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[Abstract] In recent years, more and more innovative technologies and methods merged in the treatment of diabetic wound.

Wound dressings were applied and continuously optimized in the development of diabetic wound therapy. Among them, hydrogel dress-

ings had the advantages of moisturizing, biocompatibility, and controllable physical and chemical properties, and thus had become one

of the most promising wound dressings. With the in—depth study of the mechanism of diabetic wound healing, functional hydrogel dress-

ings had become a hotspot in promoting the healing of diabetic wound clinically. So, in this paper, we focused on summarizing the new

progress of stem—cell therapy / exosome therapy, drug therapy, nanotechnology and other hotspot therapies combined with hydrogel

dressings in diabetic wound healing.

[Key words] Diabetes; Wound healing; Hydrogel; Combined therapy

W DRI 2 LA IR AT T 25 O RAE R 18 1 9 403 3R
GARER AL L BRI S —Fh R T AN S
(A X J I B 400 A S M R T S B B B e R
Sl A E R AU B AN BE A ORI RS
[ 5 B AL D BE T i ol B A4k g 5 2R 43I sl /D 53
2 FOHE PR 1) T2 LI R Ol PR s BB T TR A R A%
PRI B AE , CLFERL I AR Rl 280548 B D RE 0k L0
AP . BEPRIF I = BB N 8 T W BOR T3 AR &R
SE B S A ERAS H CRy S I L5 19 &
o B CHO Ak T Bl PRI o R (R AR 18 ~ 99
%) TE 2017 47 8.4%, Fii 5] 2045 42K 1 2 9.9%",
B i ME A A BRI e IR REZ — SR R R
0 1A 1 B BeER Az 252, BLRSrF-HLE
ANVERE H H RT3 BB | U A 2 AR AR AR
SSREOLA AR, STAER K EERSORE P R Y
PERE , B0 05 PR B T 15T, bR T B N AR, 18

A AR O e R K BB RORHBC & 1 40 /o1
WA 25 AR BORL AT (GFs) S5 IRTT B R B1
THT , -5 30K S8 325 BN AR L, AN AT AA 280042 il LA
VAR, i REPE = 25 N - RO, A B T A
RORE W o SR SCHORBEREOR &, B iR T
L BRI ORI 7 T 40 M7 12 SN ART T 15 25
7 IOREAR LU HAR PR TT7 18 (AR O T ik 2k
7k ER N F7) iR 7 75 3, B4 AR
IR S AR RS

1 HEER f Bl T 7K 5% A S

I RIS T ek R 18 £ 10 SO R o] 3 o 12 5
B OKBERRORE ARG P AEORE 22 )2 okt S B B
B PEIE RO KR AR RS £ (Alg) B
HHOTS W b B T PR o U | SRS R L R i R A
PR el A i i e . O e BERE o R i 5

ELWE VU ERE TR FITH (2018]Y0400) ; PFHRAEARI S5 AL IR (2018-ZRQN-079)

EEEE : V2, E—mail: mayarong_88@163.com

SIRZARSL MR, /N5 EBEIGR, 55 BRI QAT T RIMTS ORI R )] PR R 7412, 2023, 46(4) :363-368 DOI: 10.3969/] issn.2096-3351.

2023.04.017



364

PRGEERI RS54 20234 Hid6d: A4l
Journal of Southwest Medical University Vol.46 No.4 2023

FRAR AR PR B THT ORI B LR R e D B T B
ML B A REE , X O A 2R 8UIE G ; B
SRR BIRE ST, FVF K DL —E B 28
YIRS s TOBE s ANBUE A DRI 05 1 B 52 4k ek
YL RE ST 5 ARRG I, AR 2 1 i Rt — A 45 5
WA i W AT R

