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TR PR 57T BRI E S 7K EE B AR 3E 4 PR e /0N BR
A Sl IETh-U =y

EHE, TR, XA, £EE
LFRFBEESR . 2 B EKRESF, LT (100081)

[(HZE] BM BT AE KT (STG) 19 ] 7 5 DU 3R £ B (tetra-PEG ) 7K B Z (A #8 PEG-STG 7K #E %)
Xof A R /I R B K0 T 8 A D, Sy L i 82 7 T T M DR 9 A6 8 I s 1 4 B R B 2H 4 B T — B 1Y
JRFRIRIT AR K P AR ST IR . iR SR DUE B £ B EA e I R R (PEG-SG) S5 U & 2,
Fis i (PEG-NH. ) il £ PEG 7K BEIE , i#f — 25 11 4% STG il % PEG-STG /KEEIE . 38 1 4594l H 5 WL 4% PEG-STG 7K ¢
JIE Al ML 285 A, A 0 FE A TR IR M R L T | R R B AR A 2 W R RE . R N RS A A A R
1929 A 5% # ik N B2 20 L 2R (HUVECS ) #EAT A4S S 40 M0 52 55, 5258 43 4 20 NC 20 Ry 18 15 95 ZE X R4 Glu 4
30 mmol/L i 454 1 72 SL AL B4 s PEG 41K =M 25148 T A PEG /K BE I 2 2 AL 34 ; PEG-STG 410 =i b
M F A PEG-STG 7K B IR 4R WAL FIZH o 3k CCK-8 . 4H MO FE /1 Ye €8, V5 1L 52 40 STk B4 ek 26 90 A0 257k 5 %
RS | Transwell 385 9256 L qRT-PCR B Western blot PEAli PEG-STG 7K % 2 X w5 15 25 5% T 40 i 21 g 7Y 52 1 .
A5 B ST 6 B AR R A8 B 2 B et e, ik — 5 ST CSTBI/G6T /N BB R /0N BB T Bl A R Sz A3 o 3
2H s NC 41 1E 5 /I BURZ JR 45 % JE 21 5 Glu 28 SR B s /0N BRORZ IR SR B A8 U 2 3 PEG-STG 2H Ay i PR s /) BRURZ Jik
B 45T PEG-STG /K B I JF A6 kb BEZ , 3 38 O T R AR5 6 1T & R Ge 1 H 20 B & HE B @174 PEG-STG
K B e ok 1] T A A TN GBS RS . ZE R PEG-STG /K B n] 76 55 16 N P s , HA R4 (0 ml v 5 1
R — () 22 FLE5H . MRES T PEG /K BEIE , PEG-STG 7K % i Y d5e K T 4 5t BF 0 28 38000 , 175 K 5 R e i okt %
YA TR R (P < 0.05) . A5 Bl 5236 45 9 W7, STG 16 B il 1 257 2 B A HR B i a3, B s TR 5 )% 3%
WU ZE , I AE I Y IR R RF L2 R, CCK-8 A M AL /75 Y2 €0 B 75 1 S 50 45 S R W], PEG-STG /K BEI B A B
1 A 0 R 2 P R A P R A A i S 2 AR B R L AR ST NC 4, Glu 20 AT B & 41 il HUVECs #1 1929
B 3E #% E T , PEG ZH 41 i i 7% B8 1 JCBH . 003% , 17 PEG-STG 4 iR 45 B Wik 3% . b4k, PEG-STG 41 HU-
VECs Ifil /M- N K2 41 B G B 53+ 1(CD31) LIl 45 N AR B+ (VEGE ) il 4514 1fi &2 55 P+ (VWE) ) mRNA
FikKF-THiE , VEGE Fil CD31 MY ER F R A K P IR TE iR o BRI /)N B JR i 4 A5 AL S 06 25 R 6B, R R 14 d,
PEG-STG 2 KK 20 4100 T fin 4 A% W& 8 T Glu 411 NC 41, HE e (85 T WLEE, M1 L NC 4171 PEG 41, PEG-
STG 414 i F 1= fe AL R BE 4R w0, A ZE 0 U8 R I 8, A VS IR B 35 4F . 4538 PEG-STG /K Bk B K4
4 RT3 S R A AR 2 T R R M R S PR B 4T L ) T 4 A L R AR AR IR O /0 RS R T
R R J SR 2 3 FH TR R AR I A 01 I8 S g R R A 2H 20 T — A A Y JR YA T R R At S AR AR
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[Abstract] Objective To investigate the effect of injectable tetra-polyethylene glycol (PEG) hydrogels loaded with
sitagliptin (STG) (abbreviated as PEG-STG hydrogels) on skin wound healing in diabetic mice, providing an experimen-
tal basis for the subsequent development of local therapeutic materials for primary healing of oral and maxillofacial skin
and soft tissue wounds in patients with diabetes. Methods PEG hydrogels were fabricated via the reaction of four-arm
PEG succinimidyl glutarate (PEG-SG) and four-arm PEG amine (PEG-NH,). Subsequently, PEG hydrogels loaded with
