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UV) SEE] NIR SGi) iemliert . Wollodeim ., &
PEAR o8 ik M BRSO s T 2 # T R S e
i) N BRI, SRR ) T LA A R S
IR NARYE], ZBRBOCIRGSS , AU KA E 2
7 BVEEEH T R, HURRIRL PTT B RG YT 2
e E M R ETERER — R A RORAE

ABIFFE LA 22 U Mg 46 i 1) S Ak A SR B (oxidized
dextran-dopamine, ODex-DA ) F1Z&&; b4 H FL52 3R
B# (quaternized carboxymethyl chitosan, QCMCS )
A EURE, 48 %% PDA NPs F BT & W 7 25 2 B (tea
polyphenol, TP) , il & T QCMCS/ODex-DA/TP/
PDA (QOTP) il4h M HL K EEfE ( LR FR N
QOTP /KEERE ) o KB, ZEALAI R T Be
BT LSRR 5E R EA2E KIS P Y R BT RE ) 5
ODex-DA HA RAFIAE YA E, 60T fil ke N
JE . QCMCS 2 3 ( —NH,) 5 ODex-DA
AL (—CHO ) BRSSPI 3 g A Kby 27,
LK ODex-DA H &R Iy 1k A 55 /K BEE N 2% 22 1)
TN AS S5, T3 IR T I £ A0 't iy 47 B 7K B G
RO 1 R T S PR H BTBE . PDA NPs HA &L
JEHGEE, TEANE SR, W LA IR AT
fifl PDA NPs ALK 41A, ] QCMCS i1 K 5%
ARUMTR o X b0 BRI RGBT B 1 3R
W, RERESETHKBEICASEMERE, XIPTRARI K
B EERFFANE.

2 SLIGERGY

2.1 kA, RESNE

1) F2

RO 3 5% B B (carboxymethyl chitosan,
CMCS) . 2,3- ¥ & W A = W B & 1k B (2,
3-epoxypropyltrimethylammonium chloride, GTA ) .
LR A1 (Nalo,) . ZE I mE. — KA A
(NHyH,0) . 2B, SALEN (NaCl) Wy F BT T3
RGBT R (Dex ) . KZW . BilE (Agar)
W A2 vOMRAE A RHE By AT R 2 Wl

2) FEBA G

HLF K, ME104E/02 B, H55# - $0H] 2
AR BURTHL, FD-A12N-80N %I, |-
fils A e AT IR w5 WG I3 PEAR, RG-18 B, Kt
PR A IR ) B TAES , SW-CI-1D 2,
SRMISR R B AT IR A W JT RERL L,

UTM4304 AL, B = EPBRHEA R\ S350
F I f# %% (scanning electron microscope, SEM ) ,
ZEISS Sigma 300 A, 7HE[E %A AF]; [HHE AR
Ah 56 §i% 4% (Fourier transform infrared spectrometer,
FTIR spectrometer ) , Scientific Nicolet iS20 %!, ZE[F
Thermo 24 w); AL UKAS, BCD-571WDEMUI Y,
B SRR A B A ] LLAMMEAYL, Testo 8751 7,
IO PR F

22 EBAHE

22.1 % RS RACE R A K

R A SCHk A 3 1y 3 P2 4 i ODex,  HE T il 2%
ODex-DA, W& G BRZ A 1 fin, HARERAEL
BRUNTR: KA 27 A 70 000 119 Dex( 10 g, 0.0614
mol ) , SERVAEMAE 90 mL AL /K, ff Dex 5¢
VR, RIEDECN 10% 1) Dex . T8 55
Y5 B %) NalO, A Dex %W, HEZERAHT
WEOCIERE 4 h, MRV EHRIE, AL ZEERR LR
IoF P e B o K S A B AT 72 h (AR
/¥ (molecular weight cut off, MWCO) : 8000~
12000) , ARSI R THERAF AN 4 ODex.

P38 LR VK R A L ODex FiEf 2
bR ER , 45 ODex-DA™, EAKEAEAIRUNT .
B L B R TR ER VA 7R 2 ODex P, TERAMRY T
WECHEFE S h, FRRONV S, BV P1ENT 48 h,
AR, 155] ODex-DA 4.

