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Abstract: Tissue engineering is a multidisciplinary field that aims to provide new therapeutic ideas using modern technolo-
gies to design and develop specific biomaterials in addition to the traditional means of post-traumatic/post-operative tissue re-
generation (autologous transplantation, allografts). Among various biomaterials for tissue engineering applications, hydro-
gels are widely used in biomedical engineering due to their unique biocompatible, mechanically tunable, degradable and
highly hydrophilic properties. Among them, photothermal

N responsive hydrogels have the advantages of temperature
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controllable and intelligent response in addition to the prop-
erties of traditional hydrogels, and thus show promising ap-

FRRAA R FE ()2, 2022 11-276) plications in the fields of tissue engineering, regenerative
F—1EE. WLUAE, &, 1998 F4, WA medicine and drug slow release. However, there are few
XWE, 4, 1999 4E2L, Wi+RF5E systematic summaries of photothermal responsive hydrogels
EIRAEE . 2Bl B 1981 A, HEE. MWL ST, as tissue engineering grafts. This review provides an over-

view of the research and development of photothermal re-
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sponsive hydrogel grafts in recent years, including the his-
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torical background of photothermal responsive hydrogels and
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practical applications, summarizes the relevant research results and discusses them, and finally presents possible challenges

and outlooks in the future, with a view to promoting development of photothermal responsive hydrogels in the field of tissue

engineering for the reference of related researchers.
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dedicated to tissue engineering applications
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Table 1 Classification of smart hydrogels
. Stimulus . o
Classification .. Responder Control mechanism Research and application Ref.
condition
Temperature . The hydrogen bonds inside the hydrogel A 3D scaffold was prepared to
. Hydrophilic group, ’ . . .
responsive Temperature hvdrogen bond are controlled by temperature to stimulate cell proliferation through [22, 23]
hydrogel yaroee achieve a phase transition periodic changes in culture temperature
Carboxy group, The pH changes lead to ionization of .
L : L Chitosan hydrogels promote bone growth
. hydroxyl group, acidic and basic groups, dissociation of . . .
pH-responsive T . as delivery carriers of bioactive molecules,
pH amino group, hydrogen bonds in the gel network, . [24, 25]
hydrogel . . L. . nanoparticles, drugs and cells at
amide group, sulfonic electrostatic interaction, and the o
K . defective sites
acid group, etc. hydrogel phase transition
. Photofracture,, isomerization and dimer
X O-nitrobenzyl ester, . .. N .
Photoresponsive . . formation of photosensitive groups under Using light to trigger the release of
NIR, UV thiol-ene, disulfide, . . .. [26, 27]
hydrogel different light conditions result drug molecules from the hydrogel
azobenzene, elc. X .
in phase transition of hydrogels
Sulfonic acid group, ~ When stimulated by an electric field, It is electroactive and cell-compatible ,
Electroresponsive L amide group, the shape or volume of the gel changes,  releasing drugs in response to electrical
Electric field . e . . . . [28]
hydrogel sulfonamide group, thus achieving the conversion of stimulation and acting as a
elc. electrical energy to mechanical energy therapeutic delivery platform
The magnetic particles gather with the
Magnetically M " magnetic field effect, the hydrogel Under the induction of magnetic field,
agnetic .
responsive Magnetic field g . network shrinks, the solvent in the drug release can be controlled remotely [29]
nanoparticle . . .
hydrogel gel is discharged, to promote tissue repair
and the hydrogel changes phase
. Th ties of hydrogel can be changed
. . The phase transition of gel ¢ pfuper 16&_? y 108e can be c.ange
Ion responsive Tonizable L. by ion modification, so as to achieve
Ton can be changed by adjusting the . [30]
hydrogel group Lo . . the functions of slow release,
ionization degree of gel by ion concentration . . .
antibacterial and delivery
Redox responsive Redox Disulfide bond, Redox reaction occurs with As @ drug carrier, it is used. for targeted
. e redox substances, but has no effect delivery of drugs, or to modify hydrogels [31]
hydrogel reaction disulfide bond, etc. . A
on non-redox substances to promote tissue regeneration
Pressure . L With excellent sensitivit d repeatability,
reqsu're Mechanical Hydroxyl Hydrogel is stimulated to ! . exeelen sen.m ™ y'an repeatabiity
responsive . . it can be combined with temperature [18, 32]
stimulation group expand or contract i i R i R
hydrogel stimulation to achieve delivery function
The enz specifically degrades th . .
Enzyme ¢ enzyme spectiically degrades Lie Enzymes promote tissue regeneration by
. . . required target group of the peptide . . .
responsive Enzyme Peptide chain L. . promoting the formation of [33, 34]
chain in the crosslinked hydrogel ,
hydrogel L. nanostructures
thereby changing its shape
Doubl H-enz . .
o 'e or . pri-enzyme, . To achieve continuous or controlled
multiple  light-temperature, Hydroxyl group, The hydrogels undergo phase transition . .
> i . drug delivery through multiple [35]
response  pH-temperature-  carboxy group  through two or more stimulation conditions L i
. conditioned stimuli
hydrogels ~ magnetism, etc.