FE LR 8 FPOR A EEREAE R B B A= WA KL, Hh
UK RE Y M A, A R 5 T4 e
S 1A A SR RN B I B A EE AR AR
BB VLS R K ZE R B SR A, ORI N
FRUS, oK BB T] e R AR A W sk A R A il A
KRB A YOIETE RN (CS) , B R (HA), 22 £
%, AR A YRR OIREE(PVA) R A4 R
(CMC), Z R (Cur)F, JBRIFES B T Cur et
BE PR A T A A B ALHI . FAHIMIRAD 25 A%, 1) il
LR (e-C INHAE) (PCL)/CS/Cur 4K 217 4 B A i
FRBUR PR AR e, T LAV A B T L
B AEIER T A A . DL EWFIR LA A R R A ] LA
MR Ry KBRS A ), 3508 0 W4 Akl vl AR & (o P LA 3 i
Pi AR . BEE BRI IEE LU AR 38
SR BREFATN BRI LTI KEE T Rg , - & HH—
R T A PR A T A A 0 K B I, AR EK
BERE | A K BE R | pH MR R /K BEIS 55 . P A
YL PR FLER I 5 PR UK BEIR IR 215 , WEEi% A &R
[ ZRAE LA BT W 20 A Ak % PR s ) i A & 1) s i
2k PRI LR FLER TR UK B TE 4° C NS, 37°CH
A, A R AF PR B RE | i RE I8 3 12 7 5 w3 41 i M2
FURR AR A PR /N BB T A A . SOARES S5l &%
T VG M I AL A /CS A A KBRS, DR R
A HAPUEARPTRE T, 0T IIEBR A, I
i35 P (ROS) 7= A=, 7R /KBRS i A2 &9,
A ARG SR K BE OS5 AL A RE T o 2B ELA NI
P 7K BE I IAE ARG, HLAE A e i bk B A, B R A7
28 BRI A o X Wistar K BREA T (04 61 17T 7 5 F
¢ BRI A TR RBTR AL B R S R IR
WA AT LLAETT & 1 pH i 07 7K B Jise £ 288 5
R (n—R OIEFRBHC TR Mk (ADH ) /3% W R iR - i
(HA-ALD)/IE 55 2R ) REAE  fi; A5 pH {8 R 5 45 24 b4
WREE AT DI S A s M ORI R P s 1) i 571

2 PERRA B E KB R X &R TT

FURI, A1 X PRI R TR YT, KB 25677
D5 FORE PR AR TR Ok A A
P i S O IR T B A 5 HAT 29 MR nT HE RE T 1 2
YAt RS LRI 5 IE A, e — i RS At
IR e R A S BRI ik . KB R et
HAa Ve, 54 K7 T4 Stk 251 %53t

() FHT AT LG 0] i B R 15110,

2.1 BX& T A/ SN b tEsT %

211 Famm/shaktksr ik TAIE—FRMER4
JRL AEARSNRT Tz 0 o AT 20 i RE A8 4 A AN 41k
o il ey I I E A L O] A A R R |
JLA R A 1 B 5 A3 AR D R A AE A TH RS T 2
E0Ja S/ R ¢ NP R S el NI R O (L i 11 I g P
FEME PR A TR YT B IR RS ) 78 5T 4
(mesenchymal stem cells, MSCs) M\CE 386 557 10
N e e AL 1 - NG ST S 5
R I AR PR ke i A AT e Joy 3 4 B B A i
&) 72 5 4 L (bone mesenchymal stem cells, BMSCs ) 7£
LA Be W R A T A G, SR, BAR B BLER K
AR TR AR5 ATh A E 2 B Y,

G I A e — T gy K R 3, 32 £l MSCs 7304
BN NIRRT IR B 25 ) AR RNA K . miRNAs
mRNAs FIEE 5 5T S AA G0 3 51 A% B RE 40 i, AT
T A0 e S R R AR, BFSRIER  th 2
Folt = 400 6 - () S MU PR R DA S5 AR N TR,
TCH L A= BB TR TR P, WANG 45
WF 5% 28 B, K VR T 6k 008 7 T 48 il (adipose—derived
stem cells, ADSCs ) (194N AMAIE 13 305 B AR TE LS 3-34
fity (PI3K) /4 G B (At ) 38 A1 39 12T 24 240 e 1y 184
FEFNIE A | DA A 32F 1 4 A < PR R 240 J A0 ) J5i 17
2.1.2 Fomp/shikb kT ik 5 KB BAT IS H
TN TR , T4 S I Re sz 40, i R A
RORARZE s TR /el b e, AV
Z WG A T A R 1 7K BB s ORI T 3 B T A
il LEE 55500 T 20 Mo 2 B K BE R b, PR A
R A BRI Q0T , A R T RIS . ]
TV M3 5 B UK BE IS PEG-PLGA-PEG ¥ LA
JRAET A AL BRI 415 VA2 iZ R Ge it 1o
A 0 G PR 30 g A AT 2 20 A A A L 1
B 0T e AR R Ak, IR D Ao
AHMED %5 H]— %L A (NO) Bé ik CS/ PVA JK BE i Ak
FI BMSCs MR St R QI @A o NO BRUK BEIE
Ehtwm 1 EAE (H,0,) AL BE R BMSCs FY 20 1
FNANMEIETEAE J) , W2 et 1 A G 22

NI 245 25 07 OB 5T X T RE S X 1
JHR 7= A A, AT BRI LS MIMA IR S TR 2, L
PRI BR A 23 B S I A i D e, TR, A
BT S — TR B A= W) AH B SR AR S NI AR ) 22
TR, AR CAENE PR B T 1) 2 P is 4k, 1 — 20
HEONE A A MK B AL BN A WA 22y
i 2 ) A e R TS T B A B S A e 3 2
A NI K B AE R 74 bR o B T 7 T A AR G 1)



