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Abstract

One of the most serious issues in wound repair is bacterial infection. It frequently triggers severe
EIRAEH .
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inflammatory response, making the damaged tissue difficult to regenerate. Moreover, the bacterial
infection can potentially develop systemic consequences like sepsis and sepsis, which threatened
the patients’ lives. Although antibiotics can significantly reduce the level of bacterial infection at
wound sites, the frequent usage of antibiotics leads to multidrug resistance and harmful side effects
to the organism. Therefore, clinical medicine urgently requires the development of novel antibac-
terial materials, which are able to prevent the bacterial resistance and precisely inhibit microorgan-
isms in infected wound sites. To address these issues, considering the wounds with bacterial infec-
tion has unique microenvironments compared to normal tissues, such as low pH, overexpressed
particular enzymes, and high hydrogen peroxide concentrations. The physiological microenviron-
ment responsiveness was further included to the fabrication process of antibacterial materials,
which was expected to obtain accurate antibacterial inhibition at the wound site and limited the
harmful side effects of the treatment on the organism. Based on the special microenvironment of
bacterial infection, the research and application progress of physiologically responsive antibac-
terial materials for wound repair in recent years were reviewed.
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1. 5|8

BB — NIRRT 2 MERIHEEAER] (2], E& M) R 1 &G 385w Loy
NV ESEHESAAN NS, BRI, RKAE. MHEAMEE, KGR0 EE[3] [4]. MIREI R 5HE
WA — AN E B AR—— R R M B AN b A M BN R AR . MR, (B A STER
FE BT, SRS ML D RAES] (B ). VR HTFRIA, 73 11E Bl b R 4 iR 58 R A o AN
FRAGE I F AN U (ECM), 1T HLP= A4 35 55 (5 PR R A IR, (2 2 EMLA S50 AR ORI 1]
IR BIRE A RN, AFAFER G LA A, KR R SR A, AN RVRE R R AR A 2R T DA
NI, A BRG] [2]

T R G AT 0 A T A B AR R AN TR 6] 5475 IR GUAR SR (%5 B0 B ELAE B (Al 4
BRIRI(S. aureus) [7] [8], T H PRG3RI B ERBE(MRSA),  KIZFFRI(E. coli)« MRIEEEIKER(S. pyogenes),
VR S8 S N 18 (P. aeruginosa)Z5[5] [8] [9]o Y RT AL = ANELSLMIMNBE: V54 EAEFEEYL9] [10]. 14
FIRA A o B S 80 A iR, TERELLT, MRS SEUTERNAE M, f&&Em6].

YA S G 5 L 1) 22 b B K57 AT 5 B PR T S AE A BRGNS W T e BU2E SRR AR (A ] B
BIVI SRR Z IS B & VR TT T H A B A (AN OGBS A [ 11] [12] [13], TR E83697 77 ARH
—HBAR G [14] [15] (G 1) Wl 2, BEEPUAERMREMA, MBI SEMEEE. BULEAK L
F, R BAEHLS O MR 25158 T E R A2 4 im @i 16] [17] [18] [19]. EHR A KERH bt
BRI A BE S 25 % SR TR Ko A B R AR AN 455 P e 7 2R 24 RS T A B A R I ST TE B B
BET .

P T 40 A SRR G A ] Ao G B S S RS, ) T 400 T B B 7 A 1 2 X 31 T L T e 4 4 P e ke
A, AIESELCEE TR . BRYE pH E . IETEZ(ROS) [2013400, H5 R It EL A (HL0,) [21][22] (K] 3).
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Figure 1. Molecular and cellular mechanisms of normal skin repair (left) and molecular pathology of chronic wounds (right)
[5]
1. IESRRRIEE RS T RARENLEI(E) RIB M eI 2 FRIZBFMRE) [5]

Table 1. Mechanism and advantages and disadvantages of traditional treatment methods and physiological response antibac-
terial materials

= 1. &G FREEEEN B EM R RIS
PURIGTT PR HLE s B
TERI T4 A FE A, S I AROR A T 45

bk % it i P OREEREYE RSB w2
FA )31 s i o) —wt, gm0 RS AL
) BRI 2) SR
RIS ks 3) FEmEm, wempn o CROER B
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HAER -
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Figure 2. Deaths number attributable to AMR every year by 2050 [19]
& 2. #2050 &, SFEAEAETIMERMAMRIZETAL(19]
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Figure 3. Changes in the microenvironment and the production of various substances in the pres-
ence of bacteria [21]