Notes: NIR(near infrared) , UV (ultraviolet).
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Fig. 2 The response process of smart hydrogels

3 e N Tk R B

B HEUT AR A A, 8 REZK BRI AT RH ) W) 17 A
D, TR A A R A O AR R, O R
A AR o 7K S5 B4 DI iy o7 P 388 2 T 1) K
B RGP GIA TOLHBEER SO L &9, It — %
TUREN | RSB R N T R 2 A A5 R 2 1A
teRiR , EHIREL, T EBREASHALSY. AL
KR FROLIE A Y, TECRIRET , K EERE A ARy 1
KRR, SRR R AR B R B
BURTT LMK 2 U R AS, HAT AT | T B RESE Y
PE, T AL R T AR R T . ARG 5R . MOR IR T
SFROT Ma UV D AL BB TSR R R I A
FERMEACIR, 13BN T RS K BERE, MOKBEK RO RA
R 1) AN SN 45 22 Bl DI RE, BEAE OGN BT B2y
Yy, SLBOERTIE, LT IR — R B T B0
A AR T, T R AR BRI RO
E BN A& A e B AR T IT i[RI
AN BRE MBS 57 45 P4 F) D' A e 7 P 7 95 JE ke e ™
WS ] T A B A T, THDRE 3 2 MO AR S A K
BER AR KB LI, e HOLIR LI il 5
J7 ik 4 DT R T4
3.1 Stk

RERNOLBIR ML 2 A T A A W)
B, & HAR A A B R 2 — Horh gy KR
PR ASESDEIGN, ARt RE R (o I, 124
Mk, BAKEME, WELEY . APV EHEREGY)
5, WOIESE AR > SR, 54 GBI
BIBCREEFIAALL , RSO BT B AR 254 m] LI B A
BB JEmE A TR E HDEIRAUR B RHIEAR . K
NSRRI R ERE DA T A 8 A e AR O A fE R £t
TEZMATRERE Y AL, TR S TR i A
FIMPEOL TR P, TR B BT RIBCR . R
ZORAA A BRI | RDCRRE MR LR M A
etk A R H AR T AR AR 40 45 1 B 98 KR AR AR 2y

A DL LR AR AR T 21 e i — K
WA, TEAY TR, St IRIREE =G H A B
4 17 Y T

3.1.1  Ruskihon katH

T CIAGRAN B T2 BEALHE 5 & J@ AR MR, 4|
BRLOAEL R, SEATEAURAERE T EAT SRR Y e T 45
TR A TR AR AR ) R S ) e A
fE, AN B A S IO R ST R,
oG th FHA RAF A DA AR A B0, Bl
NG A TR R RO R R . — L H
A, ES2TF& T JURP EA 2R RT FUE 5000 4 99 K 4
RE, GRGCREE | GOKRER . 9KE | GKREERYKTESE

ERYNKRLT I o —Fh o 4 TR 9K AR, Tl Ry
() RST R AR T 45 | 5 S50 AR S 1 o e o B i 75 1)
T2, 548901280, Bk 12w
A BRI T LA 2 el AR HR/INRE AR PR A £ 40 X
B, Kim 25 [ 70U /K HR Vi 1 A 1T F A (BSA)
A1 NaBH, LA AgNO,, il T &4 MiE A& H N
KIBURL( BSA-AgNPs) , 33X 640 K J0RL T 75 5 16 M 4 9 1k
HARFERAARIRANN, ] it e 07 400 o i 28 2 iy
A THTEMAER . LAk, BSA-AgNPs &7 Wi JE 1
690 nm FOGHRGT N B E T, RUNZE TR R A BRI
SRS RE ST, T TR ARYT .