NalO,
HC Hi Hy 7
RT.4h H #
H oH H H On 0 o
Dex

ODex

DA-HC|

H
O/
RT,5h Hy ont N OH

H

ODex-DA M

1 ODex-DA HI& R
Fig.1 Synthetic route of ODex-DA

222 FRABRTEEZRBOHESR

% CMCS (2.18 g) HUSEAETE L& TR, &
JE A GTA (045 ¢g) , 1£55 CRHEHE 24 h (H
BERILE 2) o RNESHIG, RO IRAE LK
#EHT 72 h (MWCO: 8000~12 000 ) , £ 1 a] 45
12 h He—UoK, BEHRTHREAEEE@ZORE (&, A
y QCMCS.,
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2 QCMCS HI& %
Fig. 2 Synthetic route of QCMCS

223 RECREHARETHER

W 2 mL 20K (J5T 6 3 B0H 28%~30%). 90 mL
B TR 40 mL JG/K 2 BEAR YO A B S Bedi b
FEZ U MR 30 min, FRKF 10 mL 2 AR IRER (T
RSN 50 mg/mL ) WREIA FRIESYIH, R
T RS 24 he ROVTERUR, FHZE TR EE
VRS FHLA 12 000 r/min 53 5.0 004 PDA NPs,
a4 CHAMF T IRAE, &

2.2.4 QOTP K %5k 8 %1 &

1) FREL 0.8 g QCMCS % T 9.2 mL (£ & T /K
A5 1 5 4 B0 8% 19 QCMCS . -4 ot =
WeRE 433124 0, 0.5, 1, 2 mg/mL f PDA NPs 54351
A ZE iR QCMCS I 1, M Anic y QCMCS/
PDA,. QCMCS/PDA,s. QCMCS/PDA,, QCMCS/
PDA, R 4K

2) FREL0.3 g ODex-DA % fit 7£ 9.7 mL Y 25 &
Tk, BEPERE 5 min, 15 3] TR BN 3% 1)
ODex-DA IFll. SRIEHAZH (10 mg/mL ) JA]
F5UFHY ODex-DA W, e H 28 2 W98 Ui,
#1475 ODex-DA/TP WK -

3) ¥4 QCMCS/PDA, ( 5 QCMCS/PDA, ;5.
QCMCS/PDA,. QCMCS/PDA,) 5 ODex-DA/TP ¥
WUMAT 1 1 W BlfE =R TIREG, 20l
QOTP,. QOTP,;. QOTP, #il QOTP, /KEEIK .

2.3 RESWMIK
2.3.1 FTIR %4

T8 3o fHE B I AR e 21 A0 6 i AU X Dex . ODex .
ODex-DA . CMCS Hl QCMCS YN HB4s M HEA TFRAE
FIHTE R 500~4000 cm™ .

232 SEM & 4E

KT B AU LS PDA NPs & QOTP 7K
BERE A N EBHOWIEAS o B SE AR RE S VR TP L
R, FEXTRE SRR R T b3, SRS (A
R LT B T B
233  AEWHE WX

T P QOTP /K #E i ik 1, #% QOTP /K

BERCFE A CE T2 b BUK FIZHH 3 ming 1t XA
FAPAZ (e, B B R, K5 AEAEY
FEM RS, WSS T QOTP /KEBERL I -
2.3.4 o bk R WX

i PDA NPs & QOTP 7K BEMETE NIR S i T~
LA RE ) B AR e M o B )i

1 ) 1.0 mL A )¢ B2 ) PDA NPs fill A 24 FLE
{45 1] 808 nm ITZLAMELA 1 W/em® B3R JE BESTEE A 10
min, EEFF 1 min FHZLAMMEAGE SRR R EE .

2) BB HE PDANPs /) QOTP /K BRI E:
F 1 mL OB T, R BRI LM IR
FESL, HERZAMMEAGE SRR, FOB R .

