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## 5277104033: MAJOR PHARMACEUTICAL CARE
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TIPPAWAN SIRITIENTONG: CLINICAL EFFICACY OF WOUND DRESSING CONTAINING

SILK SERICIN FOR SPLIT-THICKNESS SKIN GRAFT DONOR SITE TREATMENT. ADVISOR:

ASSOC. PROF. PORNANONG ARAMWIT, Pharm.D., Ph.D., CO-ADVISOR: ASSOC. PROF.

APICHAI ANGSPATT, M.D., 215 pp.

The objective of this study was to investigate the safety profile of silk sericin dressing using patch test
in healthy volunteers during April 2011 to January 2012 at the Department of Pharmacy Practice, Pharmaceutical
Sciences, Chulalongkorn University and Police General Hospital. We also would like to study the clinical efficacy
of this dressing for Split-Thickness Skin Graft (STSG) donor site treatment compared with Bactigras,@, a standard
treatment, during March to December 2012 at the Division of Plastic and Reconstructive Surgery, Department of
Surgery, King Chulalongkorn Memorial Hospital.

One hundred and ten healthy volunteers were included and complied with patch test protocol by
randomly applying silk sericin dressing and Bactigrasg on the back for 3 days twice. Seven and ten days later,
both dressings were re-applied on the same areas and left for another 3 days in the challenge phase. There was
no significant difference in skin irritation including the change of skin color measured by Mexameter Mx18° and
Human Repeat Insult Patch Test (HRIPT) scale, evaluated by 3 dermatologists, between the skin treated with silk
sericin dressings and Bactigras® (p>0.05).

Twenty-eight patients with 30 STSG donor sites were enrolled in this study. The donor sites were
equally divided into two parts, one part treated with silk sericin dressing and Bactigras® was applied to another.
The results showed that the median of time for complete healing as well as pain scores assessed by patients
during 5 postoperative days consecutively on the side treated with silk sericin dressing were significantly lower
than those treated with Bactigras® (p<0.05). Two sites treated with silk sericin dressing (6.7%) showed signs of
infection while no sign of infection was found in Bactigras®—treated sites. Initially, blood biochemistry data
including AST, ALT, ALP, BUN and fasting blood sugar were elevated but then decreased within 7-14 days later
while albumin, blood electrolytes and blood compositions were changed insignificantly pre- and post-operation
(p>0.05). On the first post-operative day, serum pro-inflammatory cytokines (IL-6 and TNF-Ol) increased
significantly (p<0.05) and then returned to baseline levels on day 7-14 post-operation. According to microscope
images of the dressing after peeling off, epithelial cells attached more tightly on Bactigras(k’\ than silk sericin
dressing. Better morphology and complete border of epithelial cells found on silk sericin dressing after peeling
off.

In conclusion, silk sericin dressing accelerates healing process and significantly reduced pain,
comparing to that of Bactigras® without serious adverse events. Therefore, we introduce silk sericin dressing as

an alternative treatment for STSG donor site.
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CHAPTER |

INTRODUCTION

1.1 Rationale and Background

Split-Thickness Skin Graft (STSG) is one of the common surgical procedures in
plastic and reconstructive surgery done by cutting healthy skin included all layers of the
epidermis and varied parts of the dermis for covering damaged area, the recipient site,
of the body (7, 2). STSG is often employed after serious injury when large area of the
skin tissue is loss or wound is unhealed by normal epithelialization. The purposes of the
grafting are; accelerating wound healing process, shortening the course of treatment
and reducing any complications to the patients (3-5). In the United States, there are
approximately 24,000 burn victims underwent STSG in order to get better recovery and
reduce infection rate (6). Moreover, in 2010, there were 88 patients required STSG for
treatment of scar contractures, tumor resections, traumatic wounds and bumns in King
Chulalongkorn Memorial Hospital, Bangkok, Thailand (7). After undergoing skin graft
harvesting; however, another wound is occurred at the donor site which can cause pain,
increase risk of extraneous microbial contamination and several possible complications
such as wound contraction, fluid and electrolytes imbalance and systemic infection as
the same as wounds from other causes. Donor site requires appropriate management
and needs adequate wound assessment consecutively; otherwise, it will become
deeper wound, of which patient extremely suffers from, leading to lengthen the hospital

stay, and contributes to the death of the patients (2, 8).

Within 24 hours postoperation, there are several steps for STSG donor site
therapy. First, it is essential to stop bleeding using sterile gauze soaked with normal

saline-diluted adrenaline. Second, all wounds are covered with primary dressing and



secondary absorptive layer to absorb exudates and protect wounds from shearing
forces. Third, elastic bandage should be applied to the donor site in order to provide
adequate pressure to reduce blood loss which can be removed after 6 hours of
postoperation. Moreover, a graft site and a donor site must remain immobilize along the
treatment course to minimize healing disruption (2, 9). It must be noted that if there is
excessive fluid leakage from secondary dressing or any signs of infection (redness or
swelling of surrounding tissue, malodor, or increased purulent exudates), health care
providers must consider removing all dressings and perform a wound swab at the
suspected site in order to identify types and amounts of infected microorganism. After a
donor site is re-dressed with a suitable dressing, physicians should regularly assess the
patient’s pain and give any analgesics as required. Moreover, continuous rehabilitation
should be provided to support patients to their normal activities as soon as possible

(9, 10).

Objectives of wound management include healing promotion, pain reduction,
blood or fluid loss minimization, and avoidance from wound infection. Currently, there
are many types of commercial wound dressings which can be categorized into 3 types;
open dressing, semi-open dressing, and close dressing (77). It is important to select
suitable dressings for STSG donor site treatment. Ideal dressing is able to maintain
moisture environment on wound surface supporting normal re-epithelialization of the skin
and minimize dressing change frequency to reduce medical care management.
However, at present, commercial wound dressings have no active ingredient which can
be accelerate wound healing process effectively. Moreover, newly developed wound
dressings inserted with growth factors or cell components are more costly than the
traditional materials due to the advance technology and have to import from other
countries (12-714). As the result of economical limitation, most of Thai traumatic patients
cannot afford to use those new dressings in spite of having serious indications.

Therefore, this study aims to fabricate wound dressing from local raw materials which



can accelerate the healing process and investigate its healing properties together with

any possible adverse reactions (if any).

Silk sericin is a natural protein from the cocoons of Bombyx mori which is
normally removed by alkali water during degumming process in the manufacture of silk
fabrics (15, 16). Many researches, in the recent years, have obtained the knowledge
about the biological properties of silk sericin and its advantages in medical field. Silk
sericin contains amino acids similarly to natural moisturizing factors found in human
skin. This protein has been reported to be an effective skin moisturizer and antioxidant
(17). It can promote fibroblast and keratinocyte proliferation in vitro (18, 19). The study
by Aramwit et al. (20) indicated that topical cream containing 8 % silk sericin showed
the ability to accelerate epithelialization process and promoted collagen synthesis in rat
full-thickness wounds without causing any inflammation compared to cream base or 10
% povidone-iodine solution (Betadine®). Pro-inflammatory cytokine, Interleukin (IL)—1B
and Tumor Necrosis Factor (TNF)-a., in wounds treated with sericin cream were lower
than wounds treated with cream base or normal saline solution. This study concluded
that sericin cream can promote wound healing with no cytotoxicity and inflammation
(21). Recent study by Palapinyo et al. in 2011 (22) investigated the efficacy and safety
of topical silver zinc sulfadiazine cream containing silk sericin compared with silver zinc
sulfadiazine cream commonly used at Siriraj Hospital, Bangkok, Thailand, in 16 burn
patients with 34 partial thickness wounds. The results indicated that cream containing
silk sericin can effectively shorten the course of treatment with no adverse reaction.
However, topical preparation such as cream lacks of wound protective property from
mechanical trauma and requires at least daily wound care by medical providers which
causes inconvenience to both patients and health care providers. Moreover, it is not
consistent with STSG donor site treatment principle to leave the primary dressing of

donor site intact as long as possible in order to minimize healing process disruption (2).



According to the benefits on wound healing promotion of silk sericin and
disadvantages of cream preparation, a wound dressing containing silk sericin has been
developed by blending sericin solution with polymer in order to form a scaffold which is
a high porous three-dimensional structure with outstanding benefits for gas permeability
and fluid entrapment (23). After obtaining sericin-polymer scaffold with desired
properties, stabilization process and gamma-radiated sterilization are consecutively
performed prior to its use in clinical practice (24). Preliminary in vivo study of the
efficacy and safety of wound dressing containing silk sericin (silk sericin dressing) on
full thickness skin wounds in rats showed that wounds treated with this scaffold had
higher rate of healing and wound sizes reduced faster than those treated with control
dressing (without silk sericin). No infection was found during treatment with either type of
wound dressing (25). In histological examination, wounds treated with silk sericin
dressing did not show any significant inflammatory responses. From the advantages of a
newly developed dressing, the purpose of this study is to investigate the safety profile of
silk sericin dressing in healthy volunteers using patch testing procedure and the clinical
efficacy of this dressing for STSG donor site treatment compared with petrolatum-
impregnated fine mesh gauze, Bactigras®, which is a standard dressing for donor site
therapy at King Chulalongkorn Memorial Hospital. Meshing characteristics of Bactigras®
allows fluid drainage to the secondary absorbent dressings and decrease risk of wound
maceration. The major disadvantages of Bactigras® are lack of wound healing
acceleration property, no absorptive capacity and unable to maintain moisture
environment on wound bed which leads to wound adherence. High wound bed
adherence imply damage epithelial cells during dressing removal as well as cause pain
and discomfort to the patients. In this study, the time for complete re-epithelialization,
rate of infection, and pain evaluation as well as the adverse events that may occur are
evaluated. Systemic pro-inflammatory cytokines patterns of the patients and cells

attached to wound dressing characteristics are also investigated.

1.2 Hypothesis



Wound dressing containing silk sericin (called silk sericin dressing) shows
minimum local adverse events and has acceptable safety profile when undergoing
human patch test in healthy volunteers. Moreover, it expects that silk sericin dressing
can accelerate wound healing process in STSG donor sites. It also postulates that STSG
donor sites treated with silk sericin dressing show faster healing rate and cause less
pain than those treated with Bactigras®, a standard treatment. There should be no
difference in infection rate and adverse event between STSG donor sites treated with

silk sericin dressing compared to those treated with Bactigras®.

1.3 Objectives

1.3.1 To evaluate the safety of the silk sericin dressing in healthy volunteers
using human patch test.

1.3.2 To investigate the efficacy and safety of the silk sericin dressing compared
with Bactigras® for STSG donor site treatment. Any possible adverse
events including systemic effects on hepatic and renal functions and also

pro-inflammatory cytokines (IL-6 and TNF-) are evaluated.

1.4 Scopes

1.4.1 Human patch test was conducted to determine the safety profiles of silk
sericin dressing compared with Bactigras® from April 2011 to January
2012 at the Department of Pharmacy Practice, Pharmaceutical Sciences,
Chulalongkorn University and Police General Hospital, Bangkok, Thailand.

1.4.2 The prospective randomized clinical study was conducted to determine the
efficacy and safety of silk sericin dressing as well as its effects on hepatic,
renal functions and pro-inflammatory cytokines (IL-6 and TNF-@) in

patients underwent STSG donor site from March to December 2012 at the



Division of Plastic and Reconstructive Surgery, Department of Surgery,

King Chulalongkorn Memorial Hospital, Bangkok, Thailand.

1.5 Expected Outcomes

1.5.1 This study will show the efficacy of silk sericin dressing on wound healing

1.5.2.

acceleration. STSG donor site can be used as a model for new developed
dressing materials efficacy as it is uniform in thickness with smooth
surface. The results of this study will assure the potential of silk sericin
dressing as a dressing choice for patients undergoing STSG and other
open-wounded treatment, as an alternative to current expensive
commercial wound dressings.

This study may show any possible adverse events caused by silk sericin
dressing, both in healthy volunteers and patients, which is an important

data for further development of wound dressing.



CHAPTER 1l

LITERATURE REVIEWS

2.1 Skin structures and functions

A basic understanding of skin structures and functions is needed to connect
with the role of the skin as an important route of extraneous substances exposure
contributing to many diseases. Skin is the largest organ of the body which consists of 3
layers; epidermis, dermis and subcutaneous tissues (Figure 1). Epidermis, the
outermost layer of human body exposes directly to the environment. The dense stratified
squamous epithelium of this layer acts as a protective barrier of internal organs which is
continuously sloughed off and replaced by keratinocytes arise from the basal layer. In
addition to keratinocytes, this layer consists of melanocytes, Markel cells and
Langerhans cell which are involved in skin pigmentation, perception and immune
response, respectively. Thickness of epidermis varies from 0.05 mm on the eyelids to
0.8-1.5 mm on the soles of the feet and palms of the hand with average whole epidermis
thickness equals to 0.1-0.3 mm (26, 27). Dermis, the second layer of human skin, is
found below the epidermis separated by a basement membrane. It contains a number
of structures including a network of connective tissue, predominantly collagen, elastin
and proteoglycans produced by fibroblasts to provide cell support, elasticity and
strength of the skin. There are rich of capillary blood vessels providing all cells nutrients
and waste disposal and involving skin thermoregulation by vasoconstriction or dilatation.
Cutaneous sensory nerves lie in dermis effectively detect pain, temperature, touch,
pressure and vibration. Hair follicles, sebaceous glands, sweat glands and lymphatic
tissues are also located in the dermis. Subcutaneous tissues or hypodermis is
connected between the dermis and underlying body components. It is mainly

composed of adipocytes which serve as thermal insulator, mechanical protection and



high-energy source of the body (28). In general, all these components of the skin layers

work perfectly together to provide effective functions of the skin.
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Figure 1: A cross-sectional image of normal human skin (28)

There are many important functions of normal human skin as following which
result from the co-operation of various skin components (28). First, skin acts as a
protective barrier which allows or not allows water and substances to penetrate into and
out of the body. Extraneous pathogens are also effectively blocked from entering into
the body by dense stratified squamous layers of epidermis and secretions from
cutaneous glands. Second, skin reduces ultraviolet light exposure to the body by
absorption and reflection activity of melanin and epidermal lipid; therefore, it avoids
human DNAs from exposing ultraviolet directly and protects them against mutation.
Third, skin plays an important role of vitamin D production, storage and secretion of the

body by ultraviolet-induced modification of cholesterol-related molecules in the skin.



