slacnsls Jlie Ol 4 iloks 55 jae Jla
sldsbe S bcal (Sen Jpd o il glaests
S 1y S8l bl (G S, S 5 sl
[3-6] 1S

Slads s ladsd k(b Stas a5l ol 5k o
s ks B LS ol s g s sl
S Sl s i a (T] S e Jee liler e
o3obe Sl 55 Ay Jla s O M b 658 la
COSae s (IS b 4 ls s bensE 1 S L
s 2 S 5 TS5 e s s 5 L ST sl ad

TFr sl Sl iy 5 oo o

Ay s sl in



o

Selares o (52158 ldd

Sl (gadate GlapedlSa Gy b Sl b lad 58

Ol Sl Jsho slaes, gl5il Gl 1) (6550 Sosn 552
S5 S Sl LOT 5 2 (b nl L [25] s e
Sl Slas 8 S WSl has s eald s ol
55 Sldllas [26] AS o ssdswe (3L A U1 ol Ko
gl Gl 51 Sl Iy (el (el B (RIS 5e
(Vs S il

Osehis Ll Ol s
St ool ek 4 Ol Sl g LA [27] e
do 31 Jgd OUS 5 S5 ol il odd G glane ab 2y
Sl Hles (S 525 Jomily PH 4 5ol 8 0 5dS
Ul 0T S 358 0 Stly 55 il 5 Ol ey 15
Al s 1 g 3l g sl sl 5 ol sl
53 @lBles DAL L e ol ol Sl S sl
[28] S o plosl (Sagpcass 5 00500 las )8

Sy blas Jd o o35 laass s b slaon
o OB a0y S p o Jetde b 5L
Salg whauly SIHs Glad g (S B s glao s
G daes mly DB el s (s SlaS (Sl
Loy M b o g o sl gl s Wl
5 laS Sl s O g 4 [29,30] el Jas e Olisl 5
S Pl Ll el 5 G b e e s 4 el S
Lol 4 45 dies placdpy slas Shas 5 Jlo bt
o3l Ol ks 5 (29, Kn S Jalyo Ol g 4y das oo o5l
[30] 45

el g bes Jgb (3l slaasll lise 5 Gl
ey S s Sl JSSE o LK g PH Sl
5 50dS 8 1 Il (sl oo o 5 S 5 s 5SS
A poSdiaS 5ige PH 4 a5 S o ol 3 (51 S0
JSE) L JSns dilg or a o SdeSan L eSS 5o
31 O

SU[17,18] sbs (g S o Jas S Olye 4 oS il
5o ool Sl BSee S o b glaasl
53l e 53 Aol 3 4 ol la iy 53 1y g shlas
5348 3,5 Gl s 4 Ol e L LB das bl
S o s bl bdseS LSA 4 e D
Slodd gome L 58 Glal s dad 3 L pll ot b2 pd o0
Slas Shae W55 o (J5d = (5B Slaesis il pame
el joe 4 dlie ol 45 [19-21] wsl awxdls ks
s dlbcan; il Olge 4 ool JSGI s Jeb o (g5l

F5d = A g gla Sy s bl
JSoze S 5e 558 oSt glaslr b J b 56 slaasia
-l Lleis Kalen J b b LI L oS Ll 56 sl 5
53 038 sb 4 a8 daes gl sl glacd plie dad g
b gld Bl e mis Sl 5 e
Lol bl a5 tizes 0L 5lods gxie JI glad 5050
I8 [22] s5ip0 pain Jpd dmly o koo )5l
S 23 8 o SNl JsS05e s ad sy Sl 8 0 sl
FROWPNR IS N PP U P S P KDY PR E oy
S Js g 50 i Jeate JuSoida 05 5 S w
2135y Lt ol s VL (J5S050 055 L slasb b gLl
Ol 0= JS50 055 b slad 5o (Jsane o5 &
- ol O s v gme > 5 sdaze Slas T glaail>
53 BBl b oS IS0 035 b slaslitle (Jlis 53 dins
5 Bdes (SSLgl dls b bS5 feS e 655
wrld (ALS slad g Olse @ & Wpd e 3L bl
L ek slad sk alesd sltle 4 ey [23] Wl
(ST sladenl a5 06 il sl WIS 4 Ol s
Sld s b il 35 e Al SIE 5 LOLSS (ol
Ll o 5 13 257 Sl (SE s glas Shos b
- Sl st Gl slr Glys Jalse on) o s @
Olse 4 aSl L5 eslinal b SUas 5 Oledlds ol

[24] LS o Wl pege B o el sl

po 5 5y s oligo 4 L

’F'rulﬁ-byw‘@ijLv



el s 5 s Neadis s j Lol Ol w0 S35 =53l (slaaSCS

oy

a. polyphenols metal ions metal-phenolic
[s) network (MPN)
o o
ﬂ
o >
e e
o
b. mono complex bis complex tris complex
(PH <2) (3<pH<8) (7 <pH)

VE a8 I8 )y SOb el (SIE el I o I8 50 liles 5 bad b caloses sla kL

3 S 5 e S Ol g 4 [BB] L esls by SO
2 US L dsso il beSs (T e gl
o Sl ol gla S5 g SO L I s gladsS
5 dry JB G (S ol (Bl g ks
Sl Sy abis 55 Sl aS e 4 asmal
Sl oy Liee uila, sl Lo, 5 Oldad (gslulas
S8 - 58 4SS e sS Lsd e et Sales 36
2 S ool 5l it Ol gy b s 4 Ol
355 o3bal iy S G 0T s w5 S S e (55
Kt e St el b slad3 oS ad3s s [36]
s b 53 DLl s 5 Cnsn ol ol s 4
adgd L pl Obe 5o [37] Lgi oo ool Las )8 5
SN 5 S bl 5L IS s 4 el S
S R P L T
S F o G Sl e ) s
235 s e OWE 5 5l S ol el 5 e <ol
S50 b g sl Os sbdlade L oali
S5 Vb pals sl e, Oles O J s ) eslind

38] ol

S = s aSD al sl ol gl
L Ol opl o Jsd— g3k glaasls sman ol S 5 osle s,
SLog @il (o3 bylie G Gk 5l 4 3550 el
JeSsoden glaos S L sstan s sk @ oot 5L L gk
Lo 5 s 0las (28l Wd s 5o S IS 53
oMo N A5 (rag,Son U 5L alide) il glae sl
S IS Jlie Ol e 4 cosline JIEIL Ll dB 310l
- G e Ul e d Sl Bl 5 (S s
Lol da 25 B sls gy LOT 55 2 o & o s
C b e 058 b [32,33] wias LS5 | Wad peS
Sl S3U glaidy 5 LY Olse @ o 28 5w Jsb
e 035 A (Gl b ol Shas glac b sbxl
Use b o3l s 3 g s 5 S bl e
-b s JIE sleey S [34] Lleds eslinal sls el
b S LSS sl b sbos flsl L ke slad 5
5 ek, S Uy 4 & dhSdeder el 5 Jgb o
530 1y gl S e lee S50k Lsy OB ASIal
e R B O R R N e L S
3 Sbdgsden il mshan () D @ e 5 LU

VPP Gler Sl iy s oo Sl

Ay s sl in



oy

Slozme [ - (531545 plid

Sl O W30 0 plmil Slidos ilas S 13 axdllas 5 50
Gl SO gl @l s esle ol SIS 5 ede oS
Ol el (3Ll L3 Wl 5 oo e S0 s (Ol ol 3L
Gl &5 23 8 Ol bl ol o5Y [43] il dke 59
355 K 2208 5 gy S s (S8 5k
35St el GAS L 5 58 a0 s 5 ad 58
S ds 2l 5 Al e el gl e o5
ol 4 Wleals 0L Ll Sldlllae gl e o5 3 g sl
LS o S g s 0 Jeee 5o Ll G e ol eSS
[44]

3B P S Jsd - b sl gl il
se ahar Sl il gboa pries Shis e 4u3aeS
G ot ol e e s kel 5 ol 5l e
Jbe Ol ) 31 a0 g 5 bl dile o slad 53
byl KL Sy e G 2 Sobe 4 (0l 0
Jilime JLal 5 bad 53 i s 0 o oy s
Sles S dase Ey ool U by SGbal Olises
g Sl 15 ok (S0l (Kbl s sl S 550
G5 Glaass SCis 4 oie st 53 5 S o qal 3 al
St Sla g el (Y JSE) s e s I8 -
Sao mmbe G0 Gl fdn Sl 4 s o o5 gla
CLUE bl Lleds has b e 31 oo glawl)
G165 @ b Sl se gl eslinad 3550 s3I5 Glal s 5 IS
Sl g glaphs Ol W 5 OlSGel oS sl il 3 28
[45] &S o al b s (gl 08

= 6 G (S nca sl slaas;
b ) dail
el Glr adaie glaidy olss e anns L
Sl (o ok 4 Sl el af b ol
(S s s )8 55 (415 e e Jeily b Jlb 5
boidy ol 15 Blos S 352 0 1y Glosy ax s
o3> g dlse o b GRS RSB Wl
Ll o ol by S e 1 SLbE S5 sn lasee 5ol
@B s ekt Aol sl b s Sles Lt
[39] il axils 56 a0l Ko
S o b glaass VU e 4 ars L
e laly gl s Jele Olge 4 le Sl
Lasls da3UT el)3 46 Cob Jle Olgie & dzes il
A L e 0kl gy S (g5l sbaaSa b b s
S slin Sole Loeds Sales Jyb o g3l gle
o i gy Do 55 o sl 3L b 53 (3, 4 s
ple 5 sdame DAL JUL sl (golinilis slaciaal js dil 5 e
LS5 [40] S o | sdome S5 Shs Lol
Slave 5 55k a e 2 e J 5 S 850 slads]
L e ST Ol b 0850 5 (e i 320
4 ol WLl 5Stpol, U slads [41] iz e o5
5 b Ol Wils e Jd - 1 laaSis 4 poms
S b g [42] S alp 1 olist (S5
b slazihal Aol gl b - 5 Ss sla g
b e e LT Se 5 e eslizul Ol
S5l 53 pli s Sl gl Olse 4 6o 28

[44] (T 050 5 Sl 5 - 5515 K8 (1 80 51 St o ¥ IS5

po s iy e pwlige 4 i

’f'rglﬁ-o/y&mf‘gjwcﬂ.w



oo d S 5 19, K0l S e Lol Olsie 0 S8 =il (claaSC

oY

Clshe 3 sad (6 S o AT Ll 5 55 55,10 JBlas
Sl 635 Jesily 53,5 S 5 O 2 2 1) 2l St
5 ek b Lo OWs | g es glas S
SO 5 5 [46] sl Ol S i lael&aws
Sleool g2l b les sy o i mla 235
S oBaSestinal g8 25 sk 4 o o5 Sl
2> kS b as B iske 5l S s led lagd
cleln Sl s o sl glar G )
B o JeS a0k kS 5 e sbin Sales
JsSE laes, S L ools anws (adly Sk el s
S S il S 5 Sa s sl (S S
U de s s BB Ol w0 L ) (SWpa S
2 Ol e 5 b w55 5 3l 28l 1 Lao
3 S RY S Sl S 55, Jlal by eds mha
S0 oS bl Slecnl pogdle 58 ¢S o iy Si
i Ol b o g Gl s sldell e
o Sweds e Wl Lol w0 O davls b oy Seds
L“g)l-; 3 Boben Glacs Son a3 1) Glos 1S 5 (553

TA7] (Q1 ¥ JS3) L3 305 oal 3

G o s bl Sl 2l STds s
i Wisu o o sma s il Lol g ol glaass
ol o3y 5 28 S glaoleys s 1 Lol s 8
Gles 8 55 03 208 5k 4 S Culbade b el
Gk S e S 5 LS e Ll eslial 550 s Scads
i o 3OSt b a8 A e b
- (6 lin ol a3 b (651 (slaasi
Slasisie Glp Ldr o580l balse Olse o LS o
e L SL b s ) AL
-5l Sy aly) gl ol gy K olKas 5 Kl
S e b Glaiey 4 e GV L
Sk 5 e O I SEbd oSS Sl S5 (5 et
P — S S e (3 ls s (SIS
o Lol (s G Ol 4 e 052 /SSL
S e gl Gl oS aen () SG Ol 4 tp s
G bS8 w5l g b S e e lliS Lele
Sl b (SIS DL s gl 8 ednakipy
LSt e 5 (St Dlge sk S sl
5 5l Il G ool ity (S0 pad ol s b
Slp s JS 5l 5 s Ol 1, o Bl gL

?.‘.:555_
Antibacterial o gof®
coating el g
B"s

Metal-phenolic network

uﬂ” and copper-pi networks (MPNs) based coating
I L
@
M aumintin e
LT T RIS
Cull -PCBDA ool £ St g o —mh—ge—
coating WS oS P &S &, X
Contact lens
< e ; ;
Green tea extract B AT S Affinity chromatography for decaffeination
< 7 Lal B Steplibinding  StepZiwashing  Step 3:eluion
% 4

\- Y .‘ N
K leutralized
a2l Microbes
3 5
Textle %% AQTACodled. i
80"
0 e

PVC tubing Coated tubing

=
‘ p? » &

Copper-phenolic-amine
on network

H Cul CySA WAL
™ GA [ L] 3
Cystamine (CySA) _li=es ) i1y
N

Gallic acid (GA)

Antithrombosis Antibacteria
Platelet .
¥ Inhibit # cuGATD \
T cop O ’
NO generation fr Live Dead
el oo™ e 000t dhocot
126 il‘ S X O
o 2 5e
AT A

(g 48] s sl I - 56 S W3 (G [AT] s ids 5 p0,Semdd ool b J 5 e S w0l il (STl jslas ¥ S0
[63] Jsb - o5l el b Sl sue GUI s iy (6 [B0] Jgd = (o318 el sl slasilis 5 oL Sbas iy

VPP Gler Sl iy s oo Sl

Ay s sl in



00

Selares o (52158 ldd

JU S BT sl s I o (g8 4y e sl go gy e JISCEN 5 )8 51 plakises ) s

4l el Hltla
cbe 3 Ses SO s i -GS wged IS
S
o Bl o850
[46] Cu?* St SiselS is | TAICU-PEG
e
L SL perd 5 (S Jlee
LSS EpwE
foS 2 5D ks
S p ol Jals 2 e 32
[47] ‘ _ Cu2 ol S - sl Cu2*-PCBDA
Sl Y s sl S sl b
(el Shee
S8 St
L ,Sbos 3 Shae ol 38l .
[48] S 2 Fe3* aabadCe S Fe3*_Green tea
S oS Caffeine
S gslinlis cpols .
[49] L S - Ag* s Jed B i AgPG
SEEEE _ N
[50] I Cu2 SIE AL e Cu''-GA/CySA
(e ﬁ
LShas Cosls
=bst -
[51] U o €L Ag* Sl el S b AgTA
FCSLBIEEETS
[52] isis 5 S sl Fe3 S o BC@MPN
o
[53] J-’JJ‘<'-“J""E 5, 80es il 5! Ag* bl AgITA
Sl g