E 3. MEFAERBIMEN TR~ 21]

2. AT Ol HE R ATT ROEEAE R M4

AT T LA 2 R, X LGl RT DA AR RE PR AL S SR R M B B B B BE AT O X AR
WO T BETH B S 9K R GE[23] BRSO R SRR ECAT BL Y S B TR A B i
PR 22 AR B R TR [22] o AR 23 A 40— ZR 910 T T Al 2 1k A e i, e P )l B35 T A7
B AN W o e o 2T 0 WA 10— R BBl R A A 3 P J R g 5 11 D Bl ey L AR IR 400 S5
7, ME TR 2 i BRI AR 2R RE L 328 W IR Tl T A 7R 328 WD IR A RS B R AR (211

1) HEARIE, B ST 1 O A 5 R S0 1 < 3 € % BR AT 4R B[ 24] [25] [26]0 23X —HUkpRFIE
MR, AR 2R AN B o SO R BT Bt T — P 2 3577 2 Ik (APP). K(APP) 5 444K [4]
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B (AuNC)IH i el SR, T R i i iy B PR U TR 63l TR S FPEHGRAPN) . RPN RSMITE TE4S
RKH], GPAPN REXS T S A AE IR e i o2 s 1T WY il A S o X W] DA T GRAPN S TR,
Xt A AN G R AR R, IF PR R A IR T RCR, (R 1 A 27].

2) PHRAS IR R R K £ VU ZIR(EDTA)-Fe' "B &4 5 3% W i IR (HA) B A AL 32 1k, il
% 7 HA-Fe-EDTA 7K (] 4). 127K HAT Wi N7 W 5 R g K2 44 5 P Fe™ RN PRIE 1 e, FH T4
T G AN AP A o YRRAR B A R 30 i 28 W R R IR A Fe™ %8 o THRREI, b TR0 A A Sy
Fe’'J5 55 H,0, SRR AR MEFRIE Y b2, BN AN 2R ORI IR o /) BN P I QU R A U S8 SRR, 122t
JR EAT A R PR T AR 2k 7 A T BB 28]
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Figure 4. HA-Fe-EDTA hydrogel preparation with on-demand release and continuous release of biomolecules and
promotes regeneration of infected skin [28]

4. EFIRTERINE HA-Fe-EDTA 7K £EIH 8 R AE M5 F R LR AN (R R SR B R A AR [ 28]

3) BB IK(AMP) LAFLAR R T BR M RE LA S BAR M 4R B i 2 PRI 2 0k, SR, JLAEIR IR b B R AT A7
FEANE[29] [30] [31] AN BT PR IHTE I A E W, BAG Sefl A Pid o 2 ) FH 40 i i J 7313047 3%
B Fak MR B A VR I B AT B K R PR AT R IR B L B VS PR [32] 0 AR PRI L [ j, VLR
NR 2 IR OR 2 BRI B it 7 — AN RA WA B e S (1 2 DI REIK(BrEK), ‘& HH =41
FEMSSHRAL R : PUBAK Buforin 2b. BHARES B S NP ESEAR RN I B8 7Bl B, R HAT SRR 14 1 449
KW (AuNRs)TE N FTE K Buforin 2b [1%4&, Buforin 2b il id 45 20 55 & i AU IE T 407 DNA 454
HARPE. 5 E 4S9k 5 Buforin 2b [ 8404, AEFRR RRTEAE (2R ME A2 2L 75 ZAN st .
B UL B, iZ IR I N — AN B RS B M KBS 2, 1%BTS R A R G MOR b
RN, HAER R LR IS EAN I L) AMPs, (E49 KBk & 45, BRGNS 78 IEH 4]
4, BAWRHEE B WS PERISE KBTS E 4 BrEK, &AM MGEIEIR . S0F AR N A EA
B i e s PR AN 331

3. AT OIEARRBRAIETTHY pH Mo R M4t

— HH TR PR R AT B AL 2R PR B3 S R v AR (pHL = 7.0~7.5) [21]. T AE MR IR GLBRAL, 0B IR
FRMFEM R SRR ARSI RSN, BRI RHEA S (pH = 4.5~6.5) [22]. pH MM
RGBT R T R RS . Hod R R R AR R TR B RE ], XU E R BRI pH E N %
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JRF, BIEE pH A FREF T A —FONRIH pH W N A4, 240 28210 pH (H ARG I 0 R
Z4217 [22] [34] XFf pH 5T (K 4b 258 W7 24 2 0@ ) B B2 A T IR M KA AR 1) 5 40 T B A 3R L