VRSB 244 20234F fRd6t 4l
Journal of Southwest Medical University Vol.46 No.4 2023

365

TS, (R X — PGS AFSE 710 . ZHANG 2265 A\ B
A 1) 8 5 4 AT A R AR B L R PV A/ALg 440K
I S 2 B A 3 3 4 S SR e FH R PR R R 495 11
G, AT LM R A K B2 40 ML (HUVECs ) 3 58 1T
FERNIMAE A5 8, - sOns s 105 1 i /i 2 R0, B
FUAEE 38 2o 43 A i) 78 5 T 20 i (GMISCs ), $2 U GM-
SCs R A M IMA , & BUAMBRTE IEH B RIR S T 1
AT LA E N Rz R B 2T 4 20 il (HSFs) 1 50 24 345 L iF
o INREEA ST RN 2 Z B RIS RS
AT LA A R e A ) T P8 S D B 1 LA R e 2
AP, YANG SEKE B ) 70 5T 1 40 M A5 A i AR i A
BB A IOK BE IR U I F-127 Hp AU ] 3 i
K EE I 25 AN I, 2 #E HUVECs (3T X4 A, 1%
RGAL T A e T BRI L, AT 0 G A D
TURRRAIR SR RS 6] i i 5
2.2 BREHWITIE

254 5 HoAth A Wy R R AR 45 A 1 2R 8 2 A 50 i
Sto MEPRAA B TR g i 25 24 R GE I Pk K, BRAR Y
YR 2 R G IAE S TR IZ 25 2, T KR R Rl 45 24 &
Grab A T KBRS B AN KT A R, BE TIT LA K 2 BLAR
M) B2 RV JZ , AT LA 25 978 1 11 AR s R ik -
R HAmA .
221 BAREAA oy KB EOR EALR AR
PR BGRN A G sk A8 v (8 VR TS A 28 (0 2 0 L 3 4
Ji T R AR B T R T ROS K-, S 850 SR A L 41 i
FET-FIRAT 32400, DT 26 je B4 7 53 RN 43 AN 58 42
A, i —25 I 40 i A ) Joi o 98 (e B Ak
FIAT LA E] ROS 3k B 7= A vl S8 Ak R 975 5 14 46
i, NIRRT AL A o FE /K BRI A [R) 2 AL 9 e 5 v
TP E AL B A= 036 1 90 Jo . 28 IR AR 5 A B
LIAERI 85 T —Fh 2 A a—Bi-r iR (a—LA) B AT 5 K &E
JE , =LA B I A AT LA 336 2 AL T 05 5 1 A 462473
TZEE R AT (R R B A A AL O VE R F PR
RS (PUAO) B L ADSCs 3 5 At A A 2H 1 ) 80k}
“OxOBand” B4 FRE B AR ME , /T LUA S A 1L, 12
PR R E A A A TR A A A, Car RAKEE AN
R AP sz M5 | AR5 Bk TekEtEz, 0
IR R S0 S R AL, JFLI PR FH 32 BRI 020, i A
Cur T ALK B AE AW R I 5T, EA5 3] TR
WA . T KBRS 2% B A I R AN R A 1 4
RSF BRI T HL I PR T, HE 28 A 5 fa7 20 i By B — Ak
SEAR I 1R S B RFIUAR A B Cur/PV A ZK BRI 5 iX Ak
HEIE AT DL SE A5 O A IR R P T, SRy
IR S ORI 2 F 8 TR LY WANG 2604 £
() 1138 Cur 19 Alg/SBALFE (Zn0 ) 7K B I Ik 7] LA 37
Cur AYOCREME , NI IE K Cur BB EALIE T, X — 25
RN RE AT E 25 25 RGP T —Fh i e S8