K3 S 1S Shsie s s beske S WaelKans
S 5 el IO 5l et Siales 45 gams 5l (551
AL U3 L (G e slao s 31 0T s o8 s Sl
St S ol gl () sl 5 (J58) SIS A
OLES s s S (6ol e MBS (el = - e
S8 pslte s ClB elel oL Sbas el S sl
ol @l [l 5 Lad 55 55 %0 5l Sl s SIS 20
2 ohs gl pedige dnag o gihe Wby
5 53 I50] (7 - ¥ US8) sp SEpcens slaelias
ey Gl 6 s Seds by ODKes
S Gl S e S b S L ke glacisie
S s LB Ll o IS 0 Sl 5 SOBu
Gl s K e ol el Skl S s
bl b s Sencs lles 21581 5 g A Sl

Sl Gl sl i 5l ObKes 5 SLL

oalital Jgd Ly 5l 28 sl slaeslas oL SLas 5 Ses
"o g sl edd el S S5U Ry S el 5 s S
Ot A S aslie | el e gl olae 5 s l55
s Ses gl e sl G b oaslle s 08 O
S eSS s b SL S s L ol sl
OLan 5 AL [48] (& -1 K2 sl ol 6l (S
Jed 5 - 5 4D (S s Lo sl e
O 5 s e S5 L e O fe 8 O 5 U S
S Os o, S gen ol ShalS ol Lkl B
poedle Olgp 1y e cnl Ol oy Seds s Shes 5
55 [49] 55 Jlsl 5o S hlus ple @l dazls
e Ol 5 s o351zl Kol Kan
S Sas esshie dm i S kg Sl el - S g8

po 5 5y s oligo 4 L

’F'rulﬁ-byw‘@ijLv



oo d S 5 15Kl S e Ll Olsie 0 S (5 claaSCl

oF

Ol 53 5 dtes mhaw diSFYol Slsase L il
UlF L LSS S LUls Jdae s 50l slagole
-0l gl Ol sl 5 35 ke Jlo s g5 Snds
& same Ol sl Sy 5alS [5T] ool g sl (53l
Sl 1A Sl 5 b S5 51 S s poldls b
e 5 (H SH ol LU (b Ol 4 LS
- LS a1 Sl Sl 5 Sl Ul
e SRl GGk Sl LG 5 S8
che o dlal gl 1 SGbdel 8 e Ol
RPN R P RGP I IS PR U AN F N PPN
sl U hle slaes S LS b wlrs ose
o Wl odd ot Sl Gla Sl 55 2 3 s
Dl s S g A ok 4 V1S O 5
Ll s 5e ssb 4 5 anl Jlasl (Ol ibelsh) L
A s b ol inS et on 6 ) e 5 T
EB| S| ICIG Sy W CYCIE S SN OV e W
(ol Gl (I 255 (S ) (o sllae
S s JB e Sl Gl e 5 Sl W
0?5 2 e s 4 O 5 2l ey 5 [58] 51> LS 5 5
- G Sl eSS Ol gl Sl edige Sl
Dl gl pled 53 A S sme 1 ) - ek 8
sl gm0 G s oemihe SeS
ol o Lols Ll sl sl 53 15 el i
Sk 3 b oyl Ol Sl b b ShaS
LSS Sl 5 GBS, Caols e el e o5l
oSSl 5 (e 05 IS Ll il lag e e
S OLKas 5 = [59] s g0 1511, (e <a)§) ool
e Olpe a ol bedd sl gl S doa sl
Sbdanl 5 s Olge 4 058N L8 L/ OIS ¢ Sdme
5 otias Jlasl sk 56 (55,) el oS POl Ol i @
S S - b Gl s S walial (65 Ses Lle
Lot 56 S5k (55 oo sla S on : dadlio U
e 5 Il o 36 8L 5 Slast BT Ll
Sl 5 Wb Ol S35 L S e 1) bl
b3 Jomily e slade 3 0l gl iliagl

Laly Cyls Olgie a5 385 Al 1y andlas 5550 oy yelS 50

5 K6 [51] sy olis 355 5l eE Sl iz dalee L 0L
ISz 0Ll 3 Shee S b ot s S (01 S0
S0y 5 SGbdwl Jb o (5l Sl 5 JLsL e sl
=203 Dl O b 5l Sl SO oy (b il (g5l
Sller 5 edul oL Sbas S s 4 ds S aund sl
S5l a5 5elS (LUl w',ﬂi slae 5 bl
S Sl 5 IS L il as, o (SHlssk ol
s 8 a5 s Seds esle b L sls OLES g5 55
SE i 5 28 sl e mlbs 3 3L el
oS, Ol 3,855 S OLKer 5 05wl [52] 505
Sad s b heslinal b s Seoedd sla i gy s L2
ol S b S B slaos s 2
Dlr geie Go odd o3ls gy Jgb 5 ety
SV St Glatdn Sl e pln e S e el
S lgn |y (s I3 S gy Sla s s 3 S8 sl
s pind b g 5l e o Lo DS S s
gl s i s e o S Glas SSU pizan 5 LS
Sl gai DS () Jsdr) 53 [53] (5o ¥ JSK) s S les
Srdo s e ) Sz JU St ST sy 63008

sl 0 4158
g 5l (U Gl als o] el gjlajb
L Ll Ol seg il b ok sl ((SS
33 g o Gl ST g e oS ol en i
Sl b slad sk sl s ke ol
U5 edle &S e Jll5 5 JuSsden glaey S
(Bl Sl Coolt il oy 005 S
S s AS e Sl o Lledlis 5 Sls! sl
Lied g Seads ool gLl s ol glad 28
ol bopsie dle 5B sl s g Sl [54]
(2L SLAS Lol by O s (21355 5 ol
(b0l 5 e e Bl S L
Oyl Jd o (o58 laasls ol 1) 2 glas Shes
G3lwsk o3 il s age sl 31 s SS [59] L5l 0
Skl 3 53 5 ol Ol sl s 3 o Fege &S Ol nal 3L
s sl 5 55 sl 53 05 JUEI b e (G555
e Sl 5l bog ol [56] Aibie edS 04 ol

’f'ru%ojw‘@jwdﬁw

e s iy sle wlige 4 i



ov

Seloee [8 ) (oS lid

(el ol [l SB 3 56 b ek ool (sLaE (pmens
Sk sl 4 e e Ol olsl s Ses
Sl Ol Gl s o lge b 5l el 058N 518
S, S5 Soe OKen 5 o [61] (Lo F JSE) 55
G b S s 3 (SN - D /005 e (5 P
Loty b il gl dale (g el s SN (g5 5L
sl O30 5 SSELAl 5 Sz J 5= (58 glaasi
o ol (slas S5 Koo 3 Lol Guis pl 3.5 S el
b slanSIls ol 5 oIl ol jltl (SObAl b
Lol on Jols ()85l clne S5 Ko 6153l don .03 S s talie
oSSl i s Jske Gleedis 5 osllas pledlas ol
S5l e 4 disls 0Lt Gy ae b bl e Jh 2ol
(ol 5o 5 il el oLl e s B a8 lad sl
Oless sl wstlae sl 438 SO dmdls e S5 Se

162] (z - JS) deas &l Jlaks 032

- ¥ ) A eslanad Ol sl b (giluan LSS a8 (sl
e S50 — (S aSd e pars LS 5 0, [60] (Al
L;lﬁd:m”jemﬂ%ktjsﬁo\ﬁ@\,w\fﬂloﬁﬁ
Lo sl sl ana g a o (Gl sl (6580w
eSS e 03 Dl 4 ey sl il O I3 LB
ool 2l 0 b 055 NS gl S B ol 5 NS
L oS SV IS L (6 b 5l slalis s 5 Sl
JAel SS6 e I o sl as D3 adl Ol o
Og 5 S Ll lasl Slasie op 5ol el il
oﬁa«s;ﬁoi.\i;ﬂﬁ:ﬁéuw&.mbom\)ﬁm;l,;.ql
305 S8 Ly el sl ol et g3 & ol 2
6‘0%@‘)&@\“0M&\W\W‘Mﬁ)&i&
Cost Lol on ol ply S obml SGBULT L ol 3l

e ywra e

MPN interaction / «| Osteoblast

o maturation
o"»‘:dé
of

?° 2

— |

2|5 TA .
o ! interconnected
@ Fe*® ) porosity

 mmp1s ¥ .
ADAMTSS

/| Collagen T4
Aggrecan f
/ Inhibit ECM degradation
G g

*&'Ahti‘apoptosis’ -
ROS §

_____

Janus Porous
PLA Membrane

PEG/PLA )

inDCM _——_ Evaporation

Metal-Phenolic
Interface ;4

Ph i
ase separation P

¢ S g bn'
e i
"+ & Recruitmont
ks i

Periodontal
bone defect

@ Macrophage 8 M1 macrophage poLscs  f} Osteovlasts

~ Blood vessel ~—<@— Myocyte -<=Wm=— Fibroblast ~{* TA @ Cu®*

ok Gl lalis (O [60] bl 5 058V o8 L /OIS ol Lo 55 CoilT S s is aboo 536 () i Sl sl ¥ 1SS
sl S sl 2l a8 (5l s 5 (WY D o 7 Y5 e (b L sl S5 S (Cg[ﬁl] S = el sl i (5l O g8V 1S
[63] Sibiiesl = e a5 S 5 b Joidonze (SaSY L sl ol s Ol szl (5Ll glae (5 [62]

sls s Shppllin poipe g ot

TFF Ol olad oy s oo Sl



oo d S 5 19, K0l S e Lol Olsie 0 S8 =il (claaSC

OA

1S Loy 5 ol LSl 03 a3l BL, Sl sl s
sl el glid o dbean Jgb o gk
S Sl Jhor 5553 2B G e st slacd B
Ole 1) il Joily 5 035 Ol (53l adi o
sl el slas S s edd Calta Sl slalie
Sl s Shee (Y Jsa) 5o [63] (5o ¥ JK3) sls ol
3L lasl ey 5o a8 s - b glaass

Kok 4158 Ol yel

Ghdr g Iy Oloys sk 4 LS 5 K3

SV Al sl cola Ol (g5lasl glas
L3S b by Jedo o5l e S 5 L b
-0l gl gl s Shas lls Olesen sb 4ol 1 b slis
S 53 Sl pnl Cllad 5 (STt G 5o 3l
S bl 56 i (ARLLST Ll s s ol el
by Sl oLl i (kS (68 Dose S b
L I sl glad sl 21355 5 5 pe Ol sl sRe 51 Grie
5 O rlee Sk il Bl 5 305 34 1 Sl G

Olgnal Gl (g3lasl 53 Jab o (o5 ad s slse s il JISKEI 5 8 31 saai gl ¥ Jsds

Ox

L > Shes
¢ s

Sl esle Hlla
EERNT

Uk i 5mi 28

Sl S s Sles 350
e (8l
[o4] ol S5 s S Sl Ag
Sl plles
szl Wl
s Sl Sl

S sl Ag-THA

sl lad sl s il
[04] S, Sl zZn2*
wbSbas cll Ll

O (e 350 Zn(sil)

S8 led sl s e
ST 5T sl 530 ,
[#-] , : T Fe3t
e 5 Jslse o 6506 B 5l 05l

LA;«.'...!)\J

Sl o TA/Fe3*

by o ples o sl
ol Pl ey 58
[#\] sdle Srz+
Sl oo 31 5
Ol el ks Slge

Sl

e LN L 36t TA/Sr

s s Sl
soldlslis s
[#¥] sls ol Sr2+
s sl O Ll

shaied 55 Oboys sl o sllae

Sl oS5 S TA/Sr*

:ﬂw}vs\ﬁ»w):dhsf%
felsete Can 3 (g3l g5l
[5¥] D cut
PSS

Sl ke 5t 5 & len oLl ul

PLAM-MPN

ool Lie
S TA/ Cu?*

TFr sl Sl iy 5 oo o

o s Sl ige & o



o4

Slarme [ =50l 54S plis

Cles hls Sl Loods oS T 0g Lol 5udls
e oy she L J3sden G a5 S s | £ s ey 5
S s e ol st LUls Jissdes S
alie ol 5 0538 Osls s gl SIS S S
4 i 5 o pl e dle s OLLS 1 4o 5L ) ISt
s S Gl (gl (gl ST 5T LB U550
5B ke 3 b 0558 bl S 5 i 0ps]
JS 038 2 Ld5ases (Gaims cnl 55l Sl 1S 5l
A Ly s s Shee 0T L 0dd S wled L3 5 055
OLs 5 g5 [71] (1 20 JK2) 5,50 s 4 LIS
25 Olemdly Gl Lo 5 L5 ke 1) iy
3055 Spisds 4 5B e s Sl S5l Sl sl
Sl Jo (55 Sl Sl eslial L baest 5 o155
Lol pllen [ sdm ol il (WISl b (55l
= Sole G SU ol 5o 1y ol Sl s (ol Ol s
oo S Jl 53 sy sy ute p S 5 e 0 S 615
Rl Ses Dol w ol OLES b 3L s ) b ke
Jotes 5 b U el Sles b oS 5 0l s S Ol e 4 00l
(2= 0 JK2) 5508 oo 0555 3 ieas— sU Vil 5 Jad
Oy Shals (il 0Ad at Sl s S [72]
S S sk 5 0leys Larly S Olle, Blus 4o~ >
Olorea (Jl pl b s a5 3550 sl O mle S
Sl s o e S sk s 2l S slac sie
L) Sl an g oy opl 5l il o B Lol
S Oben 5 S IT3] el os e oL SLAs ol
Sl 5 el s 2 e SIS ) ey
S o e 0 5 L3S Mg e m Slasl L
s 15 01 b Sl Slac LB b W3 S oS 5 J5as0
ey d S50 S Olge 4 SOB I (s ol 53l
Al 4GS ol (s 4 S A B S s S
Gl gl okalS Jole Olsie 4 oz 5 3 S Juate
S 3 0,8 DB HL CHl S S sate w08 Ol 1
5 G JSaode pew) Sbewa 55 e
(o i3y bl e i O3t Cilsie sl L oedd

w5 e s 28 s e 4 LGy b (gL
s Lo 5l 40 S8 sl 025 Olaily 3l 51 Y sams
S RSB S P PO S (S TR
[64] 355 o oslizad U SU abem 1 s

il Sl b oS o el s 5 laasi
5l o Ol S e Sl (oS aile s
o 3o 63,5 ol (Silaing g el ST L
SO s o, Dy esdle [65,66] LS o 15 syls
9 Sds DI S35 5 ol e Ogmen GSUS (S5
b Slagtens Sl G Olse a4 5 Lo |y o5 4 b
et S lS sl slpe ple bS5 s 5 I s
Ldsd b cese o35 Oloys o [67] Ll o oslizal o5
Slagaly hdss 5 o5 55leSt il Jals Ly il 5 e
=l 5 [B8] Al el 1 o35 e 5 Sl ey e
Mo Bl (S 5 (S5 sy SOl w0l
Ol Gl Vb sy b 5 Ll g 8 S
s ol bl Jol Al e 0T slaki g 5 Lags S
IS en elie s Idaslsbm) sl b S a5 6550 s
el b S a8 LB e S e ole 00 s 8
oAl eoskhe A Jgb o b S gl aels
03 oIS sk 4 [67,68] waas o OLLS s 1 e Jbe g
A Sl g3 Sl 5 25l s 8 0l A (Ol S
L ek el o LS slacisie Loepbe ol
U8 o3 5dome 53 (o O3S Jlad w58 A5 5 Lo 2l 3
Gl 4 - 5l o Slascand 316 558 e 011 glods
3ol S 5 3l sl 258 Sy BB ko
S22 DUl sl sl ga 50 b ol o Las 35l 2l ol A5
Lle) cale gaie cbgslen 05 S J S Jenis
slacisie (gyie Sl glaai (S glaes
2okl Sl 5 el 528 s (o 5 Jas
OF 035 ity Coll 5 3l anl ool (siladiad sn
[69,70] sl aily 55 o3