Fourth, skin has many sensory nerve fibers for heat, cold, pain and mechanical
sensations. Skin works as a thermo-regulator to maintain body temperature
appropriately for normal functions of internal organs by transmitting signal to
hypothalamus in brain which regulates sweat secretion and capillary networks
vasoconstriction or vasodilatation. Moreover, nociceptors in skin layers are pain
perceptions which are one of the warning mechanisms of the body to avoid injury. Fifth,
skin is the first-line of immune systems of the body. Langerhan cells in epidermis can
entrap foreign bodies and transmit signal to other immune cells such as macrophages
or lymphocytes (29). Sixth, skin, including hair and nails, is involved in aesthetic aspects
and human appearance for sociability (28). Therefore, once skin is damaged by any
cause such as acute trauma, burn or surgical interventions, these functions will be
disrupted consecutively. The severity of damage depends on the depth, size and
location of the defects. It lets inner organs directly expose to potentially harmful
microbial, thermal, mechanical and chemical influences and then causes prolonged

pathological impacts to the body leading to the death of the patients.

2.2 Wound and wound healing process

Wound is defined as a disruption of normal anatomical structure and function
regardless to the causes of damage (30). It can be range from a simple defect on
superficial skin to extensive damage into deeper tissue such as subcutaneous layer,
muscle or even bone. There are many criteria for wound classifications for better
understanding each wound behavior and treatment decision. Based on the clinical time
frame of healing, wound can be classified as acute and chronic wounds. Acute wound
is a skin injury that can heal completely to comparable structure and function to intact
skin within an expected time frame, usually 30 days (37). It normally causes by
mechanical trauma or surgical procedure. On the other hand, chronic wound is a skin
injury that fails to proceed through a normal healing process orderly and timely. Chronic

wound often results from underlying pathological conditions of the patients such as
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diabetes, malignancies or persistent infections (30, 37). Wound also can be categorized
by appearances and degree of contamination. Appearances classify wounds into
necrotic (dry black dead tissue), sloughy (moistly yellow rehydrate-dead tissue),
infected-malodorous (red inflamed tissue with pus and unpleasant odor), granulating
(red exudative granulation tissue) and epithelializing (pink proliferative epithelial cells to
form new epidermis) (32). Wound are also classified based on degree of contamination
as aseptic (bone and joint area), contaminated (abdominal and lung area) and septic
wound (abscess or bowel area) (37). Wounding, of whatever form, disrupts the local
environment within the tissue, which results in impaired functions of the skin and
consequence of complications leading to the death of the patients. Therefore, all
wounds must be treated properly to return to a normal anatomical structure, function

and appearance as soon as possible.

At the moment of skin injury, wound healing process is spontaneously switched
on as a physiological response. Typically, the process of wound healing is divided into 4
continuously overlapping phases including hemostasis, inflammatory, proliferative and

remodeling phase as shown in Figure 2 (37).
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Figure 2: Normal wound healing process and cells involved in each step (33)

Hemostasis phase occurs immediately after injury. The purpose of this phase is
to limit blood loss by vasoconstriction, platelet aggregation and blood clot formation at
injured area. The clot that forms is made of platelets, fibrin, fibronectin, vitronectin and
thrombospondin (37, 34). Platelets aggregated within a fibrin clot network also provide
the matrix for cell migration, release a variety of growth factors and cytokines such as
Platelet Derived Growth Factor (PDGF), Transforming Growth Factor (TGF)—B, Epidermal
Growth Factor (EGF) and Insulin-like Growth Factors (IGF) (35), that set the stage for an

orderly series of events into inflammatory phase.

At the early inflammatory phase within 24-36 hours of injury, the increase of
vascular permeability and chemoattractive agents induce neutrophil infiltration process.
Neutrophils adhere on the surface of epithelium mediated by adhesion molecules

named selectin and integrin and subsequently migrate into wound site to phagocytose
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microorganisms, foreign bodies and debris providing the first line of defense against
infection by releasing proteolytic enzymes and Reactive Oxygen Species (ROS) (37).
Within 72 hours of injury, if the wound is not contaminated, neutrophils are then
eliminated and macrophages appear in the wound to continue phagocytosis.
Macrophages begin the transition from inflammation to proliferative phase by secreting
a variety of chemotactic factors (eg. fibronectin) and growth factors (eg. PDGF, TGF—B,
TGF-0., Fibroblast Growth Factor (FGF), Vascular Endothelial Growth Factor (VEGF)) that
stimulate keratinocytes, fibroblasts and endothelial cells activities for wound repair (33).
Lymphocytes are the last cell types to enter the wound during the late inflammatory
phase which are later involved in the remodeling of collagen and extracellular matrix in

the following step (36).

Proliferative phase which normally starts 3-5 days after wounding, predominantly
involves the formation of granulation tissue, angiogenesis and epithelialization.
Fibroblast cells migrate and synthesize new extracellular matrix consisting of type | and
type 1l collagen, hyaluronan, fibronectin and proteoglycan (37). These form an
amorphous, gel-like connective tissue matrix necessary for cell migration and increase
integrity of newly forming skin. Endothelial cells initiate an angiogenic process to form
new capillary vessels participated in granulation tissue formation along with nutrition and
oxygen supply for growing tissues. Several growth factors have been shown to play
important roles in angiogenesis, including VEGF, angiopoietins, FGF, and TGF—B (31,
33). Keratinocytes proliferate and migrate from wound edges to cover the wound
surface stimulating by Epidermal Growth Factor (EGF), Keratinocyte Growth Factor
(KGF), and TGF-a. (33). Moreover, fibroblasts are gradually changed into myofibroblasts

which are the main mediators for wound contraction in the remodeling phase.

As soon as the new tissue is formed, the remodeling phase starts to reorganize
structural integrity and functional potential of the skin. This final phase controls the
balance between synthesis and breakdown of collagen by the coactions of Matrix

Metalloproteinases (MMPs) and Tissue Inhibitors of Metalloproteinases (TIMPs) family
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(37) to optimize collagen alignment. As the wound heals, the remaining cells are further
eliminated by apoptosis, blood flow to the wound area reduces and metabolic activity at
the wound site decreases. Finally, new skin tissue obtains approximately 80% of the

strength of intact tissue. This step may be prolonged up to 2 years or even more (37).

These 4 phases are working orderly and timely together with complex
interactions of various cell types, molecular mediators and structural elements until the
wound is completely healed. There are many factors or stimuli that influence wound
healing process in one way or another. These factors can be considered as local and
systemic factors as shown in Table 1. It is important to understand these factors so that
they can be managed optimally as parts of an overall strategy to help complete wound

repair.

Table 1: Factors influencing wound healing process.

Local factors Systemic factors
Wound characteristics Intrinsic factors
- Size, depth and location - Patients’ age and body weight
Blood and oxygen supply - Underlying disease
Infection - Stress

Extrinsic factors
- Drugs, alcoholism and smoking

- Nutrition

Local factors mean the parameters that directly come from the wound
characteristics itself. Size, depth and location of wound that indicate severity of injury
influence the healing rate. Large damage tissue induces blood loss and delays the re-
epithelialization process due to more capillary vessels opening and higher distance
between wound edges for keratinocyte migration than small wound. The depth of the

wound also has an effect on time to heal which connects to the risk of hypertrophic scar
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development. The degree of wound contraction varies with the depth of the wound. In
partial-thickness wound, a wound included the epidermis and some parts of dermis,
contraction is less important in direct proportion to their depth. On the other hand,
wound contraction mostly occur in full-thickness wound which contraction is a main
process accounting for up to a 40% decrease in the size of the wound (33). Wound
healing process is also affected by location of the defect. Wounds occurring on bony
prominences, on areas of decreased vascularity and in areas with fewer epidermal
appendages tend to be slow to heal (38). Blood supply also plays an important role in
wound healing process due to its functions as nutrient and oxygen reserves. Cell
proliferations and activities during wound healing process have high energy and oxygen
consumption. Once the skin is damaged concomitant with vascular disruption, the
microenvironment around injured area is quite hypoxia which induce growth factors and
cytokine production from macrophages, fibroblasts and keratinocytes such as PDGF,
TGF-B, VEGF, TNF-0. and endothelin-1 (39). Therefore, short-term hypoxia after injury
stimulates wound healing but chronic hypoxia has negative effect through prolong
inflammatory phase, retard re-epithelialization and extracellular matrix production.
Moreover, risk of infection also increases when skin surface is broken leading micro-
organism invasion. If decontamination process is ineffective in microbial clearance,
prolonged inflammatory response as a result of elevation of pro-inflammatory cytokine
such as IL-1, IL-6 and TNF-a will occur (40) and consequently impaired healing

process.

Systemic factors can be divided into 2 parts; intrinsic and extrinsic factors.
Intrinsic factors are the factors that directly depend on patients’ demographic data such
as age, body weight, underlying disease and physiological stress while extrinsic factors
come from external exposures such as medications, alcohol, smoking and nutritional
uptake. Elderly patients whose age over 65 years showed decreased rates of healing
compared to younger patients because of inflammatory response alteration, delayed re-

epithelialization, delayed angiogenesis and collagen deposition (47, 42). Overweight or
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obese patients are likely to have pressure-related injuries and infections as a result of
skin hypoperfusion, impaired immune response and difficulty of antibiotics delivery
through blood supply (43). In addition, aging and obesity are associated with anxiety,
depression and stress which can cause many diseases and health conditions.
Underlying diseases, especially diabetes, have been obviously reported that impaired
wound healing by many mechanisms. Hyperglycemia causes oxidative stress,
fibroblasts and epithelial cells dysfunction, impaired angiogenesis, high MMPs level for
collagen breakdown and decreased immune resistance which eventually contributes to
physiological stress, infection and chronic wound development (44). Stress disrupts
neuroendocrine immune equilibrium through the hypothalamic-pituitary-adrenal axis and
sympathetic nervous system. It induces glucocorticoids production and reduces the
levels of the pro-inflammatory cytokines; IL-1, IL-6, and IL-8 and TNF-0 at the trauma

areas which are important for the initial phase of wound healing (45).

Together with intrinsic factors, extrinsic factors on wound healing process
including medications, alcohol, smoking and nutritional uptake are taking into account.
Many medications potentially interfere wound healing, for example, corticosteroids
which suppress cellular proliferation, granulation tissue formation and collagen synthesis
and chemotherapeutic drugs which inhibit all cellular division and reduce immune
functions of the patients (46) . If it is possible, these drugs should be discontinued to
recover normal healing process; otherwise, wound may be repeat occurred and
become chronic. Social history of the patients is also considered as risk factors of
wound healing impairment. Alcohol intake and cigarette smoking increase oxidative
stress, induce MMPs activity, enhance patient susceptibility to infections and impair
angiogenesis (47, 48). Prolonged alcohol consumption and smoking enhance
malnutrition and vitamin depletion due to unhealthy eating habits. Wound healing
depends on patient's nutritional status especially adequate calories, protein and
micronutrients which are needed at every step of the healing process. There are studies

reported that specific amino acids; glutamine and arginine, polyunsaturated fatty acid,
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vitamin A, vitamin C, and zinc play an important role in wound healing, and their

deficiencies can cause impaired skin recovery process (49, 50).

2.3 Skin grafts

A skin graft is one of the surgical procedures to repair losses or aesthetic
correction of skin tissues by transferring of a section of healthy skin (donor site) to
replace the damaged tissue in specific area needed to be recovered (recipient site) (7).
When the wounds occur without the possibility of spontaneous healing or direct tissue
primary closure, skin grafts are generally considered for treatment. The features of skin
grafts vary in source, size, thickness, and location of the skin chosen to be harvested.
According to the sources of the explants, skin grafts are classified into 3 types;
autograft, allograft, and xenograft (7, 2). Autograft is called when the donor and
recipient site are in the same patient. This graft exhibits high graft take rate and well skin
compatibility. However, in patient whose normal skin for donor site is limited, such as
extensive burns exceed 50-60% of the total body surface area, or in patient who has
severe co-morbid disease improper to undergo any surgical procedure, allograft or
xenograft are mainly indicated. Allogratft is the graft which the donor and recipient site
are in different subjects. It can be harvested from a cadaver or can originate from skin
removed during surgical interventions or from donors usually related to the recipient
patient. Xenograft comes from animals whose skin has a structural affinity with human
such as porcine skin. However, both allograft and xenograft can cause immunological
response and exhibit higher rate of graft rejection than autograft (67). The disease
transmission is also mentioned to be concerned before using allograft and xenograft

transplants.

Skin grafts are also divided on the basis of thickness into split thickness and full
thickness as shown in Figure 3. STSG includes the epidermis and different amounts of

dermis. With regard to the thickness, STSG is further divided into thin (0.15-0.3 mm),
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intermediate (0.3-0.45 mm), and thick (0.45-0.6 mm) while Full Thickness Skin Graft
(FTSG) involves all dermis or deeper tissue which are usually thicker than 0.6 mm (7).
The thicker of the skin graft, the greater durability with the better cosmetic result but

slower donor site healing and higher rate of graft rejection.

Split skin
AL

Thin Intermediate Thick
1

Full
S thickness
skin

Figure 3: Classification of skin grafts by thickness (52).

