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Abstract

Objective: In this experiment, it is proposed to prepare a smart nanocomposite hydrogel with su-
perior mechanical, self-healing, adhesion, photothermal conversion and cytocompatibility to en-
hance the wound healing process. Methods: Firstly, gold nanoparticles (AuNPs) solution was pre-
pared by sodium citrate reduction method. Then, platelet-rich plasma (PRP) was obtained by cen-
trifugation, and titanium carbide (Ti3C:) and gold nanoparticles (AuNPs) were introduced into the
platelet hydrogel, and finally the gold nano/polyacrylamide/titanium carbide/platelet-rich plas-
ma (AuNPs/PAM/TizCz/PRP) hydrogel was obtained. The hydrogels were characterized to dem-
onstrate their successful preparation and further investigated for their role in promoting skin
wound healing. Results: The AuNPs/PAM/Ti;C;/PRP hydrogels were loose and porous with uni-
form pore size. And the hydrogel has a good photothermal conversion effect. In vitro experiments
demonstrated that AuNPs/PAM/TizC:/PRP hydrogels had no obvious toxic effects on cells and also
promoted cell proliferation and migration. Conclusion: AuNPs/PAM/TizC:/PRP smart composite
nanohydrogels with stretchability, self-healing, adhesion, photothermal conversion and cytocom-
patibility were successfully constructed, which exhibited good pro-cell proliferation and migra-
tion, and have great application prospects in the treatment of skin injuries, and are expected to
become a new type of wound dressing.
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B ST MR R KM Y, BAmEEREEME TR, EIUERY T RE 2 0HE
BIIER . MUREFARBUESNZ B 6 00 2318 R R 76 BEMERIR, [ LB ae 12 8t, JUH BRI
U4 2 B RAT AR ME VR 55 Rk 0 JEL A AR W 2 I [1] . BTN IE H A8 2 45 1k R PR R B4 DL R LA 1)
BT R AR R BA SR AR LH SUFAE 2] 2) QTR 0 B SR B AR 3]s 3) BT Jmd i A R 94 B AN Mok
REUER Z A K H F[4]: 4) IEE ML 0 = A T2 [5]

RGBT T EFEE A AMRFFE AR AE 555, (FIX LR TT TR IR IR B — A a7 8O
VTSR 5 VORISR BT, 5 Dok C 28 W78 BBkl Ak Je B B A (24 D & DhRe okt . 3481
15 BORE N R &AL A SRS . & B ORIBRE AI[6] RSN BE[ 7158 . RALER(TisCo)fE Ny — A
PO YR RL, B RPN, BIERGRRIEREALRE ), fEXMEIT(PTT) LA
BRI 1181, HiA v & B AR ) St AR 9]0 & I /DA L5 7 i e v 4 1 428 3o 19 5 a3
210, A H mR M/ MR[10]. BRI/MNIAN, PRP &S KEIAE KT, i s ) A K K1 (VEGF).
ALK 7B (TGF-A) REAKRHT(EGF). BREZFAAKE 5 (1GF) M P il /M IEIE A K 5~ (PDGF)
ZE[11] [12], XEEAE KR T RENE IR JRE N, (RIS A, ek AT 4E N B RN R B R S AR K, TR
I T E A E
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FEARSEIG T, REBRALER . SRR S| N B I/NREERL Y, 8 1 —F B A 0 7 TR (e AR
PEL RUFAEDABAPEANG IR ALNE BE 1 B0 2K 23R A s e e e A B o L /A UL (AUNPS/PAMITi3C,/PRP)
AR E G KB FFIAEHRALANL AN NG T AR BE 1, 9 Bk A B 2 ER AL i S8 %

2. SRRk
2.1. SCInthEt

NN IERE) eI, Filg sz e AR A R A R MBI, i kAR A IR A A
CCK-8 k7%, MedChemExpress; Calcein/Pl MU &, il A RKEVHARERAF; DMEM 577
i, a4 1miE(FBS), £E GIBCO A,