St o2 Sh iske Sl ¢l OLes 5 ]
O 3o L) g3 Dlonds 5L il ol el 5 3L

slye 5 5yl g ot

TFer Ol Sl imy s e S



el ks 5 9 Seadis i Laily Olpie 4 S (il slaaSCS

Gl et 5 (a0 b Sl sen o shtedn S
-0 JK2) sls GlES T, 503 Ogsle s 558 63 3dome 4y D
BT ik slacasls 0L 5 0Ly [75] (z
b ol pH s b SGbasd b Xls b ,e Wi
) St 5l 53l 3lasl3T sel s 4 slad s
cJ\J)jS Aj\)‘ LS-"-:*”‘ pH L )‘.LLL.! )m‘ 3 u.l\.:.lé 3 L;\“.\ﬁ- pH DL
Sk sty 0L 1 ey S aes Lol &5 ol
s oshe Sledlis 5 oLsSbas ool s Ko
3T3 Cdlg b Joho Glaes,; & s Jsho s ple
cilse gla K8 (F) sl s [76] (5 - 0 K5) dxils
Sl 2 o8 g Jpb o (56 Sl sae slge s

.JJ;& odalie k;u:j._:_ k;-eb

Sl 5 s B b ol 4 S ool
Cob e Sl opl sl Ol L c sl
slaciste oS Sljehs 4 elob b ot ot gl ooz
5 b [74] aeil e Uls 1 dimes ol S oL SU
“ S b dedsr carian it S50 Ky
Sl o plsSbis Sl 5 Shpiee o e
3o el e 5 o5t O s VL ol a plaes
S el sllas Sl b gl S 55 055 Sl 4
ol sdame 255 Sladisods 5l las e OLSGs
S50 L b (02,5 N Gk Ol sy SIS
slacs S sl .xc:.)ﬂélsj;jﬁ ol ool Salus
(U5a0dea 53 S b bler Olu S 5 AT 5 JSSIS
(2l Sl Sl 5 ot Bl (G Skl

© Nano-bio interaction

Ag-Cu alloyed
* Self-reduction nanostructures __

o Disproportionation

.
)
b

@(111);)8&( p
___,/ 1-{&

< T’ < Double-dynamic-bond crosslinked R
s i 5
> o Wi‘ HO POB}hke OH ‘ . | , adhesive hydrogel '
) A 22 e Anti-bacteria | Wound sealant Adhesiveness |
: ch Removability :
TA
) Anti-inflammation | ! A IaaLD
—— : 4+ ‘ . Injectability |
I
: e” 4 Self-healing
CAT-like I — - 1
Y 0, — k O, supplement | | K -—-—-/ Antibacterial |
%"9/ N mﬁ : Skin regeneration Rhctothena :
% s \
/
© ROSand RNS scavenger  Anti-oxidant |
Cd
MPN-mediated alloyed © ROS generation
nanostructure formation o High cytocompatibilty

S5l sl iy (@ 7] bl /a4t b ot 3l O o ] 53 SDlomis 51 (55 J3sben () Sl gl 0 S

S g5l oS 5 8 58T U550 slacals (6 [75] -*:5-’51@[5}5};&, /&T S sl o glin 5355 I3 5508 (C L72] Sba /‘;r’J S
[76] Sl /555

TP Glem oyl iy s oo Sl

slss s Shppllin polipe g ot



£

Selares o (52158 ldd

Cowgy 8L (5Lasl ys Jsb o (o5ls aSid 5 e slse s calis JIKa1 s 58 51 pladisad ¥ g

b el el
b 5 Shes SHon Jsdh i - S S Wyes S
S
ke 2l sbas sl
V] S : Fe3 SEb it TA-Fe®
CildenST 5l ol
s S ol les ,
] Free Fe** Sl S Ag@cy
o5 Joes SVl 5 b s : MPNNC
sbSbAs Cools s sg
[v¥] o Sk @l Ag* SSb ! J3ssde STA
oSS il
S Skl
o Gl
b SLAs )
[ve] , B Fe3 EWippe BEEPRI QCS-PA@Fe
oy shiador (Sdiwor
e sen S
NIR « JAQCV‘JL:
@Al PH sl ez
LSbas ool
[T d =
[v#] Zn?* Sk J5 a4 CTZ1-4
e
b S ple

Sy 4 Jyd SUS 5 g OpndhS 5 (Sl L
53 SE gy 2,08 Sl fhe 5 e iS ol 350 50
Ll o 5oy e Y5k 05 (5n S 48 sk an S
laased Gl (S Al e (S (S5 5
0> [83] aas o Sl Lae 53 ol S J b g5k
o508 Sl e 53 Gl ey s aeb AL L an i
Loy pe 5 53 (o 3k (slaaslid (sl dadia (s3Lusll &
3l C)l;'- Csllasl sla STy Jals 4 ey AS eSS
050038 al dsle ccilzn (531 Glal s [B4] 35 o St
b S ol sl SR gl Sl o s p el
g A Sl G 3 S e DSl (S5 g sl )l
Al s pol sl Shos L b OLLS s o8 58 SIS
Sl Ol b Lok Slold s sas Jyk Slicie
e Lol (S 483 S Dbl o (gl slaess oL
St pd bl pland S5 ol 2 68 50«
Ll oo SU slap iy 5 s Jal> 50 Olpe 4 I8 - 558

Oy Oloys 9 adeds
(Frae dpih litte 5 b Glad sy B b
Lomy 3550 odslos lad s Ly slas )8 5 ol dajls b
4 oolle LILAE (Jgb o b slaasls 4,8 e 13
Sl pppa e gl al 3 il 1S el se ) sl
5l b 2ol ge sz Oy 5550 55 [T7,78] din 505
oo Bl Jpb o gl slaeSd se g S s Jleb
53 79] ds ol (o3 Ol s o ) 5055 o Joee 13 5015
las Shae das o b ot (L slas,ls ks (Il aen
il gla sy 3 Jgd o g8 glaasil Gl 1) b
iy Slosdpd [80] sile s A0l Sl s
A sl b g (S 150l 5 5 gl 5l 3
p AL U Olpe 4 baased (pl s by LB J g -
L ooty Oleys a5l 5l oS 5 Al 5 e (63 ,Ss
s e plles Sl e el (S oS L 4l
PH oSl b g S5 ol i 5l [81,82]

po 5 5y s oligo 4 L

’F'rulﬁ-byw‘@ijLv



oo d S 5 15Kl S e Ll Olsie 0 S (5 claaSCl

$Y

PH & Sty ol ge A0l) 3a 5 Ty s 0 (Sl 2l
AL ol SlacS ome s Sl s b (oS50, 2ST5 L
a e oS Lpd e S ks i 5 glaais jatte
Sl 5l g Kgd o ol Ll 5 L ws ge 5o 5sls Ll
Loar g LS e S sl Ld Sl 55lse 5 gl 4l
ol 5 et b Glew (608 e sl 5
S s Jeb— b el il S 5 glaole s
[90,91]
L oas8 I8 L1 0s 8 Kalen 5 b 5l OLs 5 o
e D356 s 50 Shas ShE g o8 G ol sl s
bk Gl e 5 e S 93 L 0l (5,181 Jodste s 50
-k el bl sl SSY L /IS LS
G 3 Jlosl (B3l s b ool /a8 JE 1 J s
by @ ey b Gl Jsep ol S wg 1 oS ol
Saols hle Ll sl Y Ul aler 5 S IS )
b 5s asls Cwslie ISl 50 Il
535 Sl b ke Jalse oS 4 me Gloys st
ol o sad sl 4 Uyl (slad shos Dl Ly, Hlga cazests
Laoleys Cilises (glactdlo g sdi S 5 Oloys [AY] A2
b Pl pdir Bl U S e plosl o il S s
ke O 53 S Jsb 5s gls pan 55 Osls s 51 0 e
Kb Azt 2 s BB o5k 41, Ol gL ses S
S L3l S 1 oS5 Oles ol 5l Ky OSas
LPH S e a0 Sy Glos o 5 o5 s 6853 Ol s
b Jibses e e S350 5 5e b sslas Ol
S0 5 Ol puds glagls (Jsd o 5l bl
(ol I o il el s 5 s IS0
3 e e HPH & il 5 b 552 S ol
s e dleisd Hedsle iy (S35 53 050k 55 AL
B 4 ey bosh 0l [ pH b sl il cpls
S5 G5 e o) (505 b gl 2l
o sy Gadsbe (55 o5k a4 s 25 &Ll
OLSer 5 5 [93] 5 o 5 Ol s Slagsls 655
FF - G SE S M b el s e iU S
=S5 Sl iy S Al ke 4 pal /eSS IS
Foo gl il s el Lol Sl et Ol wds
Le Ja g s U nl (S5 - 5 A ity s S
O 3 5SS I8 o) 5 s o 2 Jshals)s sl iins

3 4 oS ulem ¢ pbond slagls aile 35508 slasls
L Gl Gl bo sly b el gbediS b L
S SlaaSils pwkige [85,86] LiS ) oz 355 53 S S
S5l Gly o il sl Sose 4 e hata Jsb o
JS B o3Il ol sl Sis b Lses Oleys oslin
(S 4y Sl Sl S pamen 5 BRI 60054
ot w4 Ol Oy 5 el sl |y ol ax s

sl 03 S

S S Gl S sl s gl s
Q}leidj)‘b&.ij\ob%‘g}.ﬁu&‘j)a‘.bﬁéﬁ
P dsb Lo S LS5 s O e liS pele) S 5
sl e gy 4 cod (g3dae Ll ol S5l 5 g ol
o e L)'-’-JS("@J .J)\J Lf’La)Jw:“;j L;b:ﬁbb Lole ;5]}“"“’
@WL;J;ASR)QNG@\QTQJJQWL@”&
08 P 52 RS A S e s i S
- u"yﬁ‘b dqb- u.a)l}.c oS aj'.:.}ﬁj.:.é«j)bg;.@.z- (3 4o
= oo le 4 VL Ol ay e (Sl a1l
9 )J\} Ladda Jﬂj’d Lﬁ\f 45 .,\.:‘GJJS &W g)u.i;}ul J)Lw
6“&)}‘)6)}46@5.)‘“5‘)4&“0} n)}ajsjh()]]l@..:@.?d
[87,88] sias 5w LAOT L b dulas (o 100 Jgb o g5
Olpe a1y 555 (ol slas SH8 AL lad by ol
Sh s Wl &5 b u_;lav.@ﬁemb::as‘_},«ljp}lé.
Ol ys u‘i‘}é‘r’“ Slay e Cile gladle ;s sl A
o ol e sl ol Gl e i O
S el @ dlasl 5 s e Ssline glaeds S
eSS Sl bedd pwige Jb (55U slaasi
9 LS clablss r&.‘.ﬁ 39) g_,.afﬁ j"lj" BE) LAQT J\ .L.:‘)S&
LS S5k sses 53 s et Sl b O 508 O
Lol 4l 5 sses a0l ys S 5550 [89)]
RS C DY P P P e W Y PO Y FR GO L] [P VI e L
Slplods b Jpd (o5l slaasl Sl o3 S
b\)ﬂyb MLW@SOJ\JA\MQM&Y‘}E L}iﬁ

’f'ru%ojw‘@jwdﬁw

e s iy sle wlige 4 i



7Y

Selares o (52158 ldd

Sishe Sl 03 eS b 4 gl il gl b S
B o ol bl 45 15 asdlae 5,5 oL S
S Oksea eslinal  Bdes Sladsd sl 23U 51 (63 sdos
sl Al 5l e pledlls Sleys ol e g Ll se
YIS Mﬂ o 3l oslinal b LSe35 55 dilodd S jae
s dleis Jale S SIS sS85 Ol e
oS I8 s el O ollast b Sl Sb el
wly o 2L S co b (ol s S e V8
ol Ol J b 5l glaass b s S1b SUls s
5 AT Byld s Lol L Sbas b b s
SS ke S s wpl g edle g e 0 s 5
350 S| ST ol (s 52 05 Jlab 8
SIS D w3 5 S3L I e LB S e
Gib O P05 wr 5 P05 il s e |y lealallG s
sbadbs Sle o oledl iy la3ls Sbe sl D) s s
8 Jole 50 S 313 0L Gt slaasily 3 S oal 3 el
S sl s el @l ool Jedly el
JS0) 5515 el b slas 8 s aledlas 5 ol Slas
slagolsis Js 4 gl fdb g8 S5 Ol [WV] (7 - 7
sl 53 Sode GV b L 5 Gaes 3585 L dbe 5 b el e 41
Ll Sl S s Gl s plas Bl e
el & Sosns S 5 pen s bl sl S 0L s 5 (o
S ol ] JeSe s b Ik S IFerH
b s Wl bl ol o sl Ol s S
) ke SV 5b (Ll OT Jlis 4 5 &S 35 50 gl
PO Ay s 4 a8 AL 4l Hse g Lae 53 (G, 7 )
Ladds Sl s FerH .ol g0 58 ooy 55 Waes 56U 4
(525 JS2) ol plowl W Jlo 5 538 ks 0Ll L 1 sy 5o 5
o0 Olps 0 a8 el 03 S5 51 e ol 5 Sl 523 [98]
Ol el 0dd LI O 1 Olass (sl oS gl 5 55
Sl gladbe 45 o kiS b o e J
3 Sor b K sse Sl ol als Gl Caa
S gad g 5l eslinal b O 5 (5 Al g0 s
sy Sl PH @ el J SIS LSl L I o g5l
e ke S Slsess abonsles 035
SaS L Lsls &l Gl gladshe 4 g8 glaedis
Sbre sbadle 5 Gl b 4 bd s (Sl
PH Lo Js 0 apsis5d 53 o1 0T Jlis 0 5 L8l s