T —Fh R A B LA A K B T & T T kAT AR AR
PITFE, YK R TEIT L AN s R B R EE . S
PEEABCRFNE PIAR N, DL AT Y Jadel 2 1 45 13t
PR, SCIRLEIRI, BNOYOREAEBAREOCIRS T %
PRI B TN, AR S s, JEEECA 1.8 nm,
BERHN S nm BHGK AT DAk AR B R R 1, A
B AEHE TR A 4K R DR A AL R

oA R kA Y R R 1 2 U 4 R R TR
2R E IR AR, XA MX,, MR
IVB~ IIB Ay P54 0d, s, M. 2. 8%, X MR
WotE, MR AN, RELESRE KRS EA R
SRIGITLLAMEIL R 1 6 B e OR A S 1 A



538 Hh A ki

EEEVE

Foetk, XifFdE 48 kA A B A R GG
B,

AR, WFEGN KA BHE R TCALA R C 812 1
TR, W R I TR
ZRIEARM BIGTT & T A W B 2E 40, ndss | &
T ARSI AOKR A S, SRS R RS M R TR I
21 A0 IX 38k LA 45 5k A W IR RE T AR B Ol AR sk
RUOTBRAl, BRIERRL A A T A e 2 T
REANKT- 5, FEMRETRYT T B B0 I 5t

Huang %57 BB ALAR 90 K i JL 40 k48 24 A 1 16 P Bt
B Y KA 5 5 2, T U TN A T T R 1 0 - WA s b 35 T
Bt- IR MRER IR WIR A, T — B RO A AT e S 4ok
JKBERE (PBFA) . MRAMSCEG 45 KW, 7 808 nm #OLIR
ST, AT X ERZH, PBFA 4H A9 U W TR BE B S T v
2P0 PN P SR R, IR A L ) T R (33% ) B
WA, SXFBRZHAH [, PBFA 4 BE T A5 %50 410 il b 98 £F
K, BAEER YR e,

3.1.2 ARG R AR

A HLCHGY KB R FE A HL/N o F IR K M L
LHR A DA BRI AT DL RGOR L, AT
ToH GG B 22 1 E DB v, A LG R A
RHEAT SOINOE 75 11 25 ) 6 A 1k A0 A A e, A AL Ik
TR AN, NI Tz PRIV B D) Bk

B LA LN F G R 45 4675 okl bk
THT B R R 2 0 RO S O R R, X SNy
FHA RUFACHELRE T f e ek, (HWAFfeis
WK, e b i A AT B A 4 a5 Wl T g
B BT AR, S LN TR A2 AR
1%, WEGIT YA MR AL R B S AR,
T S VAT TR

BABK w 0 J2 4 Al - B s i i L R A
Y T EA @SR BON R A s, 1z R
FhRn ek . Har, SR EWPKM R EE A
FERMENE | RORME A2 LR A, DIKRE (3,
4-2 I THHEWY) . B (4K LIHEIREL) &, ENTEA
RAFREIA AT . S moe e sE RO R e, K
JHe iR AT 558 ()3T 2T AN iR >

RIRFOFILGRA B A VF 24 25 0P B AL 2= M
Ji, LR TEHE SR AT LG ORI B A BV B R
DI, RERFIN T2 (5 2 K90 K b b} ml 2B (5 B RE 40 K 0
LA IO AR A B B 2 A, R R AE PR e BT
TS T AR
3.1.3 A A-THEAL KR G KA A

