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Abstract

The effects of the hydrogel biomaterial preparation from silk waste proteins on the deep
wounds healing were studied and compared with those of Cutinova® hydro. Twelve female Dunkin
Harley Guinea pigs were used in the experiment. They were divided into six groups of two each,

regarding to the time they were sacrificed. Those were from day 3 to day 18 of 3 days interval.
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Each animal was prepared two mirror image deep wounds on the dorsal body wall. The left wound
was dressed with silk-based hydrogel while the right with Cutinova® hydro. After sacrifice, the
wound areas were observed and photographed by a digital camera and calculated using the
image analysis program for evaluation of the remaining wound area. Then the wound tissues were
removed for light microscopy to observe the degree of healing process. The gross and
histopathological appearance revealed that the silk-based hydrogel biomaterial was found to be

more effective in promoting wound healing without offensive reaction.

Introduction

Silk from the cocoon of silkworm, Bombyx mori, contains at least two major fibroin
proteins, light and heavy chains, 25 and 325 kDa, respectively. In recent years, fibroin from
Bombyx mori silkworm has been the dominant source for silk-based biomaterial studies. The
unique mechanical properties of these fibers due to the biocompatibility, slow degradability
provided important clinical repair options for many applications. Each year, Thailand has abundant
waste of silk cocoon from silk industries. Division of Bioscience, Office of Atoms for Peace,
Ministry of Science and Technology, Thailand has developed hydrogel biomaterial prepared from
those silk waste proteins by irradiation. In this study, its efficacy for deep wound healing in vivo
was evaluated, in comparison with that of a commercial product (Cutinova® hydro), used in wide-

spread.

Materials and Methods

Twelve female Dunkin Harley Guinea pigs purchased from the National Animal Center of
Thailand were used in the experiment. Two full thickness excision wounds (1x1 cm?) were
operated on right and left side 1 cm apart from dorsal midline between scapular area in each
animal under aseptic technique and condition. The right wound was dressed by Cutinova® hydro
(commercial product) while the left was a silk-based hydrogel biomaterial dressing. Throughout the
experimental period, animals were kept in individual cage under control-conditioned room,
temperature at 25-28°C with 12 hours light per day and fed on standard diet and sterile drinking
water. Animals were divided into six groups of two each, regarding to the time they were
sacrificed. Those were day 3, 6, 9, 12, 15, and 18 of 3 days interval. After sacrifice, the wound
areas were observed and evaluated of gross pathology. Then wound debris was cleaned to reveal
the remaining wound area. The wound areas were photographed by a digital camera and
calculated using the image analysis program for evaluation of the remaining wound area. Then the
wounds and tissue surrounding were excised and removed for histopathological process. The

tissues were examined under light microscopy to observe the degree of healing process.
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Results and Discussions

The results demonstrated that the healing rate of hydrogel biomaterial dressing was faster
than commercial product during the whole experiment period. This study included the analyzer of
the wounds size and histological finding of the wound tissue. The size of the wound areas
diminished progressively. On day 3, all wounds of each treatment became hyperemia. On day 6, 9,
12, 15, and 18 after dermatotomy, the wounds in all groups showed a progressive decrease in
wound size. However, the wounds dressed with silk hydrogel showed a greater progressive
decrease in size than those with the Cutinova® hydro, the control wounds. Since day 15 onward,
the edges of the wounds were smooth and the wounds revealed no inflammation, as well as not
appeared red or swelling. The wounds dressed with silk hydrogel were completely covered with
skin on day 15 while those with Cutinova® hydro still appeared on day 18, the last experimental
day (Figure 1).

Concerning the graph demonstrating the remaining wounds areas, the silk hydrogel-
dressed wounds disappeared on day 18 whereas those of Cutinova® hydro almost disappeared
and the average percents of the remaining wound was 1.8% (Figure 2).

The histological finding was performed in three aspects including epidermal assessment,
granulation tissue determination and evaluation of inflammatory cells. In the wounds dressed with
silk hydrogel, the epithelialization was early performed on day 3 after dermatotomy from the edges
of the wound surfaces while those with the Cutinova® hydro on day 6. The silk hydrogel-dressed
wounds showed more advanced developing epidermis and were completely closed on day 12
while the Cutinova® hydro-dressed wounds were completely closed on the day 15.

All of the experimental wounds dressed with both materials revealed the progressive
healing process those were the granulation tissue made an advance from day 3 to day 18 after
dermatotomy. However, the wounds dressed with silk hydrogel always displayed more advanced
granulation tissue which showed more newly formed blood vessels, fibroblast and neatly arranged
collagen fiber than those with Cutinova® hydro. Besides, on day 18, the silk hydrogel-dressed
wounds showed the dermal appearance, dense irregularly arranged connective tissue like in the
intact normal skin. The healing effect of silk hydrogel was mediated by both re-epithelialization via
rapid proliferation of epithelial cell and collagen deposition via fibroblast proliferation.

In addition, the infiltration of inflammatory cells in the wounds dressed with silk hydrogel
was less than those in the Cutinova® hydro-dressed wounds. The amount of inflammatory cells
found in the wounds dressed with silk hydrogel was classified as moderate to few and
progressively decreased on day 3 to day 18. Where as, the Cutinova® hydro-dressed wounds
showed the amount classified as many to moderate. Moreover, in the middle part of the
Cutinova® hydro-dressed wounds demonstrated more foreign body giant cells and macrophages

than those of silk hydrogel-dressed wounds (Figure 3).
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Figure 1 Photographs of the wound surfaces show the progress of the wound healing process.
The wounds dressed with Cutinova® hydro are shown in the R column and those dressed with

silk hydrogel in the L column
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Figure 2 The average percentages of the remaining wound areas as a function of a treating day.

Comparison between wounds dressed with silk hydrogel and Cutinova® hydro.
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Figure 3 Histopathological finding of wound tissue dressed with Cutinova® hydro (Right column)
and silk hydrogel (Left column). They were analyzed in three aspects including epidermal
assessment, granulation tissue determination and evaluation of inflammatory cell. (Ws: wound
surface, Ed: epidermis, Hs: homogenous substances, Kr: keratin, Hf: hair follicle, Up: upper part of

the wound, Mp: middle part of the wound, Dp: deep part of the wound)
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Conclusions

All of the experimental wounds dressed with both materials revealed the progressive
healing process. However, silk hydrogel biomaterial dressing demonstrated more effectively in
promoting wound healing than the commercial product. On comparison of this findings indicated
that silk hydrogel biomaterial preparation was beneficial and alternative in clinical use for skin

wound application.
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