Ly ol S s st s 5 Ol asS JE Ll s S 15T pal
Lol Sl cbli= pl by 535 Jles Sl e lad sk s
Sl gl 5l 55 Rl g S e sad e 2l s )

O okals JAL:« Olse & &gu."lsjllf‘ﬁ‘ J= Oeed 533 S

e2+ e3+

23 OaodkeadenSly s U ool lals Fe™ w1, F
8 s5laenSt JouS 5 sdn Il 5 Sl e lad e
ol eS| Isdoes ol (glads g 03 gmb [2ST5 51 e S JGIS
5K gl s B el ialS eS8 ) a0 lss
Gk 5 S 3 eslinad )50 Iadee Ogub (2STs
[94] b 0y oy sm 0dd S 5 boanily 20581 Sle s e
50 Ol Ol sl o5k L iy sslS ann s
e selS ALl el 4 S 18 (gles 1S ax
Sleos Al Sloss ot Jalse Lol o (J o (g 5h laasis
T e
OLen 5 o s o 0L S Sloos s 5 Sals
(N ) Sl o slas,ls LYt b 5 5elS 30
S I B P B P R N
e Sloded 5 Seelus Gl et (gl 5l 58
L dled slse cgdend S0 55 lamesy w5 L s S >k
L Sl s Gl 5 L 3T I o g3 S o 55
(Sl Lamme 3 a3 SGBAl T 51 S oge L3 515
5 3l all Fe?t W Fe®t Lus Lol el o) el
Il & s Sl b Sl L OSasdeds]
53 0,8 Jes Slb o sladshe Gl o Sl S 5o
058 A Sl g a3 5elS 50 S edd A sle Sl s
Sloserd 5 Sealas Sloys ard Jlse B Ogole 4 S 3
S ks 36 o 55lS il 5 edle 3l I o s
JS2) 58 Dl 08 e L O S o 1y (608 4 jais
s 015 ClzaS sla e lun b 0 Ses 5 58 [95] (il = #
5 et oS Sl 45 (1) e logs g1 (5555018 Clad
Jolse Olse ol sl Jlggs Lad ool
andllas 5550 ol Sl 55 5 ool Sloys et oL SLas
L CuresS sl iy beith 5l G Lol sl 13
il SSB el / 8l O g0y ten J g3 = (o518 (slaasis
Sis 3 Ol gl S b 0l s ml
Iy 5 Salas Gleyspand 5 Jlo bbb ol Sbas
3 FOas klpd s b St aSels @l ) Jb s
Coglie 4 ax 5 L [47] (© - F JSK8) adls s 505 5

po 5 5y s oligo 4 L

’F'rulﬁ-byw‘@ijLv



el ks 5 9 Seadis i Laily Olpie 4 S (il slaaSCS

Al

Ol 2 My b ga b 5 Ll S50 a3l Sle 55 (5 550 sk
Sy slacnlS sl 3Ll s 5 sl 1y a3l Sk
t) SLoisS ke U o s 3 56 gl 53 s S ]
Olss a5 8 Jlen by sag Ay Sl pe L il 5 550
Olos S Ol Jie plisisml Gl gl Ul
(F s 53 J100] 63, = s 0loys BB b (cla ot
S b - 5 GaaSd e Sl g ) aladisel
=S5 swols 5 gl idbe s ey a4 Ol e Ol s

o5 GodiS ol s S ST (S5 50558 o e (st
Sl 5 L iz oDl st 4 Lapsssd Ol el ) sams
ol 3ol W 55 0581 Jled 58 (6 20 SUPYA 3 il
Ll o) b sk & s s qoos slasds
[99] (o—p JK5) s S ssmal sl ) Sl e slad s
Sk Sl e 5STe gesl 03380 SO O 5 Ola
S Sl S BB Ol SIS 5 s 58
S St D3 HL L g (b O She ol 5 s ]
Gk ) 3K Gl b Sl 03 85 Salea b Jgb -
PP P U Py F N PR St PR W N Epee

Improved photothermal effect
oH ”e «
¢atse
O ) Sef NIR
L - “"v, . >
o *e
HTe FerH nanocomplex seeds ,’.
OH
OH
(o]
Fi
0 O'o o

@ .
‘ ~ * *1‘ WO -~
'd

- o~ A
"'-’,, R L o O3 Rt
de" FerH nanocomplex seeds b3 sized PTAS
C @ cu,..S@WMPN <4 oH S —
..';O O
: ForH-based rmal immu ) )
9 Live bacteria (. Dead bacteria M m/ {‘ ¢ OUOO’O o
7 B v. O o f..". meé, X Diffusion :/Retmmn
“ PTT s Ve Intratumoral sel-assembled
\'. DevE sonte ‘a .‘o :.. For
v O - -
S—. 2 Y ‘8 Tumor 5 }-)«,‘uw
L P Actvee - infiltation Distant tumor - Q'(C’;:L@
‘& Immune checkpoint ()T
Mature OC CTLs blockade SO
® ODcadtmorcel Y POLI Y P01 Treg cell Y siiPDLi v Difsion o Retenton

N\ E.coli * S.aurcus "\ ® Dead bacteria
 EGCG @ BSA@MPN

M2 macrophage

M1 macrophage  + 1L-6

TNF-a 1L-1p

/JATMLCU194S CJ‘))};L (u ([95] L}"Lﬁ)jcf“’:‘:’ BL LS)‘J).“’j(-i S0 &UM\/&IM&}[}- C,.:)j.:ﬂlsfl; (;A.“ &:;LM;I )._:JLA? 4 Jg.&
Sl gl 6 97] Jle 5y Jale Olse 4 SVE (a5lS JE o/ opal 4t (5l 538 ol o 5551550 (7 L96] o 5Ule 5 58 53 SbAa
w,g)ﬁjw_wﬁ&,iéjb-pH 4 ol IS8 L1 L slad senS (o [98] &UM\/&T&,&)lJ&i@FEI’H Soge s S5 5 g0 5

[99] 51 Jesisn

TP Glem oyl iy s oo Sl

slss s Shppllin polipe g ot



70 Slozme [ - (531545 plid
S5 sOless 5 ol Sl 5 s Jebo 5l aSs e ol e s il JISCEH S 8 Sl pladged ¥ d i
pise S Sl b el bl
b s Slas LY ) i & g0l IS
Jsk pEE
QJJJ\MOJJA 6))\} C,Jal;— J:‘f.\f‘
dsb oo sl Caslia 6)5)1? _ P
[aY] y ) Fe3 SV SIS o ok EGCG-Fe (111)
o3 o
S Jsbo L35 Sl
O ks (55 05 0k J S iula,
S Soenly Sbe 5 Ol 3+ _ .
[av] TR *H‘*‘ Purtes O Z‘} Sl Sl 550550 S350 MSN@MPN
p
RIS O
oses A ol
[a¥] srF Sl e 53 s, Fe3* N asls I8 ol3 gt EGCG@PDA
S ke s 53T Ity ol 53
o5 3 Al e el b Sl
b oS o Il I 5
ol | 7 ’ ’ Fed* bl SFY TAFe
BESESE
‘JL,' Jsbes s ¢S S
[47] Sl 2l S S sie Sl Fe3* Sl RAPpuE Cu19S@MPN
sledlis s, . ) .
[av] s Fe3* YK eslS I8 <lys 5L BSA@MPN
Sk e
Bl Obey 2l 3
[aA] ’ i Fe” ™ SSb NPy P FerH
38 Sl SSGua Ferrlecit
o o sad s 53 e
e BN encd
B g s les MPN@HMME
[44] Sl slad s 55 ca?* SRR U @RIV
B Sl 55 ‘ ot Sliys g3
Jd §5u81 gl lab S
SoBLL oley il 5l
[e-] LaonS sl aalay Sl Mn2* Sl <l gt CpG-ODN
s A ol

Aol &S AL 5055 Gladaa sy L B L (P/0 PH) i
52 eS8 s b5l s ol Sos s
Loedd MSLL oldgl s S L5 ol e
Sl Sladshe 6l 1 Vb b a5 55 52
sl ol K0l w0 0T cslin 5 Sas Sl o8 sl ol
5 $8 J101] (Ao v (IS8) ol Ol o Liadds Sl o
S A b LSS oolale - ated s 5L G O
8L P25 S Jold emy s A S AL S
DIR 5 il a3 (638 05 5558 ) EDTA L o

okl s m D3 Sl OLea 5 ot Ll Sl
Aol i G5l as |y g2 5 A Lol el il
S Ol 4 el sbs S Sl el Sl
5 sl @ilsl3l feed sl PH & Sl el it
Sk el Coale 4 a5 L s S m e g Slalaa
4 odd ObRl s 95 508 35 05 S WpenS 4 ;36 36U
Sed A S ey 350 Ol s g5l e Ol
e bl el pH 4 il J o 3l
Sl Tl o3 55 D3 50 Jsbo S5 Odr 5 ) 58 53

po 5 5y s oligo 4 L

’F"‘g%:)[«.ﬁ‘@ijLv



el ks 5 9 Seadis i Laily Olpie 4 S (il slaaSCS

55

335 AL L s G sk 4 el e S
(z =V IS8 ol Rl 1) 5ol & cand 3L (6 pdid ok
S5 e lIs5k L JpeS S B 5 S [103]
S30 2 S-Sl sy S S LpH 0 ol
Jold s S 4 SWisnm s Goob 3l smase ke e
543 sl PH L S 5leals] el Olse 0 S
V JS8) ol 0Lt 355 31 sloslallG s LSlssk A e 05
S S Jps o 5 oS G LK 5 5L [104] G-
b bl S el O s el SO S
035331 03 U5 30008 45 S s oot ST s 5 5 S
“ol il s s g S WSl K05 lasd olse
(5500 oS 3l 0L (S5 0s SIUT 5 Ol eSS 6 S
VL lee 3 e 5 O (eSS 2 b (5 plSounn
Geb 3T el 5T 51> ol O 2 osdle 3l
53 15 byl 53T (3Ll 5 2l 2l 33 0T 03 S puams
[105] ooV &) 58 J 28 e (iloand (o)1 oKz
JSize gla Jal 5L 5 Sas 5 sl Sl (0 ) 52

Alodd 2SS o 5l slaesl S

el 855 Y 5 (Kn5 303 Ossle Jbo 5 g5 Jide SO
S Sl s S S350 Jld o)lsaler s
S A AL 503 S s ae 355 50 1) )9S 53
c)\)s);u,uw,g el 0 ol gy s g = S
Sk S el b (S Gk Sl s s
CAFb AN S LS e s par s 53 S
ar s 48 35 3131 1y ats 53 old e yoms EDTA (i 20
- aten Sl gU (glalir O Colate 5 s O g O gadhS
Ol 53 SYsb Do 4 L5 or e 56 s S el pale
Al BLl e 2V (SHES e S e S 0
bl glal o iz i U S5 o] s 4 il
s e LS 5 gn Sl Ole s 2 e 610 1y (5= (558 4
J oS 5 S0 s S OS5 05 [102] (o -V (IS2)
K oS L3S s edas by sl sl ST il sl
O I o b Sl s B el Ol @ G mbe
- G G gy S 3 JpS s S iy Dl
5 A e 2l L G mbe kS gl I

glboaa s S s el PH @ by 55 5505 (5Ll

- y ® ~
® o \ ® ®e \ (TA €
L L = ==
..'. ®oe O o .... o
. ® o ® BTA loading ..c._:’/‘ TA/Fe*

EeD

complex coating

MSN MSN@BTA

Disintegration into free satellite
for enhanced tumor penetration

High drug
encapsulation
efficiency

Responsive
disassembly
. Decreased
o
Increased
7 permeability
Enhanced
absorption

/J“AMLA;:)L:Q a)‘}ALA_MM};b (u ‘[101] M})},\MS_’_" LSJL" &;U@l/uﬁi&&bbifl) (J‘ &.:SL«JJ.:}L,GJ—VJKJ
CJLg}ﬂ dj))-‘-;o“ (e :[104] &:JU.L_M\/JAT &w;' J‘J‘ﬁ la)ﬁjf Jg‘-lfw J_yw-:s (A ‘[103] U’»'“""'J:JS/U’AT @L«)j)'} J}m.;f))i:& (C ‘[102] &_JJJ.,..,\
[105] sl 552518 555 5 K2 /ool 4S5 (S5l oz

TP Glem oyl iy s oo Sl

slss s Shppllin polipe g ot



4%

Selares o (52158 ldd

aols Gl 5 Jsd o o3 aa e sl g s cilise JIKET 5 8 S sladi gl O Jgds

. O s wb s osle bl P
b 3 Sos _ Ik A , o < ged
€ e o sk o
505 53 PH & pla= o)l Jiula
[101] T - T R Sl REPEPHY MPN-HANPs
S S5 2da b e g5 50553 1 e S35
<y
[102] 0505 03 gema 5 b maad 015 Cu S ! CS-NS
[ oalo — azoa
P ~ o)l gale =
Ot oS Ol s Y5k Bk
ayls J:M.l)"jwifé 3 g
[103] - , Fe3* eSS JgeS IL@MPN
213 3 sE 5 2 S8

PH L b, . MSN@BTA@MP

[104] Fe3* b JgS
o Sl VL lablos N
oS o s el sl o J 28 (g5lasls]