REBA WG KA B P 5 B — 2 1
EHA B TR IR 3697 7 L EHLE I KR R

FAREA AR Y BEALE T, R OE R, B
G AR | IR VR e R AR, AR, LA
F18) H 0 g e RO ) 0 L 45 P BRI T AR I IR YR T
AR T IEALECA LGN KA R B 0 9 3%
AR, HHL-TCHUE A AR AR 3T 125 v 1 1
IR T AMIMEE, AHL-THE AWK EAEST
AHOLRTCHLARM R A A PR3, 3 T 3 ik 2
P, i LA LB PR Y S W WA LT AL
UK b R4 R 45 A% 7 A0 K R A 4 )R A HLAE 22
(MOFs) 7% B/ Fe g R URE il | b e Sk ph A% J2
FEJ2 2 WA ZR LA kL, 2 R4 ER T LAt A ALE
MM B R, BRI LA ZFARRI A&, i il
ML, TH/EHL. BITHRABEI AL, AR L
PRANCARA R A P R 2E N T AN . 6N, #/5E g
K GEH6) A HILR 43 1T 38 00 TG AL 49 K 245 440 1 1 0 AR 25 1 A
FaosEtk, JFRERE NI B 2 AR 7, T SR KRR
WAL E IS WIROR . &R - HUHELL R th 7 4 & 7 AU LA
SRR AR, B R E tE AL e e,
LA ) FLBR 2 AT s 2 N AR . ZFh I ReM R
ARG BB, A B0 BIURE R — L8495+
F, COEERE SR -AHUHESE P IE 2 A 4R DAAE S 25
Y kg iR
3.2 KEKER
IRAEAIRAIAS TR, 7K BERE T 43 Ry R ARIKBEE 5 A 1
IKBERE , AN TR A T 7K 58 1 ) B0 Ak 27 P ot R AR AR 2
e 3 R,

# Noan-toxicity

\ . P/« Biocompatibility )
collagen production - Biodegrdsbility /
/

ulation
*._Avoid scar formation

« Low cost y,

+ Wide source SA / 4

+ Rencwable Collagen pNIPAM

*+  Biocompatible PE— yd
Non-toxic g

p . Wet
/" PVP . Fi

* Low cost

Natural Synthetic
| polymer polymer

Chitosan
atibility -
dability

\ ion.
HA \ PVA «  Dispersibility
\ . * Biocompatibility
AM \ \_* Biodegradability
\ s Easy access
* Non-toxic \
+ Hydrophilie \ Biocompatibility
* Biodegradable /+ Biocompatibility | * Solubility
. e N inogenic | * toxicity

+ Non-immunogenic/ * Non-toxic Non-carcinogenicity
= Viscoelastic » Easytoprocess | ° Excellent mechanical
« Mechanically \  properties
adjustable \
+  Elastic properties \

*  Swelling ability

I3 ARG UK B 1 B )

Fig. 3 Physical and chemical properties of natural and synthetic hy-

drogels Loo]



57

P LLEEAE . LR R K B AR TR RS AR M ST 2 539

3.2.1 RARKEMK

TR IKGE JE A 1 2 R VR A4 W IR 1 22 W ol B 1 I
FEAFETRE . BUER . REEA . K,
M & ROOKEER A T B S R Bk
PIARA RN T R A 1 o E PR 1 A R AR K 4 2 )41
FABER R, B e, AL ST AR AR Y B A2
SRR, R T 50 MR R SR K BE I 1) Jm PR, T A A A 2
BB 54, BRI N RATF & T 8 B A i il s SR s,
YIS F AR = ALY FTENFE AR, HF IR & F I H T4
ZUT RN SEE KBRS S, IR D E . PRI 48T
R TR,
3.2.2 A mAKEK

5 RIRAF A B R 1 BRI AR T, A K B 1 7T LA
T RARSCR AW (W2R CIEEE . RV G (PAAm) |
REFEE) 1) MK ZEA BTSRRI R IR fs 2, Gl
PR R | WA IR TR, I H A K AT LR Y
BAK IR, Chen 2617 SE 1t 5| AN MERRIR SEHR &
BRI T, RS I AGE] &7 D-2959 Figh k2
FEE KA R R O K S A KB, R T e
LW AT TR AL IR 20 Tt 22 8] U 3 %) 65 8 7 B 1) T i
T WO IEGE, LR EEBE R G P RS R L R
QIR 5 bR P2 5 R i 22 ) 1) K i SR Y A B
YER, ZoKEEIE AT 7E SR AMG IR T 5O st etk , BT
AR AT $E 5 1. 46 1%, Babaluei % JF & T —Fl B A T
B AR AR P 1 ph JR P L 2T Ak R/ N R Ik e/ R &
EUf% (CMC/PAAm/PDA ) 20 A (4 0] 3 5 7K 8 e, Heovp
CMC 1E R 7K B IS 1 25 K R4, (AR ML PE B4 2,
1M PAAm 383 B B B8 N 45 2R G0 T 80 CMC A ML
fie, %4, PDA WTLLHE T PDA IR LES I A
PAAm R EIE 22 18] B SN - A1 ELAE FRJE BB S Y B
TEMLS LR, SR, AR K EEC AR A A PR 22, B
TR, Hl sl AR B s LR BRI
BRI O] REHE— 25 B AR R R KRS, TR 4
ZIIRER A UK B P T4 TR B R IE A T
3.3 RIAIE