STG were prepared. The microstructure, gelation, injectability, compression properties, swelling, degradation, and in
vitro drug release profiles were characterized. In vitro cellular experiments were conducted using the mouse fibroblast
cell line 1.929 and human umbilical vein endothelial cells (HUVECs), which were divided into four groups: an NC
group (normal medium control), Glu group (30 mmol/L high glucose medium), PEG group (high glucose medium with
PEG hydrogel exiracts), and PEG-STG group (high glucose medium with PEG-STG hydrogel exiracts). Biocompatibility
was evaluated via CCK-8 assays, live/dead staining, and hemolysis tests. The impact of the PEG-STG hydrogels on cel-
lular function under hyperglycemic conditions was assessed using scratch assays, Transwell migration assays, qRT-
PCR, and western blotting. Furthermore, approved by the Institutional Animal Care and Use Committee of the affiliated
institution, a diabetic C57BL/6] mouse skin defect model was established and divided into three groups: an NC group
(normal mice control), Glu group (diabetic model control), and PEG-STG group (treated with PEG-STG hydrogel in situ).
Wound healing was evaluated through gross observation, wound healing rate analysis, and histological assessment via
H&E staining. Results The PEG-STG hydrogels exhibited rapid gelation at room temperature, excellent injectability,
and a uniform porous structure. Compared with the PEG hydrogels, the PEG-STG hydrogels showed a significantly in-
creased maximum compressive strength, swelling ratio, and degradation rate (P < 0.05). In vitro release profiles indi-
cated an initial burst release of STG followed by a sustained release phase. Biocompatibility assessments confirmed that
the PEG-STG hydrogels possessed good cytocompatibility and hemocompatibility. In viiro cellular experiments demon-
strated that high glucose significantly inhibited the migration of the HUVECs and 1929 cells, which was not amelio-
rated by the PEG group but was notably improved by the PEG-STG group. Moreover, the PEG-STG hydrogels upregu-
lated the mRNA expression levels of platelet-endothelial cell adhesion molecule-1 (PECAM-1/CD31), vascular endothe-
lial growth factor (VEGF), and von Willebrand factor in HUVECs, along with increased protein expression of VEGF and
CD31. In vivo results revealed that at 14 days post-operation, the PEG-STG group exhibited significantly enhanced
wound closure compared with the Glu and NC groups. H&E staining showed improved re-epithelialization, increased
granulation tissue formation, and better tissue structure restoration in the PEG-STG group. Conclusion PEG-STG hy-
drogels possess favorable injectability and biocompatibility. They can improve endothelial cell and fibroblast function
under hyperglycemic conditions and promote diabetic skin wound healing, providing a experimental basis for develop-
ing localized therapeutic materials for oral and maxillofacial wounds in patients with diabetes.