[105] Yo T o loe o Fe* | del SSsilS5s 0 J3sode SA/PCA/Fe

el D =

‘YL L_§)L~0J,:9-A JJ-LA

axn g b pl 5 b 3 g wi;;.am)u;ucw\p
WIS (Sl F S 8l s e Sl oSS
as e 0L s Sl les L Gl o erblie
b Sl edd kg o3l [107] Lls e
3 ol Jol Olge 4 PH wle Hs0 5 Jame s (sla bl
Jolss Ol 4 bl Glsss olansal Gl
Og OLKer 5 Sl Slidss 3 LAl anw 5 ol 28
- S aoden 13 Bl 5 S ST L el Lol Koalen 550
3 O S33 SISk Gl s b eds s ]
ebliae WUass ol p a3 Sl 1S bl Jele
O 5 SSbad 518 Jb - (g5 oSs el 5 2.8
Js 5ols ol o (555 p Calbo b e ok JoSC25 ol
G5l PH @ ol Jpd 6315 oSt Kos Bb 5l s
Shdbs e 5o 5 Aoy spe 1) Sl il s s
Sl 3 S (68 e s e SO S5 sls a3 LE
SRERPIN NS Rt (R UCH S Y Oy
Sl 0¥ S Oleily Aoy A 31 i 4 Sy ke
SlBlh me sn 4 5K Op el e sl
By g emblae U5, (615 5 0 sl Sl 1S 5 ol 2l
Shr eVl sty PH s oo o b S350
53 [108] (A - IS8) wls e s IRl 5 o8 el
Gl wl » el sl sladise Sl (B Jsux)

el ol IS J s 5

Sl Fs - s slaased 5 )8 sas Sl solopp pead
ol Gladle 3 (ol sl ekt Colda B35 (S
S e bl a8 S 15 s 3p5e Sles 1S b
gl el IS0 slse 5 8 Gleos ol gle S
S ST 33 (Sols s 5 (S 15 00 pead SlaEs)
w8 ks Ja o sl pbeSa b LSS Gl Ses
Olges (Sl F o 5 (pmblian L dlS ()1 5 0 5ol L5l o0
o e sS Culadle (S5 o1 el dsene Sl
G35 el gl Lgd e eslatal S s e
Sl o b sl Sl S b Sl s e e g
- Sl pShiaS [106] sl 5L 5558 s S5 m55
2ol esle Olge 4 (les 1S b a4 ol o pne g8
Mo & Jl ol b i S e )3 ool 5550 g0 58 aeiS
Sl b nd I S el ol
505 el S Lol cl xS ol LK
L J 55k Ol 5 5l e b jar s bl s O en
AE L WS Ak pal 0 b 5 esle ekl
3 ey LOT 18 5 Sl  Wad g3 L sla kL
el ol Os e e e ISk sl eSS
3355 JeeSasdes slaes S e Coui L J g slaiY
Ont SO L 4SS b5 ol sl S5 0555 B
Lotz 3 gy 1y Sl 25 (O 5 S5 JenS 5kn slaes S
W 2l O e ol 25 Jolse ol bl )

po 5 5y s oligo 4 L

’F'rulﬁ-byw‘@ijLv



el s 5 s Neadis s j Lol Ol w0 S35 =53l (slaaSCS

FA

Ol & o 3555 33 b 0 (651 5L S STk ol / 3800 oS (sl L8000 Lo 9 CLT S s pden S35 51 Sl g A S
[108] blie Aiis (6515 5y s 53 sl 28 byl Jale

D505 3ol 53 I 3 s e sl e g ciliie JIKS1 s S S Sk gel F s

O Sl esle Hlla
ol 3 Sas . Jsdy . . Ggas IS
sk Sk
e 25l S
(V] 3 7S Al Fo* =G sl Fe3*-P1-PVP
sbbie U535 Gl 2 0 s SV S JE Fe**-P2-PVP
CSLT S soen 3 s 0,0, I8T 51 (6,8 sl
PH & ol
- e e MnxFHA-PAA-
[ Al Y L85l Fe3* Sl it DOXX@TA-Fe
sl s Sl s
ol 25 gl
LS 5 5l Glas geme Ol 0 I3, Llee 2Uls 5 Ladis S per

L Lol 5 b Jsb o o5l glaasls Mol 6l Ly
S G iy GGl 55 peme 0 slas Shes
slge Ly Comal 4 G So bl il 5 Jgd o (58
S oSG Ly S s sladal b ol IS 5 e
Olse o 0ls 1y I o3 aSd gla i g S 35, oo iz
Gl Sz ol Ul 4 b Sl il g5 S
S gl Cae 4 e bk, el

Sk s s 8 s el IS sl K andlan
sldgidy b Ghle L (Sdpieas e 53 I8
Slrl sldn bS5 slr Olse b ookl
Sges ) L3 s 5 Ll Sl 4 plas
(¥ 5 L) bt g 5U L (B L) bad 5SS (s
(Sbwds Wb ol b S5 gl 58 el

o Wl G pl A8l (GleSs (s Seds

TP Glem Sl oy s oo Sl

e s iy slle wlige i



$4

Seloee [8 ) (oS lid

b Ol o Gl sz b S LS e
G5 glaasd (ol (oS 5 gl (ol 5 st
SBrd - ok el oS col el el 5 s e S o
U5 Lol an Lols e 2 5a g5 Olops 25 1 L g
Jsb 5l IL e 518 8 Olles Oleys Cugr B33 Lasls
oo i a5 L oolg 03 s b s 0T s
- S Gl e e dlgs oS 550 BT ol
el oy sl ol S g edd (b S I8

Lo S 5 028 (ol 0 als i 8 sl 555 S 28
e ol ogline Sl L il glad g3 ele s
Bl Jeily iS4 gl b Ol opl S
Sl s s el oo, S Jyd o b gl sl il
- b et O osdle als 3y plnil sl (b
Jl (6 S Baa ol b Gl o go 5 Olays 3550 3 I
@l s mose 05 I mext WlF e e B
Slasls i Wb e 3 s Gl ool Ol
S 6 e clie s Sas chd e b ol (1S

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

ot 33l o OISl Sleys Ciliss gla 2s; sl 1,
3 S 5 g e 53 Shes il U Olse 4 Jpd o 538

v;_\}'é\r.a slaod Sl gandls |y e sk Ol ys slag 51zl

S g

e

Z.Guo, W. Xie, J. Lu, X. Guo, J. Xu, W. Xu, Y. Chi, N. Takuya, H. Wu, L. Zhao, “Tannic acid-based metal phenolic
networks for bio-applications: A review,” Journal of Materials Chemistry B, vol. 9, no. 20, pp. 4098-4110, 2021.
S. Said, S. Mahamoud, T. Wang, Y. N. Feng, Y. Ren, Z. P. Zhao, “Recent Progress in Membrane Technologies
Based on Metal-Phenolic Networks: A Review,” Industrial & Engineering Chemistry Research, vol. 61, no. 41, pp.
15030-15045, 2022.

X. Gao, Q. Wang, L. Ren, P. Gong, M. He, W. Tian, W. Zhao, “Metal-phenolic networks as a novel filler to advance
multi-functional immunomodulatory biocomposites,” Chemical Engineering Journal, vol. 426, pp. 131825, 2021.
Q. Li, W. Xiao, F. Zhang, Q. Liu, J. Ye, H. Dong, X. Cao, “Tannic acid-derived metal-phenolic networks facilitate
PCL nanofiber mesh vascularization by promoting the adhesion and spreading of endothelial cells,” Journal of
Materials Chemistry B, vol. 6, no. 18, pp. 2734-2738, 2018.

0. Zhang, K. Huang, J. Tan, X. Lei, L. Huang, Y. Song, Q. Li, C. Zou, H. Xie, “Metal-phenolic networks modified
polyurethane as periosteum for bone regeneration,” Chinese Chemical Letters, vol. 33, no. 3, pp. 1623-1626, 2022.
S. Pan, E. Goudeli, J. Chen, Z. Lin, Q. Z. Zhong, W. Zhang, H. Yu, R. Guo, J. J. Richardson, F. Caruso, “Exploiting
supramolecular dynamics in metal-phenolic networks to generate metal-oxide and metal-carbon networks,”
Angewandte Chemie International Edition, vol. 60, no. 26, pp. 14586-14594, 2021.

G. Yun, S. Pan, T. Y. Wang, J. Guo, J. J. Richardson, F. Caruso, “Synthesis of metal nanoparticles in metal- phenolic
networks: catalytic and antimicrobial applications of coated textiles,” Advanced Healthcare Materials, vol. 7, no. 5,
p. 1700934, 2018.

C. Zhang, L. Huang, D. W. Sun, H. Pu, “Interfacing metal-polyphenolic networks upon photothermal gold nanorods

for triplex-evolved biocompatible bactericidal activity,” Journal of Hazardous Materials, vol. 426, p. 127824, 2022.

sls s Shppllin poipe g ot

TFer Ol oploc imy s oo Sl


https://pubs.rsc.org/en/content/articlehtml/2021/tb/d1tb00383f
https://pubs.rsc.org/en/content/articlehtml/2021/tb/d1tb00383f
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.2c02651
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.2c02651
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.2c02651
https://www.sciencedirect.com/science/article/pii/S1385894721034021
https://www.sciencedirect.com/science/article/pii/S1385894721034021
https://pubs.rsc.org/en/content/articlehtml/2009/vp/c8tb00350e
https://pubs.rsc.org/en/content/articlehtml/2009/vp/c8tb00350e
https://pubs.rsc.org/en/content/articlehtml/2009/vp/c8tb00350e
https://www.sciencedirect.com/science/article/pii/S1001841721008251
https://www.sciencedirect.com/science/article/pii/S1001841721008251
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202103044
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202103044
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202103044
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201700934
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201700934
https://onlinelibrary.wiley.com/doi/abs/10.1002/adhm.201700934
https://www.sciencedirect.com/science/article/pii/S030438942102793X
https://www.sciencedirect.com/science/article/pii/S030438942102793X

el ks 5 9 Seadis i Laily Olpie 4 S (il slaaSCS Ve

[91 Y. Yao, Y. Zhou, L. Liu, Y. Xu, Q. Chen, Y. Wang, S. Wu, Y. Deng, J. Zhang, A. Shao, “Nanoparticle-based drug
delivery in cancer therapy and its role in overcoming drug resistance,” Frontiers in Molecular Biosciences, no. 7, p.
193, 2022.

[10] B. Kumar, K. Jalodia, P. Kumar, H. K. Gautam, “Recent advances in nanoparticle-mediated drug delivery,”
Journal of Drug Delivery Science and Technology, vol. 41, pp. 260-268, 2017.

[11] W.Xie, Z. Guo, L. Zhao, Y. Wei, “Metal-phenolic networks: facile assembled complexes for cancer theranostics,”
Theranostics, vol. 11, no. 13, pp. 6407-6426, 2021.

[12] X. Meng, L. Chen, R. Lv, M. Liu, N. He, Z. Wang, “A metal-phenolic network-based multifunctional
nanocomposite ~ with  pH-responsive ~ ROS  generation and drug release  for  synergistic
chemodynamic/photothermal/chemo-therapy,” Journal of Materials Chemistry B, vol. 8, no. 10, pp. 2177-2188,
2020.

[13] Y. Li, Y. Miao, L. Yang, Y. Zhao, K. Wu, Z. Lu, Z. Hu, J. Guo, “Recent Advances in the Development and
Antimicrobial Applications of Metal-Phenolic Networks,” Advanced Science, vol. 9, no. 27, p. 2202684, 2022.

[14] S. Zhou, H. Tian, J. Yan, Z. Zhang, G. Wang, X. Yu, W. Sang, “IR780/Gemcitabine-conjugated metal-phenolic
network enhanced photodynamic cancer therapy,” Chinese Chemical Letters, vol. 35, no. 1, p. 108312, 2024.

[15] Y. Wen, J. Hu, J. Liu, M. Li, “Degradable carrier-free metal-phenolic network theranostic agent with targeted
mitochondrial damage for efficient cancer theranostics,” Chemistry of Materials, vol. 33, no. 17, pp. 7089-7099,
2021.

[16] V. Gugleva, N. Ivanova, Y. Sotirova, V. Andonova, “Dermal drug delivery of phytochemicals with phenolic
structure via lipid-based nanotechnologies,” Pharmaceuticals, vol. 14, no. 9, p. 837, 2021.

[17] Q.Dai, Q. Yu, Y. Tian, X. Xie, A. Song, F. Caruso, J. Hao, J. Cui, “Advancing metal-phenolic networks for visual
information storage,” ACS Applied Materials & Interfaces, vol. 11, no. 32, pp. 29305-29311, 2019.

[18] Q. Z. Zhong, S. Pan, M. A. Rahim, G. Yun, J. Li, Y. Ju, Z. Lin, “Spray assembly of metal—phenolic networks:
formation, growth, and applications,” ACS Applied Materials & Interfaces, vol. 10, no. 39, pp. 33721-33729, 2018.

[19] C. J. Kim, F. Ercole, Y. Ju, S. Pan, J. Chen, Y. Qu, J. F. Quinn, F. Caruso, “Synthesis of Customizable
Macromolecular Conjugates as Building Blocks for Engineering Metal-Phenolic Network Capsules with
Tailorable Properties,” Chemistry of Materials, vol. 33, no. 21, pp. 8477-8488, 2021.

[20] S.Pan, E. Goudeli,J. Chen, Z. Lin, Q. Z. Zhong, W. Zhang, H. Yu, R. Guo, J. J. Richardson, F. Caruso, “Exploiting
supramolecular dynamics in metal-phenolic networks to generate metal-oxide and metal—carbon networks,”
Angewandte Chemie International Edition, vol. 60, no. 26, pp. 14586-14594, 2021.

[21] D.Wu, Y. Dai, Y. Huang, J. Gao, H. Liang, M. Eid, Q. Deng, B. Zhou, “Metal-phenolic network covering on zein
nanoparticles as a regulator on the oil/water interface,” Journal of Agricultural and Food Chemistry, vol. 68, no.
31, pp. 8471-8482, 2020.

[22] 1. Ignat, L. Volf, V. 1. Popa, “A critical review of methods for characterisation of polyphenolic compounds in fruits

and vegetables,” Food Chemistry, vol. 126, no. 4, pp. 1821-1835, 2011.

TP Glem oyl iy s oo Sl o s iy ollin pokige 4


https://www.frontiersin.org/articles/10.3389/fmolb.2020.00193/full
https://www.frontiersin.org/articles/10.3389/fmolb.2020.00193/full
https://www.frontiersin.org/articles/10.3389/fmolb.2020.00193/full
https://www.sciencedirect.com/science/article/pii/S1773224717304513
https://www.sciencedirect.com/science/article/pii/S1773224717304513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8120219/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8120219/
https://pubs.rsc.org/en/content/articlehtml/2020/tb/d0tb00008f
https://pubs.rsc.org/en/content/articlehtml/2020/tb/d0tb00008f
https://pubs.rsc.org/en/content/articlehtml/2020/tb/d0tb00008f
https://pubs.rsc.org/en/content/articlehtml/2020/tb/d0tb00008f
https://onlinelibrary.wiley.com/doi/abs/10.1002/advs.202202684
https://onlinelibrary.wiley.com/doi/abs/10.1002/advs.202202684
https://www.sciencedirect.com/science/article/pii/S1001841723001742
https://www.sciencedirect.com/science/article/pii/S1001841723001742
https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.1c02267
https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.1c02267
https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.1c02267
https://www.mdpi.com/1424-8247/14/9/837
https://www.mdpi.com/1424-8247/14/9/837
https://pubs.acs.org/doi/abs/10.1021/acsami.9b09830
https://pubs.acs.org/doi/abs/10.1021/acsami.9b09830
https://pubs.acs.org/doi/abs/10.1021/acsami.8b13589
https://pubs.acs.org/doi/abs/10.1021/acsami.8b13589
https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.1c02912
https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.1c02912
https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.1c02912
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202103044
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202103044
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202103044
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.0c02632
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.0c02632
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.0c02632
https://www.sciencedirect.com/science/article/pii/S0308814610016353
https://www.sciencedirect.com/science/article/pii/S0308814610016353

\A

Seloee [8 ) (oS lid

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
(38]

A. Munin, F. Edwards-Lévy, “Encapsulation of natural polyphenolic compounds; a review,” Pharmaceutics, vol.
3, no. 4, pp. 793-829, 2011.