%o SHEFA SR FRRE Hil 45 T 21 24 R 90 K 2 2 -
B 2B -2 8 % (TOCN-PVA-Cur) 7K BE AR & , %
Cur HEA 7389 AR E T TS . LA, ZHOU 521 £
B 3A Cur B8 K A (PCEC/Cur) F HA 1Y 42 4 /K HE
W2, e A ORAR, BEHR PTG, e R A 2 i A
ek A A
2.2.2 A M4E G M o KB AR SOR T IR R A R G
B R BRAE 2 — o 24 ARG IR K i, RE
o7 P8y 3t B SR N AR AL I T 2 0 Y TR 2
PR 7SR I 3 5 T 05 GBI O ARGE B /b , H 5l
S EAT R R TSR IRYT R I, SRR L
A (MET-HCL) J&WUIRAT A4, SUISE 259 7 2 Y
R FB R B SR A2, AR Y I, T BUIK
i I 4 AMP AR5 Y 2R R (AMPK)/ T 2L sl ) 5
A8 R (mTOR) 5 530 B il A R 45 5 55
b 25 ¥ SRR A2 AR 2 11 3 (NLRP3) A8 i /MA I Ak, 12 3
M2 03 40 i A, Jin s 1) T A 55, TAWFEEK %55
WF A& MET-HCL K BERE , & —FP HA Pl @ A 16 M
BIHTBORL, R 4A 2 5 & BT LN S5 4 8 UEA K
FEE B LA RS R RIRI TR RO 25
B 245 AW 1) 1 55 KV 30 3 8 4 i B R o
Az OR AR E 22 400 5 R (R B R R 4R 25 A7 A
e S Y [R)E, BT AT 95 10 A A5 ol A v ok 2 12 B
RN £ 28 A — A i P R e, L E et (1-(3-—H
F I ) -3- 2 Fem WAL (EDC)/ N-32 2B LI
JHie (NHS ) S 0 A i & AR A 2 1 (Ins—K) , il £
T Ins—KKEEE , AT HRFLL RO i R, i 70 A 1
SRR SR Y B, 72 S B s SR TORR, DTS 4
J2 R R AR IR T B
2.2.3 HA AL My oy KB SR TEME PRI 18 1 35
Tt mbE S T A B I SORE -, PR AE I
FERBT ) HE S AT 48 285 (NSATDs ) i 3 10 G028 40 i 11
/N A AR R AR BT R VT, 3 5% NSATDs 25 S 80™
FAEIVEF , R I F NSAIDs A] DU IEA 24000 25 ik
JE , TR/ BIAE A2 22 s NSATDs 2% A K BEE
] DU R dl RO . MAURT A8 3 iR £k s hiz
BHARIK L B A5 3% 25 I 255 B K BRI L, X FhK B
JE T AR AR B AR T I 24 R, v il T A A AR Y
254 % ) 181

ARG SRS 5 1 S R U AE ) T R
SEZ —, B RS 5 EA IO ME M S N, M (475
PR HERP, BSR4 Bk S R 9K 0RE Y
KR e A 1 (A R 7 A R 24 P T S A e R )
T Ok LA T X, DING 25 DL R SR A W 2 By 2o
TR (TA) FIRSR B4 (G) M JERL, A T —ME a1
BREEIE (G-TA KEEIE ) , %K BERE REAE /N BT 350 B2 ik
SRS, A DUREERE A A A ORGBRE Fn



366

PRGEERI RS54 20234 Hid6d: A4l
Journal of Southwest Medical University Vol.46 No.4 2023

Préafbne y, HRIVERTE sARAR , BA R AFr i H
HI e,
2.3 BRAMKEAR

R 2K SRS A R ] 5 PR K B e 4 1 FH T PR
BIEIRIFAN , A ZFhER A 9k T # 8 BA Bt
P, INABDKEERE b R A SRR
B S T B S A B S D e A R e R A /B B R TR
S RGP TR, 48 4 8 E ALY 9K ok A
i 4 K UK (CuNPs) |, AR 40 K JikE (AgNPs ), — S ALk
YR JIRL (TiIO,NPs) F5, Hir AgNPs [RIHS R 45 BT e
PECEASIEVERHACREERD S e, bt vmst
2R TR O AS, MASOOD %5 £ AgNPs, 1
3 N TR OB T S e R - R O R TR A
K, JE LK BRI o 388 3 PR 2% f S B A HH % 7K B
BA RAFPUE A B SRR, B 528 7 RpE-
R T FIKEERAH L, AgNPs (U] il 55 M-3R 20 %
IKEE I HAT U405 AL A e T, wT LU L R Ak
A e SR UL AR HUANG 25 4l £ 1) 7 25 4 480 1L il
(Gox)/U 48 Ak = 8k (Fe,0,)/— 48 Ak £k (Ti0,)/wk 2 £
(Ag;,PO )P MK EE I A Hr AR P RE LS PR (1ML
Wi R T R A R AL A, AR AR RS AR A R B AE
FHMLTE A S PR /N B T A A5 o Ak T B E Y
4 B AR IBRA G B . A LRE B ELRE IR G
ZEHBl L CHU ST & T AU Kb - 25 - ) 4=
S —R 2 AL E A A )5 (GO-PEG) A 311
ik Bz A T B4t Af L B BE 5 (ADMD) 24462238 . &
A1 S 2% WA S AR LA R 1) A0 AR 2 1 5 T A
MSCs 384 5 - 171 JI 15 200 J0 A0 i B 40 B Ak 5 mT A= 0
it , ELRE A2, A A TR QTR A e R 5 . 7
A PRS2 36t I S22 57 24 RT3 e S O RRURT I 4 P
HERE PR O T R A A . LIZE M S2 B0 B, A4 T 1k
HRFECRE (PABC) (3R 2 i N /s B2 1§ (PEGDA ) /45
i A W 1 PR B B 4 K 0L (BGNC) /AL 8 PAB R 524
W PRI S 4 K Uk (BGNs) (19 248 ), g 01 A5 Ak b B
FEIA A PR A 1 B, B o A A7 305 S R 5
R A A R R e SR TR 8 T A R DR s ) T
AW,
2.4 BRAEEMITE

