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Abstract

BACKGROUND: Near infrared responsive hydrogels, have a variety of excellent properties such as high spatial and temporal precision, remote tunability, and
safety and non-invasiveness, providing a new direction of exploration for the development of tissue engineering.

OBIJECTIVE: To summarize the application progress of near infrared responsive hydrogels in the field of tissue engineering in recent years.

METHODS: The literature search was performed on PubMed and CNKI databases. The keywords were “near infrared responsive hydrogels, tissue engineering,
bone defect, bone repair, bone regeneration, wound healing, wound dressing, angiogenesis” in Chinese and English. The search time limit was from May 2006
to October 2022 and extended for some classical literature. The abstracts and contents of the retrieved literature were analyzed, and the relevant literature
was obtained according to inclusion and exclusion criteria. Finally, 97 articles were included for review.

RESULTS AND CONCLUSION: (1) Near infrared responsive materials are involved in tissue repair by controlling infection and reducing inflammation, promoting
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angiogenesis, osteoblast differentiation and new bone formation. (2) Near infrared responsive hydrogel can be prepared by constructing a thermosensitive
hydrogel with a photothermal effect or by using a photochemical reaction. (3) Near infrared responsive hydrogels as wound dressings perform various
functions such as rapid hemostasis, tissue adhesion through polymerization of polymer monomers, antibacterial and anti-inflammatory effects, and promotion
of angiopoiesis and epithelial regeneration through the local photothermal effect of photothermal nanomaterials during soft tissue healing and regeneration.
(4) Near infrared responsive hydrogels function during bone reconstruction and repair by promoting osteogenic differentiation of mesenchymal stem cells,
stimulating the expression of heat shock proteins, and increasing angiogenesis. (5) Near infrared responsive hydrogels present a combination of multiple
therapeutic strategies with significant synergistic therapeutic functions and are also being progressively developed for application in other tissue reconstruction

and disease treatment scenarios.
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L g 2SN SRR AHAE R B, RO R FS, F5G 4940 T AeARA 2T

AT IGIRAKEIRAGIE L, OA S A ERA E 24 09 KBRS
A FHREEF M, KT AL s A, i nonogAR, T
RIFERMERA MR ™, REABHE™, B b MBE REF YD
B ™, MERAGI R A A, RE, ARG AR IR E A R AT
) 45T 52 IAR AR IRACERIZ B 26 5 ) N LIV 24 0y ST A5 BAK.
HAN & B ) &0 3 419 oy 2 6 B 5 B IR K TR % €849 PNIPAAM 7K

BIREA b B mBR. ARSI BANNERL., RiE
P B 4T 1 S A T AL A A, AR AR AR SRR PNIPAAM A4 7m # )
LCST A b, BAdh Rk Bl stliiib, VEhmibt Keg X2, mRKEW
FRIBNE A 44 L5 ML Bk 54, AFAE AR LTS RIBAY, ST Bk R 2548
AR, MmEsdES S BIREAEAAR R . BAmE, SLLTsh e B K
B LA A 0 KA. S B KRR A, A B A
BERTE A F] EYee A d, FIETE ST B A5 F a3 AE AT A,
BSl, R LTS v B AR T VAR 1 IR IR LR 44 B sE La RSt B AT A
ACE F Ao KB F U 2, gk k5] 46 AR AF Yt i A f I R SR
A EE&F e EAS B0 RR T W, 5] SRS AN .

WAL AN vt B KB SR ARG A N BB A A E R B A A R AR
JRBIAARFRFARR . H 5 A AT LA IE A ARLE A 4o Cu™,
Mg™, Zn* &k R B TFAKEIR, AL BB T RLE RS T IR
HAER, AR RO A R, e u s Y ik T
Hrotb s e R 18 AT 4F S A AR B AR B4R R T R EE, AT B A
Ktk R &, & :EA%ETMI\kf%g CEHAT A mASR AL 4B T,
FIARE F o458 5, susl, i FEE 41 e B R A Atk
Feyfae, HeLrEe N TIREAS f%vfﬁﬂ o BerEsRE
TR A Ut LTl Kot B TF S g el R A Y AL && 55 10d EBP T
%%%D»a,ﬁ&ié%im*%&‘&ﬁmﬁ#iﬁﬁ%ﬁ“k

