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ABSTRACT Objective: To discuss the effect of temperature-controlled shrinkage polytrimethylene
carbonate (PTMC ) /polyvinylpyrrolidone (PVP) nanofiber membrane on the biological behavior of mouse
fibroblasts and the repairment effect on full-thickness skin defects in the rats, and to clarify the potential
mechanism. Methods: The murine 1.929 fibroblast cells were used in the in vitro experiments and were
divided into control group and experimental group (treated with PTMC/PVP nanofiber membranes). The
proliferation activities of the cells in two groups were detected by CCK-8 assay; the numbers of live/dead
cells in two groups were observed by live/dead cell staining; the morphology of the cells was observed by
cytoskeletal staining. A total of 12 six-week-old male SD rats were selected in the in vivo experiment, and
were randomly divided into control group and experimental group, and there were six rats in each group.
The full-thickness skin defect model was established, and the rats in experimental group were treated with
PTMC/PVP nanofiber membranes. The photographs were taken after operation, and the wound healing
rates of the cells in two groups were calculated on the 0, 3rd, 6th, and 12th days. On the 6th and 12th
days after operation, the skin samples around the wound of the rats in two groups were taken, and the
histopathology of the would skin and adjacent tissue was detected by HE staining; the collagen
deposition in wound skin tissue of the rats in two groups was observed by Masson trichrome staining ;
the numbers of angiogenesis in wound skin tissue of the rats were detected by CD31
immunohistochemical staining. Results: The CCK-8 assay results showed that the proliferation activity
of the cells in experimental group showed an increasing trend on the 1st, 3st, and 5Sst days, and there was
no significant difference in the proliferation activities of the cells bewteen experimental group and control
group (P>>0.05). The live/dead cell staining experiment results showed that compared with control group,
the cell density and number of the cells in experimental group had no significant changes, and were
predominantly live cells. The cytoskeletal staining results showed that the cells in experimental and control
groups appeared spindle-shaped and well-spread. In the in vivo experiments, on the 3rd, 6th, and 12th
days, compared with control group, the wound healing rates of the cells in experimental group were
increased (P<C0.01), and the wound healing rate of the cells was 95.45% on the 12th day, indicating nearly
complete healing of the wound. The HE staining showed that on the 12th day, the wound skin structure
of the cells in experimental group was more similar to the normal skin, and there was abundant granulation
tissue, regular epidermal structure, and new blood vessel formation. The Masson trichrome staining
results showed that compared with control group, the collagen deposition in wound tissue of the rats in
experimental group was increased. The immunohistochemical staining results showed that the expression
of CD31 in wound tissue of the rats in experimental group was increased, indicating the increasing of the

number of angiogenesis. Conclusion: The PTMC/PVP thermoresponsive nanofiber membranes exhibit
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good biocompatibility and can promote the repairment of full-thickness skin defects in the rats; its

mechanism may be related to the enhancement of proliferation activity of the basal cells.
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Fig. 1 Proliferation activities of cells in two groups at

different time points detected by CCK-8 method
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Fig. 4 Skin wound healing of rats in two groups at different time points after surgery
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Fig. 5 Skin wound healing rates of rats in two groups
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A—D: HE staining; E—H: Masson trichrome staining; I—L:CD31 immunohistochemical staining; A, C, E, G, I, K: Control group;
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Fig. 6 Pathomorphology, collagen deposition,and angiogenesis of skin wound tissue of rats in two groups at different

time points after surgery



RURTRE N

PTMC/PV PRI VD LT S /N BB 4 0 1 A R s B R R U -+ 945

RAERNEL 0 M PVPAERRKEREGY), e
2y AW B RE FE R A U i AR AR

A5 it — A il I AR A S B B UE PTMC/PVP
G oK 2 4 BE R R B 4 R R R B 09 18 2 AR
F3. 612K SR AR RO D @a R e T
X2, 2 BH 3 1 12 A0 K £F 4 1 HIL 22 PR F R
A & /N DT AR, (R EEG DG, 5AER
o s ;" — %, AU HE g R .
PTMC/PVP 9 K £F 4 JE fig 5 A 25002 3 K ik A 11 ik
P Bz A o ORI B 38 0 > 0 I R AR 0 T E
WA BXREE, KWPF5H Masson = (44 (8, 45 R £
Bi: PTMC/PVP 4K £ 4k [ Ak 0% 4ie 1t R BB ik 2
T i it A 1 B LA LA A e ) B A AL AR
SMEFRYFOFEREY, £ EE s
BORHEEMMEM, N T PTMC/PVP 99K £ 4
FRAR K BRR Bk B T A AR, AR RS IEAN Tl
BAEMMRE, CD3LE—FMEREN, 7871
AR REL, FERIEG DG AEE 2 CE
BLAMEH P, ARBEIEH CD31 s 48Uk g o
Z5RFW . PTMC/PVP 44 K £F 4t I ] LA 3F Ji ik
HEUE I 3 72 il A G PR 1 T IS e
RGO B E SR, ATREREm T 0 0 A
I TR 5 T RE AN M B A AR VR, WD T R
SE R, T AR SE T4 A AR Y R
i Yes REEH H  (Yes-associated protein, YAP)
22 4 5036 AL B (1 B (mitogen-activated protein
kinase, MAPK) &% FH Wr Q1 i it e 4 ) g, PR
YAP FI MAPK/ 41 fl 0815 8 H A (extracellular
regulatory protein kinase, ERK) {55 i H & 4 37
o AT BE S A A AR

g bprid, IR PTMC/PVP 9K 2F 4
JEBA R A0 A S M, JF 6898 18 i MLA I 4 1
A /N K B 4 2 B Bk e A b TR, R A R R kA Ak
SR = T 2SN 1= 2 S L R S A 1 B9 TS
Bt i 18 2 i B . PTMC/PVP 94K £F 4 55 7 {2 ik
P 5 PG R 1 G T B A R T 5

P #E PSR AR
BT A A3 7 WA A 25 i R
EE kA

XIS SR RIS CRE , ETFHEHES S
Bedm AR R oA, A IR I 2 518 SCES R AT RS,
X E RS S SRR ML GRS, s Wmxls
WEZ: 58 OIS 45 S IS SCH AL

(&% 3Lk ]

[1] ESKILSON O, ZATTARIN E, BERGLUND L,
et al. Nanocellulose composite wound dressings for
real-time pH wound monitoring [J]. Mater Today Bio,
2023, 19: 100574.