IR B 30 (LLLT) mT DA B4 11 f 571, (R0 3
JGIT ¥ 5 K e OB B G 3R 97 A T ST D
Aragdo—Neto AC ST CS—policaju(ﬂé‘]ﬁﬂ:Eg%*ﬁﬂi)
IKEEIE (POLI-CHI /K &EIE ) B A BRI A (R0 B2 0k
IRYT Wistar K BRI B2 IRBIE , 25 R BB GBI A
T 04, R ) JRy kb SR AR R L f
I !

it 25 X B T A A 1Y 43 F AL S W A 5T, 2 R
ORI 7 5 K BE OB B0 TR PR 1]

TR T IS 7 1) o SEDRUAN B 8 g I 3k e e 31 i
R 40 i 2 5 PR T 3 1) — T EE R Pk RS, DURAN-
MOTA “5Hil % T —Fh# AR (B-2 %R (pBAE) 44K
TR Y /KBRS TBORE , pBAE 49 K Bk AT D426 1% L
REfeUE H K 4 At 2 (5,75 6 31 11 ) mRNA T DNA 3 A
HSFs , £ I 3 Fi okl 2 55 DAY 12 P B T A 1 BELAR
AR, GFs R ZUIRERIE 50T, 7E DB E 1)
A BEEAT AN A AT M AT RERT 4 ) T 4k 4
JA K T (RGF) 76 A5 54T 2 200 i 1) 55 4 G
A AL (ECM) (TR S 145 A2 il 7 1 B T
BRI, AR R 18 A 1, TR GFs 2 f) 5
FER T A e Tk B VR R AN GFs BT AR
RO MR A ) e i L B T AE RN Pk k
JEUS Y ANG SEIF il 1) — 5 A SO i it AR K R
F-2(KGF-2) F R £F A 4f i A K I F-21 (FGF-21) Y
TS VDU 407 IR ABOK B nT LA g 18 B E K IR 7, K
RS I B, 3 ROk S TT fiE 3 it KGF-2 4S040
JitL 348 58 RN FGF-21 45 14 9 JE 190 il >k i 33k 420 Ty 1 i
AP, HAO 45 il £ 1 e AT 4 40 i A KX
(bFGF) B ¥R H1 352 B BH (CMCS) 7K BRI HLA K BFF:
AR AR PR L il B BT R PERE ; a4 0 Kie7
B 7= A A R AR AR SR A A B, 375 5 T T 5 3
i R CD31 M1 CD34 375 5 M55 A5 B, 70 Ji s 12 1431
AT R B ER AT,

3 IhNg

Y s A0 T A5 ML R 2% L e IR s SR AR
P29 AR A 2 BUM ML RS2 40 DA S5 /KA
AR, BRI OAER. BT, R R R
I7 T QNS AE W s T T AT VR AT R
KR 5 BRSNS AE 10 1 A A F ke 2]
— B MAEFEVE T, (B USRG2I LB
TR I S IR BE A S — S 25 Fn MG GFs AR E
PSR ) 5 S Bl B L RTRYT A E L
SN A . KU, AT Can T 40 T+
g SN IR 25 W R A K TR ) Al A AR A 3
PR CANGRRL T ) 5 B B AR AR A B S A B
A RRTT AR .

IR EE I —Fh A 0 A AR 2 PR X — 7 7
A A W B i OB ) R 4 I PR3 R I H v e =
I PRI () 1 1 22 A PR A5 2R i 75 1 — 20 S 30 i =2
FEHIG R B . AR, 80h Z R AE W i 1 o+
1 2 D RePE K BE B O A S . Aok, I & (Al B HL
A7 Z2 R I HL T (f 4 it i 40, AR 2058 26 145 1 B
B, U/ P 2 A R A A ZH 2 AR A I K T4 ) 1)
BRI RL A R A T A5 R 454 B B [m] i
B XA AR R R s s B A



PUR BERE R 221

20234 464 4l

Journal of Southwest Medical University Vol.46 No.4 2023

367

4 SEHK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

(16]

(17]

BARBOSA N BV, ROCHA J B T, SOARES J C M, et al. Di—
etary diphenyl diselenide reduces the STZ—induced toxicity[]].
Food Chem Toxicol, 2008, 46 (1): 186—194.