LTI v B KB IRAR A5 0 B AR R Ao A AR P R AR
ik, ALRAEH. RBIRE. R aE AR LR BAES A
AT BRI TT VA e 34y O A 0 R IR, AT TR A 4G i LT ob
Hove) BL KB 69 B 3 AR HLE R T A RR 694 2 AR, 7T LI RAFH
HFE P, RAFE AR 5 T B T2 E A B
w45 m ok g Y,
232 BB ERGE
Faodb. dn A AT AR U,

B ELBUE BB H F 2R R LR ey g a
%ﬁ I e R BRI T, Ko
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B IETT, WA B 6 RS el R b A M IRIE . AR ) — AT
FEAER . AN, EEAGITETT R, KT RS 095k
HORL RN I F IR TR ). KBRS0 R AR e T
PP e fR A % JUE M T R Y ML = A6 KIER L, F+AHFE
ER 323 & Tl

A9 Ky KB T A I RAZ AR T F . ZHENG & 1 4
&L LS R Kf B AD dm AR AR, T LTSRS T, UCNPs %
LTSN SAE M A N R, AN E AR K, ARAF A K A
A0 ) B R FR W A A i A IG5k, B E N A KR T, AR Y
A R, B AT VA H T A L AR R A A E e, AT B T Anik
FAs A tA. LEE § it in e s SRR AT A A KB AT R AR, FIR A
219 vt L =4 —ERAYAR B 5 PNIPAAM 25064 8. 32 2 I T A4 44 JR A ik
JeA, A RALE BARAET LRMAT. R 6 5INTT A 5K )
B HERE, B AR HR) K (4042 C ) ST AR An Ak 5, B & 69k B0 3
JA A A T =T RSOR BA 1) AR T e e 3 s Ae oAk, X )3 B T
JFLEGIEK. BREAANK (41°C, 1R/ A, 1h/R) THRAMMEIR
Fak, SRHEE LR AR T e R mie s B Bk S e LAk
#HokEd TR S ClABFEERART R F AWM T 7 H
ST P, ARG T RASREY, AT @IREHEIA. SLHF
EHERIRIR,

st F R MR SR T T, LI Kok B KB AR ST R ARIUHE ARE 89
FR. 3D ATEPARALAR G R i A KB IR LR T ab ¥ LA An ¥ 2
PP A R a4 AR, At 30 AdATe LR ZIE AR T
mARE I L, RSP AAT R IR AR 2R P A i
FARK GY 8] RARAe B AL A Z G 2698409 hrm LR B C e [ 45 -
BRERAS IR | 5T AR RNE A AR IR, L 3] IL Ak a8 beak Bl 22
THERATFHO LMW ERE, HLaIATHERRETHELAES 2,
HIRRE B RK, AT BEA TS HRF RN, sl ina
S HERLAEA B EAE, AR, S, H5%
G AT AR LM FE A AR T, hME AR R N R
B G LR TAZ X R T TTATH Rk, KIM 5 VR R i 4rab 32
F B CTNF127, ZWS800-1C MR KA B4 A RILM - RTAE - RTER
BRERM, SHHEAY ARG TN TIET @itk YRk R Z R KR
H L. YANG 5 P9 A B —FP#7 69 F 5 AT LET3, BTk A SAEX R IE 5
PR BRER B R R 6 AR RN FH IR R TTAAFE EAT.

ILLTYN evi B KB AR E S AR b, sl E i AR T il

B, R HIR B GeRA ., Rt A #iEA KET LR
A0 EARE RIS F A FIIARRIEEA . BRI BI04 RE B,
T 540 E R, Rl RAELAR AR P AEE A,
B AT LT 50 vt B KB R R TR AR TAR A A Y, TR Rl T i
LM ROYIRAMR T iEME, RRHE T AR, BRER T2
BRRGIEIE N B EAia) £ 8,
233 HfbERIEFRBATME EE MAEME IARGRELE, A
SR 6 T AL B A HE ) 09 % R KB B AR A ARG . BB RSB
BRI A 0657 F ., & B TTRBE ARG B ™, FARE57
RE I )G 3+ T fb 0 AR IR & oA i B AR T he, Bk, JFER 2
ARFRJE 4m e An B B 06 A0 oy - R4 KAnIR AP 98 20 2 PT 7= A 45 1 6983 77 ik
R L2y P AR KK AR T AR I RS T 49 8 B AR % 5
e, A K G769 B F R K IR .