[2] GRACAMF P, MELO-DIOGO D D, CORREIA 117,
et al. Electrospun asymmetric membranes as promising
wound dressings: a review[J]. Pharmaceutics, 2021,
13(2): 183.

[3] ANANDA B B, VIKRAM J, RAMESH B S, et al.
A comparative study between conventional skin sutures,
staples adhesive skin glue for surgical skin closure[J]. Int
Surg J, 2019, 6(3): 775.

[4] BRUMBERG V, ASTRELINA T, MALIVANOVA T,
et al. Modern wound dressings: hydrogel dressings[J].
Biomedicines, 2021, 9(9): 1235.

[5] WANG X, ZHAO D H, LI Y T, et al. Collagen
hydrogel with multiple antimicrobial mechanisms as anti-
bacterial wound dressing [J]. Int J Biol Macromol,
2023, 232: 123413.

[6] LIAO W D, YANG D, XU Z L, et al. Antibacterial
collagen-based nanocomposite dressings for promoting
infected wound healing [J]. Adv Healthc Mater, 2023,
12(15): e2203054.

[7] ZEHRA M, ZUBAIRI W, HASAN A, et al. Oxygen
generating  polymeric nano fibers that stimulate
angiogenesis and show efficient wound healing in a
diabetic wound model [J]. Int J Nanomedicine, 2020,
15: 3511-3522.

[8) HUANG C, DONG L L, ZHAO B H, et al
Anti-inflammatory hydrogel dressings and skin wound
healing[ J]. Clin Transl Med, 2022, 12(11): e1094.

[9] MARTIN P, LEWIS J. Actin cables and epidermal
movement in embryonic wound healing [J]. Nature,
1992, 360(6400) : 179-183.

[10]LI M, LIANG Y P, HE J H, et al. Two-pronged
strategy of biomechanically active and biochemically
multifunctional hydrogel wound dressing to accelerate
wound closure and wound healing [J]. Chem Mater,
2020, 32(23): 9937-9953.

[11JHU JY, WEI T, ZHAO H, et al. Mechanically active
adhesive and immune regulative dressings for wound
closure[ J]. Matter, 2021, 4(9): 2985-3000.

[12] DONG R, GUO B. Smart wound dressings for wound
healing [J]. Nano Today, 2021, 41: 101290.

[13] PANT B, PARK M, PARK S J. Drug delivery

applications of core-sheath nanofibers prepared by coaxial



946 TR 224 (BE 2 i)

B50% AW 202447 H

electrospinning: a review [J]. Pharmaceutics, 2019,
11(7): 305.

(4]t %, 9k R, A0l 99K 2 8k il /3R 20 kg e
T -5 £ B K BEI A 1 ORL ) & e VERERAE[T]. &
MEL2E, 2024, 41(2) : 748-760.

[15] FUKUSHIMA K. Poly (trimethylene carbonate) -based
polymers engineered for biodegradable functional
biomaterials[ J]. Biomater Sci, 2016, 4(1): 9-24.

[16]LIU L. P, LI T, SUN M L, et al. Preparation of
temperature-controlled shrinkage PTMC/PVP  core-
shell nanofibrous membrane with spindle-knotted
structure for accelerating wound closure[J]. Mater Lett,
2022, 324: 132601.

[17] BLACKLOW S O, LI J, FREEDMAN B R, et al.
Bioinspired mechanically active adhesive dressings to
accelerate wound closure[J]. Sci Adv, 2019, 5(7):
eaaw3963.

[18] THEOCHARIDIS G, YUK H, ROH H, et al
A strain-programmed patch for the healing of diabetic
wounds[ J]. Nat Biomed Eng, 2022, 6(10): 1118-1133.

[19] FRANCO P, DE MARCO I. The use of poly (N-vinyl

pyrrolidone) in the delivery of drugs: a review [J].

Polymers (Basel), 2020, 12(5): 1114.

[20] YE J J, LI L F, HAO R N, et al. Phase-change
composite filled natural nanotubes in hydrogel promote
wound healing under photothermally triggered drug
release[ J]. Bioact Mater, 2023, 21: 284-298.

[21] ZHAO X, LIANG Y P, HUANG Y, et al. Physical
double-network hydrogel adhesives with rapid shape
adaptability, fast self-healing, antioxidant and NIR/pH
stimulus-responsiveness for multidrug-resistant bacterial
infection and removable wound dressing[J]. Adv Funct
Materials, 2020, 30(17): 1910748.

[22]ZHAO Y D, YI B C, HU J L, et al. Double cross-
linked biomimetic hyaluronic acid-based hydrogels with
thermo-stimulated self-contraction and tissue
adhesiveness for accelerating post-wound closure and
wound healing[J]. Adv Funct Materials, 2023, 33(26) :
2300710.

[23] LT Z, HUANG J J, JIANG Y G, et al. Novel
temperature-sensitive hydrogel promotes wound healing
through YAP and MEK-mediated mechanosensitivity[ J].
Adv Healthc Mater, 2022, 11(23): e2201878.