STSG is usually used to repair skin loss in anatomically critical zones or large
area of the body such as burn, extensive trauma, or wound caused by tumor resection.
It can be meshed to obtain greater surface coverage, irregular surface adherence and
fluid drainage from beneath the graft. However, donor site for STSG lacks the entire
epidermis and variable depth of dermis which is painful and causes a large amount of
blood loss because of the opening of blood vessel and sensory nerve to the
environment. Donor site is also highly possible to get wound contraction, scar, or

depigmentation postoperatively. Therefore, in case of aesthetic surgical procedure
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involved small area of the skin or concernment of tissue texture matching appearance,

FTSG is mainly chosen with its better cosmetic results (7, 2, 53).

The factors needed to consider about the location for skin graft donor site
include size or depth of the recipient area, skin quality requirement (color, hairs, and
possibility of resensibilization) and potential morbidity for the patient to ambulate, sit,
and sleep. STSG donor site can be selected from varied parts of the body; for example,
scalp, abdomen, thigh, buttock and instep (2). Donor sites for skin grafts should be also
well hidden, if it is possible, because skin discoloration or scar may be occurred.
Adequate STSG donor site management plays an important role to minimize
postoperative wound healing problems and offer rapid rehabilitations. Normally, donor
site is able to heal spontaneously by re-epithelialization and the skin graft can be re-
harvested from the same area after 2 months later (54, 55). However, the quality of the

skin being re-harvested remains decrease.

The characteristics of wound at recipient site and clinical status influence types
of skin grafts chosen. Medical providers have to seriously concern that the benefits at
the recipient site must outweigh the donor site defect. Moreover, the patients should be
educated about the necessity of skin graft procedure to treat their wounds and the
expected result of the treatment for patient wound care cooperation and optimum

treatment outcome.

2.4 Wound dressing for split-thickness skin graft donor site treatment

Considering which types of dressing is appropriate for each wound depends on
cause, size, depth, location, degree of exudation and level of contamination. The
features of wound; for example, STSG donor site causes higher amount of fluid loss,
more pain and discomfort to the patient than FTSG because the former usually covers

large area of skin tissue and allows more surface of blood vessels and nerves under the
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skin exposing to the environment whereas the latter has smaller size result in being able
to close primarily after harvesting. In addition, patient acceptance and affordability to
the expenses after treatment should be concerned. The characteristics of the ideal
dressing for STSG donor sites are the ability to provide the optimum environment for skin
re-epithelialization, maintenance moist condition above wound bed, ability to absorb
and contain exudates without leakage, wound protection from mechanical trauma and
exogenous contamination, being easily applicable without trauma on dressing removal
and economical in cost (3, 56). Currently, there is no available dressing containing all
those features; therefore, it is a challenge to generate a new dressing material with

better properties closer to those of ideal dressing.

Common treatments used for STSG donor site are categorized as open, semi-
open, and closed treatment (77). With open treatment, the donor site remains exposed
to the environment without coverage. Even though this technique raises definitely lowest
cost, it is often painful with highest risk of infection and associated with extended
healing time. Now, there are available only 2 treatment techniques, semi-open and
closed, which are commonly used in surgical wound care (57, 58). With semi-open
treatment, wound is covered with a mesh dressing which allows some parts of wound
bed exposed to the air while the closed treatment means a wound dressing is applied
on the donor site and left intact for several days to create the occlusive condition on
wound surface. The dressings used for semi-open treatment are fine mesh gauze or
tulle gras such as Bactigras® (Smith&Nephew, UK), Jelonet” (Smith&Nephew, UK),
Sofra-tulle” (Hoechst Marion Roussel Ltd, UK) and Scarlet red” (Kendall™, USA) etc.
The examples of commercial occlusive dressing used in closed treatment are films or
membranes, hydrocolloids, alginates, hydrofibers, polyurethane foams and silicone
dressings. Summary of types and properties of the commercial wound dressing

products are shown in Table 2.
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Table 2: Summary of commercial wound dressing types and properties (32, 56, 59-62).

Types of P > | Other characteristics Trade
wound ? 2 § % % name
o o 3 = 9
dressing g S = 2 %
s s | & | g%
g3 5 | & &
£ g
Mesh gauze No Yes/No No Yes - Need secondary Bactigras®
absorbent layer Adaptic®
- Some are Jelonet”
impregnated with Scarlet-
antimicrobial agent red”
- Relatively Sofra-tulle®
inexpensive Xeroform®
Film Yes Yes/No No Yes - Allow wound Opsite®
inspection for direct Tegaderm®
assessment
- Contraindicate to
medium-highly
exudative wound
Hydrocolloid No Yes Low to Yes - Provide autolytic Comfeel”
moderate property DuoDERM®
- Manufactured in Urgotu|®
many shapes, sizes
- Beware of wound
maceration
Alginate No No High Yes - Provide hemostatic Algisite®
and autolytic Curasorb”
properties Kaltostat”
- Gel odor or texture | Sorbsan”
may be confused Urgosorb®

with infection
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Table 2: Summary of commercial wound dressing types and properties (continue).

(32, 56, 59-62)

Types of P > | Other characteristics Trade
> o 8 s 3
wound Q = Q. T © name
o o 8 = 2
dressing o S = 2 £
%) ® O] © 8
% = £ » =
- &b 2 5 2
3 © 3
< >
Hydrofiber No No High Yes - Allow packing into Aquacel®
wounds
- Provide autolytic
property
- Contraindicate to
dry wound
Hydrogel No Yes Low Yes - Provide autolytic Intrasite”
property
- Indicate to dry,
necrotic or sloughy
wound
- Need secondary
protective layer
Foam No No High Yes - Provide thermal Allevyn®
insulation and Askina”
cushioning effect to Lyofoam®
wound
- Require tape to
adhere dressing on
wound
- Contraindicate to
dry wound
Silicone No Yes No Yes - Need secondary l\/IepiteI®
dressing absorbent layer l\/lepilex®
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Each type of dressing has its own advantages and disadvantages so it is
important to match the different wounds to appropriate dressing. The wound care
techniques of semi-open and closed treatment are also different which can be
concluded as following described. After harvesting donor site, semi-open technique
commonly uses fine mesh gauze as a primary wound contact layer. This type of
dressing allows the airflow and drains the exudates to the secondary absorbent
dressings. In the case of fluid leakage or excessive discharge, the secondary dressings
are removed and replaced by new sterile absorbent dressing to avoid infection and
wound edge maceration. It is important that the first-applied dressing should stay intact
on wound as long as possible to minimize healing process disruption because dressing
removal often results in considerable pain and damage the new epithelium. The fine
mesh gauze should only be removed earlier if wound shows any signs of infection. In
closed treatment, occlusive dressing maintains moist on wound surface which takes part
in wound healing promotion, pain or mechanical damage reduction. Polyurethane foam,
alginates, or hydrofibers also have highly absorptive capacity which can manage
moderately to heavily exuding wound and reduce dressing removal frequency.
However, due to their high cost, it is unlikely that these dressings can be afforded by

many patients who have economical limitation (58, 60).

A fine mesh gauze impregnated with paraffin and 0.5% chlorhexidine acetate
(Bactigras®) is one of the semi-open dressing widely used as a STSG donor site
coverage (63). Therefore, wound care treated by this dressing is similar to semi-open
treatment technique as mentioned above. The major disadvantages of Bactigras® are
not only wound adherence leading to damage epithelial cells during dressing removal,
but also cause pain and discomfort to the patients (64). However, wounds treated with
this dressing has low infection rate with acceptable outcomes and cost-effectiveness
compared to other types of dressings (60). Consequently, Bactigras® is currently

considered as a standard dressing for STSG donor sites and further new formulated
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wound dressings should be conducted the experiment by comparing to this paraffin

mesh gauze (64-66).

2.5 Silk Sericin

Silk sericin is a natural protein obtained during the degumming process of silk
cocoon in silk fabrication industry. Silk cocoons comprise of 2 protein components; 25-
30% sericin and 70-75% fibroin. Sericin functions as adhesive that glues fibroin fibers
together to form robust silk cocoon (716, 67). Its secondary structure exists in amorphous
random coil when dissolves in hot water and converts to 3-sheet organized structure in
low temperature resulting in gel formation. This gel is easily dissolved at 50-60°C and
then return to gel again by cooling effect which represented sol-gel transition property of

sericin (68).

Silk sericin consists of many hydrophilic amino acids whose molecular weights
fall between 10-400 kDa. Amino acid compositions mainly found in silk sericin are serine
(33.4%) and aspartic acid (16.7%) (69, 70). However, molecular weight and amount of
amino acid compositions of extracted sericin are different with regard to degumming
methods as indicated in the study by Aramwit et al. (71). This study investigated 4
degumming methods; heat under pressure, acid, base, or urea solution on the
properties of extracted sericin. Silk sericin extracted by heat under pressure composed
of moderate molecular weight ranging from 25-150 kDa with the highest amounts of
methionine compared to other extraction methods. Methionine is an amino acid essential
in collagen production which is a part of wound healing. Silk sericin extracted by heat
under pressure also stimulated proliferation and attachment of mouse fibroblast cells
and promoted collagen synthesis from those cells effectively. Naturally, collagen is a
major component of connective tissue in dermis and subcutaneous layer of human skin

which is mainly contributed to wound healing aggravation and new epithelial tissue
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strengthening. In recent year, there are several studies found that silk sericin may have

potential to stimulate wound healing process in vitro, in vivo, and in clinical practice.

In 2005, Tsubouchi et al. (72) investigated the effect of silk sericin at the
concentrations of 0.25, 2.5, and 25 pg/cm2 on human skin fibroblast attachment and
proliferation. The result showed that 2.5 and 25 pg/cm2 sericin coating on polystyrene
dishes promoted cell proliferation up to 250 times within 72 hours cultivation compared
to control (no sericin coat). Moreover, those 3 concentrations of sericin exhibited
increase of collagen synthesis 250-300 times above control group. Phase contrast
microscopic images indicated that cells growing on sericin coating dished exhibited a
well-spread fibrous shape, while those growing on no sericin coating dishes exhibited
round shape. This result conformed to what found in the study by Terada et al. (18) in
the same year. This experiment added 0.1% sericin solution in tissue culture media and
found that silk sericin promoted human skin fibroblast proliferation better than Bovine

Serum Albumin (BSA) of which this study used as a control.

The molecular mechanism by which silk sericin stimulates cell proliferation and
collagen synthesis are still unknown. However, the success of silk sericin in skin tissue
culture leads to interest in its use as a natural biomaterial for wound dressing. In 2005
and 2008, Teramoto et al. continuously conducted the experiment about ethanol-
induced silk sericin hydrogel and gel film formulated for wound dressing (73, 74).
Sericin hydrogels and gel films can be formed by ethanol addition to sericin solution to
induce B-sheet structure formation. The resulting gel film exhibited rapid water
absorption and mechanical stability against swelling in water. When it wet, this gel film
showed more flexible and larger elongation, up to approximately 400%, than dry state.
Fibroblast cell adhesion and growth on silk sericin gel film in day 7 was also comparable

to that in cell culture dish which inferred that silk sericin gel film had no cytotoxicity.
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In 2007, Aramwit et al. formulated cream containing 8% silk sericin and
investigate the effects on wound healing in rats (20). After getting 2 full-thickness skin
wounds on dorsum, rats were divided into 2 groups; group 1 comparing between 8%
sericin cream and a 10% povidone-iodine solution (Betadine®) while group 2 comparing
between 8% sericin cream and cream base (cream without sericin). All wounds were
cleaned daily with normal saline solution and each assigned samples were applied on
wound after cleaning. Wound surfaces were observed daily for wound size
measurement and any possible signs of skin irritation. The results found that wounds
treated with sericin cream showed significantly higher percent of wound-size reduction
than wounds treated with cream base (p<0.01) whereas there was no significant
difference as compared to wounds treated with Betadine”. Mean time taken for
complete wound healing in wounds treated with sericin cream, Betadine®, and cream
base are 11, 12, and 15 days, respectively with no allergic reaction in all groups.
Regarding the histological examination, wounds treated with sericin cream exhibited an
increase in collagen components and complete healing with no ulceration which
obviously differed to wounds treated with the others. In 2009, same researchers studied
the effect of silk sericin solution and 8% sericin cream on induction of pro-inflammatory
cytokines, IL-1B and TNF-@, in cell lines and in animals (27). These cytokines are
involved in macrophage and lymphocyte functions which play an important role in the
immune system of the body. The results showed that silk sericin solution at the
concentrations of 0.2-1.0 mg/mL had no cytotoxicity on fibroblast cells. At day 7 of the
experiment, IL—1B and TNF-a levels in skin samples of wounds treated with sericin
cream fell under toxic levels and lower than wounds treated with cream base or normal
saline solution. It is consistent with the study by Panilaitis et al. in 2003 which indicated
that extracted sericin solution were immunological inert to macrophage cell cultures
(75). All results from these previous studies suggest that silk sericin has wound healing

potential without causing inflammatory reaction.
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Further investigations substantially emphasize the use of silk sericin in clinical
level during the recent years. In 2010, Namviriyachote ef al. reported a case study of 14-
year old boy with partial thickness burn wound treated with silver zinc sulfadiazine
cream containing silk sericin (76). There was complete recovery of skin wound after 14
days of the treatment with no sign of infection or skin irritation. In 2011, Palapinyo et al.
conducted double-blinded clinical study to evaluate the efficacy and safety of silver zinc
sulfadiazine cream with silk sericin compared to silver zinc sulfadiazine cream without
silk sericin, as a control, in 34 partial thickness burn wounds (22, 77). Sericin-treated
wounds effectively promoted epithelialization with no infection and adverse reaction.
Pain score assessed by patients themselves were also comparable between both
groups. However, topical preparation as cream proper only in superficial wound with
little exudate, has no protective property from mechanical trauma and requires at least
daily wound care from health care providers. Amount of cream applied on wounds each

time of dressing changes, in addition, may be inconsistent.

