Abstract

The primary objective of this study is to demonstrate the efficacy of purified silk protein-fibroin
gel preparation on wound healing effect and its toxicity in animal model.

It’s been known that silk protein-fibroin offers special properties in animal and clinical uses,
namely non-allergy, tissue compatibility, bio-degradability, and safety profile. Recently, some studies
suggested that fibroin may contain ability to help wound healing by increasing rate and amount of
proliferating cells, inhibiting free radicals, and protecting cell from apoptosis. These evidences, however,
were from in-vitro models. Together with our previous findings, fibroin from difference sources generated
different physical, chemical, and biological results. Therefore, we developed our own process to purified
fibroin from Thai yellow silk cocoon. Our silk fibroin contains high quality, molecular weight homogeneity,
water solubility, heat and wide pH ranges tolerability. This in-house fibroin showed significant increase in
cell proliferation on both cultured primary fibroblasts and keratinocytes, and promoted wound healing in
ex-vivo porcine skin wound healing model.

In this experiment, 38 male Sprague-Dawley rats with 200-250g in weight were used. Animal were
randomly assigned by numbers preset for operating dates, wound treatment patterns, and wound
harvesting dates. Animals were kept in individual cage in temperature-controlled room (25+2 °C), 12
hours dark-light cycles. Food and water were provided ad lib (the protocol was approved by Naresuan
University Animal Ethics Committee). Wounding procedure, in brief, animals were anesthetized by 40
meg/kg Nembutal ip and given antibiotic 50me/ke ampicillin ip, hair at the back of the animals were
removed by electric clipper and surgical blade, proposed wound positions were marked using a guiding
grid, four full thickness wounds (two wounds/ side) were made using a biopsy punch (0.6 cm @) with 1 cm
apart from each other and 0.5 cm away from animal vertebral line. Afterwards, four wound treatment
preparations, fibroin 1% gel in PBS, fibroin 2.5% gel in PBS, PBS (control), and carboxy methyl cellulose
(CMC) 1% gel in PBS (control for occlusion effect) were applied onto designated wounds at 20pl/wound.
All wounds in each animal were secured with elastic TegadermTM film (3M") 6x7 cm to protect leakage of
treatment preparations and contaminations. Neck ring was then put on to avoid wound scratching and
tearing. Wounds were harvested at specified date post wound operation, D1, D3, D5, D7, and D14 (D1, D3,
D5, D7 N=8, only D14 N=6). Animals were euthanized, and each wound was inspected, photographed,
and measured before wounds harvesting and storage for histology and immunostaining studies. Abnormal
signs and symptoms on skin such as allergy, inflammation was closely observed by the experts throughout
the study. To evaluate the wound healing effect of treatment groups, histology and expression of specific
proteins, Ki67, CK14, CK10, and collagen | of each wound were extensively studied.

General physical observation, all animal were healthy, gaining weight, no stress signs. All wounds
showed no signs of infection, allergy, or tissue toxicity event from any received treatment preparations.
Histology study revealed no significant difference among treatment groups after 1 day post wounding in
term of mean% wound coverage (% re-epithelialization). All groups stayed around 11-13% wound
coverage. Three days after operation (D3), wounds treated with fibroin gel 2.5% significantly showed the
highest of mean% wound coverage (or %re-epithelialization, %RE) at 70% compared to CMC 1% (49.5%),
fibroin gel 1% (47%), wag PBS (42.7%) by ANOVA (p<0.01). Complete wound coverage (100 %RE) were
clearly observed 3/8 wounds in wounds treated with fibroin gel 2.5% and 1/8 wounds in fibroin gel 1%
treatment group. No complete wound coverage was observed in wounds with CMC 1% treated or PBS

treated groups. After 5, 7, and 14 days post wounding there were no statistical difference of %wound
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coverage in any groups since more wounds started to heal completely, and were completely healed by
14 days.

The expression patterns of basic protein markers in skin cells used in this study to help evaluation
of abnormal healing process were Ki67 (indicating cell proliferation), CK1/10 (indicating differentiated
keratinocytes), CK14 (indicating un-differentiated keratinocytes), and collagen | (matrix protein). The
immunostaining study clearly showed all wounds in all groups were healed normally in the same
patterns.

In conclusion, this study clearly demonstrated that fibroin gel treatment (single dose) accelerated
wound healing in animal model by increasing wound epithelial migration. Wounds treated with fibroin gel
2.5% provided a better wound healing result than wounds with fibroin gel 1%. The maximal efficacy could
be observed after 3 days. Both concentration preparations used in this study contained no cell or tissue
toxicity, or inhibited wound healing process. The results were further confirm the healing effect of silk
protein fibroin previously reported in primary cell lines and in ex-vivo porcine skin wound healing models.

The next step we will move to clinical trial level.
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