1) HHREE T K% Lee, Bruce P.URAIZNG Ao A8 1 1 &40 ) LA 15 (DMA-CH AR FR(AAPBA) 2 [i]
TEBOLA Y - BiRRER:, H%&—Fh BAT pH M N F1 AT 38 3 B8 (1B BB B KB IR - %58l 1 DMA-CI1 7]
TEFRPEZRE R (pH = 3) W] I ERBREEE , B ROS A KANH ; {EMR 2414 F (pH = 8.5) HEHTE bt 2 44
/> DMA-Cl 7EJi IR (1 52 85, $2 i AE e 2 [35].

2) FVEFETK% Chan-Park, Mary B.FUHT N3 [E 7 K2%% Kang, En-Tang B A R 1 —FRBHES 71
FEIMERATAENI(CS-PLL-CA) (|4 5). HAEEF ML th TH /e, 7T 3 2448 ik N i A s B AT R R R 52 5
BT = AR AR R (NMs), IXFf 788”7 A0 R 51 58 SR BB B IR gok Rl pH i S pi i, %
RANEEYE: — B NGB RGN, BT JR3R M, CS-PLL-CA [V p-REEBHIZ H %, T8 NMs k%
Frr A e R R, L BHE T BAZ OB T U . ARSI LSS R BOR R R K TR AE A RV [34]
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Figure 5. Synthesis of CS-PLL-CA, self-assembly of nanoparticles (NMs), and pH-responsive cleavage of NMs [34]
5.CS-PLL-CA B& B, ARMRI(NMs)BI RS, IK NMs B pH M R R AE[34]
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3) B4t K% Sharker, Shazid Md BREEZHWIT | 5 FRACHE 7 MEIE YUK B G M H & 7%, 1B N
S FBE T I P R R EEORE N R R BN TP VAT . R ST IR RE 2 M AR R R N R pH
EREE, A EO%ERE, TER 3D SCBREA R IhAh, RS F L (-OH) & 4 1T U s,  ml
AR 2R EIR, IMARTRRG CT 9K E S ARG RIfEt:. EERMIERHER)G,
CT K E &R R T i85 2 UL pH KA 77 sURREDREI BRI IR/ HY B s 2 DR i, w1 IX 31
FIEF AL, ERR B PARR 1 B oR Hoes f45 @A [36].

4) WAL R A GGk PR B AE Cu O/Pt GH K B AN %1 0 U1 Big(GOx) 2 1 10 78 T IR 5 (CaP) i 1k
2, AT AR NAZ ST 5 R ) Cut-GOx-CaP 4K gk . CaP L JZEH B B A R ME pH Wi N
PERETR GOx F1 Cu,O/Pt Gk, 1 Ve thRa e . WL R, %K IS B 7E HT i K AR HE R F s 1) T 7
& BA RIFMERE[37].

4. ATl EERERBRIATTHY H,0, M R 4+ H

Y AT P2 A YR PSS TR SE(ROS), LS LR ('0,) BEE T H B0, BE A HIE(OH)M
A A (H0,) [38] [39]. (KK ROS MFHLAIE A B FE 2 6 2, AHEAT & AR~ —E R
[21]. ZRT, H4HPERYL AR, BT AR BR E Sl e R, ROS KT, JLH A
AH0:)). AN FERFE, — R HUIMENAR I A i N, R AR = 7K B A S
RN A S ARG B 24 ROS. HET 91k, ROS W SAERSRHO/E R £ B s, H— il
BEfRs o — 2B K BSE K I 6, XA L E ROS AAFE B0 S EUGER M T 2R ik 21] [22].

