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The Wound Healing Effect of a Silk Fibroin Film on Cutaneous Burn of Hairless Mice
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Purpose: The aim of this study was to examine the effects of silk fibroin film on wound healing of cutaneous
burn in hairless mice by using microscopic findings and stem cell markers (nestin, cytokeratin 15) and ki-67
proliferation marker.

Methods: Each mouse received two burns at the dorsal area by applying a metal rod heated with boiling water.
Burn wound sites were dressed with Silk Fibroin Film and duoderm (SF group), Aquacel hydrofiber and duoderm
(AC group) and duoderm only (Control group). All groups were covered externally with duodermas adhesive bands.
Those mice were sacrificed at zero, two, seven, fourteen and twenty one days after burn. Histological findings
and immunohistochemical staining for stem cell markers were observed.

Results: In SF group, inflammatory cell infiltration, formation of granulation tissue and inflammatory foci are
greater than in AC and control group. Those factors appear to enhance mesenchymal stem cell markers such
as nestin. Finally mesenchymal tissue regeneration was enhanced. In addition, the length of ki-67 expressed
re-generating epithelium, which appeared to be associated with epithelial regeneration, was the longest in SF group.
Conclusion: The results show that the wound healing effect of SF is the best among other treatment materials
including AC in the experimental group and duoderm in the control group through mesenchymal regeneration
and epithelial regeneration which are essential factors for wound healing. (J Korean Surg Soc 2010;79:421-427)
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Table 1. Histologic changes in dressed wounds at 2, 7, 14 and 21 days after burn

Amount of
Granulation *
tissue (%)

Length of
regenerated *
epithelium ( 2 m)

Dressing/ Cellularity (%) N Location of .
days muscle layer

0 day 0 0 C

Control

2 25.50+17.38 B, C 0 C

7 17.44+20.78 C,D 2 A
14 8.50£9.81 D 2 A

21 - -

AC

2 8.00+9.34 D 0 C

7 36.3315.85 B 1.33+0.97 B
14 32.83+18.63 B 2 A

21 - -

SF

2 17.58+5.85 C,D 0 C

7 36.8818.16 B 0 C
14 72.50+8.21 A 1.00+1.09 B

21 - -

0 0

0 C 42.61454.46 D
22.77+4.38 B 1,021.32+310.76 B
23.00+12.53 B 1421.32421249 A, B, C
4.6342.46 C -

0 C 41.65+86.28 D
19.55+13.74 B 812.224212.08 C, D
27.12+4.38 B 1,794.99+3,021.32 A, B
7.66+10.42 C -

0 C 222.89+444.79 D
6.44+4.03 C 1,128.48+343.14 B, C
74.66+9.85 A 2,004.24+113.69 A
27.66+23.93 B -

Control represents the animals with burn wound dressed with duoderm only. AC group represents the animals with burn wound dressed
with aqua cell and duoderm. SF group represent the animals with burn wound dressed with Silk fibroin film and duoderm. *Duncan’s
multiple range test: Means with the same letter are not significantly different. Means with a different letter are significantly different (P
<0.05). Example = A, B are significantly different (P<0.05). Cellularity and Amount of granulation tissue represent the percentage in

total area of wound.
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Fig. 1. Immunohistochemical expression of nestin in granulation
tissue 7 days after burn. The long and thin arrow indicates
necrotic tissue after burn. Nestin presents in the capillaries
and peripheral nerve bundles (short and thick arrow) in the
granulation tissue under the necrotic tissue (x40).
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LY 5 AN ol A& keratin 157} FE FuiZol4
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¥ 280l AT B2 2, AC, SFEollA 7
492.08 1m, 467.05 £m Bl 8204 5xm Zo|Z WA
™, SF7F izl vlske] {23k Xfo]l & H (P <0.05).

10 -Ln\l-' o mi

Fig. 2. Immunohistochemical expression of keratin 15 in regenerat-
ing epithelium 2 days after burn. A shows the distal part
of regenerating epithelium without keratin 15 expression.
B shows the proximal part of regenerating epithelium with
keratin 15 expression of superficial layer. C shows the nor-
mal epidermis with keratin 15 expression of the full thick-
ness skin except basal layer (x40, Inset: x100).

Table 2. The length of the expression of CK15 in regenerating epithelium

Day 2 Day 7 Day 14
Distal Proximal Total Distal Proximal Total Distal Proximal Total
(¢m) (££m) (1£m) (££m) (£m) (pm) (¢m) (¢m) (1em)
Control 206.23+ A 492.08+ B 698.31+ B 350.59+ B 797.99+ A 1,148.59+ B 951.12+ A 712.43+ B 1,663.55+ B
82.29 174.62 204.72 79.08 113.76 152.05 336.45 159.10 490.76
AC 265.06+ 467.05% A 732.11% 944.54+ 290.53+ c 1,235.08+ B 646.73+ A 789.07+ B 1,435.81+ B
105.24 113.65 168.50 214.75 110.90 133.70 304.64 319.34 503.04
SF 315.23+ 820.45+ 1,135.68+ 1,125.68+ 528.94+ 1,654.63+ 1,258.00+ 1,347.71+ 2,605.71+ A

8311 A 10733 A 9868 A 114381

11485 B 1028 A 59993 A 32075 A 92069

Control represents the animals with burn wound dressed with duoderm only. AC group represents the animals with burn wound dressed
with aqua cell and duoderm. SF group represents the animals with burn wound dressed with Silk fibroin film and duoderm. *Duncan’s
multiple range test: Means with the same letter are not significantly different. Means with a different letter are significantly different
(P<0.05). Example = A, B are significantly different (P <0.05).
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Table 3. Expression of Ki-67 in regenerating epithelium.

Day 2 Day 7 Day 14
Distal Proximal Total Distal Proximal Total Distal Proximal Total
(¢ m) (©m) (¢ m) (¢ m) (¢ m) (©m) (#m) (#m) (¢ m)
Control  204.72+ 302.29+ 507.01+ 246.32+ 1,001.37+ 1,247.69+ 41591+ 966.75+ 1,382.66+ B
122.75 96.35 172.84 78.76 203.65 ? 155.92 100.72 12.25 88.47
AC 194.18+ 49393+ 688.11% 661.07+ 766.41% B 1,427.47+ A499.05 + A 1,340.26+ A B 1,839.31+ A
67.63 119.32 90.91 222.52 147.01 268.44 291.77 305.92 ? 474.06
SF 353.85+ 521.76% 875.61+ 44771+ 1,195.59+ 1,643.31+ 573.73% 1,415.25+ 1,988.97+
166.89 266.59 253.14 182.45 362.81 223.18 7.63 551.57 543.94

Control represent the animals with burn wound dressed with duoderm only. AC group represent the animals with burn wound dressed
with aqua cell and duoderm. SF group represent the animals with burn wound dressed with Silk fibroin film and duoderm. *Duncan’s
multiple range test: Means with the same letter are not significantly different. Means with a different letter are significantly different
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Fig. 3. Immunohistochemical expression of Ki-67 in regenerating
epithelium on 2 days after burn. A shows the distal part
of regenerating epithelium with sparse Ki-67 expression. B
shows the proximal part of regenerating epithelium with
Ki-67 expression of 2~3 basal layers. C shows the normal
epidermis with Ki-67 expression of basal layer (x40, Inset:
x100).
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