[Key words] hydrogel; sitagliptin; diabetes mellitus; skin wound; ~soft tissue healing; tetra-polyethylene gly-
col; local drug delivery
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F B i -4 (dipeptidyl peptidase-4 , DPP-4) #Jl il 5] , /&
AR 5T 2 W G R B A A 5 P e 9
20 A A | R R T ML A AR A A A e R IR
FOCHZBUE . AU RI], v LI i i g 22
2R F/STG Al v 5 o5 M ke 2 g LB B e A8 525
SR FH 2K JBURE | L 25 22 5220 3D FTED 2 4L S0 28
SERFRE, P STG 3B 1% 2 A1 i 4l 2 w5 i b R K A
T A S B IR B iR 5SS bt e A2 2% HL i &
AR N 2 BB, T A BB AR e R IR
7l PR AL R

VU R 5 £ — % (tetra-polyethylene glycol, tetra-
PEG ) /K BE K (18] F) PEG 7K e ) BAT B0 1y A= A
T U RS RE E , RT A SR AR A T A 5 A
S5, IFAE O 25 W 3 1 A 52 B 25 W) B9 JR R B 28R
FRSE B, [l I tetra-PEG HL A % 4 (1 o] 38 0 DL &
RS, RE 8% NN A IR A A 2 k5 25 M 2 g
1% 2l , A R T R A il KR H T, %
FHt STG 718 T tetra-PEG 7K % 2 I 1& FH T B IR
o 6L AT 70 B K sk 458 4 A2 A A0F 5 i R UL AT
AW 58 K @ T 578 STG 1 U B B 2 % (PEG-
STG ) I VS /K BEFE , 70 50 UE AT B BE R 24 R E |
PRI PESE A b R T PEG-STG /K BE MK Jr i
A PR e R TRCPR B A8 R A OC 4 M S e ke
PE R KA TS B R ATE L D S 2 4R R B PR
AR T AR A 2R A T Bl R A Bk
B AV T — W A A IR T R SR A

1 #HBFTE
1.1 2EZBEL5RXA

14 B F 5 fBE (SU3500, Hitachi, H 4% ) {5
B W AEE (1X73, Olympus, H AS) A=Y & 45
(1300 Series A2, Thermo Fisher Scientific , & [H ) . —
AL Bk 40 M 3 3% 46 (Heracell VIOS 160i, Thermo
Fisher Scientific , 2 [# ) | i #51% ( Multiskan SkyHigh ,
Thermo Fisher Scientific, 3¢ [# ) |\ %% J & i PCR 1%
(CFX Connect, Bio-Rad, 3¢ [# ) . ¥ % T 48 HL (Lyo-
Quest, Telstar, P4 Bt & ) (A5 % WL + 47 #r K °F
(EX223, OHAUS, 3t [H) . J7 fig #1 #HRA K Hl (5944,
Instron, € [® ) . &5 2 & 3 2.0 Ml (Centrifuge 5424
R, Eppendorf, 2 [ ) | Hi Uk { (Mini-PROTEAN Tetra
Cell, Bio-Rad, 2 [ ) . =X %% J% /% (Mini Trans-Blot
Cell, Bio-Rad , 3¢ [# ) K k2% & 56 AR & 4t (Chemi-
Doc MP Imaging System , Bio-Rad , 3¢ [# ) .

VU I £ T SR FA TR I M N R TR [ 4-arm

poly (ethylene glycol) succinimidyl glutarate, PEG-
SG J MU 5 2, — e [ 4-arm poly (ethylene glycol )
amine , PEG-NH, | (J& ] 28 % FBA& AL YR A R A
AL, A ED) (PG ST (Sigma-Aldrich, 22 [E ) \DMEM
i F73 (Gibeo, 2 [H) i 4 ML (Gibeo, K H ) (75
R - Z WL (Gibeo, 2 ) | 4 1T H0L 0 &
-8 (cell counting kit-8 , CCK-8) ( [ 1§ £ = KL ¥y 4%
ARA RN, D) #5822 vh i (phosphate-
buffered saline , PBS) (Solarbio, H' [& ) . 5E/1% 41 g 4¥
83205 & (Invitrogen, £ [H ) (4% £ R H B4 2141
i [ 5 W (Solarbio, H [ ) B Ik & % (streptozoto-
cin, STZ) (Sigma-Aldrich, 3% [# ) | #7 45 iR £k 2% vl
(Solarbio, H1 [ ) | 75 A - F £ 44 45324057 £ (Solar-
bio, f1[E ) \RIPA LA W . BCA K 11 & 1 i) &
SDS-PAGE % Jii i 4 570 & 26 11 b F 22 vl ik
PVDF 5 . JBi B W4 K . Tris 2% o 46 75 W % ik 7L -20
(Tris-buffered saline with Tween-20, TBST) . ECL 1k
RO ( B = RAEWHARARA A,
) o Western blot 5% 55 Jir Hl — ¥t £ 45 S bt /) Bl
VEGFA £ %8 [% $it #& (19003-1-AP, Proteintech, ¥
) Abi N /N - P e AR B 2 B 43 -1 (plate-
let endothelial cell adhesion molecule-1, CD31) £ &
[ 4ifA (11265-1-AP, Proteintech , B [ ) Fl 4 470/ B
B -actin %2 75 % PT 1K (20536-1-AP, Proteintech, 11
) s PN HRP #53c 1h = $T & 1gG (H+L)
(SA00001-2, Proteintech , 1 [ ) .
12 mis ki3