1) Peng %5 H| FH F 572 R YK LT HETEK 1130 AgNPs Fl Fe; O, PR BURL I 2% 1 —Fp H TP A4 1 @4 1
BIBUETR Ag-Fe;0,-NMs [40]. IZGK AT 4EERi i FRE R Ag AL BRI FE HL0, LRSS H &
(‘OH). BFFLERIH, 1ZBT MBUREFIERIMERCEE . IR IR A

2) T I IS LR 2 P 7 S R A 2 sk 3K S R 75 ) 15 1l 45 FePS3 NSs, HL AT 7ERRYE pH 120 i A= 4
L JEK G 2 4 R AR TR Fe> FI[P,Se]" [41] (4 6). BEJRIK Fe i3l Fenton K H,0, #4LE-OH. {HTS
SVEM AL, [PoSel* RE R ER I S IR JFAE IR, 25 B FeP I JFA Fe*', ilb— D35 Fenton 75 1%, fH15
HEREMR, HEPHZM4FREA ROS IEMRMERE, AR THRMERIE. SCI0SE R R, FePSyNSs B A I
HEREPER ROS VAR, BESE A AR PR AN R TG TT

P(V), S(0/VI)
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Figure 6. The acid responsiveness of FePS; NSs and its self-enhancing Fenton anti-bacterial and neutral
pH scavenging ROS relieves inflammation [41]

6. FePS; NSs RIBR NG 57 1% & B FIEI2AY Fenton HEFIF Y pH &M ROS EMERAEMERE[41]
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3) BRI AREE R —ANER. BRMASGIERE, JCHAZ TR 1 b IR 2 57 2 R
SR SRR [42] [43] [44] [45], A BUAE 20 S S0 E M 46 24 B 2 22 5 S 245 A0 D R B . vk
G BB PR R, Rk D POEREE &S, TR TES . TR RREAM
A5 K2 PR A T —F ROS i 2 F R e g /K B I OB H(L-Arg @ K I ) o 1238 5 T {8 R KK T
(100 x 107 M)Z% FI 91 #7515 AL A (HLO)ME A — MR 5, 5 L-Arg IRMFFEEAE L NO, FH 41 B I 4L 11
TR D PRGE VR IT[46]

4) BT ER TAREARPURE T, SRR AR K 2 AR AR 2 8 i S AR (5195 2
(BDMPS) AN 2H B R0 F A A MR ) 2% 1 e IE FELAT R SR G I 3, JLN 3% FesOy 9OKIIRL, AN
it 70 LA P 61 0 B A B (GOX), IR T — MR AEAL 91K F 6 (GOX-NCs/Fe;04). GOx 541 &) il ™ A4
() Ho O AL TREMILAAR A YR HaOo A A2 (1 10 8, 3 5 1 2%, LA 280 B R A pHL 1Y) PR 1A By 5 42 () Fenton
FS . B TETE A 078 Fenton MEALFIAIE EL GOx A& BN, T @RIk
&, TE{EFH GOx Al Fenton 4k 71 B [FI1E F i i A0 ) 7 24 (CDT) (38R RUSLF R 1R, 56 A2 1% 1 7
REIEFF ORFFRE AL TS 1 o RN AMSEIR S IR TR, ZAUKF G XX FL B 40 i LT 1% A A 5, A
[1)-OH X 4 1 1) S5 AR AS I8 B T 7™ 58 AR [47]

5) e MR 2 TR AR B TR B BT T | RS ) A SR N Al A L2 48] [49] [50], B BL Kb
PR R 5 £ I (PEG) ATk AL CDs IR B AE A SRR YK Fr (FeOCE NSs) |, &R T 4K E &4k
FeOCI@PEG@CDs NCs, F T4 H @ & F2 o i L T iR PTT) AL 22 3 71 223697 (CDT) i [7) 4H 1 2%
YVRIT . FeOCI@PEG@CDs NCs T —Fh#i A FeOCl NSs HIEALIE [RIEIME H,0, 4 it #e 3k B &
HTWEB 12380697 BA R RIAD 2R 6Ee E YE ) CDs £E 808 nm #OG R/ A4E 58k PTT M i
Pl - FeOCI@PEG@CDs NCs £ % T Fe(IDX-OH & il (K £ (M AR #4464 Fe(IV)), LLBESRARTTNE, 2
f5 Fenton 2% . FeOCI@PEG@CDs NCs fE/& N A4 T FeOCl () CDT 24 M. A1 CDs ] PTT 25 L [F]
1EH, BA REFIIPIEBER[51]

5. AT 8 AAERIETRINERIAMWA G . BHARTHE

) FH 4 SR e A SR A ) ST B A, SRR R SRS PR A — R R e LR AR
A7 TR R4 S AT B AR A RS B (AR . J6[52] WA[S31A5) AR BUR,  RENS A R AL 2 1k R
A, DA AR SR AT AU PR RE[22] [39] [54].