According to disadvantages of cream preparation, a newly silk sericin-based
wound dressing was formulated. Tao et al. in 2005 have tried to prepare porous
materials from sericin solution by freezing the sericin solution and then drying under
negative pressure which called freeze-drying process (78). Smaller pore size and higher
pore density were observed with lower freezing temperature or higher sericin
concentration due to lack of ice crystals formating time and restriction of water
movement. However this material from sericin alone was very fragile and unable to be
handle which was not suitable for use in medical applications. The further experiments
were required to obtain the silk sericin-based wound dressing with better physical and

biological properties.

Polyvinyl Alcohol (PVA), a commonly used synthetic polymer, and glycerin, a
plasticizer, were introduced to blend with sericin solution to form a three dimensional

porous scaffold with strong and stable structure (79). The silk sericin-PVA scaffold was
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flexible and can absorb moisture efficiently between 500-700 times compared to its dry
weight. Nevertheless, this scaffold was unable to maintain its structure and broke into
pieces after immersing in water for 24 hours which inferred that it was improper to be

practically used as a wound dressing.

A stabilization process which is believed to improve the properties of
biomaterials was selected to create better integrity of silk sericin-PVA scaffold. Both
chemical crosslinking and physical stabilization process were applied. Blending with
genipin, a naturally crosslinking agent extract from gardenia fruit, can form the silk
sericin-PVA scaffold with uniform pore size, stable structures with good compressive
strength, high swell property and desired level of sericin release (79). The genipin-
crosslinked silk sericin-PVA scaffolds also promoted the attachment and proliferation of
fibroblasts and accerelated healing of full-thickness wounds in rat with lower amounts of
macrophages and multinucleated giant cells (80). However, dark-blue color residue
which can stain the skin and obscure wound inspection was only an obvious
disadvantage of this genipin-crosslinked silk sericin-PVA scaffold. Therefore,
stabilization method by ethanol immersion is further investigated. The result showed that
ethanol-precipitated silk sericin-PVA scaffold (called wound dressing containing silk
sericin or silk sericin dressing) exhibits more integrity and stable which made it easier to
apply on wound without skin staining (25). However, ethanol cannot be also applied for
sterilizing agent since the ethanol-treated scaffold produced signs of bacterial growth
after 24 hours incubation in tryptic soy broth (24). Therefore, the scaffold should be
sterilized by other methods such as gamma irradiation, the most appropriate procedure
for silk sericin-based scaffold sterilization, prior to use in clinical practice. Recently, in
vivo study of the efficacy and safety of silk sericin dressing on full thickness skin wounds
in rats showed that wound treated with silk sericin dressing (or silk sericin-PVA scaffold
stabilized by ethanol) can be noticed the skin re-epithelialization on day 3 and wounds
are completely closed within day 14 whereas wounds treated with the dressing without

silk sericin spends more time, up to 21 days, to complete healing (25). The higher extent
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of type Il collagen, percentage of epithelialization and healing scores were also found in
the wounds treated with silk sericin dressing than those of the control scaffolds without
sericin. There is no significant sign of infection and skin irritation in both groups as

observed in visual field and histological examination (25).

According to the literature reviews about the benefits of silk sericin in wound
healing acceleration and the results of the recent study of a new developed dressing,
the purpose of this study is to evaluate the safety profile of silk sericin dressing in
healthy volunteers by assessment of changes in skin colors both erythema and melanin
values of the skin after silk sericin dressing contact using patch test and investigate the
clinical efficacy of this dressing for STSG donor site treatment compared to Baotigras®
which is the standard commercial available dressing for donor site therapy at King
Chulalongkorn Memorial Hospital. The time for complete re-epithelialization, rate of
infection, and pain evaluation as well as the adverse events which may occur are
evaluated. Systemic pro-inflammatory cytokines patterns of the patients and cells
attached to wound dressing characteristics are also investigated. This study will give
further important information on clinical safety and efficacy profiles of silk sericin
dressing to be used as a dressing of choice for patients undergoing STSG as well as

other open-wounded instead of current expensive commercial wound dressing.



CHAPTER IlI

RESEARCH METHODOLOGY

3.1 Phase | preliminary study for safety of the silk sericin dressing in healthy

volunteers

This prospective, randomize-controlled match pair study was conducted to
determine the safety profiles of silk sericin dressing compared to commercial wound
dressing (Bactigras®) from April 2011 to January 2012 at the Department of Pharmacy
Practice, Pharmaceutical Sciences, Chulalongkorn University, and Police General

Hospital, Bangkok, Thailand.

Study samples

Thai healthy volunteers were selected for skin irritation testing. The study
protocol was reviewed and approved by the institutional review board of Police General
Hospital (Approval number 30/2554 on 8 April 2011, Appendix A). Adequate explanation
of the objectives, methods, and potential harms of the intervention was given to each
individual and written inform consent was obtained. One hundred and twelve subjects
fulfilled the following criteria were recruited in this study. The criteria for enroliment
included:

Inclusion criteria:

1. Age 18-65 years old

2. Be healthy, normal physical and mental status

3. Be able to follow the study procedure and visit the investigator in every
appointment

4. Agree to be included into study by signing the consent form
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Exclusion criteria:

1. Any skin diseases such as psoriasis, infectious skin diseases

2. Immunodeficiency diseases

3. Use concomitant drugs as followed; immunosuppressants, oral and topical
antihistamines, oral and topical steroids in a week prior to be enrolled in the study

4. Known allergy or hypersensitivity reaction to silk sericin or chlorhexidine
acetate

5. Not follow time schedule of the appointment

6. Pregnancy or lactation

Sample size determination

Sample size was based on a review of critical factors in the conduct and
interpretation of the human patch test of McNamee et al. in 2008 (87). It recommended
that sample size for testing any transdermal delivery device or dressing should be at
least 100 healthy volunteers who take parts in a complete study. This amount of
volunteers had 0.99 of probability to find any skin adverse effects which likely had an
incidence equal to 5 percent in target population. Moreover, Henderson and Riley
investigated statistical calculations of patch tests adapted for detection and evaluation
of chemical agents (82). If no reaction was observed in a group of 100 test subjects,
then the rate of positive reactions in a larger population is not likely to exceed 2.9%,
based on a confidence level of 95%, under identical conditions. The drop-out rate was
defined as 10 percent of subjects; therefore, sample size should be at least 112 healthy

volunteers.

Study interventions

Silk sericin dressing is a scaffold fabricated by silk sericin-PVA-glycerin

blending, stabilized by 70% ethanol immersion and sterilized by gamma irradiation

before use. To test the quality between each batch, the resultant dressings are randomly
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selected to measure the amount of protein released for 3 days. The variation between
batches should not be higher than 7%. The stability test to find its shelf life is shown in
Appendix B. Bactigras® is a fine mesh gauze impregnated with paraffin and 0.5%
chlorhexidine acetate (Smith&Nephew, UK) and used as a standard treatment for skin

graft donor site according to the protocol of King Chulalornkorn Memorial Hospital.

Figure 5: Bactigras®

Randomization
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All eligible healthy volunteers were applied both silk sericin dressing and
Bactigras®. Left or right areas at the back skin were randomly allocated for applying silk
sericin dressing by block randomization using block size equals to 4 following by simple
randomization to choose an order of randomized scheme. Another side of the back skin

is then automatically applied with Bactigras®.

Study procedures

After signing consent forms, demographic data were recorded from all eligible
volunteers. Back areas were chosen from every subject to provide enough area to apply
silk sericin dressing and Bactigras® at the same time. The left and right areas on the
back were randomly allocated for silk sericin dressing or Bac’[igras® attachment. All
eligible participants acclimatized in a room with the temperature of 25+2°C and 50+5%
relative humidity for approximately 10 minutes then baseline characteristics of skin at the
back were observed. Skin colors both redness (erythema) and darkness (melanin) were
measured by a Mexameter MX18°~ (Courage + Khazaka electronic GmbH, Germany).
The instrument calibration was checked before each measurement session to ensure it
was within the manufacturer’s limits. Photos of the skin were taken from both areas for
skin irritation evaluated by 3 clinical dermatologists. Information obtained from the

subjects was recorded in case record form as shown in Appendix C.

On the first visit, silk sericin dressing or Bactigras®, in the size of 4x4 cm2, were
applied on assigned back areas. Both dressings were then covered by gauze together
with retentive tapes and left for 3 days. If the dressings removed prior the assigned time,
the participant were instructed to visit the investigator as soon as possible to apply new
dressings and continue the study. This process was done in 2 cycles which called the
induction phase. Seven to ten days after application of the last induction patch, single

challenge dressings (both study and control dressings) were repeat applied on the
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same areas and left for another 3 days. This latter process was called the challenge

phase.

In every visit, erythema and melanin levels as well as photos of the back area
were taken within 30 minutes after dressings were removed. The volunteers were also
interviewed by the investigator for details of any skin irritation perceived. All skin photos
taken were separately evaluated for any visual skin irritation using the HRIPT scale by 3
independent clinical dermatologists who are unknown which interventions given. At the
end of this phase, all study information from participants who complied with entire study

procedure was carefully gathered for per-protocol analysis and interpretation.

Outcome measurements

- Changes in skin colors both erythema and melanin values of the back skin
contacted to the test samples
- HRIPT score of the test area separately evaluated by 3 dermatologists

- Any skin irritation perceived by the participants
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3.2 Phase Il clinical efficacy of silk sericin dressing in patients with STSG

donor site

This prospective, randomize-controlled match pair study was conducted to
determine the efficacy and safety of silk sericin dressing for the treatment of STSG donor
site compared with Bactigras®; a standard treatment, from March to December 2012 at
the Division of Plastic and Reconstructive Surgery, Department of Surgery, King

Chulalongkorn Memorial Hospital, Bangkok, Thailand.

Study samples

STSG donor sites which were carried out at Division of Plastic and
Reconstructive Surgery, King Chulalongkorn Memorial Hospital, Bangkok, Thailand were
recruited for this clinical trial. The study protocol was reviewed and approved by the
institutional review board of King Chulalongkorn Memorial Hospital (Approval number
4/55 on 23 February 2012, Appendix D, Clinical Trial Registration Number
NCT01539980 title Clinical study on silk sericin wound dressing for split-thickness skin
graft donor sites treatment). Adequate explanation of the objectives, methods, and
potential harms of the intervention was given to the patients and written inform consent
was obtained. Twenty eight subjects with 30 donor sites fulfilled the following criteria
were included in this phase. The criteria for enrollment included:

Inclusion criteria:

1. Patients who required STSG such as burn, trauma patients etc.

2. Patients whom surgeons assessed that ready for undergoing STSG

3. Patients must have sufficient normal skin at thigh area for 1 or more STSG
donor sites

4. The thickness of donor sites fell between 0.15-0.45 mm (0.006-0.018 inches)
and their sizes were at least 50 cm’

5. Age 18-65 years old

6. Agree to be included into study by signing the consent form
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Exclusion criteria:

1. Use other areas for STSG donor sites instead of thigh

2. Donor sites were located at high risk of infection such as harvesting closed to
current infective wound (excessive purulent discharge or bad odor)

3. Patients who were immunocompromised or mental defect

4. Patients who were not be able to or not willing to comply with the study
protocol

5. Known allergy or hypersensitivity reaction to silk sericin or chlorhexidine
acetate

6. Pregnancy or lactation

Sample size determination:

This study investigates 2 dependent samples to compare the time taken for
complete epithalization between silk sericin dressing group and control (Bactigras®)
group. The sample size calculating formula as followed;

2 2
Za+ZB bp

D2

The study of Angspatt et al. in 2011 compared the treatment effect for partial-
thickness skin grafts between carboxymethylchitosan and Baotigras® in 44 patients (66).
Mean times taken for complete healing of donor sites treated with
carboxymethylchitosan and Bactigras® were 11.32 + 2.55 and 15.03 + 2.93 days,
respectively (p<0.001).

Define; confidence level = 95% (o = 0.05)
power of the study = 90% (3 = 0.1)
Zq

g

1.96

1.28
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N = Sample size needed

w
Il

Pooled variance

O
[l

Effect size; difference in time taken for complete healing of
STSG donor site treated with two types of dressing was determined as 2 days.
According to data obtained from the study of Angspatt et al.

Pooled variance;

2 2 2 2
S1 +82 2.55 +2.093
sz = —_— = — = 7.5437
2 2
Sample size;
2. N2
7/ R S

ASEOR P

N =
D 2

= 19.78 =~ 20 donor sites

Defined 30% drop out rate

20
N = = 30 donor sites

1—0.3

Therefore, STSG donor sites needed for this study were at least 30 donor sites.

Randomization

STSG donor sites that meet all eligibility criteria were equally divided into two

parts. The cephalic half and caudal half were defined as A and B, respectively. A side is
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randomized to treat with silk sericin dressing by simple randomization. Randomization is
performed by using a random number table; odds equal to A and evens equal to B. The

other side is then automatically treated with Bactigras®.

Study procedures

All eligible patients were explained thoroughly about study’s objectives,
methodology and possibilities of risk, patients agreed to be included in the study signed
in the informed consent. Patients’ demographic data and physical examination at the
beginning of the study were recorded. Indication of STSG use and treatment-related
details as well as medications ordered to the patients was also recorded in case record

form as shown in Appendix E.