LI Koot B K BRIR NG 5 A6 7 Rk a9 406 2Ok R F 4 RE T
Ak, AT T HIRAT 5 26915 0 6 @e. K3 677 BT vk
5HMBHY . REF LR R AT RBEBIR P, @it s kR4t
Fhe B4 A TT 04 7 KBARRST £, A L IHF 76 77 20R B,
H Mg B T e — BALR LR A A R RAB BRI, 7 808 nm AT
M ER BRI I IB L, B & R ALY R S AR T, AEdEE ol
BRAPIE, RERAI R AR VT 8 AT B B B AR ARG . 5 —
i, MIKEEIR b B Mg BT AR B R I an e 38 . AL Ae
E8, AmFEI A v FA P, S et K ERIR AT T RAL R 4954
Fr B AR, BB AE T R A 2O B E RIS T A,
TR A A BTG e, R A AR ERG, R AR

490 | PELRQATIZHAS | 5528% | 5535 | 2024F18

RAEGF R, BEINMAEIT R TR A AR TR, T
% LA SHEEAS QYRR IR, 3T LTSN vk RLK SRR 0 04 77 HOREUR T

TR, WA F A AT LS v B KB R R B 6 40 T A AT,
FIFHA WM oG LRIERE, TR A A2, LAUKRA 3D £ HiTH
% H #7. 44 800 nm 3% 55 H ZW800-3a. 700 nm fm4¥ fk At bk 7] OX1
IR R, @BidZ RS o ERE A e RALAE K, F
B S R AR L Y, LU &0k TR B G 6T RS A Ak
BT i i A KR F B/SMAD 12 Tl sk ds s 15 .. AT F A
LTI RTEA 0 3D ATPP R, 4T L £ A UCNPs KBt IR 45612 A,
BBERFRHEANGEILT, ERNKIZT A A G A AL A LR
YA AL LR TTAS B i T Z 2R 7. X i LS vy L R
JE 4k A2 A ATER B R T RAL LR F A2 T # B k,

LI Kot LR BR RN % G T Rk e 2Ok R F RS T
B, CHRY R A T EIAREEG T, Bl helCit R kIG5 A
B a s, HANMKA A L REM. EHARFAER, MEL
QIR A 3D AW ATEP 5. YL LTSN KR B K ERAR R B T4 4R T A A4 IR A
0K AH E LT 3.

&3 | IELSNENERKER AL R A TR TR s B AR R =

ILALAMGIE R A A B0
(ZHZ3 TR I P 4k

BARTETE PEFRHRIE B SIS FENEL, AEM TSRS it
PR FEAR: HZEHE 15 HURRERE2E 5 B,
eI BT, A ORAE R Rk

HHAELER JRARLREBAA B T & A F AR 205 A R o B A

SR LR P R AR PR, OGHRS 7 B 5 AL
AL AN T hr B
TRIF) I B A R A5
Fofbpms iy R JRAL AE SEHLMEING YT RN 58 AR5 30 A0S A T JR AL AR 4128
M PR kA e SR EREAENIRTT, HAbiER
SRR IR SURAZIT VA K

3 R4 571718 Conclusions and discussion

3.1 BEAEMATEZIASARNDAMAOEENDIA S ohm Ktk
B E Ak Fegafe Hikie k., HANSHERE EARIELMRDT
ZHFIFERGRE. MRTFHEIIKXATILARET, Hastt i
HEFHADZ LK., FHRAL T EHILE R BN,
RKRMREBIARAEEESHRENOFIE/TRARKL., AFR
J Ve 4G 3 4T 51 S ek B K R K R F) UCNPs &4 s & fk & 69 5 9 5k /
ST, B SR R0 A G etk e BT 09IE RS, R A A RIE
L5 v BL AR SR AT AR 7 6] . A S SR ARGE 643K 2L 3 4T 9 ke L KR
RO — T AL EAEIL B ARAA LR S s, Sl A R RO RRAL
FRAFKZAFGTER . A, FEEAMR A LR AWM LA T
W& RABA A B PiX, e RAAMEMARE RBGIES . LFHELM R,
A T A LB T ARG T febd, A B4 A AR b Ae A A iR
5§, BEHRRFAZRBET HORET G,