1) FAma AR AT 23 RS, — R BRI S AR (LCST) LA EAE TK, 59— R AE fe i s SR
WEZE(UCST) LA RAE T /K. T L0 (N-57: TR 225 TR I Bk iz (PNTPAM) A2 e 5 FH R v Ve SR B, T DA
S I K BV R R AR 32°C PR W b AN 535 7K 1 2 LIRS 55 A g K P BRIR A

WL NRERE Wu, Cui yun B DL T 2/Fe® (TA/Fe™) 2 2 158 (N- 5 P 5 7 07 Tk Ji - Y 5 7 44
FRTEEE R R 2) (poly(NIPAM-co-SBMA)) it i 3 fith, R — ALy Akl 4 1 — b i B AR P 3
HRZ, BilbgiEEREi. Kb TAFS E 4 BEAGHRERTEA R MPiE R, BRI
AR AL T RAFHIRPZ . BITERS TR A Y SBMA R FURS P AP R AE FH o« BA I (0 FAma B AR 1)
NIPAM A, v Lodd BEARIER RS, MR EWIRZRRAR AR N EIOIRES, 2RI LT A 1)
SET- AN RO ILARRE s DAL o B PR TR [55]

2) AMIRIT I — A AR (NO) B E(HoS) M — S 0B (CO) BT LA i) 22 For A ORI 3 A O, 2t
APIPIRAS[56] [57]0 FHHREEA R AL FI 0] 42 BRI 58] [59], 5 Jm B 5t s AR B 51
VPRI DA — 0] o I BT B A R 5 E mT DR GA N Ak o b 5 R s e 1 RO T AR 2117 [22],
T TR FENR M, 5 FHARRIEAE LG, S6nT DLLL moks L (]t .
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r R R R 2 ik B RS L I 5T R R 1 R R SR A (ATRP) BRI & i 1 R G4 2 %5t )-b- 58
(A-((2- T 3R -5-(((2- T 26 5 ) S ) Y0 35 ) 8 5 ) (I A 268 ) S 28 ) Y 228 79 4 T2 5 16 (PEO-b-PNINB M) £ 79 5% 1k
THRBALRY), Z R BOL R T H AR RGO RL T X BT AR 2 AN e AR 1
NSRS 5 T RIGORER, ZBE AR TE T WG RS T, AT Ro@E e o, A R — AL (NO)
FHEEFA) RSS9 T (GSMs), RIVHBCAHIPTR RS Hhah, e Bt 75 Af s AR K B
HHxREN, A2d R R NO 1 FA. BT NO. FA #2 WIEME BB S H oy i, B i
AR A, TR IR [56].

3) FIHBARGUKA R AT Fenton J5o S I8 5 1 A0 38 R HL B = % 1 [60]. 15 AR 2200 2= 4L R
FA AN B 207 e R (PVP) 1l % 1 ThRe AL AlronNPs HiE R %5, I RGWIF T AF v —Fhom e skng
(A A2 37 (AMF) % JE il S BRGK UL (A TronNPs) AL VE VEA B R RCR e . 45 R BoR, (A AMF
4 AlronNPs HIW S 25, T LAINE Fe* B, AlronNPs 7EARIKRE H,0, A 4k A si il # M Fe ok [ 3
(‘OH). Ut4h, #EH AMF 1E4 AlronNPs fh2E5) A1t mpigLa, vl LAR B AN ERE 71, MR
FARAL 2 ERE (S em)RIBRG . RAMTRE S5 s, AHEL AlronNPs B/ A PR, AlronNPs
I AMF T RIPIHE R GBI EE S, A, i n] DU P 2 U T R4 D 611

6. BERRE

BE %X A IR AN SR 5 B (R0 oK R GEAE B iRl e BT 2 R AR AR 2T 7L, AEARRK s B
KAy B o TRGEHRAL T4 R 7 WA LA SR B o 2 10 G 8 S A AR % A R T L — P AN /) T 1
AARFIAMOA T, W pH. FF A VERERIRIA . =IRIER ROS, JUHZ Hy0,. BATIXFPRFIATIA 5T
L BT AR R AR A AR A o SRR I s A W] DA SIS 5 LA T S e B, R P YR
R B MERIBAL T AR RS ERGHE . SRR FENE, b e e AL 2K 4 3 ] P 3k S 240 1 ik 245
P, (LA &S .
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