Harvesting of skin grafts was performed by the same standardized procedure to
all patients. After the patients were administered general anesthesia, skin preparation for
STSG donor site was done by scrubbing with 10% povidone iodine followed by 5%
chlorhexidine gluconate solution. All antiseptic residues were washed off with sterile
normal saline solution and left skin to dry for a short period of time. With the help of
castor oil lubrication, STSG was harvested at thigh area by a powerized dermatome
(Zimmer® Ltd, UK) and used to cover patients’ defects directly or meshing. After
harvesting the graft, a wound occurred at donor site was covered with adrenaline
soaked gauze for a few minutes to stop bleeding. Half of the donor site was randomly
treated with silk sericin dressing and the other half was then treated with Bactigras®. The
photos of donor site were also taken before and after dressing application together with
ruler scale for wound dimension measurement. The secondary absorbent gauze and
elastic bandages were then tightly applied to the wound to protect it from external shear
force. Two days later, the top absorbent layers and bandage were gently removed
leaving the primary dressing in place to prevent wound damages. No further dressing

changed and leaving the donor sites immobilized as long as possible unless there was
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excessive fluid leakage or any signs of infection. Additional multiple absorbent gauzes
were required if there was excessive exudates which could be seen easily on fluid
oozing gauzes and leakage to the top layer. In case of signs of infection, which
determined as clinical examination together with wound or wound edge discoloration,
edema, redness, inflammation, offensive odor, excessive exudates, extremely
intolerable pain at wound area or wound tissue necrosis appearance, surgeon must
consider taking out all dressings and covered both sides of donor areas by Bactigras®.
A wound swab at the suspected site was performed by surgeons for microbial
identification. Then, this donor site will be reported as an infected wound in the result

section.

In 5 postoperative days consecutively, all patients were asked to assess their
pain severity at each part of donor site by writing a mark on the Visual Analog Scale
(VAS). VAS was composed of 10-centimeters line equal to 10 points which 0 score
located at the left side mean “no pain” and 10 score located at the right side mean
“worst intolerable pain”. In case of discharge, verbal interview by telephone was used

instead of VAS according to the pain assessment schedule.

Blood samples were collected at pre-operation and 7-14 day post-operation for
measuring blood chemistry data indicated blood glucose, liver function (aspartate
amino transferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP)
and albumin), renal function (blood urea nitrogen (BUN), creatinine (Scr)), and blood
compositions (hemoglobin (Hb), hematocrit (Hct), platelets, and White Blood Cell count
(WBC)). Additional blood samples were also collected at preoperative, first, and seventh
postoperative day to determine pro-inflammatory cytokine profiles (IL-6 and TNF-QL)
during the treatment process. After collection, these blood samples were centrifuged for
serum separation, transferred to cryogenic vials and kept in liquid nitrogen until analysis.

In case of discharge, blood samples were collected at the outpatient department, King
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Chulalongkorn Memorial Hospital on the first follow-up visit (normally 7-14 postoperative

days) and underwent in the same manner to collect serum.

The completely healed day of donor site and other local adverse events were
observed by surgeons. Time taken for complete healing of donor site was determined as
duration from the operative day to the day that the dressing material spontaneously
peeled off without causing pain, and wound underneath exhibited complete
epithelialization without fluid leakage. Wound dressings after peeling off were also
collected and kept at 4°C for observation the appearance of cells which may attach on
the dressing by polarized light microscope and scanning electron microscope. In case
of discharge, patients was instructed to take notes about the date when each dressing
easily removed with no pain and bring the used dressings to the investigator at the next

follow-up visit.

Medical records of the patients were reviewed thoroughly by investigators for
recording clinical relevant data. Physical examination, vital signs and medications of the
patients during the study procedure were also recorded. All study information was finally

gathered for analysis and interpretation.

Primary outcome measure:

- Time taken for complete healing of each half of donor site treated with silk
sericin dressing or Bactigras®

- Pain score at each half of donor sites assessed by patients during 5
postoperative days consecutively

- Infection rate of donor sites assessed by clinical observations and swab

evaluation
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Secondary outcome measure:

- Changes in blood chemistry, hepatic function, renal function of the patients

- Change in serum IL-6 and TNF-0L concentration during the treatment procedure
that may be relevant to clinical observation

- Epithelial cells presents on wound dressing after peeling off

- Vital signs, medications, treatment-related data

- Any possible local adverse effect at donor site
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Figure 7: Diagram of phase Il clinical study
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Appearance of wound dressings after peeling off

Wound dressings after peeling out off the donor sites, both silk sericin dressing
and Bactigras®, were observed for cell attachment under a polarized light microscope
(Olympus BX61, USA) at 4x and 20x magpnification. Moreover, the dressings were cut
into small pieces, mounted onto aluminum stubs and sputter coated with gold at a 10—
20 nm thickness before taking images under scanning electron microscope (JEOL JSM-

5410LV, Japan) at an acceleration voltage of 15 keV.

IL-6 and TNF-OL concentration analysis

Human IL-6 and TNF-0. quantitative Enzyme Linked Immunosorbent Assays
(ELISA) kits (Human IL-6 and TNF-a ELISA Ready-Set-Go, eBioScience Inc, USA) were
used to measure serum IL-6 and TNF-0. concentrations at each time point of serum
collection. These serum samples were transferred to cryogenic vials and kept in liquid
nitrogen until analysis. All serum samples were analyzed once together after last
samples were collected. The sensitivity of the kits equaled to 2 pg/mL for IL-6 and 4
pg/mL for TNF-0 detection. All the testing components were stored in 4°C and the

recombinant standard cytokines were stored at -80°C until analysis.

Both pro-inflammatory cytokines were separately measured according to the
same protocol from manufacturer as following. Capture antibody specific to each
cytokine was coated on 96-well plate and incubated overnight at 4°C. The plate was
washed 6 times by phosphate buffer solution with 0.05% tween 20 (called wash buffer)
and blocked each well by the assay diluents for 1 hour in room temperature. The plate
was then washed 6 times by wash buffer. After thawing at room temperature, 100 UL of
serum samples solution were added to each well together with the serial dilution of
recombinant cytokine for generating standard curve and calibrating samples. Removing

all test solutions was done after 2 hours incubation at room temperature and biotin-
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conjugated secondary antibody was added and incubated for another 1 hour at room
temperature. The plate was carefully washed and avidin-Horse Radish Peroxidase
(HRP) was then added to each well. After 30-minutes incubation, the plates was repeat
washed again and consequently added tetramethylbenzidine (TMB) substrate solution.
This step was incubated in dark environment at room temperature for 30 minutes to
develop the blue-colored solution. The stop solution, 1M H,PO,, was then added to each
well and the solution subsequently turned to yellow color. The absorbance was
measured using the microplate reader (Perkin Elmer Victor 3 Model 1420, USA) at 450
nm. Recombinant IL-6 and TNF-O. were used to generate standard curve as shown in

Appendix F. All serum samples were done in duplicates.

Serum IL-6 levels were in the range of 10 and 1000 pg/mL found in normal
patients after surgery. Serum TNF-Q was less than 100 pg/mL considered as normal

level of the patient with no systemic infection (83, 84).

3.3 Statistical analysis

Analysis of descriptive statistics and inferential statistics data will be use SPSS
version 17.0 (SPSS. Co., Ltd., Thailand). Significance level was defined at o0 = 0.05 for
all analyses.

In Phase 1, demographic data of participants were shown as frequency,
percent, mean and standard deviation. Comparing erythema and melanin index from
Mexameter~ and HRIPT scoring scale from dermatologists between two area contacted
by silk sericin dressing or Bactigras® was analyzed by using paired f-test and repeated
measures ANOVA.

In Phase 2, demographic data of participants were shown in the same way as
phase | analysis. All continuous data were represented as mean and standard deviation.
The intention-to-treat principle was applied. To analyze differences in time taken for

complete wound healing on time to an event, the Kaplan—-Meier method and Mantel-Cox
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log rank test were employed. The differences in pain score and all laboratory data over
time, Wilcoxon signed-rank test and Friedman test were used for nonparametric data.

Chi-square was used for association analysis for categorical data.

3.4 Ethical consideration

Investigator concerns about the rights of study subjects, healthy volunteers and
patients to be or not to be participated in the study according to their willingness. All
participants were given oral and written information about the study before recruitment.
Participants can leave the study anytime which will not impact on the regular treatment
they would receive. This clinical study also used the paraffin-impregnated fine mesh
gauze (Bactigras®) which was a standard dressing for STSG donor site treatment as a
control and all study procedures were under carefully inspection of surgeons at the
Division of Plastic and Reconstructive Surgery, Department of Surgery, King
Chulalongkorn Memorial Hospital, Bangkok, Thailand. All data will be kept confidential
and presented only the overall results. There had no record any details that led to

personally identify to the participants.



CHAPTER IV

RESULTS

4.1 Phase | preliminary study for safety of the silk sericin dressing in healthy

volunteers

This prospective randomize-controlled match pair study was conducted from
April 2011 to January 2012 at the Department of Pharmacy Practice, Pharmaceutical
Sciences, Chulalongkorn University, and Police General Hospital, Bangkok, Thailand.
One hundred and twelve healthy volunteers were enrolled into the study. After the first
patch was done, two male volunteers were withdrawn from this study. One subset
withdrawal due to the unstable attachment of the patches and inconvenient to visit the
investigator to apply new dressings while another subset withdrawal due to the itching
and annoying perception at the back area in which he could not specify exactly when he
did routine activities. At the end of the study, data from 110 healthy volunteers were
analyzed for safety profiles of silk sericin dressing compared to a fine mesh gauze

impregnated with paraffin and 0.5% chlorhexidine acetate (Bactigras®).

Demographic data of healthy volunteers included in the study were shown in
Table 3. Participants were mainly female (73 participants; 66.40%) with mean age equal
to 27.35+9.80 years. Most of volunteers were students (69.10%) following by state
enterprise officers and government officers (11.80% and 10.90% respectively). There
were 20 volunteers (18.18%) who reported their underlying diseases including
hypertension (1 person; 0.91%), hyperlipidemia (2 persons; 1.82%), airborne allergy (12
persons; 10.91%), food allergy (2 persons; 1.82%), migraine (1 person; 0.91%),

seasonal asthma (1 person; 0.91%), peptic ulcer (2 persons; 1.82%), flatulence and
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dyspepsia (1 person; 0.89%). There was no participant who currently used oral or

topical antihistamines or corticosteroids within a week prior to be enrolled in the study.

Table 3: Participants’ demographic data.

Data Number of volunteers Percentage
(N =110) (%)
Sex
- Male 37 33.60
- Female 73 66.40
Age (year) 27.35+9.80
[Range] [20, 57]
Weight (kg) 56.20+£10.30
[Range] [38, 101]
Height (cm) 162.35+8.34
[Range] [133, 185]
Body mass index (kg/m’) 21.27+3.14
[Range] [14.13, 31.24]
Occupation
- Business owner 1 0.90
- Maid 4 3.60
- Employed 4 3.60
- Government officer 12 10.90
- State enterprise officer 13 11.80
- Student 76 69.10
Underlying disease
- No 92 81.82
- Yes 20 18.18
Current alcohol drinking
- No 87 79.10
- Yes 23 20.90
Current smoking
- No 93 84.50
- Yes 17 15.50

Values indicate mean+SD [range]



Table 4: Erythema and melanin levels of the tested skin measured by Mexameter MXx18” during each visit (Mean + SD) [Range].

Number of visits

*

Sample 1 2 3 4 5 p-value
Erythema level
Silk sericin 249.82+78.64 247.08+76.60 249.83178.82 250.40+74.97 242.14+72.57
dressing [245.17, 254.47] [242.55, 251.61] [245.17, 254.50] [245.97, 254.84] [237.85, 246.44]
0.906
o 252.20+82.35 249.21+74.73 249.79+78.69 253.56+80.66 243.82+72.63
Bactigras
[247.33, 257.07] [244.78, 253.63] [245.14, 254 .45] [248.79, 258.33] [239.52, 248.12]
Melanin level
Silk sericin 218.24+89.91 215.48+88.04 218.234+86.19 219.98+88.18 211.81+84.28 0.820
dressing [212.93, 223.56] [210.27, 220.69] [213.13, 223.33] [214.46, 225.19] [206.82, 216.79]
o 220.62+93.98 217.29490.79 219.36+£91.07 225.47+93.28 215.44+88.01
Bactigras

[215.06, 226.18]

[211.92, 222.66]

[213.98, 224.75]

[219.95, 230.98]

[210.23, 220.65]

*Repeated Measures ANOVA was used to compare the difference among the erythema and melanin levels in all time points.

514
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Skin colorimetric measurement of erythema and melanin level was used as an
objective tool to measure skin response to any substances. Mexameter MX” is an
instrument commonly used in cosmetic and medical skin test. It consists of sensitive
probe emitting lights at 3 specific wavelengths; 568, 600 and 870 nm, onto the skin and
a receiver in the probe measure the reflective light from the tested area. The instrument
reports data as erythema and melanin index calculated from light remittance and
represented amounts of hemoglobin and melanin pigment, respectively under the skin.
Both erythema and melanin level from Mexameter MX18° fall in the range of 0-999 which
higher number means higher amounts of hemoglobin and melanin pigment contributing

to skin color.

In this study, Mexameter MX18" was used to measure volunteers’ skin response
to silk sericin dressing and Bactigras®. At every visit, after resting in the room at 25+2°C
and 50+5% relative humidity for 10 minutes, back area of healthy volunteers were repeat
measured skin color for 10 times by a sensitive probe of Mexameter MX18°. Erythema
and melanin level measured from the skin contacted with silk sericin dressing and
Bactigras® at every visit were shown in Table 4, Figure 8 and Figure 9. Average
erythema level of all back skin areas at the time of enroliment were 251.01+80.50 of
which skins before contacted with silk sericin dressing were slightly lower than of skins
before contacted with Bactigras®, but no significant difference was found (249.82+78.64
and 252.20+82.35, respectively). During the study visit, erythema levels of the skin after
contacting with the test materials were slightly changed from baseline without significant
difference between silk sericin dressing- or Bactigras®—treated area (p=0.906).
Concomitant with erythema, melanin levels of all area were measured which equaled to
219.00+£91.95 at baseline of which skins before contacted with silk sericin dressing were
slightly lower than of skins before contacted with Bactigras® (218.24+89.91 and
220.62+93.98, respectively). Again, there was no significant difference in melanin levels
at every visit between the skins applied with silk sericin dressing or Bactigras®

(p=0.820).
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Table 5: Skin evaluations for any local side effects according to HRIPT scoring scales by

3 independent clinical dermatologists compared to the baseline skin characteristics.