SEE . BRI SA R 5 BB ). PR R 2017;
40 (01):1-2.

MOINI J. Epidemiology of Diabetes[M]. Amsterdam: Elsevier,
2019: 75-90.

SUN Y X, SHI H, YIN S Q, et al. Human mesenchymal stem
cell derived exosomes alleviate type 2 diabetes mellitus by revers—
ing peripheral insulin resistance and relieving 3 —cell destruction
[Jl. ACS Nano, 2018, 12(8): 7613-7628.

CHO N H, SHAW J E, KARURANGA S, et al. IDF Diabetes
Atlas: global estimates of diabetes prevalence for 2017 and projec—
tions for 2045[J]. Diabetes Research and Clinical Practice, 2018,
138: 271-281.

BADHWAR R, MANGLA B, NEUPANE Y R, ef al. Querce—
tin loaded silver nanoparticles in hydrogel matrices for diabetic
wound healing[J]. Nanotechnology, 2021, 32 (50).

SHI L, YANG N, ZHANG H, et al. A novel poly (y—glutamic
acid)/silk—sericin hydrogel for wound dressing: synthesis, charac—
terization and biological evaluation[J]. Materials Science and En—
gineering: C, 2015, 48: 533—540.

LEEY H, HONG Y L, WU T L. Novel silver and nanoparticle—
encapsulated growth factor co—loaded chitosan composite hydro—
gel with sustained antimicrobility and promoted biological prop—
erties for diabetic wound healing[J]. Materials Science and Engi—
neering: C, 2021, 118: 111385.

HUANG T T, YUAN B L, JIANG W, et al. Glucose oxidase
and Fe,0,/Ti0,/Ag,PO, co—embedded biomimetic mineraliza—
tion hydrogels as controllable ROS generators for accelerating
diabetic wound healing[J]. Journal of Materials Chemistry B, 2021,
9(31): 6190-6200.

AGARWAL Y, RAJINIKANTH P S, RANJAN S, ef al. Cur—
cumin loaded polycaprolactone—/polyvinyl alcohol—silk fibroin
based electrospun nanofibrous mat for rapid healing of diabetic
wound: An in—vitro and in—vivo studies[J]. International Journal
of Biological Macromolecules, 2021, 176: 376—386.
YANG L L, ZHANG L T, HU ], et al. Promote anti—
inflammatory and angiogenesis using a hyaluronic acid—based hy—
drogel with miRNA-laden nanoparticles for chronic diabetic
wound treatmen(J]. International Journal of Biological Macromol—
ecules, 2021, 166: 166—178.

Bk, MA. ZEFON RO G (@ &V M HARL T
FEHER]]. hERs 2%, 2021, 37 (4): 391394,
FAHIMIRAD S, ABTAHI H, SATEI P, et al. Wound healing
performance of PCL/chitosan based electrospun nanofiber elec—
trosprayed with curcumin loaded chitosan nanoparticles[J]. Car—
bohydrate Polymers, 2021, 259: 117640.

PR OE, T3, . AR AR UK BN B RPN
42 J2 B2 1 Sl 5 6] T A B0 52 i) B ELATL AR . ARt SR,
2020, 36 (12) : 11171129,

SOARES R D F, CAMPOS M G N, RIBEIRO G P, ef al. De—
velopment of a chitosan hydrogel containing flavonoids extracted
from Passiflora edulis leaves and the evaluation of its antioxidant
and wound healing properties for the treatment of skin lesions in
diabetic mice[]]. Journal of Biomedical Materials Research Part A,
2020, 108 (3): 654—662.

LI Z H, ZHAO Y, LIU H, et al. pH—responsive hydrogel loaded
with insulin as a bioactive dressing for enhancing diabetic wound
healing[]]. Materials & Design, 2021, 210: 110104.