3.2 {EBEARBITFAIAMBRINESR 8 a7 Fig Lol tom B K s I E
0L TRATIRA TG4, R BT A R e MY Ak
AhE, B4ET ULLTIN Kt R K BRI S e A A N SR KR . R A
A AR RCE AR B T AR A O R BRS A AR b R R4
F. XFENET KT UL R 8 IR BRI A A 5 R M
LTI vt B KB IR 4 R &Rk, B T AR LD e MR IR AR LR AR T
BABRN R R LE, QIEENHETRGOPARARFAESL . RS
Ho A2 mI0AR T AR RAE R LR F 4 BT S I AR R 4, 5
JEFB T AR LTI ot L AR B A R R T R 69 KR AT R AR )

3.3 LRGSR B AT TR L e K ER TR 2 R A Ak
F i LTI R G IR BOKEIR, SRAG 3R M LT 5 S S K
E9A0 R IREEL Y, I BT LT v B K BRI R R TR 44 TAZ 6948 KA
RBIFTEY, 5 OERBFE—FOET. BRCAINSHA
BATT — R F MR T8, 45 RAL KT L0 91 S L KB AR R 28 4R
TAZATIAR L 7, 23X b 3T £ 91 ol B K BRIR ) FU 9T A 49 16 RIR e
$AE, MEVALEER H AR T FRBLA R BT B S EIRSE R 694E R . s,
LT vt B KB IR AE RS R mie T F LA RIFE KR, LFEFA
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BEIF R E ST LTS SR B R IR AR A W [ S ATIREG I L .

3.4 ERNEBRN  1E L ok B KB IRAE A 18 3T AR % fE K
BRAHE, TALEA ARG AE AL, AR LI SRR T A
I B ARG A S R R T EMRAT Ay, FRRe T Az e i, B Rk
WA TR TARARR,. LFARGE A D FAERAE]. S vk L
KEI G 2. IR - BRALAB B L A SR F SAMBEE G T i
S Sy BL R BRI AR LA LR TAZ A5 BE, FF B4k T U4 vk KB IR
JL FEARBRAHH G R RZAL, A R R TRE Lsh Sve B KSR A A
B ARAE T 37 B8hAndh &, ] 40T RIS TR F) 89 5L A 3L A6 77 Rkik
FARR £ A 4938 L1 9h S SR B

3.5 RTEERIVEIN Has ket ek, AMKSHIREE R
BB E IR /T IURMA. B skl R UCNPs ke 64 BT 507 2%
A R AT R B AR E R RN [ T LR, RAF IR A e B KB AR F
B RAFey et oti Ao B2 00 E AU E, RAET AR LI rm K
BRI IR F @A, ssbh, Sk RAngE s b— R A
FRIFUMRFEM, LT RKAETFIIK SHERS, WAL H
A BIGF BRI %, ARERH LI = RARE 49 T4k
BRAADA M BA RAZ MR R T A e ) 093 — AR T2 LR,

VEETTRK: B A TEAMB A, FTHHCE, NEHRALFRE, &
Bk R aabam. B SR ESIK, Tk, LA KR AP E A
MET M. FIER A JTLRR R, LEH KB L FGAL.

FIZAHE: LF AL 59, ERAFAALFRE LY RAEF L
AR,

FFHFRENAERR: 2 — B AR L E, 4B (SR T FT ) “F 8 -
AL - ABF F KEF 407 &3k, ESEINANEALT, AFHRAAIERT
Akt B EG R TR R A, AERY &, BN AFETA P ik, TR #H0.
ik, ATE. k. BBBBEIZIRK, FAHZEI LI, ARSI R
H e R A&,

MRAREELL: LT AT AR 5 R A E T E AL L L.

HIRASE: XFREHETFT T (R 4BRARFENHREMILY (PRISMA 7 97 ),
XFEMAT CZIEE LRI G LN RAHATIREE., LFLIRATITE
RRFIF, FATFBUAA X FRSMAILBEE.
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