Numbers of evaluation*
Types of 1 5 3 4
dressing [ ¢ ® p= S c ° c S
2 2| 8 |22 & (22| g |2 2| ¢
8 2 2 3 8 2 3 2 2 3 2 2
Parameters 57“) g r§ % g § ?7“) g c(;é 57“) g §
Erythema1
No 106 101 164 157 190 196 170 169
Mild 221 220 149 151 131 128 148 154
Moderate 3 8 17 21 9 6 11 6
Severe 0 1 0 1 0 0 1 1
p-value** 0.651 0.571 0.758 0.921
Edema’
No 279 278 259 255 282 293 265 264
Mild 48 47 66 68 46 37 63 65
Moderate 3 5 5 7 2 0 2 0
Severe 0 0 0 0 0 0 0 1
p-value** 0.775 0.693 0.162 0.310
Papule3
No 323 318 306 307 319 316 313 312
Exist 7 12 24 23 1 14 17 18
p-value** 0.703 0.596 0.937 0.891
Vesicle*
No 330 330 330 330 330 330 330 330
Exist 0 0 0 0 0 0 0 0
Bullae’
No 330 330 330 330 330 330 330 330
Exist 0 0 0 0 0 0 0 0

*Maximum frequency of each parameter was equal to 330.

**Chi-square test for any significant difference of the frequency among the evaluations

1Erythema: redness

?Edema: definite swelling

3F’apules: many small, red, solid elevations; surface of reaction has granular feeling

“Vesicles: small circumscribed elevations having translucent surfaces so that fluid is visible (blister-like); vesicles are no

larger than 0.5 cm in diameter

®Bullae: vesicles with a diameter >0.5 cm: vesicles may coalesce to form one or a few large blisters that fill the patch site
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Table 6: Percentage of skin evaluation according to HRIPT scoring scale, calculated by

the frequency of responses at every visit from 3 independent clinical dermatologists.

Parameters Silk sericin dressing Bactigras,®
Erythema1
no 32.1-57.6% 30.6-59.4%
mild 39.7-67.0% 38.8-66.7%
moderate 0.9-5.2% 1.8-6.4%
severe 0-0.3% 0-0.3%
Edema’
no 78.5-85.5% 77.3-88.8%
mild 13.9-20.0% 11.2-20.6%
moderate 0.6-1.5% 0.0-2.1%
severe 0.0% 0.0-0.3%
Papule3
no 92.7-97.9% 93.0-96.4%
exist 2.1-7.3% 3.6-6.9%
Vesicle*
no 100.0% 100.0%
exist 0.0% 0.0%
Bullae’
no 100.0% 100.0%
exist 0.0% 0.0%

1Erythema: redness
*Edema: definite swelling

3 . . . .
Papules: many small, red, solid elevations; surface of reaction has granular feeling

Vesicles: small circumscribed elevations having translucent surfaces so that fluid is visible (blister-like); vesicles are

no larger than 0.5 cm in diameter

®Bullae: vesicles with a diameter >0.5 cm; vesicles may coalesce to form one or a few large blisters that fill the patch

site
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In addition to skin colorimetric measurement, clinical assessment was performed
by 3 independent clinical dermatologists through skin photos taken at the time of
enrollment and every follow-up visit. This subjective observation can report the

occurrence of local adverse event supplementary to objective method.

In this study, the visual scoring of irritation was performed according to HRIPT
scale. This scale was adapted from the guidance for industry skin irritant and
sensitization testing of generic transdermal drug products (85) which included the
observation of erythema (skin redness score 0-3 which 0 means normal skin and 3
means very severe redness), edema (skin swelling score 0-3 which 0 means normal skin
and 3 means very severe swelling), papule, vesicle and bullae (evaluated as exist or no
exist). All irritation degrees of back skin contacted with silk sericin dressing were
comparable to those of Bactigras® (p>0.05) as shown in Table 5 and Table 6. Focusing
in the details of HRIPT scale, there were higher frequencies of mild perceptible
erythema on volunteers’ skin observed as the first reading but the frequencies were
reduced mainly to “no erythema” on the next follow-up visit. "No edema” was mainly
found in skin response although some of them showed mild or moderate level. No
severe edema was found in the skin contacted with silk sericin dressing while one score
was assessed as severe edema on a skin contacted with Bactigras®. Only very slight
papules were observed during the study (2.1-7.3% of silk sericin dressing-contacted
area and 3.6-6.9% of Baotigras®—contacted area) along with no existence of vesicle and
bullae. According to the skin evaluation of all 3 dermatologists, no considerable irritation
was seen in 110 healthy volunteers at any visit after applying with silk sericin dressing

compared to Bactigras®.

During the study period, of 110 healthy volunteers, 12 participants (11%)
reported itching sensation surrounding the test areas which mainly caused by the
retentive tapes using for samples attachment. They indicated that the sensation was

tolerable; thus, they were able to complete all study protocol.
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4.2 Phase Il clinical efficacy of silk sericin dressing in patients with STSG

donor site

This prospective randomize-controlled match pair study was conducted from
March to December 2012 at the Division of Plastic and Reconstructive Surgery,
Department of Surgery, King Chulalongkorn Memorial Hospital, Bangkok, Thailand.
Twenty eight patients required skin grafting as a single procedure or in combination with
other reconstructive surgery procedures were enrolled into the study. After written inform
consents were obtained, demographic data of all patients at baseline including sex,
marital status, age, weight, height, occupation, medical care rights, known drug allergy,

underlying disease and social history were recorded as shown in Table 7.

The patients were mainly female (16 patients; 57.1%) at average age equal to
39.86+16.41 years. Mean Body Mass Index (BMI) was in normal range (23.66+4.26
kg/mz). According to the data recorded in patients’ charts, there were 3 patients who
had known drug allergy; one reported penicillin G, one reported ciprofloxacin and
another one reported pseudo-allergy from morphine injection. Approximate 36% of
patients who had chronic underlying diseases prior to hospitalization including
thalassemia (1 patient; 3.6%), paroxysmal supraventricular tachycardia (1 patient,
3.6%), type Il diabetes mellitus (3 patients; 10.7%), hypertension (4 patients; 14.3%),
spinal cord injury with quadriplegia (1 patient; 3.6%), hyperlipidemia (1 patient; 3.6%),
obesity (1 patient; 3.6%), gout (1 patient; 3.6%) and heart failure (1 patient; 3.6%). Of 28
patients included in this study, 4 patients (14.3%) were current smokers with no more
than 10 cigarettes per week and 8 patients (28.6%) were occasionally alcoholic drinkers
for sociability. Physical examination at the time of enrollment including body
temperature, respiratory rate, blood pressure and fasting blood sugar were also shown

in Table 7.



Table 7: Participants’ demographic data.
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Data Number of patients Percentage
(N = 28) (%)

Sex
- Male 12 42.9
- Female 16 57.1

Marital status
- Single 15 53.6
- Married 13 46.4

Age (year) 39.86+16.41

[Range] [18, 65]

Weight (kg) 62.00+£12.29

[Range] [40, 85]

Height (cm) 161.79+8.18

[Range] [143, 175]

Body mass index (kg/m?) 23.66+4.26

[Range] [15.65, 30.12]

Occupation
- Government officer = 3.6
- Priest 1 3.6
- Business owner 3 10.7
- Maid 3 10.7
- Student 5 17.9
- Employed 9 32.1
- Not specify 6 21.4

Medical care rights
- Government welfare 2 71
- Social security 2 7.1
- Hospital welfare 2 7.1
- Cash 7 25.0
- Universal care service - 15 53.7




Table 7: Participants’ demographic data (continue).

Data Number of patients Percentage
(N = 28) (%)

Smoking history

- No 24 85.7

- Yes 4 14.3
Alcohol intake history

- No 20 71.4

- Yes 8 28.6
Known Drug Allergy

- No 25 89.3

- Yes 3 10.7
Underlying disease(s)

- No 18 64.3

- Yes 10 35.7
Body temperature (°C) 36.73+0.37
[Range] [36.10, 38.00]
Respiratory rate (bpm) 19.96+0.43

[Range]

[18, 21]

Blood pressure (mm.HQ)
- Systolic blood pressure
[Range]
- Diastolic blood pressure

[Range]

119.00+£16.28
[99, 152]

69.73+£10.28

[56.50, 99.50]

Fasting blood glucose (mg/dL)
[Range]

108.80£23.32
[81, 186]

Values indicate mean+SD [range]




Table 8: Donor sites’ characteristics.
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Data Number of donor sites Percentage
(N =30) (%)
Indications of STSG
-Bumn 3 10.0
- Malignancy 6 20.0
- Scar contracture 8 26.7
- Trauma 13 43.3
Duration of surgery 142.17+86.13
involved with STSG (50, 395]
(minutes)
[Range]
STSG thickness (inch) 0.0110£0.0018
[Range] [0.0080, 0.0140]
STSG area (cm”?) 124.74+86.72
[Range] [50.48, 276.57]
Donor site location
- Left thigh 15 50
- Right thigh 15 50

Values indicate mean+SD [range]

After harvesting the graft at thigh areas, 30 STSG donor sites from 28 patients

were recruited for this clinical trial. Table 8 exhibited donor sites characteristics involved

in the study. Majority of cases required STSG were traumatic wounds (43.3%) following

by releasing scar contracture and malignant resection (26.7% and 20.0% respectively).

Mean area and depth of STSG donor sites were 124.74+86.72 cm’ and 0.01100.0018

inch, respectively which located at left and right thighs equally. During operation, the

donor sites were equally divided into two parts as the cephalic half and caudal half to

determine the efficacy and safety of silk sericin dressing compared with Bactigras®; a

standard dressing. Each half was randomly allocated to treat with silk sericin dressing
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by simple randomization. The other side was automatically treated with Bactigras®. In
this study, there were 13 donor sites that the cephalic halves were treated with silk
sericin dressing and caudal halves were treated with Bactigras® whereas the rest 17
donor sites were treated in the opposite way. After that, entire wounds were covered
with several layers of sterile absorbent gauzes and elastic bandages and observed for

any fluid leakage or sign of infection every post-operative day.

Table 9: Times for complete healing (medianzinterquartile range) [range].

Data Median times for complete healing (days)
of the donor sites treated with
Silk sericin dressing Bactigras,® p-value
All donor sites 12.00+5.00 14.00+5.25 0.024°
[7, 32] [8, 42]
Position of treatments
- Cephalic half 12.00£6.00 15.00£6.50 0.033°
[7,32] [9, 42]
- Caudal half 13.00£4.00 14.00+5.50 0.033°
[9, 27] (8, 30]
Infection criteria
- Donor sites with 12.00£2.75 14.00£5.50 8.18x10°°
no sign of infection [7,27] [8, 42]
- Donor sites with 25.00£14.00 24.00£12.00 0.317°
sign of infection [18, 32] [18, 30]

*Mantel-Cox log rank test

bTest for normality of data was significance. Using Mann-Whitney U test to compare the difference of
times for complete healing at different positions

‘Test for normality of data was significance. Using Wilcoxon signed rank test to compare the

difference of times for complete healing between donor sites treated with dressing types
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Figure 10: Kaplan-Meier curves comparing cumulative healing of all STSG donor sites

using silk sericin dressing compared with Bactigras®.

The date of complete healing of donor site was recorded when each wound
dressing spontaneously peeled off without causing pain to the patients and wound
underneath exhibited complete epithelialization. Duration from the operative day to the
day that the dressing materials peeling off referring to time taken for complete healing of
STSG donor sites treated with silk sericin dressing and Bactigras® were equal to
12.00£5.00 and 14.00+5.25 days respectively which were significantly different as
shown in Table 9 and Figure 10 (p=0.024). Considering the position of treatment,
median time to heal of cephalic halves of STSG donor sites treated with silk sericin
dressing also significantly shorter than those treated with Bactigras® (12.00+6.00 and
15.00+6.50 days respectively, p=0.033) as well as the caudal halves of donor sites

(13.0044.00 and 14.00£5.50 respectively, p=0.033).
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On the second post-operative day, after removing the elastic bandages and
several layers of sterile gauze, there were 2 silk sericin dressings fully swollen with blood
and not stay in place. Two STSG donor sites under those dressing (6.7%) exhibited
signs of infection including purulent exudate, fluid leakage, wound edge edema and
redness. While Bactigras®—treated donor sites showed no signs of infection and the
dressings still attached tightly on wounds. Wound swabs at the suspected areas for
microbial identification were done by surgeons, used silk sericin dressings were
immediately removed, donor sites underneath were cleaned with 10% povidone-iodine
solution and 0.9% normal saline solution and then covered the wounds with Bactigras®
instead of silk sericin dressing. These donor sites assessments were continued to the
study protocol, but reported as infected donor sites. The microbial identification tests
reported that there was Staphylococcus aureus found in one infected donor site and
Pseudomonas aeruginosa in another infected donor site with no further microbial

quantification test.

At the end of this study, the results showed that donor sites with signs of
infection required longer time for complete healing which was 25.00£14.00 days.
However, Baotigras®—treated donor sites which located closely to the infected areas also
needed longer time to heal which was 24.00+12.00 days insignificantly different to those

of infected donor sites (p=0.317).

Body temperatures of the patients included in the study at pre-operative day,
operative day and 5 post-operative days consecutively were shown in Figure 11. Little
difference was found in the body temperatures between study patients. Average
patients’ body temperatures at pre-operative day were slightly higher in the patients
whose donor sites were then infected than other patients (36.90+0.07 and 36.72+0.19°C
respectively) but no significant difference was found. In all patients, the body
temperatures further slightly increased on the first and second post-operative days and

then become almost constant. The body temperatures of the patients whose donor sites



61

were infected also showed the same pattern but a bit higher elevated on the first and

second post-operative day. However, all patients had no fever during the study period.
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Figure 11: Body temperatures of the patients.