JERERR T 0] e 4 B Ak 2 RE FHLARRE SN, 78 i b
IKBERE R, B FE T 0T DG A9 35 1 35 11 AT ol 7K 8 i o A=
FAAZ BT AKEERE I &R A PE BT, O HLAR 2 I ' i ]
A OISR ABE, AT . AN RS,
3.3.1 iEZrohk

WLAME, W — R 700~ 1100 nm, AR P I 2T
B FRK A3 X 2T A A W e 55, BRI 21 16 AT A
IREEAF AT B RO . I T 208N A 25 L
e AN, T R R v R R AR AOKORL T, IXRERE
R APEDF , Li %1 il 4 T —Fh IR £ 0 -5 ]

o PR 7K U8 GG B 28 AR - M| W Ao 25 5 ) R R N — 4 Ak
ER AN KK T (Ca0,-ICC@ LA@ MnO, ) (B G /KEIRIK R,
WE 4 PR, FERLAMDEIRETTN, 22 A /KB R
R EE e, LI T AAE AN BB,
TEZ I LU E Z HAE TR A PR 8 T EZ/EM,
L, FErEW e TR, 20 4 h e 99 2 10 B 1 il B ik
REMEABEER, W) 2 AT ERIRTT

€I

A

Cao, Ca0,-ICG@LA

Ca0,-ICG@LA@MNO,

0-& ¥ .
: , |

Ca0, + 2H,0 —> Ca(OH), + H,0, 2H,0, 25> 21,0 + 0,1 166 + 0,215 10,

B4 AR A K BRI A 4 K B R R B EITT . (a) PDA-HA
JKEEIEHIA B, (b) Ca0,-ICC@ LA@ MnO, 41K & 45
BRI, (o) KRG K EERAE i 1 G v v

Fig. 4 Preparation and application of nanocomposite hydrogels'®’ ;

(a) synthesis of PDA-HA hydrogel, (b) preparation of
Ca0,-ICG@ LA@ MnO, composite particles, (c¢) applica-

tion of nanocomposite hydrogel in wound healing

3.3.2 B A

LM P K FE 10~400 nm Z 8], A& F 0 WG,
SICRA BRI RRAR, ZERE I BHTIE, — B
SR FBRRIZ, BA—2E AR, T K
JBE A A2, Liu 2570 i AT — i phy 1 B 20 R
SRR RS 1 PP oA i P M 3 o 5 D2k i A T K
JEW P, WFTERRI, %K R R W A T A S8 Y I s 2 i
M1/M2 A PRAI 50 ik LT 4k 40 i 3 S AL RS,
A A, EARNSESMETEA I N 7 AT AL T, i
TEH R B AR R J5UEE A0 2 ORR, fie o ) 1 Al
H o WAHBFAG B T ATESE M IS T s o 2 45
FRKEERE, MK BEIC I 73, (H T 5AMETEN
VRISt S, 2o A M) 20 SR04 A i il — 7 A B2 A 43
F, NIRRT 2K BRI T RS I



540 r [ B e it 42 5
3.3.3 A MK BRI B 7, Horh CarHC 2 B12 (A4 M PR 8O B
BT DL EBIR LT AN R4, B HAl B OG IR H, Wil &R Hiso & 5L BE 7445, H

[FIRERT F R K BERE R 4540 . ORI F4841M8, J&
BABEEERNEN KL, A8 5Bk miE, Kt
[ BE S XF A AR — 5 A G . Wang 557 & T —Fh 2k
TR KB RS, TEIXRGE T, KEERAE
Sl 2 R R T A N A KR P B ELIR KLTWQE-
LYQLKYKGI FIE AR AR R IR R 1~ 34 RIS, £
JURXGT A J S R AT A A6 it DR T 7K M 1 4 L4 Jo
FUEYEE, I HIE T 3% 2 R 00 B R A7 kB

P AR AR Y R R P AL Jiang ZE R T — b
1 His6 AR ic 8 P 5T Y 4 o 1) 20 24 Sfe A 2 mT i 69 1 > i)