3) BfifE, i 808 nm LI AN ELL 1 Wem® fy
5% B % PDA NPs & QOTP /K#EIEFE S EAT 4 4 A
FIEER IR, BREFEEA] A 10 min, BHIEHEIZ4 10
min, WF5E 45 9 PDA NPs & QOTP 7K % i Ff iy
OEHERR R EE . L AMNIRAT 7K SR A
BRI
235 AIMRBRRE LR

K S A 7 A 3 I A2 QOTP /K BRI Y 3T 21 AM i
R ARG E. e aEAERE (S, aureus,
MCCCB 26003, 2% [KBHM: ) FIRIAFE (E. coli,
ATCC 25922, #2[CHAME) MEEX 4. HE, ¥
QOTP /KEEEHFE AN KA 20 min, SRJ5E, il fERE
BRI 5 mL B (6085 25 BR T AN R A AT TR 2 PR v s
F5, HiFR 15 min J5, WBEERPEE S 4> R Jo Ak BRATT Z1
SMERRGSPRAL, 7€ 37 CIA&MF FREFE 24 h, K54S
WETE BRI - AR IR A . FRA AR K B —
ERNF, FHEEFEI AN FE ST, 8Os
TR A TRVE B .

3 &H#RSIR

3.1 KRERBEERE

J T HRIE QOTP /K Bk JiE 1) P B 245 #4 B FL il 4 3k
P £ JEURHE] T & AR R NE, X EUR ™) ( Dex
ODex , ODex-DA , CMCS } QCMCS )17 FTIR £AiE,
gERANE 3 FR .

Kl 3a 7 % H Dex 5 ODex Y6 3% 0] 41, ODex 7&
1732 em™ b H BB ARAE I M ESE (—CHO ) {4
PR, i Dex 454 104 2 2k C g AL
TR, 7 ODex J6i%H 1732 em™ AUARMEIE, 1E
ODex-DA il 2 B % 1647 cm™, 3% 2 [H 5 ODex
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TR IS 5 DA TSR NES A, SEE LA
H RSN WES . 5 ODex #HEL, ODex-DA fE 1525,
1457, 1288 cm™' AbWRICIE, Al JE F C=N. J¥
FIH C—C M C—N e shme s, LA ES55
YRIESE T ODex-DA BRI 5 o

& 3b Jy CMCS Hl QCMCS 4 FTIR S #%. 7
CMCS HEi%H, 1621 cm™ H1 1420 cm™ PiAb il
W, JHEF—COO0™ H A A X FRFIXT IR 4 Pz 50,
1M QCMCS J3ELE 1606 cm™ Fl 1405 cm™ PIALFELEA
LB RFAE I Wb, RIS, P FE 1058 (1062) cm™
BT A AR DA P IR A B ) C—O iR 3
PLEZSARERI, R SRt R, k%
HARZHM, T —OH MM 4R s Al—NH (1) ff
PR3, CMCS & QCMCS HJEi% H7E 3438 em™ Fff il
HBH B TE I . QCMCS MYETETE 1477 em™ 4b H BLIH)
FRAEDE , JE—AIERH T GTA Wik %] cMCS I,
fil#5 1 T QCMCS.

Dex-DA 1647 f &
Obex 1457 1288
1732
Dex

3500 3000 2500 2000 1500 1000

wavenumber/cm™!

a) Dex. ODex. ODex-DA MJZLAMEIEK

QCMCS

1420

3438 . e (2
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm™!

b) CMCS. QCMCS HILI ML
B3 kEEREEBLIEEE
Fig. 3 FTIR spectra of raw materials of the hydrogel

3.2 PDA NPs HIRI{E
321 B/

STAWFFE R4 19 PDA NPs #5417 SEM 1 S kifs
M, AERIE 4 B, I 4 FTLUE S, il
i) PDA NPs BRI . K/NEE], shaJEiu i g
L3R W] PDA NPs [P EHARZ) R 269 nm.,

a) FHE B

35

mean diameter=268.98 nm
30 f

25

20

intensity/%

0
180 200 220 240 260 280 300 320
diameter/nm

b) Kb
4 PDANPs AR AMKEN AR
Fig.4 SEM diagram and particle size result of PDA NPs

322 kMg HH

T #£5% PDA NPs By G # P BE, ASF 58 R
808 nm IT £L 4Pt (1.0 W/em®) M8 5 AN [A] ¥ & PDA
NPs 9, %t PDA NPs AL ZE L K PDA NPs #%§
W (1 mg/mL) 7E 4 MEFF NIR YGRS ppotivdae
PEIEATRIFSE, S5 SRR 5 s .