A B2 i 5 6 SR FH /0 B 2T 48 40 i 3R 1929
N K N B2 40 g 22 (human umbilical vein endo-
thelial cells, HUVECs) (b 5042 B35 A4 P BH 5 A7 R
AN o ARSI BESY S W OT AR I R SR A A
(The Animal Research: Reporting of In Vivo Experi-
ments, ARRIVE) 8§ ®§ 2.0 (htips://arriveguidelines.
org) , I H B BRAF AL 5 A2 10 1= Bt 52 50 3 400 4
& B 2 5y 23 Lol (H 4L 5 LA2022560) , 3 ) 55 5
T7 AR AR B D s e O7 R PAT COR 247 1
W) o LB Bk  SPF 9% .4 ~ 6 JH % M 4 C57BLY
6J /NG, g F b 5t i DUAR 5256 sh W FR A IRA W]
N B A 7 A AR IES R SCXK (52)2019-0010, T4
B W) ) e S 9 B 48 AR 24 TR b 5t K5 1R BE B SPE
9 S B Wy O SE B ) IR PR BT IR 20 ~ 26 'C(H
i 2E<4 °C)  HXFIR B 30% ~ 70% , 12 hG/IEIE 3
H SR UOoK, & H SIS ks G SR
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1.3 PEG-STG 7K %t % #9 4] &

¥ PEG 7K % i & 5 3k STG, L5 70
PEG 41 fil PEG-STG 41, #4014 & 3 MFEA . PEG
20 S DU R B 2 R IS I IR i Y — R g ( PEG-
SG) 1 U 5 £, — W fE (PEG-NH2 ) 43 5 i T 48 46
K TE T S5 43 15% B4 TR VAL, B AR R £
WA 5 TR 5 O i e, = R4 R B AT i PEG
IKEEIE . PEG-STG #4454 Xiang 25 Y BIF 5T 5 115K
5L, 255 ML A W AR AP AR 5 O S O
B 2 STG W1 f 1 2% 4 0.5% , BIAF 1 mL 7K 358 AT
KIE AN 5 mg STG ¥ STG ¥ fit T i 43 B 15%
() PEG-NH, PBS iF ¥ H , 55 G KT PEG-SG %
RA 8 RV 5 il 15 2025 PEG-STG /K BE i o

S 0 S AU A0 A D 2 2 7K 8 e G B,
25 4H 6T INE 1 T A I AR A A R TR S O P
BE, BB OE G E T EIRIAEE, RS s R
DE MR AWM SRA . AR BURHE AS
P 3 3l , B0 K A T S BRSO S AT AR
FEARAE, BIALE Ry B L 30 s MV WO & 2 58 2 R
52 4 1]
1.4 PEG-STG 7K ik 69 4 #1156 55 8 25 45 4246 ]
1.4.1  SEM WLERIOWZE e 43 2 R AE AR BR] 1.3,
IR B 2 WA R R 5 R T 3 d, TORE [ T RE
G, R A E S T HME T BT,
HHL R 3 000V, W% 2 41 7K B L B 45 4 S 15 1Y
A M ALB B IF IR ALB R, fLB R =fL BT
F ST FAX100% o
142 JKBERC AR K ARREEAIN K RE I e
A8 K R BB AN S G 1 Ay AL IR 1.3

W5 K BE I ) 4% ELAR 10 mm L 75 8 mm () [ FE
WA, B2 3 A, RHTT REd RHA SR AL LA 2
AL 4 s A B R 2 7, SRR ST HE R 3 IR

T Mk S5 Hh o K B AR O R B W,
BT 37 CPBSHIEF . T 1.3.6.12.24 .48,
96,168 h HU i 3 {4 i, W 25 R TR AR 5 FREE L i
KWK BT R Wy o WIKE(%)=100% x (W
=W ) IW o

Rof fife S 55 v, K 7K BRE RS RBP4 L i W,
BT 37 CPBS R, I T i A [ B[] S B 3
Oy RES R T8 T R AR, IC R R E Wy
A 5% 8 il A5 A A T D il 8 b il 2 G o R
3 (%)= 100% X (W ;=W 5) /W 0
1.4.3  JKEER B FEAE RN ] 48 58 B PEG-