2.2. AUNPsS/PAM/Ti;C,/PRP 43K 8 &K BEERIHI &

B, R KBURIER[13], 4 100 mL 0.3 mmol/L 544 R (HAUCL) NS 4 h i PEf b, A8
HAWRZ 100°CJ5, 4k&4+: 5~10 min, JEEWIE S SRR (HAUCL)E A 2 mL 38.7 mmol/L #7:45
FREATE WL, ARSI FAE B P (TR T R S G AR A 4T )5, A L, K NG Ve B AR A A,
BIVSRASFIT 75 1R 48 K RORE T2 350 1) 4 AR oK FUREAA 6 53 B0

SRJG, %% AUNPS/PAM/TisC, /KEERGAL, 171 5 mL 44K MR A 7 A I 1000 mg AM B4,
6 mg-N,N'-XL (P BE) i A 15 mg KPS, A J5 JEAT HE 75 Vi, A LT i8530 B AUNPS/PAMITI;C, 7K
IR o

BJa, % AuNPS/PAMITI;Co/PRP 4K G /KEERR, AR IR 5256 A iy & Ifil /MR I (Platelet-Rich
Plasma, PRP) 2 FH Ifil/INSE 3 88 vk il 4%, e ifil/ N 3 2 1500~2000 x 10M/L. 1] AuNPS/PAM/Ti;C,
IR 23 NN 50% PRP FHAH)JE TR A (AT A T8 TS 36 i i /K IR 5 PRP [ BE IR L), J&
TN B & Bh7 DY H & 2, — Ji(TMEDA) 10 uL # & i -

2.3. AUNPsS/PAM/Ti;C,/PRP 4K E & 7K B IR FRAE

2.3.1. B FRERE(SEM)
BEE TG OB B B T RIBE AL o S B T [ 2, ARG B T e LR 3k T A0 B8, JERp AT
{51 FH 413 H - B M R iF AUNPS/PAMI/TIi5C,/PRP 7K #EIE Al AUNPS/PAM/Ti3C2/PRP 7K EE LI T35 o

2.3.2. AUNPS/PAM/Ti3C,/PRP 7Kk B kk M1t izt
& AUNPS/PAM/Ti3C,o/PRP 7K &t FE &t 43 AW Fo 5 NAR ST« A5 S5 A4 6L 38 THT 2547 RY UK o

2.3.3. AUNPS/PAM/Ti3C,/PRP 7K BBz L et s
¥ AUNPS/PAM/Ti;Co/PRP ZNK A & 7K Bk i P A% EL 1) 48 B B 4 FE 3R 4T F Ak

2.3.4. AUNPS/PAM/Ti;C,/PRP 7K BB b S it 1k 14 e 5T

4 AuUNPs/PAM/TisC,+ AUNPS/PAMITISC,/PRP /K& PBS B THULH T, OGRS KB
PHES )y 8~10 cm, JHIOG2E 808 nm AR L% (0.25. 0.4, 0.75. 1 W/cmd) a5+ 8 min, i i 21 b A A0
G2 Uk 3R THT R P 1R 784k
2.3.5. AUNPS/PAM/Ti;C,/PRP 7K £EE: B A i

W SRR KB IR DD ), AR5 LD T B A 7E i, A NIR (808 nm 1 W/em?) [t . J5 HI 6
TR 5 B KBE I A ST Tk, WD) D& a s il
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2.4. YHBASCLS

2.4.1. HpatEFF

7INBRSCET 2 4T L (L929) F 7 5 oK 27 Bt e B W i B IX v SR B = 4R 3t o 1 565 90% DMEM it
Btk 1% G & RS 2 UPUR R 10% FBS M58 255 7R 4 gk 1755 9%, EEAN 37C. & 5%
BRI TER 20 R FRAE (WCI-180N) i & - Al B & B2 IA 0% AT A& 4X, TE4HMAEA, kg
FIHAC LR F o AR AR 22 42 20 B A6 FH 4 M R A7 T B TR DR AT