SHI R F, JIN Y P, CAO C W, et al. Localization of human

(18]

[19]

[20]

[21]

(22]

(23]

[24]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

adipose—derived stem cells and their effect in repair of diabetic
foot ulcers in rats[J]]. Stem Cell Research & Therapy, 2016, 7
(1):155.
XENEE, SRR, TN, 4 . fa AR 78 B T amiar 7k e
TR A oS/ INER S B QTR A & O 7 2% FRE ZH R AR R,
2022, 27(1) : 21-27.
YAN ] X, LIANG ] J, CAO Y X, et al. Efficacy of topical and
systemic transplantation of mesenchymal stem cells in a rat model
of diabetic ischemic wounds. Stem Cell Res Ther, 2021, 12
(1): 220.
WANG C G, WANG M, XU T Z, et al. Engineering bioactive
self—healing antibacterial exosomes hydrogel for promoting
chronic diabetic wound healing and complete skin regeneration
[JI. Theranostics, 2019, 9(1): 65—76.
IR SRR 7 5T T4 NIMA IR & SE SR i/ 22 FR B i 4 e
PRI RR G EHR(C]. /B K EE DR g E
IR, 2017:168—169.
WANG ], WU H, PENG Y X, et al. Hypoxia adipose stem cell—
derived exosomes promote high—quality healing of diabetic
wound involves activation of PI3K/Akt pathways[]]. Journal of
Nanobiotechnology, 2021, 19 (1):202.
LEE P Y, COBAIN E, HUARD ], ef al. Thermosensitive hy—
drogel PEG PLGA PEG enhances engraftment of muscle—derived
stem cells and promotes healing in diabetic wound([J]. Molecular
Therapy, 2007, 15 (6): 1189—1194.
AHMED R, AFREEN A, TARIQ M, ef al. Bone marrow mes—
enchymal stem cells preconditioned with nitric—oxide—releasing
chitosan/PVA hydrogel accelerate diabetic wound healing in rab—
bits[J]. Biomed Mater, 2021, 16 (3).
ZHANG Y Y, ZHANG P, GAO X Q, et al. Preparation of exo—
somes encapsulated nanohydrogel for accelerating wound healing
of diabetic rats by promoting angiogenesis[J]. Materials Science
and Engineering: C, 2021, 120: 111671.
YANG J Y, CHEN Z Y, PAN D Y, et al. Umbilical cord—
derived mesenchymal stem cell—derived exosomes combined plu—
ronic F127 hydrogel promote chronic diabetic wound healing and
complete skin regeneration[J]. International Journal of Nanomedi—
cine, 2020, 15: 5911-5926.
SHIEKH P A, SINGH A, KUMAR A. Exosome laden oxygen
releasing antioxidant and antibacterial cryogel wound dressing
OxOBand alleviate diabetic and infectious wound healing[J]. Bio—
materials, 2020, 249:120020.
LI Q Y, LIU K, JIANG T, et al. Injectable and self—healing
chitosan—based hydrogel with MOF—loaded o —lipoic acid pro—
motes diabetic wound healing[J]. Materials Science and Engineer—
ing: C, 2021, 131: 112519.
ZHOU P, ZHOU H, SHU ] A, et al. Skin wound healing pro—
moted by novel curcumin—loaded micelle hydrogel[J]. Annals of
Translational Medicine, 2021, 9 (14): 1152.
HE F, JIAO H J, TIAN Y, ef al. Facile and large—scale synthesis
of curcumin/PVA hydrogel: effectively kill bacteria and accelerate
cutaneous wound healing in the rat[J]. Journal of Biomaterials
Science, Polymer Edition, 2018, 29 (4):325-343.
WANG H P, GONG X C, GUO X A, et al. Characterization,
release, and antioxidant activity of curcumin—loaded sodium algi—
nate/ZnO hydrogel beads[]]. International Journal of Biological
Macromolecules, 2019, 121: 1118—1125.
SHEFA A A, SULTANA T, PARK M K, et al. Curcumin incor—
poration into an oxidized cellulose nanofiber—polyvinyl alcohol
hydrogel system promotes wound healing[J]. Materials & Design,
2020, 186: 108313.
ABBAS S, BASYOUNI W, EL-BAYOUKI K, et al. Synthesis
and evaluation of 1—substituted—biguanide derivatives as anti—

diabetic agents for type II diabetes insulin resistant[J]. Drug Re—



PURFERIICS 229 20234F  ffid6%: 4l

368 Journal of Southwest Medical University Vol.46 No.4 2023
search, 2016, 66 (7): 377—383. hancement of MSCs differentiation potential and diabetic wound

[34] QING L M, FU J F, WU P F, et al. Metformin induces the M2 healing[J]. Nanoscale, 2018, 10 (20): 9547-9560.
macrophage polarization to accelerate the wound healing via [43] LIYN, XU T Z, TU Z L, et al. Bioactive antibacterial silica—
regulating AMPK/ mTOR/NLRP3 inflammasome singling path— based nanocomposites hydrogel scaffolds with high angiogenesis
way[J]. Am J Transl Res, 2019, 11 (2): 655—668. for promoting diabetic wound healing and skin repair[J]. Ther—