STG 7K &t g & F PBS ' su 43 Uk Uk, B B 3 M HEAR
W SR PR, R 2R A0 4 Y6 6 VL T 267 nm Ak K
e 4 TP AR A B STG B WG B, MR I8 STG A i
M4t 5 R A B STG I i o M #7465 i A STG iz
TS TP S PR 3 2 e KRR YRR D 4 R T R
BRI 2

£ 355 (% ) = e L BR AL Y STG i 1 /%)
LRI STG Jii 2 x 100% . ¥ i 1 32 PR 0 B # STG
Jo s FE W U I STG i s 2 AR AL STG i =211
B B2y (%)= B b S PR B STG it /38
2 VR B R R X 100% o

W4 il £ U 1) PEG-STG /K BEiE B T &% PBS AU &5
DER L BEIMEAR. T 37 CHEATTIFE .
BEA BT B, 10 mL; 4351 7 1.3.6.12.24 .48,
96,168 h MU 1 mL BB , I %0 i 45 4 BB e
PBS. R H 400 G B AE 267 nm K Ak A
PR P STG F it , I AR 4 STG A i #h 26 15845 1)
] (25 R o B o R R RV TR 5~100 g/
mL, 2P 7 FE R A = 0.008C + 0.0042, R2H 0.993 .
1.5 PEG-STG 7K %t fix *F & ¥8 2R 5% F 15 248 X 40 fie,
A A
151 20 388 5 0% Tk A T | B /9 Y £ BV I 5K
5 SR CCK-8 A il A [7] b 38 4% /4 X HUVECs
1.929 3 58 I P RS20 . AR 5r R 4 4. NC 4128 1E
BB IR LT B4 Glu 41 30 mmol/LL 7 25 B 1% 5%
FLA PR PEG 41 0 = B 2% 14 T (30 mmol/L ] %)
W B 352 BL AL ) A PEG 7K B i 152 42 Wi ik PR 4H
PEG-STG 414 = b 554 T A PEG-STG 7K B I =
PEWGALFHL . B4 5 000 AN /FLEERD T 96 FLAR ,
BB A HBE 3N AL, R 1 4.7 d )5
Kl 450 nm A& OD {H .

K FHBEIHE Ye 07 4 PEG-STG 7K %E % 15 $2 i
A ER S A0 A AE T AR DL . SR 2 41 NC A
E W R 3R 6T BR4H  PEG-STG 2H b @ 5 1F F
(30 mmol/L i %l 55 77 FE AL ) Jin A PEG-STG 7K
BN IR IR AL PR . B4 3 REAS . 20 MG BE S
TG 0) IO Ak B R S K BE IR PR, AR 3R 24 h
J e BRI 6 U B AT e 1, IR AE SO WU T
Uk =38

SR FH % M52 56 P f 7K B I 1 O YA b . S
¥ 7N 4 4. PEG 4 . PEG-STG 41 . ddH,0 41 FI
PBS 4, BRA 3ANFEAS . B R /N BRUAR ALl , 240
BEAL S5 B O WS LT A AR, OF T PBS Pk 45 B
2% LI E W . PEG 401 PEG-STG 26 43 5l hin
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A KW JG B PEG K & B 1 PEG-STG 7K #E I |
ddH,0 41 hn A 2 85 /K AF 4 BH X B8, PBS 21 m
A PBS VENBATEXT IR o #5415 2% 21 40 i B i
T 37 CWE 1 h, B0 5 B LW, T 540 nm K Ik
JGEE o FEAALOGEEIE N AL, B T BE X R
LR 53 BE N A e T A s T A TR
MR IR (%) = (A — A/ (A e —
A ) X100% o LAV IR T 5% PR AT RE A R
B 1) I YRR 25 1
152 AR REB LR o34 B AR A BTR
1.5.1. # HUVECs 1 1929 ##p T 12 fL ¥ , 15 44
Jit Bl A 2 B2 S, SR 200wk Sk 3E KR,
B 5 FH PBS %% 22 3 Uk 2% ok i 7% 41 i, 5 4 R 5
1% FBS By XF R AN ERE SR 7000 T 0.12.24 h 40
BRI SRR A O, R SRR A A %
Transwell i #5256 43 20 M FEAS KL [R] 1.5.1, %
HUVECs 1 1.929 #%F T Transwell %, T %= il A