A. Mihanfar, M. Nouri, L. Roshangar, M. H. Khadem-Ansari, “Polyphenols: Natural compounds with promising
potential in treating polycystic ovary syndrome,” Reproductive Biology, vol. 21, no. 2, p. 100500, 2021.

Y. Zhou, J. Zheng, Y. Li, D. P. Xu, S. Li, Y. M. Chen, H. B. Li, “Natural polyphenols for prevention and treatment
of cancer,” Nutrients, vol. 8, no. 8, p. 515, 2016.

S. Sajadimajd, R. Bahramsoltani, A. Iranpanah, J. K. Patra, G. Das, S. Gouda, and R. Rahimi, “Advances on
natural polyphenols as anticancer agents for skin cancer,” Pharmacological Research, no. 151, pp. 104584, 2020.
H. Wang, C. Wang, Y. Zou, J. Hu, Y. Li, and Y. Cheng, “Natural polyphenols in drug delivery systems: Current
status and future challenges,” Giant, vol. 3, p. 100022, 2020.

P. B. Bhosale, S. E. Ha, P. Vetrivel, H. H. Kim, S. Min Kim, and G. Sup Kim, “Functions of polyphenols and its
anticancer properties in biomedical research: a narrative review,” Translational Cancer Research, vol. 9, no. 12,
pp. 7619, 2020.

H. Geng, Q. Z. Zhong, J. Li, Z. Lin, J. Cui, F. Caruso, and J. Hao, “Metal ion-directed functional metal-phenolic
materials,” Chemical Reviews, vol. 122, no. 13, pp. 11432-11473, 2022.

G. Fan, J. Cottet, M. R. Rodriguez-Otero, P. Wasuwanich, and A. L. Furst, “Metal-phenolic networks as versatile
coating materials for biomedical applications,” ACS Applied Bio Materials, vol. 5, no. 10, pp. 4687-4695, 2022.
J. Guo, J. J. Richardson, Q. A. Besford, A. J. Christofferson, Y. Dai, C. W. Ong, and B. L. Tardy, “Influence of
ionic strength on the deposition of metal-phenolic networks,” Langmuir, vol. 33, no. 40, pp. 10616-10622, 2017.
G. Lin, M. A. Rahim, M. G. Leeming, C. Cortez-Jugo, Q. A. Besford, Y. Ju, Q. Z. Zhong, S. T. Johnston, J. Zhou,
and F. Caruso, “Selective metal-phenolic assembly from complex multicomponent mixtures,” ACS Applied
Materials & Interfaces, vol. 11, no. 19, pp. 17714-17721, 2019.

J. Zhou, Z. Lin, Y. Ju, M. A. Rahim, J. J. Richardson, and F. Caruso, “Polyphenol-mediated assembly for particle
engineering,” Accounts of Chemical Research, vol. 53, no. 7, pp. 1269-1278, 2020.

Y. Zhang, L. Shen, Q. Z. Zhong, and J. Li, “Metal-phenolic network coatings for engineering bioactive interfaces,”
Colloids and Surfaces B: Biointerfaces, vol. 205, p. 111851, 2021.

Z. Huang, S. Yin, J. Zhang, and N. Zhang, “Recent advances in membrane hydrophilic modification with plant
polyphenol- inspired coatings for enhanced oily emulsion separation,” Journal of Applied Polymer Science, vol.
138, no. 25, p. 50587, 2021.

J. Guo, Y. Ping, H. Ejima, K. Alt, M. Meissner, J. J. Richardson, and Y. Yan, “Engineering multifunctional
capsules through the assembly of metal-phenolic networks,” Angewandte Chemie International Edition, vol. 53,
no. 22, pp. 5546-5551, 2014.

C. Yang and Z. Suo, “Hydrogel ionotronics,” Nature Reviews Materials, vol. 3, no. 6, pp. 125-142, 2018.

N. Micale, A. Citarella, M. S. Molonia, A. Speciale, F. Cimino, A. Saija, and M. Cristani, “Hydrogels for the

delivery of plant-derived (poly) phenols,” Molecules, vol. 25, no. 14, pp. 3254, 2020.

Spo s iy sllin pokige 4 TFF Ol olad oy s oo Sl


https://www.mdpi.com/1999-4923/3/4/793
https://www.mdpi.com/1999-4923/3/4/793
https://www.sciencedirect.com/science/article/pii/S1642431X21000218
https://www.sciencedirect.com/science/article/pii/S1642431X21000218
https://www.mdpi.com/2072-6643/8/8/515
https://www.mdpi.com/2072-6643/8/8/515
https://www.sciencedirect.com/science/article/pii/S1043661819317955
https://www.sciencedirect.com/science/article/pii/S1043661819317955
https://www.sciencedirect.com/science/article/pii/S2666542520300254
https://www.sciencedirect.com/science/article/pii/S2666542520300254
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8798728/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8798728/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8798728/
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.1c01042
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.1c01042
https://pubs.acs.org/doi/abs/10.1021/acsabm.2c00136
https://pubs.acs.org/doi/abs/10.1021/acsabm.2c00136
https://pubs.acs.org/doi/abs/10.1021/acs.langmuir.7b02692
https://pubs.acs.org/doi/abs/10.1021/acs.langmuir.7b02692
https://pubs.acs.org/doi/abs/10.1021/acsami.9b04195
https://pubs.acs.org/doi/abs/10.1021/acsami.9b04195
https://pubs.acs.org/doi/abs/10.1021/acsami.9b04195
https://pubs.acs.org/doi/abs/10.1021/acs.accounts.0c00150
https://pubs.acs.org/doi/abs/10.1021/acs.accounts.0c00150
https://www.sciencedirect.com/science/article/pii/S0927776521002952?casa_token=Sc4TLUV0_b4AAAAA:HgpIZKEj9nNaZJxcblTBKOfE7hrKdNqW5aVP3XvbGLp5KIqFLnaz7G4a4czisJtizzlrf_9xf2A
https://www.sciencedirect.com/science/article/pii/S0927776521002952?casa_token=Sc4TLUV0_b4AAAAA:HgpIZKEj9nNaZJxcblTBKOfE7hrKdNqW5aVP3XvbGLp5KIqFLnaz7G4a4czisJtizzlrf_9xf2A
https://onlinelibrary.wiley.com/doi/abs/10.1002/app.50587
https://onlinelibrary.wiley.com/doi/abs/10.1002/app.50587
https://onlinelibrary.wiley.com/doi/abs/10.1002/app.50587
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201311136
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201311136
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201311136
https://www.nature.com/articles/s41578-018-0018-7
https://www.mdpi.com/1420-3049/25/14/3254
https://www.mdpi.com/1420-3049/25/14/3254

el ks 5 9 Seadis i Laily Olpie 4 S (il slaaSCS vy

[39] A. Andersen, Y. Chen, and H. Birkedal, “Bioinspired metal-polyphenol materials: Self-healing and beyond,”
Biomimetics, vol. 4, no. 2, p. 30, 2019.

[40] B.Zhang, Y.Qin, L. Yang, Y. Wu, N. Chen, M. Li, and Y. Li, “A polyphenol-network-mediated coating modulates
inflammation and vascular healing on vascular stents,” ACS Nano, vol. 16, no. 4, pp. 6585-6597, 2022.

[41] H. Ejima, J. J. Richardson, and F. Caruso, “Metal-phenolic networks as a versatile platform to engineer
nanomaterials and biointerfaces,” Nano Today, no. 12, pp. 136-148, 2017.

[42] H. Okumura, “Application of phenolic compounds in plants for green chemical materials,” Current Opinion in
Green and Sustainable Chemistry, vol. 27, p. 100418, 2021.

[43] S. Lee, Y. Y. Chang, J. Lee, S. K. M. Perikamana, E. Mi Kim, Y. H. Jung, J. H. Yun, and H. Shin, “Surface
engineering of titanium alloy using metal-polyphenol network coating with magnesium ions for improved
osseointegration,” Biomaterials Science, vol. 8, no. 12, pp. 3404-3417, 2020.

[44] D.Wang,J. Xing, Y. Zhang, Z. Guo, S. Deng, Z. Guan, and B. He, “Metal-Phenolic Networks for Chronic Wounds
Therapy,” International Journal of Nanomedicine, pp. 6425-6448, 2023.

[45] Z. Yang, W. Guo, P. Yang, J. Hu, G. Duan, X. Liu, Z. Gu, and Y. Li, “Metal-phenolic network green flame
retardants,” Polymer, vol. 221, p. 123627, 2021.

[46] Y.Wang, Y. Zou, Y. Wu, T. Wei, K. Lu, L. Li, and Y. Lin, “Universal antifouling and photothermal antibacterial
surfaces based on multifunctional metal-phenolic networks for prevention of biofilm formation,” ACS Applied
Materials & Interfaces, vol. 13, no. 41, pp. 48403-48413, 2021.

[47] G. Liu, K. Li, H. Wang, L. Ma, L. Yu, and Y. Nie, “Stable fabrication of zwitterionic coating based on copper-
phenolic networks on contact lens with improved surface wettability and broad-spectrum antimicrobial activity,”
ACS Applied Materials & Interfaces, vol. 12, no. 14, pp. 16125-16136, 2020.

[48] J.Park,L.Chi, H. Y. Kwon,J. Lee, S. Kim, S. Hong, “Decaffeinated green tea extract as a nature-derived antibiotic
alternative: An application in antibacterial nano-thin coating on medical implants,” Food Chemistry, vol. 383, p.
132399, 2022.

[49] P. K. Balne, S. Harini, C. Dhand, N. Dwivedi, M. L. S. Chalasani, N. K. Verma, V. A. Barathi, R. Beuerman, R.
Agrawal, R. Lakshminarayanan, “Surface characteristics and antimicrobial properties of modified catheter
surfaces by polypyrogallol and metal ions,” Materials Science and Engineering: C, vol. 90, pp. 673-684, 2018.

[50] Q. Tu, X. Shen, Y. Liu, Q. Zhang, X. Zhao, M. F. Maitz, T. Li, “A facile metal-phenolic—amine strategy for dual-
functionalization of blood-contacting devices with antibacterial and anticoagulant properties,” Materials
Chemistry Frontiers, vol. 3, no. 2, pp. 265-275, 2019.

[51] L. Liu, H. Shi, H. Yu, R. Zhou, J. Yin, S. Luan, “One-step hydrophobization of tannic acid for antibacterial coating
on catheters to prevent catheter-associated infections,” Biomaterials Science, vol. 7, no. 12, pp. 5035-5043, 2019.

[52] S. Tang, K. Chi, Q. Yong, J. M. Catchmark, “Synthesis of cationic bacterial cellulose using a templated metal
phenolic network for antibacterial applications,” Cellulose, vol. 28, pp. 9283-9296, 2021.

TP Glem oyl iy s oo Sl o s iy ollin pokige 4


https://www.mdpi.com/2313-7673/4/2/30
https://www.mdpi.com/2313-7673/4/2/30
https://pubs.acs.org/doi/abs/10.1021/acsnano.2c00642
https://pubs.acs.org/doi/abs/10.1021/acsnano.2c00642
https://www.sciencedirect.com/science/article/pii/S1748013216304108
https://www.sciencedirect.com/science/article/pii/S1748013216304108
https://www.sciencedirect.com/science/article/pii/S2452223620301152
https://www.sciencedirect.com/science/article/pii/S2452223620301152
https://pubs.rsc.org/en/content/articlehtml/2020/bm/d0bm00566e
https://pubs.rsc.org/en/content/articlehtml/2020/bm/d0bm00566e
https://pubs.rsc.org/en/content/articlehtml/2020/bm/d0bm00566e
https://www.tandfonline.com/doi/abs/10.2147/IJN.S434535
https://www.tandfonline.com/doi/abs/10.2147/IJN.S434535
https://www.sciencedirect.com/science/article/pii/S0032386121002500
https://www.sciencedirect.com/science/article/pii/S0032386121002500
https://pubs.acs.org/doi/abs/10.1021/acsami.1c14979
https://pubs.acs.org/doi/abs/10.1021/acsami.1c14979
https://pubs.acs.org/doi/abs/10.1021/acsami.1c14979
https://pubs.acs.org/doi/abs/10.1021/acsami.0c02143
https://pubs.acs.org/doi/abs/10.1021/acsami.0c02143
https://pubs.acs.org/doi/abs/10.1021/acsami.0c02143
https://www.sciencedirect.com/science/article/pii/S0308814622003612
https://www.sciencedirect.com/science/article/pii/S0308814622003612
https://www.sciencedirect.com/science/article/pii/S0308814622003612
https://www.sciencedirect.com/science/article/pii/S0928493117333982?casa_token=qx_9NZDW9osAAAAA:w_gd3FjxaTO0uQ2p-EY5PdNHx3wR_GJ2Sv-Z07gseIB5iYkBBrk6_v3MBWI2uTR_kW9qYf-sgEE
https://www.sciencedirect.com/science/article/pii/S0928493117333982?casa_token=qx_9NZDW9osAAAAA:w_gd3FjxaTO0uQ2p-EY5PdNHx3wR_GJ2Sv-Z07gseIB5iYkBBrk6_v3MBWI2uTR_kW9qYf-sgEE
https://www.sciencedirect.com/science/article/pii/S0928493117333982?casa_token=qx_9NZDW9osAAAAA:w_gd3FjxaTO0uQ2p-EY5PdNHx3wR_GJ2Sv-Z07gseIB5iYkBBrk6_v3MBWI2uTR_kW9qYf-sgEE
https://pubs.rsc.org/en/content/articlehtml/2019/qm/c8qm00458g
https://pubs.rsc.org/en/content/articlehtml/2019/qm/c8qm00458g
https://pubs.rsc.org/en/content/articlehtml/2019/qm/c8qm00458g
https://pubs.rsc.org/en/content/articlehtml/2019/bm/c9bm01223k
https://pubs.rsc.org/en/content/articlehtml/2019/bm/c9bm01223k
https://link.springer.com/article/10.1007/s10570-021-04062-8
https://link.springer.com/article/10.1007/s10570-021-04062-8

vy

Seloee [8 ) (oS lid

(53]

[54]

[58]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

J. J. Richardson, W. Liao, J. Li, B. Cheng, C. Wang, T. Maruyama, B. L. Tardy, “Rapid assembly of colorless
antimicrobial and anti-odor coatings from polyphenols and silver,” Scientific Reports, vol. 12, no. 1, pp. 2071,
2022.