i &l Sa AT UGB, 4fiKXFRE4] (0 mg/mL) 7F
NIR ¢ HRS J5 B2 JL-F- A T, {HBEE PDA NPs
WS 38, NIR OGBS 10 min J5 0.5, 1, 2 mg/mL
i) PDA NPs i A8 b 4390 K 25.1, 35.1, 46.7 C, H
IR (728 4k 5 PDA NPs BV B E A5G, H
K 5b ALK L, PDA NPs 81 4 MEFS NIR S I8 5t
J&, R R T EE AR E N,
BT PDA NPs 94Kk T HA L5 ek s
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Fig.5 Characterization of photothermal
properties of PDA NPs

3.3 QOTP KER BRI
33.1 #MRLEM W

3 Al T S OB X VAR AN [R] Vi PDA NPs
i) QOTP /KEEIL I HORLEFI UEAT T RAE, 45RWE 6
JiR. HERIA, A7 PDANPs (7K EER (QOTP, )
BA KAL), FLARZ00 200~500 um. ZE5] A
PDANPs J&7, QOTP, 7KEEE T IS S 80 H AR 45
HARE N ZAL454, X &M T PDA NPs 5 ODex-

DA/QCMCS H)'E e Z [BIA77E I SR EAT
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b) QOTP,
6 QOTP KRR R IFE
Fig. 6 Scanning electron microscope images of
QOTP hydrogels

332 ERRE S
T R5E QCMCS 5 ODex-DA Z ] BYEE I L1 T
K, AKX K B 9K AT QOTP, K BE M 1) 7 W

ARZS I QOTP, FTESHEREHEA T 70 , 25 RANTA] 7 7

a) ODex-DA/TP

b) QCMCS/PDA

¢) QOTP, /KEEE d) FESTHCRIE
7 ODex-DA/TP, QCMCS/PDA #1 QOTP, KA Y
ERRIER R QOTP, KEEHE # 514 4E

Fig. 7 Gel images of ODex-DA/TP, QCMCS/PDA,
QOTP, hydrogel and injectability of QOTP, hydrogel

i & 7a~b 0] LI & B, ODex-DA/TP % W #l

QCMCS/PDA ¥ IRIIANME o K b3 PR SRR
REWSGE, ERERAMT e PuE & A IR - B
BEAS AR BRI B QOTP, (W 7¢) o X &l T
QOTP, /K EEIE A Z H QCMCS 5 ODex-DA FYAE1E,

A LA QCMCS 1Y 2 5 (—NH, ) 5 ODex-DA H1 11y
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XL (—CHO ) TERLShAS vl 38 (R i Jmsiabipty, fefisR
B KB . QOTP, /KEEIE AT LU S fHr LT
AREFRIAR, JERLHY “HUT” Pk (ILE 7d) .
333 ASWHE S

WL ST QOTP, AKBEME X AR A 4141 (e
JE. B WUA . 255 ) FEEADAE (45, Bk, B8
fERE . PET) , LAKOK R 3 min J5 A5 FHALR:,

WEE QOTP, /KEEML A ZLRHE , I 2E R an &l 8 Fii .

i P 8a~b A AL B, QOTP, 7K ¥l LA I} 25 78
OE. JTHIE. B . WU R S A g 23R, ()i
AT ARG BMAEARAE b R, ZER O R . (8] 8¢
21K R 3 min 5, QOTP, /KR AE M 2H 4 U,
FA RAFHK N R . R TAZEH 5 QCMCS/
ODex-DA JE I T B s L2 S 1E o

Liver Stomach
= B -

a) XA LRI

¢ ) XAEMHL IR T RRHE
8 QOTP, KR E WAL RAEEMEH BRIt
Fig. 8 Adhesion of QOTP, hydrogels to biological tissues and non-biological substrates

33.4 GRS
OB R A (W PDANPs) HA
AR5 ) ey ISR 77, T FHF M UV %3] NIR SE 1Y
RERE I AE . MIRST QOTP /K BE A2 75 HAT LI (ol
PbERE, SR 808 nm NIR Y6 (1.0 W/em®) BESHER N
AN[EHEFE PDA NPs [ QOTP /KBECEES:, 152
B FHR ML 4 PR T iR ER E Al 9
FIR
45 4 1l 9a~b 1l AHI, A 1% PDA NPs [ 7K %t I
(QOTP,) 7£ NIR Yt B& 5 J5 & & A8 fb i 55, KE
# PDA NPs & & 34 Jin i, NIR 5% B 4§ 10 min J5
QOTP,s. QOTP,. QOTP, /K& i i) ikt B A8 1k 7 51 oy
21.5,37.7,523 C, WKW, QOTP /KEERIRIE M
5465 PDA NPs (¥R BOEAIE . 1E4h, QOTP, 7K

BENE 220 4 MEFR NIR GRS, R RAFAY AT
FEMFOCREN: (WLE 8c) , HEHI T QOTP, /Kt
JE A LS e R RE .