T 20% FBS By Xt R Ak BE K% 5% J 5l K BE IR -
JeEEE 24 h 5 BUH/NE e G, I
BT RS 2T R Y 40 R

1.53 #3004 A A CD31 ., VEGF Al VWF [y
mRNA 2 R AKM  qRT-PCR SE56 434 M BEAS
BE 150, K0 CD31 148 9 J A2 4 P F (vascu-
lar endothelial growth factor, VEGF ) FlIfiL 3 M4 1l & 9k
¥ (von Willebrand factor, VWF) ) mRNA F ik,
K FHEL RNA $2 B 7] & P2 B 45 20 HUVECs RNA,
M %E 260 nm A1 280 nm Y OD {H ¥F #r ¥ JBF K 4l
FE o B2 pg RNA HEFT 39054 58 A B cDNA .
i 2 1 FE 2XSYBR Green Master Mix . F F i3 4
K cDNA M o B N #2595 CHAE 4 10 min,
Bt 5 40 NG : 95 °C 55,60 °C 1 min, LA GAPDH
KNS R 2249 A VEGE .CD31 1 VWF (1)
X RIRE . 51 Han1,

F&1 PCRIIYIFHI
Table 1 PCR primer sequences

Genes 5’3’ 3’-5’

GAPDH ACTGAGGACCAGGTTGTC TGCTGTAGCCGTATTCATTG
CD31 AACAGTGTTGACATGAAGAGCC TGTAAAACAGCACGTCATCCTT
VWF GCAGTGGAGAACAGTGGTG GTGGCAGCGGGCAAAC
VEGF GTGAGGTTTGATCCGCATGAT GACCCTGGCTTTACTGCTGTA

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; CD31: platelet endothelial cell adhesion molecule-1; VWF: von Willebrand factor; VEGF: vascular

endothelial growth factor

Western blot S50 2H M REAS KL [R] 1.5.1, W dE
A AL B ) HUVECS, il A RIPA 24 fif 1 4 B,
L IR A BCA AN E &R IR . LI 20 pg
M FURE S FEAT SDS-PAGE HiL UK 43 B9 , B ) 55 5%
% PVDF . PVDF 2 5% i g W5 % = iR &) 14
1 hJ&, 43 A VEGF .CD31 & B-actin —#T, T
4 CWER I . —PURE R L 23 53 : VEGFA 1:
1 000.CD31 1:1 000, B-actin 1:5 000, X H F TBST
VERSIS  INA HRP #ric i EHife 1eG Z 40, Fi BE L
4 1:5 000, W95 F 1 ho FEJG R ECL fb2F
KO B, I Tmage T #1F 43 #4545 K
Ho PhB-actin fE R NS, 715 H WY& A A X £
kK
1.6 HERBDREIRBFAEAE IR 0@t
LA

SR B YR I3 S 6 DR A2 T 2% (STZ) 40 mg/kg
P T RUAE DRI /N R . STZ ST pH 4.5 Fr 5 R

RGP TE SR 45T 20 mmol/L A A K MESE 7 d
TR AR IR o 7 d S I R e Ik s T i v, S
I e B >8.3 mmol/L HAEBEZ 1K 2 IR ol fk & T
A E A R AR S5 % B T AR
i STZ Ab B S b F RESE m IR A /N, I
A= A% G R PRI 12 Wi br i . 2818 s T 5 I 1
41 (50 mg/kg) BRI 25 R /N BRUTFS #8E & IF I 28, (8
FHAT AL 25 1 45 UM 6 mm 4 J2 Bz [P it

i TS 0 4 SR R AR R o KD B
WA 6 AL BT 15 40 A Glu 2 il PEG-STG 4 , &5 41 3
Ho SHBENCA X, B3 Ho NC 4 hIE &
F ARG R A AR 32 STZ Ab #AY T 4 /N B
B R A 6 R, S 48 TR R DR /N 4 2 B2 iR At
MG K BRI AL FE 5 Glu 26 R 1B JR % /)N Bz ik
B AL R 4] 5 PEG-STG 26 R B DR i /0N B Rz ik e 4
J& 45 7 PEG-STG 7K &E & Jii Ao kb #R2H . PEAf A 5
HH,
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TR 0.3.7.10, 14 d FAHEEH I8 A, ff
F Tmage] 40 525 00 v 1 AR, I 4% 28 X H 55 A
WAFAE S E(%)=(RJF 0 d 0 i — 45
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a: gelation state after mixing PEG-NH2 and PEG-SG precursor solutions. Gelation was evaluated using the tube inversion method; gel formation

was defined as the absence of obvious flow after tilting and the maintenance of a fixed gel shape after returning the tube to an upright position. b:

good injectability of the PEG-STG hydrogel. c: gelation time of the PEG and PEG-STG hydrogels. n=3 independent hydrogel samples per group .