I. S. Raja, D. R. Preeth, M. Vedhanayagam, S. H. Hyon, D. Lim, B. Kim, S. Rajalakshmi, D. W. Han,
“Polyphenols-loaded electrospun nanofibers in bone tissue engineering and regeneration,” Biomaterials Research,
vol. 25, pp. 1-16, 2021

Z. Yuan, Z. Wan, C. Gao, Y. Wang, J. Huang, Q. Cai, “Controlled magnesium ion delivery system for in situ bone
tissue engineering,” Journal of Controlled Release, vol. 350, pp. 360-376, 2022.

Y. Xie, S. Chen, X. Peng, X. Wang, Z. Wei, J. J. Richardson, K. Liang, H. Ejima, J. Guo, C. Zhao, “Alloyed
nanostructures integrated metal-phenolic nanoplatform for synergistic wound disinfection and revascularization,”
Bioactive Materials, vol. 16, pp. 95-106, 2022.

L. Song, “Calcium and bone metabolism indices,” Advances in Clinical Chemistry, vol. 82, pp. 1-46, 2017.

J. Guo, X. Tian, D. Xie, K. Rahn, E. Gerhard, M. L. Kuzma, D. Zhou, “Citrate- based tannin- bridged bone
composites for lumbar fusion,” Advanced Functional Materials, vol. 30, no. 27, p. 2002438, 2020.

S. Vimalraj, S. Rajalakshmi, S. Saravanan, D. R. Preeth, R. LA Vasanthi, M. Shairam, S. Chatterjee, “Synthesis
and characterization of zinc-silibinin complexes: A potential bioactive compound with angiogenic, and
antibacterial activity for bone tissue engineering,” Colloids and Surfaces B: Biointerfaces, vol. 167, pp. 134-143,
2018.

Z. Hussain, 1. Ullah, X. Liu, W. Shen, P. Ding, Y. Zhang, T. Gao, M. Mansoorianfar, T. Gao, R. Pei, “Tannin-
reinforced iron substituted hydroxyapatite nanorods functionalized collagen-based composite nanofibrous coating
as a cell-instructive bone-implant interface scaffold,” Chemical Engineering Journal, vol. 438, pp. 135611, 2022.
L. Ren, P. Gong, X. Gao, Q. Wang, L. Xie, W. Tang, J. Long, C. Liu, W. Tian, M. He, “Metal—phenolic networks
acted as a novel bio-filler of a barrier membrane to improve guided bone regeneration via manipulating
osteoimmunomodulation,” Journal of Materials Chemistry B, vol. 10, no. 48, pp. 10128-10138, 2022.

Y. Chen, W. Xu, M. Shafiq, D. Song, T. Wang, Z. Yuan, X. Xie, “Injectable nanofiber microspheres modified
with metal phenolic networks for effective osteoarthritis treatment,” Acta Biomaterialia, vol. 157, pp. 593-608,
2023.

Y. Zhang, Y. Chen, T. Ding, Y. Zhang, D. Yang, Y. Zhao, J. Liu, “Janus porous polylactic acid membranes with
versatile metal-phenolic interface for biomimetic periodontal bone regeneration,” NPJ Regenerative Medicine,
vol. 8, no. 1, pp. 1-28, 2023.

A. C. O. Gonzalez, T. F. Costa, Z. A. Andrade, A. R. A. P. Medrado, “Wound healing-A literature review,” Anais
Brasileiros de Dermatologia, vol. 91, pp. 614-620, 2016.

X. Lin, H. Zhang, S. Li, L. Huang, R. Zhang, L. Zhang, A. Yu, B. Duan, “Polyphenol-driving assembly for
constructing chitin-polyphenol-metal hydrogel as wound dressing,” Carbohydrate Polymers, vol. 290, pp. 119444,
2022.

Spo s iy sllin pokige 4 TFF Ol olad oy s oo Sl


https://www.nature.com/articles/s41598-022-05553-9
https://www.nature.com/articles/s41598-022-05553-9
https://www.nature.com/articles/s41598-022-05553-9
https://spj.science.org/doi/abs/10.1186/s40824-021-00229-3
https://spj.science.org/doi/abs/10.1186/s40824-021-00229-3
https://spj.science.org/doi/abs/10.1186/s40824-021-00229-3
https://www.sciencedirect.com/science/article/pii/S0168365922005417
https://www.sciencedirect.com/science/article/pii/S0168365922005417
https://www.sciencedirect.com/science/article/pii/S2452199X22001219
https://www.sciencedirect.com/science/article/pii/S2452199X22001219
https://www.sciencedirect.com/science/article/pii/S2452199X22001219
https://www.sciencedirect.com/science/article/pii/S0065242317300471
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202002438
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202002438
https://www.sciencedirect.com/science/article/pii/S092777651830211X?casa_token=FFPlTmtaJjMAAAAA:yx6EDmHdCqAfxF83WNy3sJZAFpbzhmKCxaTbzsgALoF3Lslo7ygHv4MUMWk1WTzDxXuT2A_fvjQ
https://www.sciencedirect.com/science/article/pii/S092777651830211X?casa_token=FFPlTmtaJjMAAAAA:yx6EDmHdCqAfxF83WNy3sJZAFpbzhmKCxaTbzsgALoF3Lslo7ygHv4MUMWk1WTzDxXuT2A_fvjQ
https://www.sciencedirect.com/science/article/pii/S092777651830211X?casa_token=FFPlTmtaJjMAAAAA:yx6EDmHdCqAfxF83WNy3sJZAFpbzhmKCxaTbzsgALoF3Lslo7ygHv4MUMWk1WTzDxXuT2A_fvjQ
https://www.sciencedirect.com/science/article/pii/S092777651830211X?casa_token=FFPlTmtaJjMAAAAA:yx6EDmHdCqAfxF83WNy3sJZAFpbzhmKCxaTbzsgALoF3Lslo7ygHv4MUMWk1WTzDxXuT2A_fvjQ
https://www.sciencedirect.com/science/article/pii/S1385894722011135
https://www.sciencedirect.com/science/article/pii/S1385894722011135
https://www.sciencedirect.com/science/article/pii/S1385894722011135
https://pubs.rsc.org/en/content/articlehtml/2012/po/d2tb01804g
https://pubs.rsc.org/en/content/articlehtml/2012/po/d2tb01804g
https://pubs.rsc.org/en/content/articlehtml/2012/po/d2tb01804g
https://www.sciencedirect.com/science/article/pii/S174270612200767X
https://www.sciencedirect.com/science/article/pii/S174270612200767X
https://www.sciencedirect.com/science/article/pii/S174270612200767X
https://www.nature.com/articles/s41536-023-00305-3
https://www.nature.com/articles/s41536-023-00305-3
https://www.nature.com/articles/s41536-023-00305-3
https://www.scielo.br/j/abd/a/tqnxHTLMnj4pfrhrRdfLG6K/
https://www.scielo.br/j/abd/a/tqnxHTLMnj4pfrhrRdfLG6K/
https://www.sciencedirect.com/science/article/pii/S0144861722003496
https://www.sciencedirect.com/science/article/pii/S0144861722003496
https://www.sciencedirect.com/science/article/pii/S0144861722003496

el ks 5 9 Seadis i Laily Olpie 4 S (il slaaSCS vy

[66] S. Mao, Y. Ren, S. Chen, D. Liu, X. Ye, J. Tian, “Development and characterization of pH responsive sodium
alginate hydrogel containing metal-phenolic network for anthocyanin delivery,” Carbohydrate Polymers, vol. 320,
p. 121234, 2023.

[67] L. Sukhodub, M. Kumeda, L. Sukhodub, V. Bielai, M. Lyndin, “Metal ions doping effect on the physicochemical,
antimicrobial, and wound healing profiles of alginate-based composite,” Carbohydrate Polymers, vol. 304, p.
120486, 2023.

[68] H. Wang, Z. Xu, Q. Li, J. Wu, “Application of metal-based biomaterials in wound repair,” Engineered
Regeneration, vol. 2, pp. 137-153, 2021.

[69] C. Zhang, L. Huang, D. W. Sun, H. Pu, “Interfacing metal-polyphenolic networks upon photothermal gold
nanorods for triplex-evolved biocompatible bactericidal activity,” Journal of Hazardous Materials, vol. 426, p.
127824, 2022.

[70] C. Chen, P. Zhou, C. Huang, R. Zeng, L. Yang, Z. Han, Y. Qu, C. Zhang, “Photothermal-promoted multi-
functional dual network polysaccharide hydrogel adhesive for infected and susceptible wound healing,”
Carbohydrate Polymers, vol. 273, p. 118557, 2021.

[71] Y.Li, R. Fu, Z. Duan, C. Zhu, D. Fan, “Construction of multifunctional hydrogel based on the tannic acid-metal
coating decorated MoS, dual nanozyme for bacteria-infected wound healing,” Bioactive Materials, vol. 9, pp.
461-474, 2022.

[72] Y. Xie, S. Chen, X. Peng, X. Wang, Z. Wei, J. J. Richardson, K. Liang, H. Ejima, J. Guo, C. Zhao, “Alloyed
nanostructures integrated metal-phenolic nanoplatform for synergistic wound disinfection and revascularization,”
Bioactive Materials, vol. 16, pp. 95-106, 2022

[73] J. Zhu, H. Zhou, E. M. Gerhard, S. Zhang, F. I. P. Rodriguez, T. Pan, H. Yang, Y. Lin, J. Yang, H. Cheng, “Smart
bioadhesives for wound healing and closure,” Bioactive Materials, vol. 19, pp. 360-375, 2023

[74] X.Ke, Z. Dong, S. Tang, W. Chu, X. Zheng, L. Zhen, X. Chen, C. Ding, J. Luo, J. Li, “A natural polymer based
bioadhesive with self-healing behavior and improved antibacterial properties,” Biomaterials Science, vol. 8, no.
15, pp. 4346-4357, 2020

[75] Y. Liang, Z. Li, Y. Huang, R. Yu, B. Guo, “Dual-dynamic-bond cross-linked antibacterial adhesive hydrogel
sealants with on-demand removability for post-wound-closure and infected wound healing,” ACS Nano, vol. 15,
no. 4, pp. 7078-7093, 2021

[76] N. Ninan, A. Forget, V. P. Shastri, N. H. Voelcker, A. Blencowe, “Antibacterial and anti-inflammatory pH-
responsive tannic acid-carboxylated agarose composite hydrogels for wound healing,” ACS Applied Materials &
Interfaces, vol. 8, no. 42, pp. 28511-28521, 2016

[77] M. A. Soobrattee, T. Bahorun, O. I. Aruoma, “Chemopreventive actions of polyphenolic compounds in cancer,”
Biofactors, vol. 27, no. 1-4, pp. 19-35, 2006

[78] A.F.Vladu, D. Ficai, A. G. Ene, A. Ficai, “Combination Therapy Using Polyphenols: An efficient way to improve
antitumoral activity and reduce resistance,” International Journal of Molecular Sciences, vol. 23, no. 18, pp.

10244, 2022

TP Glem oyl iy s oo Sl o s iy ollin pokige 4


https://www.sciencedirect.com/science/article/pii/S0144861723006999
https://www.sciencedirect.com/science/article/pii/S0144861723006999
https://www.sciencedirect.com/science/article/pii/S0144861723006999
https://www.sciencedirect.com/science/article/pii/S0144861722013911
https://www.sciencedirect.com/science/article/pii/S0144861722013911
https://www.sciencedirect.com/science/article/pii/S0144861722013911
https://www.sciencedirect.com/science/article/pii/S266613812100013X
https://www.sciencedirect.com/science/article/pii/S266613812100013X
https://www.sciencedirect.com/science/article/pii/S030438942102793X
https://www.sciencedirect.com/science/article/pii/S030438942102793X
https://www.sciencedirect.com/science/article/pii/S030438942102793X
https://www.sciencedirect.com/science/article/pii/S0144861721009449
https://www.sciencedirect.com/science/article/pii/S0144861721009449
https://www.sciencedirect.com/science/article/pii/S0144861721009449
https://www.sciencedirect.com/science/article/pii/S2452199X2100356X
https://www.sciencedirect.com/science/article/pii/S2452199X2100356X
https://www.sciencedirect.com/science/article/pii/S2452199X2100356X
https://www.sciencedirect.com/science/article/pii/S2452199X22001219
https://www.sciencedirect.com/science/article/pii/S2452199X22001219
https://www.sciencedirect.com/science/article/pii/S2452199X22001219
https://www.sciencedirect.com/science/article/pii/S2452199X22001906
https://www.sciencedirect.com/science/article/pii/S2452199X22001906
https://pubs.rsc.org/en/content/articlehtml/2021/xx/d0bm00624f
https://pubs.rsc.org/en/content/articlehtml/2021/xx/d0bm00624f
https://pubs.rsc.org/en/content/articlehtml/2021/xx/d0bm00624f
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c00204
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c00204
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c00204
https://pubs.acs.org/doi/abs/10.1021/acsami.6b10491
https://pubs.acs.org/doi/abs/10.1021/acsami.6b10491
https://pubs.acs.org/doi/abs/10.1021/acsami.6b10491
https://content.iospress.com/articles/biofactors/bio00867
https://content.iospress.com/articles/biofactors/bio00867
https://www.mdpi.com/1422-0067/23/18/10244
https://www.mdpi.com/1422-0067/23/18/10244
https://www.mdpi.com/1422-0067/23/18/10244

Vo

Seloee [8 ) (oS lid

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

Z. Zhang, L. Xie, Y. Ju, Y. Dai, “Recent advances in metal- phenolic networks for cancer theranostics,” Small,
vol. 17, no. 43, pp. 2100314, 2021

Y. Chang, P. Cui, S. Zhou, L. Qiu, P. Jiang, S. Chen, C. Wang, J. Wang, “Metal-phenolic network for cancer
therapy,” Journal of Drug Delivery Science and Technology, pp. 104194, 2023

J. X.Fan, D. W. Zheng, W. W. Mei, S. Chen, S. Y. Chen, S. X. Cheng, X. Z. Zhang, ‘A metal-polyphenol network
coated nanotheranostic system for metastatic tumor treatments,” Small, vol. 13, no. 48, pp. 1702714, 2017.