QOTP, Q()TP“5 QOTP] Q()TP: 812C

0 min

a) BlRIE
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=]
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60 -
45+
30 L L L L L
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b) JHi Lk
90
75+
&
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g 60
5 \
4543 j
30L \ . \ \ ! L
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time/min

) JePFRENE
B9 QOTPKREMMMAIKRE. FiRdh&kRAKRRBEE
Fig. 9 Thermography, heating curve and photothermal
stability of QOTP hydrogel

335 BB SH

AWFGELL S. aureus F1 E. coli MARFKEF, 7 808
nm NIR YERES X QOTP K EEE #-A A E B 9%, il
FE QOTP /KEERE ARSI EIBT IR RE J7, 45 R A& 10
FI7R o

Control QOPT,

QOPT,+NIR

10 AELEERTH QOTP, K MME R
Fig. 10 Antibacterial properties of QOTP, hydrogel

under different treatment conditions

1 1810 m] RL& B, R A0 K BE S %) BEZH 58
WA E; im A QOTP, KEEK JE, Xt S. aureus Fl E.
coli WL R LM 93.9% F11 89.3%; K NIR YA}
QOTP, /K&EHE 10 min J5, XF S. aureus 1 E. coli I
B R ITE 99% LA . QOTP, 7K Bk [ A i B e 1
KUET QCMCS = EL R g . A G0N 1Y
PDA NPs 1 [# 44 5T B 1 6 19 QCMCS Pip [ it 7 & 41
171 QOTP ZKEEREHT M RE YA R it -

4 ZE5iE

AWFFELA TP H1 PDA NPs 15 4048 2 FE A
B A, HAHEHTI AT QCMCS/ODex-DA 7K B i
W2 IR 2R o, M T — 2 21 AR 1 T R K BE I
FEXPARKBERS LB . e ERE . PUBEMERE ST
M. BT QCMCS W45 5 ODex-DA [ 5L E
BRI RAOREE R L S M IR R rp EE A, T
TOKEEE RAF RS . R, KEER & R
AR OR Ty B A B T AR IR N S AE A
UL . 5T PDA NPs Al QCMCS B[4t i/ H
7 808 nm NIR JEHRET 10 min J5, 1% /K BRI A 45 B
045 2 BR B AN K AT B s R s B RE ) (L
BRE T 99% ) o AWFFEH % 1 QOTP /K & I 1E
Bl G . 2L 6 R BT R (e 25 45U 3L TR AE Y
N FH 5

22 3Tk
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The Preparation and Properties of NIR Light-Responsive
Antibacterial Hydrogel

ZHANG Yutong, HUANG Yilin, ZHANG Qiao, YU Maolin, XU Jianxiong

( College of Life Science and Chemistry, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to meet the various needs of trauma treatment, there is an urgent need to develop
multifunctional wound dressings with toughness, ductility, self-adhesiveness, biocompatibility and antimicrobial
properties to promote the cicatrisation and regeneration of damaged tissue. Based on the chemical crosslinking strategy,
a kind of polysaccharide-based NIR light-responsive antibacterial hydrogels (QCMCS/ODex-DA/TP/PDA, QOTP)
consisting of tea polyphenols (TP), polydopamine nanoparticles (PDA NPs), quaternary ammonium carboxymethyl
chitosan (QCMCS) and dopamine-decorated oxidized dextran (ODex-DA) was prepared. The abundant catechol groups
gave QOTP hydrogels good adhesion, showing firm adhesion to organ tissues (heart, liver, stomach, and muscle tissue)
both in air and underwater. In addition, the synergistic antibacterial effect between QCMCS and PDA NPs made QOTP
hydrogels highly effective in bactericidal properties under near-infrared (NIR) irradiation (antibacterial rate against S.
aureus and E. coli was higher than 99%). These light-responsive hydrogels with double synergistic antibacterial effect
would have great potential application in clinical trauma treatment.

Keywords: antibacterial hydrogel; Schiff-base structure; photothermal response; underwater adhesion
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