HBI T AdoB12 W) C—Co HEXT &R MG BURK, I Ik
HAT 25 T TSR AR 1k B K B, AR A2, Lu
ST BN T 3235055 A IR ) 16 PR S (L BB T ()8 &, B
T PR AT AN 0 BRI B ) R 3l 2 (B Ot K BRI R BE,
AR GE A LUK C TR A r 8] SR 2R 18 5 6K BE R 5
B AT IR AL 2 P AR, W 5 R, i THEdR
i AN I 1) 7 T HAT g B R G R, A SRR
LR PR PR AR 0 A T LS B SRy R R S AR Y, AT
FEAR L T EA TR 1) Jo il i S R

B~ [
) T
5 ~
W . g
Atolla Jellyfish

\ Phan mnsluon

Voltage oq
-
Voltage off

HL AR (K I -1 BB R LY
A e A o 20 € T R

K]

Fig. 5 Design of the electrically controlled fluorescent color changeable hydrogel-graphene system

| DAEAN-PNIPAM (blue)
Hi

polymeric hydrog

X5

Eu-PNIPAM (red) Tb-PNIPAM (green)

MBAA cr.ossllnker .V\Q’UT\/.

L paint

PNIPAM

v

Pan paper

Conductive
paper |

SGA film

Ni-coated textile (electrodes)

(a) BA S ERDREN @ IR, (b) REMEHRER, (o) RS

[74] . (a) cartoon of an atolla jellyfish

with dynamic alarming functions, (b) schemes illustrating the structure of the system, (c¢) schematic illustration showing the elec-

trothermally controlled colortunable process of the system

3.4 HERFE

IKEEREAE A HAT 3D IR S5 K BRI, MR SCH
Tr2AANTR], HE 48 T vk T LA 43 iy B A 066 R Ak 2 A2 Tk
2 6 TR . ASIE] A% A8 2 B K BRI
B2 A M SR S R T — B 2257
3.4.1 HERIE

YIRS A 7K BEIE ¥ 3D 2% 45K 32 B Hh 73
Z A EAE R R, s 7 A AR . S R
AEZE A BOKAH EAE . A B B AE A AE . Chen
SFUORIRT R Fe™ I UMk I IR NN B 1 b 3R
B, AT HA SRR R R B, LR BTRE
. DU SR EE 3 A 25 1 S F UK BERS 3R P L N I R-2-2 &
Fiit, LABICR SZHK A 2R T TN A TR 208 TG W B — I 4%
R OIGBERGRN LR R4 BN SR ML -l E LT R AN

KEFYE S G Wl 3 9K 5K BERE , Pl Fe™ LA
B T2 ) SR L B 2R B ] A K AR R 22 U VR R AT
W, 7P T RRE R Z LA R B R 4, (A IZOK BEIR
HAT R 05 EEAN B PE o 308 2o 8 5 AR ELAE R B /K B
%Eﬁﬁﬁ%%?@%ﬁ PURE 95k . BRSEMR Ak A E

AEJT, SR, J12fMERE 22 Al 4 T2 5 28R 2 B
%mﬁ&ﬁ BATAEIEE A CIF R VNP 2
KB A FRAEERE Sy, SR, T A AR K R
R ARRAE , DR o B AT 4 K BB R f) A TR
AR SR VAR Rk T LA o 4 v R ) IR
BE PRI BRI S WA o B A, SRR R A A E AL
P BUBRERE | TS SO R MK BRI L B KA
HAF R — R AR E A B AR, it 5l
BT R FOK B TB AOKEERE 0] UGS K BEIE 1 1



57

P LLEEAE . LR R K B AR TR RS AR M ST 2 541

FHERES . BT, RIEE N, 2 REN, &
B R, nlad RS A T A R AR A A AR
KA, B RUE R B2 OKBER ™ . Cao %0
HAEACE Y] TR M IR E 1 IR A S stk BEE, I
AL 4 ) SCIRRIIE JELAR 1 1 i 4 B S B AT A Ak K
BERZA 12 VERE . BEEEANDTREMEPERE , 2 T P 20 M
AR AL AL, TSm0 4k
3.4.2 HFERIE

