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Abstract: The construct for wound dressings should be designed to promote the regeneration of the epidermal and dermal
layers while ensuring biocompatibility and physical strength with protecting the wound from external infectious bacteria.
In this study, nanofibrous sheet type wound dressings were prepared by electrospinning of a mixture of chitosan, poly(e-
caprolactone) (PCL) and insulin. The nanofiber sheets according to the mixing ratio were analyzed for physicochemical
properties through structural analysis, elemental composition, tensile test, biodegradability, drug release behavior, anti-
bacterial activity, cell proliferation behavior, and wound healing ability via in vivo animal testing. As the content of chi-
tosan increased, the elongation of the nanofiber sheets decreased, and the biodegradability, drug release ability, and
antibacterial activity tended to increase. In animal experiments and histological analysis, the accelerated wound healing
rate of the chitosan-PCL-insulin nanofibrous sheet was verified when compared to other nanofiber sheets, and thus it is
expected to be used as a wound dressing material.
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Figure 1. SEM micrographs and fiber diameter distribution of COP10 (A, D), C3P7 (B, E), C5P5 (C, F), C7P3 (G J), C3P7-i (H, K), C7P3-
i (I, L) nanofiber sheets. The o marks in bar charts indicate 200-250 um in diameter distribution.

Table 1. Atomic Compositions of PCL, Chitosan-PCL, and Chitosan-PCL-Insulin Nanofiber Sheets

Atom CoP10 C3P7 C5P5 C7P3 C3P7-i C7P3-i

C (%) 63.05 56.02 51.50 45.96 55.80 46.34

H (%) 9.27 8.56 8.11 7.72 8.55 7.75

N (%) 0.00 2.25 3.45 4.78 2.75 5.27
Polym. Korea, Vol. 44, No. 4, 2020
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Figure 2. Photomicrographs, fiber diameter distribution and energy JrEnRe = agaan R E = R -
dispersive spectroscopy (EDS) mapping of COP10 (A); C3P7 (B); daLEARR e §Xﬂl;r7<]—°ﬂ ]EILTEH =/t =euh "j‘
C7P3 (C); C7P3-i (D) nanofiber sheets. (red dots: Nitrogen, green Hzlo] Fujshe VAl FHEjdM = E8ll717te] ©EE 5
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Table 2. Mechanical Properties of PCL and Chitosan-PCL Nanofiber Sheets

Property COP10 C3P7 C5P5 C7P3
Young’s modulus (MPa) 23.89 + 10.97 147.90 + 16.87 252.10 + 10.70 399.20 + 9.02
Tensile strength (MPa) 344 +£0.98 7.17 £ 0.13 7.29 £ 0.36 9.64 + 0.37
Elongation at break (%) 91.98 £+ 0.16 17.02 + 0.54 6.27 £ 0.40 438 £ 0.39
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Figure 3. Photomicrographs of biodegraded hybrid nanofiber sheets as function of incubation time.
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Figure 4. Insulin release profile from chitosan-PCL-insulin hybrid
nanofiber sheets determined by Bradford method.
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Table 3. Antimicrobial Activity of PCL and Chitosan-PCL
Nanofiber Sheets

Strain COP10  C3P7 C5P5  C7P3

Staphylococcus aureus
(%)

Klebsiella pneumoniae
(%)

60.00 99.80 9993  99.99

16.22 89.40 9579  99.47
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Figure 5. Cell proliferation on the chitosan-PCL-insulin hybrid
nanofiber sheets as function of incubation period (n=5) (*p<0.05
**p<0.01, ***p<0.001).
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Figure 6. Wound healing rate of gauze, chitosan-PCL-insulin
hybrid nanofiber sheets groups (n=12) (*p<0.05 **p<0.01, ***p<
0.001).
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Figure 7. Histological observation of defected skin layers with hematoxylin-eosin staining by treating the gauze, PCL, chitosan-PCL, chi-
tosan-PCL-insulin nanofiber sheets as wound dressings. The arrows indicate boundary of incision sites.
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