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Effect of high hydrophilic electrospun short fibrous sponge on wound repair
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[Abstract] Objective-To construct an electrospun short fibrous sponge (Sponge@GO) laden with graphene oxide (GO) for chronic
wound healing. Methods - Two types of short fibrous sponges (Sponge and Sponge@GO) without and with GO were prepared by
means of electrospinning, homogenizing, shaping and crosslinking with glutaraldehyde, respectively. The internal structures of the
two sponges were observed with a scanning electron microscope (SEM), and their hydrophilic properties were observed via contact
angle and water absorption rate. The biocompatibility of the sponge was verified by CCK-8 and live/dead staining. Twelve 6-week-
old SD male rats were divided into control group, Sponge group and Sponge@GO group, with 4 rats in each group. The diabetes
models were established by intraperitoneal injection of 1% streptozotocin solution, and three full-layer skin defects with a diameter
of 1.0 cm were prepared on the back of each rat after modelling. Covering on the wound, the material was fixed with medical gauze.
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The control group was only covered with sterile gauze dressing. The wound healing rate was measured and calculated on Day 7 and 14,
respectively, while hematoxylin-eosin (H-E) staining and Masson staining were performed on tissues within 0.5 ¢cm around the wound

to observe pathological changes. The angiogenesis was observed by a-smooth muscle actin (a-SMA) immunofluorescence staining on
Day 14. Results-SEM observation showed that the fiber diameter of Sponge@GO was significantly thinner and the porosity
increased. The two types of short fiber scaffolds basically reached the maximum water uptake within 10 min, but the Sponge@GO

scaffold showed better water absorption performance. The water contact angle of Sponge@GO scaffold was significantly smaller than
that of Sponge, and the difference was statistically significant (P=0.000). The results of CCK-8 method showed that on Day 3 and 5,
the Sponge group had better cell proliferation compared with the control group (both P<0.05), while there was no statistical

significance between Sponge@GO group and control group. The results of live/dead staining showed that all the three groups of cells
showed good cell growth trend. SEM and fluorescence staining showed that there were more cells in the Sponge@GO scaffold. In vivo
experiment, no infection was found on the wound surface of the three groups of rats. The wound healing rate of Sponge@GO and
Sponge groups was significantly higher than that of control group on Day 7 (both P<0.05). On Day 14, the wound healing rate of the
Sponge@GO group was still significantly higher than that of the control group (P=0.009), while the difference between the Sponge
group and the control group was not statistically significant. On Day 14, H-E staining showed more mature granulation tissue and more
uniform and dense structure in the Sponge@GO group; Masson staining showed more dense collagen and significant epithelialization
in the Sponge@GO group; o -SMA immunofluorescence staining showed more neovascularization and higher density in the

Sponge@GO group. Conclusion - Sponge@GO sponge can ensure micro-moist environment on the wound surface after absorbing
exudate and has shown promising results in promoting wound healing.
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TEESTOKOEHE 1 - AERBUIRS) X2 R R T
A2 Ak LIRS [ SRR o D4 v SR AR A 2%
P, KRB FRMWGEE, BHXRBEBET A% AR

W21 0.5 mol/L #hFR A h1 48 h ' KB Tk k)5
TR R, A5 BN [6] 553 i A 27 4 S22, B Sponge
#1 Sponge@GO 3741,

1.2.2 LGN RME  SHETIE 2 435242 DI

2w 4, FAEME T 25 (scanning electron
microscope, SEM; Hitachi TM-100, HZA) XWELPHER
JEBURHE . Sy 1 R S ZR A SRk, g 4 ik A A
(OCA 40, 75 [E Datafystics) B2 8 T /K T 3%
T, LA S AE 5 5 s LM A . TSR IS
AR E, RJaAfE £ T okP R 10, 30, 60,
120 min, T2 IF[A] G B PR . OK R (%) =
(B E-TE)/FEx100%, TS ZHARKR .,

13 A
1.3 AWAHA PR

(1) FEKE SR E T 75% LB P iR
24 h; BfiJE FBETR Eh 2% Wik (phosphate buffer saline,

http://xuebao.shsmu.edu.cn

PBS) @I 3 WK, Bk 5 min. Mt ARG G b5
B, DABRIEAT BTG

(2) BRI M H & 8 KR S 0ROk IR
0.1 g/mL Ay L] & T a5 5, A 37 °C. 5% CO,
MR FRA R E 3 AR UR BRI, 4% 10% AR EL
BOMAFBS i€, RN FI IR LA TH
RHAR 2 BAG

(3) CCK-8 46 41 ff 5 % i H CCK-8 ¥4
E N E KN 4 (human umbilical vein vessel
endothelial cells, HUVECs) #£ Sponge F1 Sponge@
GO R W 1 4 Ml 527 o % HUVECs #% 3 000 4~/4L
R E Al T 96 FLAR H, For M RN B J 0 1, 2 4 <%
IR X IR = R R . S TR s
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Note: A. Appearance of Sponge. B. SEM image of Sponge. C. Appearance of Sponge@GO. D. SEM image of Sponge@GO. E. Water absorbtion. F. Contact angle.

1 Sponge & Sponge@GO K57 K R iR 14 &8

Fig 1 Morphology and hygroscopic properties of Sponge and Sponge@GO
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Control

Note: A. CCK-8. B. Live/dead staining. “P=0.014, 2P=0.000, compared with the control group.

2 Sponge X Sponge@GO BI#1 1B &%
Fig 2 Biocompatibility of Sponge and Sponge@GO

100 pm
I

Note: A. SEM images of HUVECs after 7 d of incubation on Sponge. B. Fluorescence staining of HUVECs after 7 d of incubation on Sponge. C. SEM images
of HUVEC:s after 7 d of incubation on Sponge@GO. D. Fluorescence staining of HUVECs after 7 d of incubation on Sponge@GO.
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Fig3 Cell adhesion of the materials
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Control Sponge Sponge@GO
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Note: A. Wound healing at Day 0, 7 and 14. B. Wound healing rate. “P=0.024, ©P=0.000, ®P=0.009, compared with the control group at the same point.

B4 HERFEERSELINEn=4)

Fig4 Observation of diabetic wound healing (n=4)
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Control Sponge Sponge@GO A

Note: A. H-E staining. B. Masson staining.
E5 fIEARREFNE

Fig 5 Histopathological observation of wound
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Fig 6 Observation of angiogenesis by a-SMA immunofluorescence staining at Day 14
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