FAT, KRZBOKBEROE M 3k il # 10, fer s
IR BEIBGE B BAT A A PR RE A s A e e v, 258
UE A= FVROE LT TYFA AN S NEE- S SE g ra A il g A
Herp B ROV AT LAEAR R AN 250 T 64T, AR 1 ve /R
TINB L - i I B S g 5l < 357 -l R Z I s s 1o, 2 H
ISR KBERE (9 i Hou 555 L G5 B
SEHRFH, Al - BRI S5 DG TOE S i 1 2R £ AT A4
B, I RN T — MR B A = 4R ST I K BE
JBE o HeH L 0 T R4S A 2 R AR AR T DR B A
IKBEBER2% Hh %K BEIE B AT B (4 A ) e A P A RS
P, AR 2GR AR T A 2 AT R S i
SOMCARGT . FRERRAT . AR B AT 51 K%K BRI
FeAE AR, HOATA RN AT E RE A a0 iR RE P A
aOCAERT BT A I EER A alslie, RateE  i%0k
BERGH T T WRIZ 0 B aRyT, A5ERE B TR
P SR RIS TR A i SRR
XA B A A 3 A 3 O B A ST, AR S R
R KR 2 P A e IOt M e 2 . R PR U AR
i SR S A AL T IR SR G W SR T B, X SE il AT
BI7 1K B AR s P4 e R BE IR, B A
7)o

~
8
-g £ o /S\Q/\
3 £ o
- I o L
° = S 5 of
2 = 3 ".’[ g3 °©
£ | Photoinitiators | = EE_ z 5 g
5 ° ¢
)

#*
. ‘%‘.‘
s S0 (Csp W

..

oy

e =
b

Hydrogels

Bl 6 KB for Ry B A7)
Fig. 6 Chemical and physical crosslinking of hydrogels

[75]

4 SN R kR BT B B A

UTAER, AR I 1R K B A 21T R U R A
WHFE, A5 T2, AT HE— 2 A T AR
SRR RV K BRI BT SRR (3R 2) , S B B S g
B, e TR K B 4 A TR g DA T g S
BRCR
4.1 EABBEEREMAE

U3 VBoRHESE T OR3P 0 AR BE A, (H AT
HITIREY I, 30 VI 2 —Fh R REAE D PR o Bt S REfie

F2 RJLEERRS SEHN BRI AR

Table 2 Some research results of photothermal response hydrogels in recent years

Construction

Photothermal

Research

Hydrogel matri Ref.
YETogel matix nanomaterials methods results ¢
Ag and PPy-PDA NPs have near infrared photothermal
conversion ability, the hydrogels formed by Ag and
PEGDA Ag-SLS NPs, One pot method of PPy-PDA NPs show ultra-high photothermal activity 86
7 PPy-PDA NPs mixing preparation and excellent antibacterial activity against Gram-negative
bacteria ( Escherichia coli) and Gram-positive bacteria
(Staphylococcus aureus) in wvitro
Under laser irradiati sngineered biomaterials
. Through hydrogen bonds and hydrophobic neer a"ier e '1a IOIT’ .englneere romatena s
Au NPs/organic . . . undergo liquefaction within seconds, successfully
PVA interactions between chains, thermally ) . [87]
photothermal dyes . L releasing small molecules and proteins ( enzymes)
reversible hydrogel junctions are formed . e .
in their biological functional forms
The amide bond of PAM interacts CPH has been successfully used to replace damaged
CPH - with aniline molecules, in situ adsorption peripheral nerves in excess of 10 mm because [88]