[35] TAWFEEK H M, ABOU-TALEB D A E, BADARY D M, et anostics, 2020, 10 (11): 4929-4943.
al. Pharmaceutical, clinical, and immunohistochemical studies of [44] YOON J, PARK J H, CHOI J W, ef al. Optimal fluence and
metformin hydrochloride topical hydrogel for wound healing ap— duration of low—level laser therapy for efficient wound healing in
plication[J]. Archives of Dermatological Research, 2020, 312 (2): mice[J]. Annals of Dermatology, 2021, 33 (4): 318—323.
113—-121. [45] ARAGAO-NETO A C, SOARES P A G, LIMA-RIBEIRO

[36] LI W F, GAO FY, KAN J L, ef al. Synthesis and fabrication of a M H M, et al. Combined therapy using low level laser and
keratin—conjugated insulin hydrogel for the enhancement of chitosan—policaju hydrogel for wound healing[J]. International
wound healing[]]. Colloids and Surfaces B: Biointerfaces, 2019, Journal of Biological Macromolecules, 2017, 952: 68—272.

175: 436—444. [46] DURAN-MOTA J A, YANI J Q, ALMQUIST B D, et al.

[37] YANG X X, YANG R S, CHEN M, et al. 2020. KGF—-2 and Polyplex—loaded hydrogels for local gene delivery to human der—
FGF—21 poloxamer 407 hydrogel coordinates inflammation and mal fibroblasts[]]. ACS Biomaterials Science & Engineering, 2021,
proliferation homeostasis to enhance wound repair of scalded skin 7 (9): 4347-4361.
in diabetic rats[J]. BMJ Open Diabetes Research & Care, 2020, 8 [47] JOSHI A, XU Z, IKEGAMI Y, et al. Exploiting synergistic effect
(1) : e001009. of externally loaded bFGF and endogenous growth factors for ac—

[38] MAURI E, ROSSETTI A, MOZETIC P, et al. Ester coupling celerated wound healing using heparin functionalized PCL/gelatin
of ibuprofen in hydrogel matrix: a facile one—step strategy for co—spun nanofibrous patches[]]. Chemical Engineering Journal,
controlled anti—inflammatory drug release[J]. European Journal of 2021, 404: 126518.

Pharmaceutics and Biopharmaceutics, 2020, 146: 143—149. [48] PENG J, ZHAO H, TU C Z, et al. In situ hydrogel dressing

[39] DING T T, QIJ]J, ZOU J C, et al. A multifunctional supramo— loaded with heparin and basic fibroblast growth factor for acceler—
lecular hydrogel for infected wound healing[J]. Biomaterials Sci— ating wound healing in rat[J]. Materials Science and Engineering:
ence, 2022, 10 (2): 381-395. C, 2020, 116: 111169.

[40] CUI F C, SUN J D, JI ], et al. Carbon dots—releasing hydrogels [49] HAO Y P, ZHAO W W, ZHANG H, et al. Carboxymethyl
with antibacterial activity, high biocompatibility, and fluorescence chitosan—based hydrogels containing fibroblast growth factors for
performance as candidate materials for wound healing[J]. Journal triggering diabetic wound healing[J]. Carbohydrate Polymers,
of Hazardous Materials, 2021, 406: 124330. 2022, 287: 119336.

[41] MASOOD N, AHMED R, TARIQ M, et al. Silver nanoparticle
impregnated chitosan—PEG hydrogel enhances wound healing in (*IJE;LP?‘% . 9[-:)

diabetes induced rabbits[]]. International Journal of Pharmaceutics,
2019, 559: 23—36. -~
[42] CHU J, SHI P P, YAN W X, et al. PEGylated graphene oxide— (ki B 390 :2022-11-14;4& 1] H 191 :2023-02-15)

mediated quercetin—modified collagen hybrid scaffold for en—

FARIB BB HERERENR

AT B RAREAE AT 4 2022-12-30 & A 69 (5 Kb X% B AL ) b ATk A RHLN B8 4% 2 B H B, 2
R L P E2HEAEGES MR EE0NEHEEs, AL A LA TE FE BEWLEEG, AL
TRK KEGL, REH, —BARTRESARF ;MM LB FRANESLBER; R AE N Fm N A 6 %15 F 454K
R B AAGKF IR AR AAFES T

AP IEE R B TR A e ) R RS F R BTG LR, AR AR ERE F LA
B A AT S B R S AR, R AR T A ARGE AR EE . AR TERRUA, B LTAINL(SAEL)ML,

— & R A B AL PR T A LA SR % 43 SRR, R 81 % AN R BLEA e R B 4 R A A AR R
DIUERE , RASNEGFRER, SRR AL AR LT AL LA 62088 4454 5] % R 5L
i

A P R R Mgy LR AR — 2

(A TFI4REEED)