Y. Xu, Y. Guo, C. Zhang, M. Zhan, L. Jia, S. Song, C. Jiang, M. Shen, X. Shi, “Fibronectin-coated metal-phenolic
networks for cooperative tumor chemo-/chemodynamic/immune therapy via enhanced ferroptosis-mediated
immunogenic cell death,” ACS Nano, vol. 16, no. 1, pp. 984-996, 2022.

Z. Zhang, B. Li, L. Xie, W. Sang, H. Tian, J. Li, G. Wang, Y. Dai, “Metal-phenolic network-enabled lactic acid
consumption reverses immunosuppressive tumor microenvironment for sonodynamic therapy,” ACS Nano, vol.
15, no. 10, pp. 16934-16945, 2021.

C. Zhang, J. Li, C. Yang, S. Gong, H. Jiang, M. Sun, C. Qian, “A pH-sensitive coordination polymer network-
based nanoplatform for magnetic resonance imaging-guided cancer chemo-photothermal synergistic therapy,”
Nanomedicine: Nanotechnology, Biology and Medicine, vol. 23, p. 102071, 2020.

Q. Xie, S. Li, X. Feng, J. Shi, Y. Li, G. Yuan, C. Yang, Y. Shen, L. Kong, Z. Zhang, “All-in-one approaches for
triple-negative breast cancer therapy: metal-phenolic nanoplatform for MR imaging-guided combinational
therapy,” Journal of Nanobiotechnology, vol. 20, no. 1, p. 226, 2022.

Z.Liu,Z. Le, L. Lu, Y. Zhu, C. Yang, P. Zhao, Z. Wang, J. Shen, L. Liu, Y. Chen, “Scalable fabrication of metal—
phenolic nanoparticles by coordination-driven flash nanocomplexation for cancer theranostics,” Nanoscale, vol.
11, no. 19, pp. 9410-9421, 2019.

C. Liu, L. Guo, Y. Wang, J. Zhang, C. Fu, “Delivering metal ions by nanomaterials: Turning metal ions into drug-
like cancer theranostic agents,” Coordination Chemistry Reviews, vol. 494, p. 215332, 2023.

M. H. Zhu, X. D. Zhu, M. Long, X. Lai, Y. Yuan, Y. Huang, L. Zhang, “Metal- Coordinated Adsorption of
Nanoparticles to Macrophages for Targeted Cancer Therapy,” Advanced Functional Materials, vol.=. 33, p.
2214842, 2023.

Q. Li, Z. Dong, M. Chen, L. Feng, “Phenolic molecules constructed nanomedicine for innovative cancer
treatment,” Coordination Chemistry Reviews, vol. 439, p. 213912, 2021.

X. Feng, Q. Xie, H. Xu, T. Zhang, X. Li, Y. Tian, H. Lan, L. Kong, Z. Zhang, “Yeast microcapsule mediated
natural products delivery for treating ulcerative colitis through anti-inflammatory and regulation of macrophage
polarization,” ACS Applied Materials & Interfaces, vol. 14, no. 27, pp. 31085-31098, 2022.

S. R. Li, F. Y. Huo, H. Q. Wang, J. Wang, C. Xu, B. Liu, L. L. Bu, “Recent advances in porous nanomaterials-
based drug delivery systems for cancer immunotherapy,” Journal of Nanobiotechnology, vol. 20, no. 1, p. 277,

2022.

Spo s iy sllin pokige 4 TFF Ol olad oy s oo Sl


https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202100314
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202100314
https://www.sciencedirect.com/science/article/pii/S1773224723000461
https://www.sciencedirect.com/science/article/pii/S1773224723000461
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.201702714
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.201702714
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c08585
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c08585
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c08585
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c08026
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c08026
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c08026
https://www.sciencedirect.com/science/article/pii/S1549963419301558
https://www.sciencedirect.com/science/article/pii/S1549963419301558
https://www.sciencedirect.com/science/article/pii/S1549963419301558
https://link.springer.com/article/10.1186/s12951-022-01416-7
https://link.springer.com/article/10.1186/s12951-022-01416-7
https://link.springer.com/article/10.1186/s12951-022-01416-7
https://pubs.rsc.org/en/content/articlehtml/2019/nr/c9nr02185j
https://pubs.rsc.org/en/content/articlehtml/2019/nr/c9nr02185j
https://pubs.rsc.org/en/content/articlehtml/2019/nr/c9nr02185j
https://www.sciencedirect.com/science/article/pii/S0010854523003211
https://www.sciencedirect.com/science/article/pii/S0010854523003211
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202214842
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202214842
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202214842
https://www.sciencedirect.com/science/article/pii/S0010854521001867
https://www.sciencedirect.com/science/article/pii/S0010854521001867
https://pubs.acs.org/doi/abs/10.1021/acsami.2c05642
https://pubs.acs.org/doi/abs/10.1021/acsami.2c05642
https://pubs.acs.org/doi/abs/10.1021/acsami.2c05642
https://link.springer.com/article/10.1186/s12951-022-01489-4
https://link.springer.com/article/10.1186/s12951-022-01489-4
https://link.springer.com/article/10.1186/s12951-022-01489-4

el ks 5 9 Seadis i Laily Olpie 4 S (il slaaSCS V7

[92] J. X. Fan, D. W. Zheng, L. Rong, J. Y. Zhu, S. Hong, C. Li, Z. S. Xu, S. X. Cheng, X. Z. Zhang, “Targeting
epithelial-mesenchymal transition: Metal organic network nano-complexes for preventing tumor metastasis,”
Biomaterials, vol. 139, pp. 116-126, 2017.

[93] B. Yang, S. Zhou, J. Zeng, L. Zhang, R. Zhang, K. Liang, L. Xie, “Super-assembled core-shell mesoporous silica-
metal-phenolic network nanoparticles for combinatorial photothermal therapy and chemotherapy,” Nano
Research, vol. 13, pp. 1013-1019, 2020.

[94] J.Su, T. Liao, Z. Ren, Y. Kuang, W. Yu, Q. Qiao, B. Jiang, X. Chen, Z. Xu, C. Li, “Polydopamine nanoparticles
coated with a metal-polyphenol network for enhanced photothermal/chemodynamic cancer combination therapy,”
International Journal of Biological Macromolecules, vol. 238, p. 124088, 2023.

[95] X.Chen, L. Wang, S. Liu, X. Luo, K. Wang, Q. He, “Cisplatin-loaded metal-phenolic network with photothermal-
triggered ROS generation for chemo-photothermal therapy of cancer,” Cancer Nanotechnology, vol. 13, no. 1, p.
41, 2022.

[96] N. Guo, Y. Xia, Y. Duan, Q. Wu, L. Xiao, Y. Shi, B. Yang, Y. Liu, “Self-enhanced photothermal-chemodynamic
antibacterial agents for synergistic anti-infective therapy,” Chinese Chemical Letters, vol. 34, no. 2, p. 107542,
2023.

[97] Y. Xu, Y. Cai, Y. Xia, Q. Wu, M. Li, N. Guo, Y. Tu, B. Yang, Y. Liu, “Photothermal nanoagent for anti-
inflammation through macrophage repolarization following antibacterial therapy,” European Polymer Journal,
vol. 186, p. 111840, 2023.

[98] X. He, H. Zhu, J. Shang, M. Li, Y. Zhang, S. Zhou, G. Gong, Y. He, A. Blocki, J. Guo, “Intratumoral synthesis of
transformable metal-phenolic nanoaggregates with enhanced tumor penetration and retention for photothermal
immunotherapy,” Theranostics, vol. 12, no. 14, p. 6258, 2022.

[99] Y. Wei, Z. Wei, P. Luo, W. Wei, S. Liu, “pH-sensitive metal-phenolic network capsules for targeted photodynamic
therapy against cancer cells,” Artificial Cells, Nanomedicine, and Biotechnology, vol. 46, no. 8, pp. 1552-1561,
2018.

[100] J. H. Han, H. E. Shin, J. Lee, J. M. Kang, J. H. Park, C. G. Park, D. K. Han, I. H. Kim, W. Park, “Combination of
Metal- Phenolic Network- Based Immunoactive Nanoparticles and Bipolar Irreversible Electroporation for
Effective Cancer Immunotherapy,” Small, vol. 18, no. 25, p. 2200316, 2022.

[101] J. M. Shin, G. H. Choi, S. H. Song, H. Ko, E. S. Lee, J. A. Lee, P. J. Yoo, J. H. Park, “Metal-phenolic network-
coated hyaluronic acid nanoparticles for pH-responsive drug delivery,” Pharmaceutics, vol. 11, no. 12, p. 636,
2019.

[102] Y. Gao, S. C. Yang, M. H. Zhu, X. D. Zhu, X. Luan, X. L. Liu, X. Lai, “Metal phenolic network- integrated
multistage nanosystem for enhanced drug delivery to solid tumors,” Small, vol. 17, no. 29, p. 2100789, 2021.

[103] L. Shen, Y. Zhang, J. Feng, W. Xu, Y. Chen, K. Li, X. Yang, Y. Zhao, S. Ge, Ji. Li, “Microencapsulation of Ionic
Liquid by Interfacial Self-Assembly of Metal-Phenolic Network for Efficient Gastric Absorption of Oral Drug
Delivery,” ACS Applied Materials & Interfaces, vol. 14, no. 40, pp. 45229-45239, 2022.

TP Glem oyl iy s oo Sl o s iy ollin pokige 4


https://www.sciencedirect.com/science/article/pii/S0142961217304003
https://www.sciencedirect.com/science/article/pii/S0142961217304003
https://www.sciencedirect.com/science/article/pii/S0142961217304003
https://link.springer.com/article/10.1007/s12274-020-2736-6
https://link.springer.com/article/10.1007/s12274-020-2736-6
https://link.springer.com/article/10.1007/s12274-020-2736-6
https://link.springer.com/article/10.1007/s12274-020-2736-6
https://www.sciencedirect.com/science/article/pii/S0141813023009820
https://www.sciencedirect.com/science/article/pii/S0141813023009820
https://www.sciencedirect.com/science/article/pii/S0141813023009820
https://www.sciencedirect.com/science/article/pii/S0141813023009820
https://link.springer.com/article/10.1186/s12645-022-00149-4
https://link.springer.com/article/10.1186/s12645-022-00149-4
https://link.springer.com/article/10.1186/s12645-022-00149-4
https://www.sciencedirect.com/science/article/pii/S1001841722005113
https://www.sciencedirect.com/science/article/pii/S1001841722005113
https://www.sciencedirect.com/science/article/pii/S1001841722005113
https://www.sciencedirect.com/science/article/pii/S001430572300023X
https://www.sciencedirect.com/science/article/pii/S001430572300023X
https://www.sciencedirect.com/science/article/pii/S001430572300023X
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9475467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9475467/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9475467/
https://www.tandfonline.com/doi/abs/10.1080/21691401.2017.1377724
https://www.tandfonline.com/doi/abs/10.1080/21691401.2017.1377724
https://www.tandfonline.com/doi/abs/10.1080/21691401.2017.1377724
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202200316
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202200316
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202200316
https://www.mdpi.com/1999-4923/11/12/636
https://www.mdpi.com/1999-4923/11/12/636
https://www.mdpi.com/1999-4923/11/12/636
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202100789
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202100789
https://pubs.acs.org/doi/abs/10.1021/acsami.2c15599
https://pubs.acs.org/doi/abs/10.1021/acsami.2c15599
https://pubs.acs.org/doi/abs/10.1021/acsami.2c15599

yv

Seloee [8 ) (oS lid

[104]

[105]

[106]

[107]

[108]

C. Guo, J. Cao, Z. Chen, “Core-shell mesoporous silica—metal-phenolic network microcapsule for the controlled
release of corrosion inhibitor,” Applied Surface Science, vol. 605, p. 15474, 2022.

S. Mao, Y. Ren, S. Chen, D. Liu, X. Ye, J. Tian, “Development and characterization of pH responsive sodium
alginate hydrogel containing metal-phenolic network for anthocyanin delivery,” Carbohydrate Polymers, vol. 320,
p. 121234, 2023.

J. H. Han, H. E. Shin, J. Lee, J. M. Kang, J. H. Park, C. G. Park, D. K. Han, I. H. Kim, W. Park, “Combination of
Metal- Phenolic Network- Based Immunoactive Nanoparticles and Bipolar Irreversible Electroporation for
Effective Cancer Immunotherapy,” Small, vol. 18, no. 25, p. 2200316, 2022.

Y. Wan, L. An, Z. Zhu, Q. Tian, J. Lin, S. Yang, “Iron—polyphenol dendritic complexes for regulating
amplification of phenolic hydroxyl groups to improve magnetic resonance imaging,” Chemical Engineering
Journal, vol. 458, p. 141322, 2023.

W. Jiang, Q. Wang, D. Cui, L. Han, L. Chen, J. Xu, N. Niu, “Metal-polyphenol network coated magnetic
hydroxyapatite for pH-activated MR imaging and drug delivery,” Colloids and Surfaces B: Biointerfaces, vol. 222,

p. 113076, 2023.

J/j»j‘jjjj./bdw,u#@j&' !f'f'u[ﬁ-.u[«_}‘é;:jwdb


https://www.sciencedirect.com/science/article/pii/S0169433222022759
https://www.sciencedirect.com/science/article/pii/S0169433222022759
https://www.sciencedirect.com/science/article/pii/S0144861723006999
https://www.sciencedirect.com/science/article/pii/S0144861723006999
https://www.sciencedirect.com/science/article/pii/S0144861723006999
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202200316
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202200316
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202200316
https://www.sciencedirect.com/science/article/pii/S1385894723000530
https://www.sciencedirect.com/science/article/pii/S1385894723000530
https://www.sciencedirect.com/science/article/pii/S1385894723000530
https://www.sciencedirect.com/science/article/pii/S0927776522007603?casa_token=B-t0qWEZlHQAAAAA:VHJ96zaDtfK3igeS5dBC3bNwyXuZb9H5GxXDUoPjap6Bfx7Wj8ffIboNiO7l6ovJUZN9Z2n-G-M
https://www.sciencedirect.com/science/article/pii/S0927776522007603?casa_token=B-t0qWEZlHQAAAAA:VHJ96zaDtfK3igeS5dBC3bNwyXuZb9H5GxXDUoPjap6Bfx7Wj8ffIboNiO7l6ovJUZN9Z2n-G-M
https://www.sciencedirect.com/science/article/pii/S0927776522007603?casa_token=B-t0qWEZlHQAAAAA:VHJ96zaDtfK3igeS5dBC3bNwyXuZb9H5GxXDUoPjap6Bfx7Wj8ffIboNiO7l6ovJUZN9Z2n-G-M

oo d S 5 15Kl S e Ll Olsie 0 S (5 claaSCl VA

rf'r‘uq%yz,,.;‘@jwdu Sso g i llio wlige 4



	3-mohamadiz 6.11 correcting.pdf
	edited. 3-- mohamadi6.11correcting.pdf