Statistical analysis used ¢-test. **P <0.01. PEG group: tetra-polyethylene glycol (PEG) hydrogel; PEG-STG group: sitagliptin-loaded tetra-PEG

(PEG-STG) hydrogel

Figure 1  Synthesis and gelation properties of the PEG-STG hydrogel
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a: representative SEM images of the PEG and PEG-STG hydrogels. Both hydrogels exhibited relatively uniform porous structures. b: quantitative
analysis of pore diameter. c: quantitative analysis of porosity. n=3 independent hydrogel samples per group (b, ¢). Statistical analysis used t-test.
ns: not statistically significant. PEG group: tetra-polyethylene glycol (PEG) hydrogel; PEG-STG group: sitagliptin-loaded tetra-PEG hydrogel. SEM:
scanning electron microscopy
Figure 2 SEM observations of the PEG and PEG-STG hydrogels
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a: the PEG-STG hydrogel exhibited a higher maximum compressive strength than the PEG hydrogel. b: the PEG-STG hydrogel exhibited a higher
swelling rate than the PEG hydrogel. c: the PEG-STG hydrogel exhibited a higher degradation rate than the PEG hydrogel. d: cumulative in vitro
release profile of STG from the PEG-STG hydrogel. STG release was relatively rapid at the initial stage, gradually slowed thereafter, and remained
sustained for up to 168 h. PEG group: tetra-polyethylene glycol (PEG) hydrogel; PEG-STG group: sitagliptin-loaded tetra-PEG (PEG-STG) hydro-
gel. n= 3 independent hydrogel samples per group (a, b, ¢, d). Statistical analysis used -test. ***P < 0.001 (a)

Figure 3 Compressive, swelling, degradation, and in vitro release properties of the PEG and PEG-STG hydrogels
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a: CCK-8 assay results of the HUVECs and 1.929 cells. Cell viability was reduced in the Glu group compared with the NC group, was not markedly
improved in the PEG group compared with the Glu group, and was increased in the PEG-STG group compared with the Glu group. NC group: nor-
mal culture control. Glu group: high-glucose treatment. PEG group: tetra-polyethylene glycol (PEG) hydrogel extract treatment under high-glucose
conditions. PEG-STG group: sitagliptin-loaded tetra-PEG (PEG-STG) hydrogel extract treatment under high-glucose conditions. n= 3 biologically
independent replicates. b: representative fluorescence images of dead/live staining and quantitative analysis of the HUVECs and 1.929 cells. The
NC and PEG-STG groups exhibited high viability (green fluorescence) with negligible cell death (red fluorescence), and no significant differences
were observed between the groups. n=3 biologically independent replicates. Statistical analysis used t-test. ns: not statistically significant. NC
group: normal culture control. PEG-STG group: PEG-STG hydrogel extract treatment under high-glucose conditions. ¢: representative images of
hemolysis assay and quantitative analysis showing that the hemolysis rates of both the PEG and PEG-STG groups were below 5%, indicating good
hemocompatibility. n=3 biologically independent replicates. Statistical analysis used one-way ANOVA with Tukey s test for multiple groups. ns:
not statistically significant. ****P < 0.000 1. PBS group: negative control; ddH,0 group: positive control, PEG group: treated with tetra-PEG hy-
drogel; PEG-STG group: treated with PEG-STG hydrogel.
Figure 4 Biocompatibility of the PEG and PEG-STG hydrogels
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Table 2 Wound healing rates and one-way ANOVA results for each group

Group 3d 10d 14d
NC 22.86%=1.36%" 45.75%+3.62%" 63.25%=1.75%" 82.25%+3.02%"
Glu 16.46%+1.10%" 28.30%=0.43%" 51.68%+1.23%"° 59.43%+3.01%"
PEG-STG 37.90%+0.77%" 48.76%+1.07%" 73.22%+2.76%" 90.08%+1.04%"
F 297.8 76.1 85.71 118.4
P <0.000 1 <0.000 1 <0.000 1 <0.000 1

Different lowercase superscript letters within the same row indicate significant between-group differences (Tukey’s multiple-comparison test, P<0.05).