According to systemic antibiotic drugs prescription, cefazolin 1 gram was
intravenously administered to all patients 30-60 minutes prior to surgery for prevention of
surgical site infection and sepsis. Intravenous clindamycin was used in the patient who
had known penicillin G allergy with maculopapular rash symptom. Generally, patients
were continuously given the same antibiotics for 7-14 days post-operation. In case of the
stability of patients’ symptom or discharge, oral antibiotics (dicloxacillin 400 mg taken 1
tablet 4 times per day or cephalexin 500 mg taken 1 tablet 4 times per day) were

ordered in patient’'s home medications together with topical antibiotic ointment indicated
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for recipient sites with specific defects such as skin suture of the release scar

contracture treatment.

Table 10: Pain score evaluated by patients (mediantinterquartile range) [range].

Pain score”
Post-operative day
Silk sericin dressing Bactigras® p-value®
5.12+1.98 10.00+1.09 .
1 2.70x10
[1.85, 10] [5.5, 10]
5.00£2.50 9.00£2.00 y
) 1.30x10
[2.2, 10] (5, 10]
2.45+1.50 6.04+3.00 5
3 3.20x10
[1, 10] [1.95, 10]
2.03+£2.95 4.75+3.00 Y
4 3.48x10
[0, 8.5] [1,8.5]
1.15+2.00 1.95+3.00
5 0.028
[0, 5] [0, 8.5]

*Test for normality of data was significance. Using Wilcoxon signed rank test to compare the
difference of pain score between donor sites treated with dressing types

bUsing Friedman test to compare the difference among the pain scores of each dressing in all 5
post-operative day (,o:3.O6><1O'13 in silk sericin dressing-treated group and ;9:6.43x10’19 in

Bactigras®—treated group)
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Table 11: Comparison of pain score between non-infected and infected donor sites

(medianzinterquartile range) [range].

Pain score’
Post-operative day
Non-infected donor sites Infected donor sites p-value®
7.53+£5.00 10.00£2.25
1 0.089
[1.85, 10] [7,10]
7.00£5.00 10.00+0.00
2 0.011
[2.2,10] [10, 10]
5.00+4.28 8.00+3.08
3 0.045
[1, 10] [5.93, 10]
2.18+3.71 6.75+3.50
4 0.004
[0,8.03] [5, 8.5]
1.08£2.00 5.00+0.00
5 0.001
[0, 8.5] [5, 5]

®Test for normality of data was significance. Using Mann-Whitney U test to compare the difference of
each laboratory data between patients having infected and non-infected donor sites
bUsing Friedman test to compare the difference among the pain scores of each dressing in all 5

post-operative day (p=1 14x10”" in non-infected donor site group and p=0.019 in infected donor site

group)

In 5 post-operative days consecutively, pain scores at the STSG donor sites
were daily assessed by patients using VAS which was composed of 10-centimeters line
equal to 10 points which 0 score located at the left side mean “no pain” and 10 score

located at the right side mean “worst intolerable pain”.

In this study, one patient with one donor site was not able to evaluate his wound
pain level due to spinal cord injury with quadriplegia. Therefore, pain scores reported in
Table 10 and Table 11 were collected from 27 patients and 29 STSG donor sites. At the

first post-operative day, median pain score of silk sericin dressing-treated donor sites
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was 5.12+1.98 then decrease to 1.15£2.00 on day 5 post-operation. Friedman test
analysis found that the change in daily pain score of these STSG donor sites were
statistically significant (,o:3.06x10’13). Corresponding to silk sericin dressing, pain
scores of Bactigras®—treated donor sites significantly decreased daily in 5 post-operative
days (p=6.43x10"°). Comparison between both dressings: however, showed that
median pain scores of the STSG donor sites treated with silk sericin dressing were
significantly lower than those of donor sites treated with Bactigras® in all 5 post-
operative days (p<0.05). Even though; on day 5 post-operation, some patients reported
that they could not differentiate pain levels between each half of STSG donor sites
treated with silk sericin dressing and Bactigras®, VAS pain scores obtained from

patients were still statistically significant between both sites.

Table 11 represented pain scores separately analyzed according to signs of
infection. The results found that the pain scores of infected-donor sites were slightly
higher than non-infected donor sites on the first post-operative day (10.00+2.25 and
7.53+5.00, respectively) and they significantly sustained in higher levels than non-

infected donor sites on day 2, 3, 4, 5 post operation (p<0.05).

Focusing on the analgesic drugs prescribed for pain management. Normally,
either 2 tablets of paracetamol 500 mg or 1 capsule of tramadol 50 mg, or both, were
ordered as patients needed. In addition to STSG donor site, severity of the defects at the
recipient sites also influenced pain perception of the patients and resulted in difference
analgesia requirement. However, in this study, pain assessments by VAS were done
daily at the same time of the day prior to analgesia administration or after analgesia

administration for 2 hours.
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Table 12: Blood biochemistry data of hepatic functions, renal functions, electrolytes

levels and blood compositions (medianzinterquartile range) [range].

Data” Pre-operation Post-operation p-valueb Normal
Hepatic functions
- AST (U/L) 21.00+£14.50 19.00£10.00 0.003 5-35
(8, 161] (8, 37]
- ALT (U/L) 21.00+£11.50 16.00+6.50 0.004 0-40
[10, 165] [10, 85]
- ALP (U/L) 74.00+46.25 69.00+£30.75 0.021 40-120
[40, 280] [45, 128]
- Albumin (g/dL) 3.50£1.15 3.75+0.82 0.140 3.5-5.0
[2.3, 5.1] [2.3, 5.0]
Renal functions
- BUN (mg/dL) 10.50+9.00 9.50+3.25 0.039 7-20
[5, 24] [5, 31]
- Scr (mg/dL) 0.71+0.24 0.61+0.26 0.077 0.50-1.00
[0.28, 1.23] [0.30, 0.98]
FBS (mg/dL) 106.50+£19.75 97.50+9.50 0.007 70-110
[81, 186] [79, 124]
Electrolytes
- Sodium (mmol/L) 139.00+3.25 139.50+3.25 0.800 136-145
[135, 147] [132, 144]
- Potassium (mmol/L) 4.00+0.43 4.05+0.53 0.302 3.5-5.1
[3.0, 4.7] (3.3, 4.8]
- Chloride (mmol/L) 100.50+4.00 101.50+4.75 0.040 95-105
[95, 108] [95, 107]
- CO, (mmol/L) 26.0024.25 26.50+£3.00 0.712 22.0-29.0
[21, 33] [21, 32]
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Table 12: Blood biochemistry data of hepatic functions, renal functions, electrolytes

levels and blood compositions (medianzinterquartile range) [range] (continue).

Data’ Pre-operation Post-operation p-valueb Normal
Complete blood count
- Hb (g/dL) 12.65+2.75 11.70+2.48 0.275 12.0-15.0
[4.60, 16.60] [7.90, 15.10]
- Het %) 39.00£7.85 36.55+6.63 0.267 36.0-45.0
[17.30, 48.30] [26.10, 42.80]
- Platelets (x10°/uL) 309.00+75.50 321.00+136.00 0.797 150-450
-WBC (x10°/uL) [152, 796] [123, 596]
7.3314.67 7.20£2.26 0.289 4.5-11.0
[4.60, 15.19] [4.67,11.84]

AST = Aspartate aminotransferase, ALT = Alanine aminotransferase, ALP = Alkaline phosphatase,

BUN = Blood urea nitrogen, Scr = Serum creatinine, FBS = Fasting blood sugar, Hb = Hemoglobin,

WBC = White blood cells

“Test for normality of data was significance. Using Wilcoxon signed rank test to compare the

difference of each laboratory data pre- and post-operation




Table 13: Comparison of blood biochemistry data between infected and non-infected

donor sites (mediantinterquartile range) [range].
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Pre-operation

Post-operation

Data’ : 5 : 5
Non-infected Infected p-value Non-infected Infected p-value
Hepatic
functions
- AST (U/L) | 21.00£15.50 21.00+0.00 1.000 19.00+10.00 19.50£7.00 0.967
[8, 161] [21, 21] [8, 37] [16, 23]
- ALT (U/L) 21.0048.75 10.0040.00 0.024 16.00+6.75 13.50+3.00 0.226
[10, 165] [10,10] [10, 85] [12, 15]
-ALP (U/L) | 74.00+455 51.00+£10.00 0.061 71.00+29.00 53.5+3.00 0.088
[40, 280] [46, 56] [45, 128] [52, 55]
- Albumin 3.55+1.13 2.75%0.50 0.067 3.80+0.68 2.40£0.20 0.020
(g/dL) [2.3,5.1] [2.5,3.0] [3.0, 5.0] [2.3, 2.5]
Renal
functions
- BUN 10.00+6.00 22.50£1.00 0.030 9.00+3.75 25.00+£12.00 0.019
(mg/dL) [5, 24] [22, 23] [5, 14] [19, 31]
- Scr 0.66+0.26 0.81£0.14 0.261 0.60£0.29 0.79+0.28 0.243
(mg/dL) [0.28, 1.23] [0.74, 0.88] [0.30, 0.98] [0.65, 0.93]
FBS (mg/dL) 104.50+17.00 | 132.50+25.00 0.080 96.0048.75 121.00£6.00 0.020
[81, 186] [120, 145] [79, 107] [118, 124]
Electrolytes
- Sodium 139.00+3.75 139.50+1.00 0.737 139.50+3.75 139.00+4.00 0.706
(mmol/L) [135, 147] [139, 140] [132, 144] [137, 141]
-Potassium 3.95+0.40 4.15+0.30 0.336 4.10£0.55 3.850.10 0.260
(mmol/L) [3.0, 4.7] [4.0, 4.3] [3.3, 4.8] [3.8, 3.9]
- Chloride 100.00+4.00 102.50+1.00 0.167 101.50+5.25 103.50+5.00 0.452
(mmol/L) [95, 108] [102, 103] [95, 107] [101, 106]
- CO, 26.00+4.00 27.00+12.00 0.933 27.00+3.00 26.00+0.00 0.673
(mmol/L) [21, 32] [21, 33] [21, 32] [26, 26]
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Table 13: Comparison of blood biochemistry data between patients having infected and non-

infected donor sites (Medianzinterquartile range) [range] (continue)

Pre-operation

Post-operation

Data’ : 5 : 5
Non-infected Infected p-value Non-infected Infected p-value
Complete
blood count
- Hb (g/dL) 12.80+2.78 11.25+0.10 0.244 11.70+2.48 10.85+1.90 0.360
[4.6, 16.6] [11.2,11.3] [7.9,15.1] [9.9, 11.8]
- Het (%) 39.30+8.05 34.1+0.60 0.228 36.90+6.58 33.95+5.90 0.318
- Platelets [17.3, 48.3] [33.8, 34.4] [26.1, 42.8] [31,.0 36.9]
(x1 03/p|_) 297.50496.50 | 333.50+1.00 0.505 321.00+£140.75 | 293.50+73.00 0.618
-WBC [152, 796] [333, 334] [123, 596] [257, 330]
(x1 OS/UL) 7.33£3.78 7.1942.15 0.777 7.19+2.26 11.23+1.63 0.005*
[4.60, 15.19] [6.11, 8.26] [4.67, 8.62] [10.21, 11.84]

°AST = Aspartate aminotransferase, ALT = Alanine aminotransferase, ALP = Alkaline phosphatase,

BUN = Blood urea nitrogen, Scr = Serum creatinine, FBS = Fasting blood sugar, Hb = Hemoglobin,

WBC = White blood cells

“Test for normality of data was significance. Using Mann-Whitney U test to compare the difference of

each laboratory data between patients having infected and non-infected donor sites

To study the systemic safety profile of silk sericin dressing, blood biochemistry

data of the patients at baseline and 7-14 days post-operation were evaluated. Hepatic

function represented by AST, ALT, ALP and albumin level while renal function

represented by BUN and Scr. In addition, FBS, blood electrolytes and complete blood

count were also measured as shown in Table 12.

For hepatic function, AST, ALT and ALP were elevated on pre-operative day

(21.00+£14.50 U/L, 21.00£11.50 U/L and 74.00+46.25 U/L respectively) which further

decreased during the next week of post-operation (19.00£10.00 U/L, 16.00+6.50 U/L

and 69.00+30.75 U/L, respectively). However median of albumin levels were slightly

raised during study period (3.50+1.15 g/dL at pre-operation and 3.75+0.82 g/dL at 7-14

days post-operation).




69

For renal function, BUN and Scr were elevated in the first operative day
(10.5049.00 mg/dL and 0.71+0.24 mg/dL respectively) and then decrease thereafter
(9.50+3.25 mg/dL and 0.61+0.26 mg/dL respectively).

FBS levels at baseline significantly higher than at 7-14 days post-operation
(106.50+£19.75 mg/dL and 97.50+9.50 mg/dL respectively, p=0.007) while blood
electrolytes and complete blood count did not significantly changed during the study
period. All median of blood biochemistry data of the patients included in the study fell

within the normal range of King Chulalongkorn Memorial Hospital laboratory value.

Table 13 showed blood biochemistry data separately analyzed by infection
criteria. In contrast to data from all patients, albumin levels of patients who had infected
STSG donor sites were lower than those of others at pre-operation (2.75+0.50 g/dL and
3.55+1.13 g/dL respectively) and post-operation (2.40+0.20 g/dL and 3.80+0.68 g/dL
respectively). According to pre- and post-operative measurements, BUN and Scr levels
as well as FBS of the patients with infected STSG donor sites were higher than those
with non-infected one. During the study, blood electrolytes and complete blood count of
both groups were not statistically significant except WBC level which was significantly

high on day 7-14 post-operation in patients who had infected donor sites (p=0.005).