2.4.2. FHVEFIHEBMAR

N TS AUNPSIPAM/TisCo/PRP YK E AR 280, 250k L929 ik iT B . A48
¥, BOEA KRN, L6 x 10°ANmL FIREEHA T 96 FLA b, JEFIGFRIEm &, 40 MG
BE, SIS AUNPS/PAM/TisC, FI1 AUNPS/PAM/TisCo/PRP /KR H2E & 24 h (L 0.1 g/mL Hufsl ik
TTIRIR), BN 5 ANE L, MR N4l 2% 1 DMEM, = (41 DMEM. % & 453 )5, f#f CCK-8
RN EATI 1929 20 M A A3 R

¥ 1929 4HAELL 6 x 10Y4LAVE AT 96 fLAR, Se4dfsrim gl ar, MEAnunbaE. )5
Calcein/Pl XU GRF & BT AN MIGL 0, TEAHMIPE YL ah (o, JEAMpL Y2 (. BT 58 0% W iss T Wl g24m
MUAEERBE TG 0L, B — VA KB AN A e . AR AN EAL, HE =K.

2.5. Gt

{# F§ SPSS26.0 BTS00, EEEEUIIE + brifEZE (Means £ SD)R s, B4 A5t
BRI PN RE AR t K556 (independent samples t-test), P < 0.05 A NZE R A A S5 L.
3. ZREITE
3.1. AUNPS/PAM/Ti;C,/PRP 7K BBZ B FRAE

W HME T RSN TKBERN =4 4. |8 1) f K 1(b) &R, AuNPS/PAM/TisC, il
AUNPS/PAM/Ti3Co/PRP 7K #EA I8 I H B R ) 2 FLIN 5 250y, HZ2 L2 R 23 RIFriEmt: . X2 1L
IR 28 &5 K A R - 7K B R 43 1138 AR L, RN e ik 7 R P R (AR 6 AR IR M iz B, e b4
R G A K

(b)

Figure 1. The SEM images of AUNPs/PAM/Ti;C, hydrogel (a) and AuNPs/PAM/Ti;C,/PRP hydrogel (b)
1. AuNPs/PAM/Ti5C, 7K 5B (2) F1 AUNPS/PAM/Ti;C,/PRP 7K:£8% (b)Hb3 3 BE F £ 58 (SEM) Bl %

3.2. AUNPS/PAM/Ti;C,/PRP 7K GBS BSE MR R 114

TR RS LA S B0 ORS B PR RE L R B T AL K BRI HORE AOORY & R R [14] . W 2(a) s
AUNPS/PAM/Ti5Co/PRP KBk F I HH B FORE BT /7, BEWE 22 [ AR G 26 A 5G9 AR o 45 1
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FHER 5%
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H_EMAEE NKIZ 80 S BUKRE DR EE . s 2(0)Fos, ASEIRPT i) AUNPS/IPAM/Ti;C,/PRP
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() ’

B

Figure 2. Adhesion (a) and tensile properties tests (b) of the hydrogel
B 2. 7KEERL BOREBH () Fnhr e REIR (b)