Wound areas on postoperative day 0 were normalized to baseline; therefore, no between-group comparison was performed. NC group: normal culture con-

trol; Glu group: high-glucose treatment; PEG-STG group: sitagliptin-loaded tetra-polyethylene glycol (PEG-STG) hydrogel extract treatment under high-

glucose conditions
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a: scratch assays of the HUVECs and 1929 cells and a quantitative analysis showing that scratch closure rates were reduced in the Glu group com-
pared with the NC group, were not markedly improved in the PEG group compared with the Glu group, and were increased in the PEG-STG group
compared with the Glu group. Dashed lines indicate the initial scratch boundaries. b: Transwell migration assays of the HUVECs and 1929 cells
and a quantitative analysis showing that the number of migrated cells was reduced in the Glu group and increased in the PEG-STG group com-
pared with the Glu group. n = 3 biologically independent replicates (a, b). Statistical analysis used one-way ANOVA with Tukey s test for mul-
tiple groups for cratch assays (a) and Transwell migration assays (b). *P < 0.05, **P < 0.01, ***P < 0.001, ***%P < 0.000 1; ns, not statistically
significant. ns, not statistically significant. NC group: normal culture control. Glu group: high-glucose treatment. PEG group: tetra-polyethylene gly-
col (PEG) hydrogel extract treatment under high-glucose conditions. PEG-STG group: sitagliptin-loaded tetra-PEG (PEG-STG ) hydrogel extract
treatment under high-glucose conditions
Figure 5 Improvement of scratch closure and migration of HUVECs and 1929 cells by the PEG-STG hydrogel extract under

high-glucose conditions
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a: qRT-PCR and quantification analysis showed that, compared with the NC group, the Glu group exhibited reduced mRNA expression of platelet

endothelial cell adhesion molecule-1(CD31), von Willebrand factor (VWF), and vascular endothelial growth factor (VEGF) in HUVECs. No marked

changes were observed in the PEG group compared with the Glu group, whereas the PEG-STG group exhibited increased expression of these

genes. b: representative western blot analysis images and grayscale quantification showed that, compared with the NC group, the Glu group exhib-

ited reduced protein expression of VEGF and CD31 in HUVECs. Compared with the Glu group, the PEG group exhibited increased VEGE expres-

sion but no marked change in CD31 expression, whereas the PEG-STG group exhibited increased expression of both VEGF and CD31. n = 3 bio-

logically independent replicates (a, b). Statistical analysis used one-way ANOVA with Tukey s test for multiple groups for qRT-PCR (a) and
Western blot (b). *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.000 1; ns, not statistically significant. NC group: normal culture control. Glu

group: high-glucose treatment. PEG group: tetra-polyethylene glycol (PEG) hydrogel extract treatment under high-glucose conditions. PEG-STG

group: sitagliptin-loaded tetra-PEG hydrogel extract treatment under high-glucose conditions

Figure 6  Upregulation of angiogenesis-related gene and protein expression in HUVECs by the PEG-STG hydrogel extract under

high-glucose conditions
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a: gross images and a quantitative analysis showed that wound areas were comparable among the groups on postoperative day 0 and gradually de-
creased over time. Wound closure was more evident in the PEG-STG group than in the Glu group, and wounds in the PEG-STG group were nearly
completely healed on postoperative day 14. n = 3 mice (3 biologically independent replicates). Statistical analysis used one-way ANOVA with
Tukey s test for multiple groups. *P < 0.05, **P < 0.01, ***P < 0.001, **##P < 0.000 1; ns, not statistically significant. b: representative HE
staining images of wound tissue from 3 mice per group on postoperative day 14. The Glu group showed incomplete epidermal continuity, evident
inflammatory cell infiltration, and insufficient granulation tissue formation. Compared with the Glu group, the PEG-STG group exhibited improved
re-epithelialization, more evident granulation tissue formation, and better tissue structural restoration. ns, not statistically significant. NC group:
normal culture control; Glu group: high-glucose treatment; PEG-STG group: sitagliptin-loaded tetra-polyethylene glycol (PEG) hydrogel extract
treatment under high-glucose conditions

Figure 7  Effect of the PEG-STG hydrogel on skin defect healing and histological repair in diabetic mice
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