and induced aniline polymerization to form
PAM/PANI transparent conductive gel

of its enhanced conductivity under near-infrared light,

which promotes the conduction of bioelectrical signals
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Hydrogel matrix Photothe@ﬂ Construction Research Ref.
nanomaterials methods results
Under ice bath conditions, APS and BIS were Hydrogels have some adhesion ability and can
PAAm, Na Alg Bi,S; NPs added to Na Alg solution and Bi,S; NPs were effectively promote wound healing without the [89]
mixed to make a complex hydrogel use of any growth factors
Precisely regulates the e of macrophage
Multifunctional hydrogels were synthesized Ml;;;SPE reg[u ates Ihe b}a)l ance o ;na(’rnp age d
n s T romoting nerve an
MAA QCSMOF-Van by free radical polymerization and phienotypes, Thereby promoting nerve anc [90]
. . blood vessel regeneration and promoting rapid healing
Schiff base reaction .
of chronic wounds
PAAm/Cs, WO, NRs composite hydrogel Comp?sue hydrogel film can Ioca'lly heat
! Lo skin wounds, accelerate healing,
PAAm Cs, WO, was prepared by cross-linking AAm . S [91]
. while maintaining more than 70% transparency,
and BIS induced by heat . . .
to achieve real-time observation of wounds
It has a porous 3D microstructure and can be used
PDAEA, FeCl** Fe?t PDAEA and FeCl; were mixed to qui(?kly for ra(?i(.)nuclide loading, facilitating applications of r92]
form a gel phosphate buffer salt solution radioisotope therapy and photothermal therapy
in cancer treatment
PCD enables GPDF to have significant
Gel PCD. Fe* Photocrosslinking of citric ferric acid gel antioxidant properties, which greatly promotes wound (93]
¢ e scaffolds with dual networks repair and regeneration by reducing inflammatory
response and improving angiogenesis
It has high tensile strength (about 1.7 MPa) ,
The photoinitiator 2-hydroxy-4'-( 2-hydroxy-  good tensile property (about 400% ) and self-recovery.
NAGA Graphene ethoxy ) -2-methylphenylacetone (29.59) was In vivo animal e.xperiments have also proved that' GS [94]
added to the NAGA monomer solution and hydrogel effectively accelerates the wound healing
integrated into the nanographene sheets process by removing microorganisms, promoting
collagen deposition and angiogenesis
3+ Ay .
Chemical and physical co-crosslinked Hy‘drogﬁels‘(,an be comrolled.by Fe. , near 1r.1f'ra1ed
. PVA network and physical cross-linked irradiation and thermal stimulation to stabilize
PVA CMC-Fe’ 34 the temporary shape and quickly restore to [95]
CMC-Fe™ network form an . .
. . . permanent shape, with programmable multi-shape
interpenetrating triple network .
memory characteristics
NIPAm, crosslinking agent and water mixed The reversible behavior of hydrogel can be adjusted
PNIPAAm GO with photoinitiator were used as precursor by changing the GO content and the irradiation time [96]
for 3D printing of near infrared light
Near-infrared trigger characteristics, through the PEI-PPy
Cel PEI-PPy PEI-PPy mixed with gelatin solution to nano.panlcles f('Jl‘ tissue engineering applications [97]
form a complex hydrogel provide local high temperature, so as to change
shape and fill the other area
PVA/pBP hydrogels were prepared It has good biocompatibility and cell interaction,
PVA pBP by cold thawing (6 cold thawing mechanical properties, and highly controllable [98]
cycles of suspension) near-infrared response drug release performance
In situ conversion of CaCO/PDA-SA fluids Increased retention time of photot.hermal agents-
5 5 (CaCO5;/PDA NPs) at the tumor site, thus making
SA CaCO3/PDA NPs to hydrogels by the interaction of Ca* . . . [99]
. . it more favorable to generate hyperthermia through
and alginate chains .
photothermal conversion to combat melanoma
The antioxidant TA acts as both HTA hydrogels have rapid gelation, excellent injectable
HT Ag NPs a reducing agent and a stabilizer, and biocompatibility, combined with near-infrared radiation £100]

and the coated silver nanoparticles
are incorporated into the hydrogel

to highly relieve inflammation, promote angiogenesis,
and accelerate the healing process

Notes: PEGDA : poly (ethylene glycol) diacrylate; Ag-SLS: silver-sodium lignin sulfonate; PPy-PDA : polypyrrole-polydopamine; PVA : polyvinyl alco-

hol; CPH: conducting polymer hydrogel; PAM/PANI: polyacrylamide/polyaniline; PAAm, Na Alg: acrylamide hydrogels,sodium alginate; APS; am-

monium persulfate; BIS: bisacrylamide; MAA ; methacrylic anhydride modified gelatin and methacrylic anhydride modified oxidized sodium alginate ; QC-
SMOF-Van: a curcumin-based metal-organic framework ; PDAEA ; dopamine-conjugated poly (@, B-aspartic acid) ; PCD: dopamine functionalized poly

(citric acid-ethylene glycol) ; NAGA ; N-methacryloyl glycinamide; GS; graphene sheets; CMC-Fe®

: carboxymethyl cellulose—Fe3+; PNIPAAm: poly

( N-isopropyl acrylamide) ; NIPAm: N-isopropyl acrylamide; GO graphene oxide; PEI-PPy. polyethylenimine-polypyrrole nanocomplex; NIR: near in-

frared ; pBP: polydopamine modified black phosphorus; SA: alginic acid sodium salt; HTA: HT refers hyaluronic acid grafted with tyramine and A refers
AgNPs@ TA; TA; tannic acid.
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