3.3. AUNPs/PAM/Ti;C,/PRP 7K B RS (L M BERFFER

T AuNPs KM% B TR ISR R, HAE 400~700 nm G A RSB IIE, B 53 1t
FEWRE )T TisCo fEIT I AMX IS LA B e S AR . P KN 808 nm ThER My 0.4 W-em ™ I3 43 5l 1R
i} PBS ¥~ AUNPS/PAMITi;C, /K&t AT AUNPS/PAMITICo/PRP /KEEIC . 1P 3(a) Tz, 1E TR
PBS 7EEOL T NIREAK, UAEIAF] 36.5°C, 1l AUNPS/PAM/TIi;C, 7K &¢fE Al AUNPS/PAM/Ti;C,/PRP
IKEIRAEBOCRRSS T, SRR IR EH = . RS 8 min f5, HE77 Ay 40.5°CHI 41.0C.
TEW KB AR E AR B T e T HR MRS . HIRBR, KBRS R (14 3(b)). AT
FEWEE S SR IE W HS, SIREAE 40°C~41°CIF, BEMS AT IR I A2 AT A B Al BT R . 31X A7k
BERBRE TR TT R fe RS E AL T B S
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Figure 3. (a) Heating effect of PBS, AuUNPs/PAM/Ti;C, hydrogel and AuNPs/PAM/Ti;C,/PRP hydrogel irradiated by NIR
(808 nm, 0.4 W-cm2) for 8 min. (b) Heating effect of AUNPs/PAM/Ti;C,/PRP hydrogel irradiated by NIR (808 nm) with
different powers (0.25, 0.4, 0.75, 1 W-cm ) for 5 min
3. (a) PBS. AuNPS/PAM/Ti;C, 7K EEBEF1 AUNPS/PAM/Ti;sC,/PRP 7K:E8AS Al 808 nm, 0.4 W-cm 2 B¢ BBET 8 min
BIFHBRN . (b) AUNPS/PAMITIi;C,/PRP 7KEEBZ4Z 808 nmy F[EITHZR(0.25. 0.4, 0.75. 1 W-cm )AL ERST 8 min
IR

BE(CC)
BECC)
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3.4. AUNPS/PAM/Ti;C,/PRP 7K R B A M7 EM

LSO B3 B 5 /K BE RS, R PR 5 A KB AS R AR B VE 4 B8 o 7K BRI B O HLEE A 4 gl oKt
IR e R AL M A K R S PN 38 1) & B (RS-AU) B S e A B8 & A= sh A28 e, MM S BEE B S W55, ek
BRI EHEERHKE 4).

Figure 4. Self-healing procedure AUNPs/PAM/Ti;C,/PRP hydrogel under laser irradiation
& 4. AT AUNPS/IPAMITi;C,/PRP KBRS E L R TR AW RE

3.5. AUNPS/PAM/Ti;C,/PRP 7K &894 R B M5

FRARM S D BORL L U A R AP ARV I, ARSI it CCK8 S Al G /AL G £ S50 K VF Ak 7K sk
WA AR AR - G 5(a) BT, CCK8 SZI&E M, AuNPS/PAMITIisC, /KRR 41 A1 AUNPS/PAM/Ti;C,/PRP
KB A A B AE TR R B T 100%, H AuNPS/PAMITiSC,/PRP 7K it JiE 45 40 A & 71 8 & = T
AUNPS/PAM/Ti;C, /K &R H o« EIFE G ] v R (] 5(b)), A M7k &I 4K 22 B A M A 2 1f (SR )
BT HIANM 5 ERAR D (4 f) . A dntt, wTLAE H AuNPS/PAM/TisCo/PRP 7K ki 4145 (4.5% ' B . 3 55,
IE B L5 4R MO BRI 1X — 45 A1 CCK8 5258 — 2, UiBH AUNPS/PAM/Ti;C,/PRP 7K &I HA R U1
A= AE 1 HL e % L ik 4 R S 5 R

(@) (b)
Xof HEZH.
2009 [ Control !
1804 [ AuNPS/PAM/TI,C,
gl [ AuNPs/PAM/Ti,C,/PRP
= 1404 l+|
é
E 1207 AuNPs/PAM/
i 100 T TisC27K BRI
% 80 1
60
40 1
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0 /PRP7KEEIEAL

Figure 5. (a) The cell survival rate after coincubation with hydrogel extract; (b) Fluorescence microscopy images of live
(green) and dead (red) cells after Calcein-AM/P1 double staining for each treatment group

5. (a) HAESKERRIRGIIERFNFEEER; (b) BAIRA Calcein-AM/PI R EFMM(GRE)FIFE T ML E)
RKABHIRER

4, &Eig

2 ERTIR, AW A4 T B I SR I L B R A A AL BE Y AUNPS/PAM/Ti;C,/PRP
BREN A KBRS EORE,  H R I H B AR 4 40 Pt 5 P A B S5 A R A B B R P . R SR RN T ST R sh s
W T — I . MM S 2, AuNPS/IPAM/TisCo/PRP B GE4H K 7K B BURHE i 80 5z Jok 197 11 ol Ak L
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