Table 14:

IL-6 and TNF-Q levels in patients’ serum.
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Median concentration (pg/mL)

of pro-inflammatory cytokines in patients’ serum

Data
Post-operation | Post-operation s
Pre-operation p-value
day1 day(7-14)
IL-6 All patients 15.68+11.31 31.65+16.71° 13.75+10.00 | 1.13x10™"
[5.42, 39.95] [8.94, 128.07] [4.37, 48.58]
- Patientswith | 15.95+11.31 | 30.83+18.72°° | 13.02+9.59° | 1.21x10”
non-infected [5.42, 39.95] [8.94, 61.95] [4.37, 32.75]
donor site
- Patients with | 13.32+411.84 | 117.56+2.87"° | 34.89+28.82° 0.018
infected donor [10.68,26.47] | [98.58, 128.07] | [18.58, 48.58]
site
TNF-o. | All patients Not detect 9.25+31.81° Not detect | 9.84x10°
[-8.53, 23.28]
- Patients with Not detect 8.24+27.96"° Not detect 1.02x10"
non-infected [-15.81, 51.45]
donor site
- Patients with Not detect 95.23+45.28"° 1.17+11.56 0.039
infected donor [52.95, 107.48] [-8.21, 3.35]

site

*Test for normality of data was significance. Using Friedman test to compare the difference of pro-

inflammatory cytokines within patients at overall period of the study

bUsing Wilcoxon signed ranks test to compare the difference of pro-inflammatory cytokines within

patients at each time point to the baseline value and statistically significance (p<0.05)

‘Using Mann-Whitney U test to compare the difference of pro-inflammatory cytokines between

patients having infected and non-infected donor sites at the same time point and statistically

significance (p<0.05)
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IL-6 and TNF-. as pro-inflammatory cytokines were measured in patients’ serum
collected at pre-operative, first and 7-14 post-operative days using ELISA kit with the
sensitivity of IL-6 and TNF-a equal to 2 pg/mL and 4 pg/mL, respectively. According to
pre-operative data, the results from the measurement of all patients found that IL-6 were
15.68+11.31 pg/mL while TNF-0. were below the detectable level. Both cytokines were
significantly elevated on the first-operative day and then decreased to the baseline level
at 7-14 days post-operation as shown in Table 14. Considering signs of infection, IL-6
and TNF-o of the patients with infected donor sites increased on the first operative day
at higher levels than those of non-infected donor sites. Even though both cytokines
decreased in the 7-14 day post-operation, I1L-6 and TNF-0. of the patients with infected

donor sites were still higher than those of non-infected donor sites owners.
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Figure 12: Silk sericin dressing and Bactigras® after peeling off as visual observation
(A) (C), scanning electron microscopic observation (B), (D), respectively.

( f indicated adhesion of the epithelial cells)
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Figure 13: Epithelial cells appearance under polarized light microscope which found on
silk sericin dressing (A) (B) and Bactigras® (C) (D) after peeling off at 4x and 20x
magnification, respectively.

( T indicated healthy cells on silk sericin dressing (86) while unable to detect the

border of cells in Bactigras®)
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Wound dressing characteristics after peeling off, both silk sericin dressing and
Bactigras®, were observed for epithelial cells residues left on the dressing by visual
observation, scanning electron microscope and polarized light microscope as shown in
Figure 12 and Figure 13. At the time of spontaneously peeling off, silk sericin dressing
had more stiffness and became black in color which was totally different from newly soft
and white-yellow colored silk sericin dressing. Used Bactigras® were tightly sticked
together to the several layers of absorbent gauzes. Moreover, cells remaining on the
Baotigras® were likely to exhibit more tight attachment than those on silk sericin
dressing. In addition, those epithelial cells residues were carefully removed and then
observed under polarized light microscope. Thin layer of cells with obvious boundary
with approximate cell diameter of 20-50 ym and area of 500-1,000 pm2 were noticed
from silk sericin dressing samples. In contrast, cells from Bactigras® showed thick

layers, irregular shape with some small blood occlusion spread on cell sheets.



CHAPTER V

DISCUSSION

This study conducted 2 experiments consists of phase | preliminary study to
investigate the safety profile of the silk sericin dressing in healthy volunteers using patch
test and phase Il clinical efficacy and safety of this dressing for STSG donor site
treatment compared with a fine mesh gauze impregnated with petrolatum and 0.5%
chlorhexidine acetate, Bactigras®. The results from patch test indicated that silk sericin
dressing was well-tolerated and safe to be used in clinical practice according to
changes in healthy volunteers’ skin colors, both erythema and melanin level, and HRIPT
score comparable to Bactigras®. Clinical study in patients found that the length of time
for complete healing of STSG donor sites treated with silk sericin dressing were
sigificantly shorter than those treated with Bactigras®. All daily pain scores during 5
post-operative days were also statistically significant lower in STSG donor sites treated
with silk sericin dressing than those treated with Bactigras®. Even though there were 2
STSG donor sites treated with silk sericin dressings showed some signs of infection and
revealed microbial identification as Staphylococcus aureus and Pseudomonas
aeruginosa, these 2 donor sites healed in the duration comparable to other sites treated
with Baotigras®. During the study period, the median of blood biochemistry data from
patients including hepatic function, renal function, blood electrolytes and complete
blood counts fell within the normal range of the laboratory value of King Chulalongkorn
Memorial Hospital. Pro-inflammatory cytokines, IL-6 and TNF-0,, were elevated on the
first post-operative day and decreased to the baseline levels on 7-14 days thereafter.
Epithelial cells found on the used silk sericin dressing after peeling off were likely to

exhibit well-shaped border with thin layers.
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Patch test has been developed to predict the potential of topical product to
cause irritation or any local side effects on human skin (87). After such product pass the
in vitro and in vivo safety test, it is important to apply directly on healthy human
volunteers’ skin to proof its safety profile. Silk sericin dressing which was verified for
cytocompatibility in in vitro human keratinocyte cell culture and in vivo on rat skin in the
previous study (25) was continued to investigate in the safety profile using human patch
test. In this study, a total of 112 healthy volunteers aged 20-57 years were enrolled and
110 completed the test protocol which mean 98.21% success rate. This number
corresponded with the recommendation of the Research Institute for Fragrance
Materials that required at least 100 participants complete the patch testing procedure to
ensure reliable data interpretation to larger population (87, 88). This number was also
relatively high compared to many previous studies (89-92) which included only 10-30
healthy volunteers to test natural extract-containing preparations and concluded that

those products were safe.

Diversity of patch test designs and assessments were mentioned (87). This
study used 2 combined evaluation methods to quantify the irritation response including
the noninvasively objective assessment by a skin colorimetric instrument (Mexameter
MX18®) and subjective HRIPT score of skin irritation by 3 clinical dermatologists. All
assessments for objective and subjective methods were performed at baseline and after
3 dressing patch attachments. Previous studies (93-96) reported that erythema and
melanin index from the instrument showed well correlation with hemoglobin and melanin
concentration under the skin which relatively reflected skin irritation response.
Mechanism of skin irritation was still unclear. Andersen et al. (93) suggested
multifactorial causes influenced in temporary local vasodilation, increase in hemoglobin
infiltration and edema formation at the irritated area. Lisby S. et al. (97) indicated that
skin irritation was a nonimmunological reaction. No immunological memory seems to be
involved in eliciting irritant which differed from allergic skin reactions. Therefore, the

development of skin irritation mostly occurred after the first patch was done and no
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significantly increase in response to the following patches. Exposure of the skin to
irritants often induces keratinocytes morphological changes, increased epidermal
turnover and blood flow under the skin layers (97). Therefore, the patch outcome
required not only objective skin colorimetric measurement but also subjective methods

to detect any change in skin characteristics after applying with test product.

Our results indicated that mean erythema and melanin levels of healthy
volunteers’ skin at baseline were 251.01£80.50 and 219.00+91.95, respectively which
were comparable to those in the study by Maenthaisong et al. in 2009 (92) which were
equal to 228.60+48.54 and 220.22+40.35, respectively. However, these levels were
slightly different from the results by Firooz et al. in 2012 (98) which indicated that
erythema and melanin level of the human healthy volunteers at the age of 20-30 years
were 370.36£113.74 and 235.95482.15. It may due to difference in ethnicity of the
participants and difference in body location of measurement. Our study found that
change in erythema and melanin levels of the back areas applied with silk sericin
dressing and Bactigras® were insignificantly different with respect to time. The
percentages of change in those values fell in 0.8-2.1% compared to baseline.
Comparison between change in erythema and melanin level of areas applied with silk
sericin dressing and Bactigras® also did not showed statistically significant (p>0.05).
This result was comparable to the results by Akhtar et al. in 2008 (99) which studied the
skin irritation potential of vitamin C and wheat protein emulsion compared with emulsion
base and measured skin response on weekly basis. At the end of this study, the
percentages of change in erythema and melanin levels from Mexameter Mx18° did not
exceed 2% from baseline level. Similar results also mentioned by Mahmood et al. in
2013 (90) that studied acute human skin irritation response to 4 botanical extracts
emulsion. The results showed that the percentages of change in erythema and melanin
index were 0.1-3.4% and 0.04-10.7%; respectively, from baseline. Both studies

concluded that those formulations were safe and able to use as cosmetic products.
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In addition to Mexameter MX18°, HRIPT scoring scale by 3 independent clinical
dermatologists were done as the subjective evaluation. To eliminate the possibility of
errors from recalling exactly how changes in skin characteristics, photos of the skin
taken before treatment and at various intervals during the study period were provided as
a series of the reactions (700). This current study found that HRIPT scores of the skin
applied with silk sericin dressing were not significantly different from those applied with
Bactigras® (p>0.05). Percentage of skin irritation evaluations, calculated by the
frequency of responses at every visit from 3 independent clinical dermatologists, of the
skin applied with silk sericin dressing showed moderate erythema 0.9-5.2%, severe
erythema 0-0.3%, moderate edema 0.6-1.5%, papules 2.1-7.3% with no existence of
vesicle and bullae. These results were comparable to the study by Ibarra de Palacios et
al. in 2002 (107). This study investigated the skin irritation potential of estradiol
transdermal patch (Climara®, USA) in the size of 12.5 cm” in 99 healthy postmenopausal
women. At the end of this study, the results indicated skin irritation responses scored as
moderate erythema 3.0%, severe erythema 1.0% and mild edema 1.0%. Papules
occurred in 34.3% of subjects which much higher incidence than current study. Even
though the skin irritation responses were detected, the investigator concluded that this
transdermal patch was well tolerated and now continues to use as a hormone
replacement therapy for postmenopausal women. According to our present data from
patch testing, both objective and subjective assessment, it can confirm in the safety of

silk sericin dressing to be applied in clinic.

Clinically, the efficacy of silk sericin dressing on wound healing was verified in
28 patients with 30 STSG donor sites. STSG donor site represented an ideal wound
model as it was uniform thickness with smooth surface and occurred under the sterilized
environment. This study used side-by-side matched pair design by equally dividing
STSG donor site within same patient for silk sericin dressing and Bactigras® application
as similar to the protocol of many previous studies (702-705) in order to diminish

confounding factors from underlying diseases and medications of the patients on wound
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healing. In current study, average thickness of STSG harvesting was 0.0110+0.0018
inch (0.280+0.004 mm) which was categorized in thin STSG according to the criteria of
Andreassi et al (36). STSG donor site was matched with second degree burn or partial
thickness wound which normally spontaneous heal within 14-21 days if there was no

complication (7106).

The goals of the ideal wound dressing for STSG donor sites were promotion of
re-epithelialization, minimization of pain, and reduction of patient discomfort. Silk sericin
dressing exhibited the promotion of re-epithelialization in current study. Our results
indicated that overall wound healing, as determined as duration from the operative day
to the day that the dressing spontaneously peeled off without causing pain (707), was
significantly faster with silk sericin dressing than Bactigras® (12.00+5.00 and 14.00+5.25
days, respectively). Silk sericin dressing properties were quite similar to foam combined
with hydrocolloid which was classified as closed wound dressing (77). It provided
occlusive moist environment for wound healing acceleration better than Bactigras®
which classified as semi-opened dressing. This result conformed to completely healing
time of STSG donor sites as found by Angspatt et al in 2011. In this study, time to
completely heal of carboxymethyl chitosan-treated STSG donor sites was 11.32+2.55
days while Bactigras®—treated donor sites required longer duration (15.03+2.93 days).
Muangman et al. (65) also reported that the day of re-epithelialization was significantly
shorter in patients treated with Telfa AMD® (polyhexamethylene biguanide-containing
wound dressing in poly (ethylene terephthalate) polymer) compared to those treated
with Bactigras® (9.25+1.88 and 14.00+3.05 days, respectively). Similarly, the results
found in the study by Demirtas et al. (60) and Brolmann et al. (108) also confirmed that
occlusive close wound dressing achieved more rapid STSG donor site repair than fine
mesh gauze due to providing moist environment with effective oxygen evaporation and
facilitating epithelial cells migration from wound edges (709). The explanations of silk
sericin dressing influence in promotion of re-epithelialization were not only providing

optimal moist environment but also healing effect of silk sericin itself. Tsubouchi et al.
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(72) proved that silk sericin increased in vitro cultured fibroblast cell proliferation and
collagen production. Teramoto et al. (73) also showed that silk sericin elastic gel film
effectively provided moist on wound surface and compatible to fibroblast cells. The
study by Aramwit et al. (20) showed that silk sericin cream accelerate re-epithelialization
and promoted collagen formation in full-thickness wound in rats which consistent with
the study of silk sericin dressing by Siritienthong et al. (25). In addition, serial clinical
studies of silver zinc sulfadiazine cream containing silk sericin showed wound healing
acceleration and safe to be used in burn patients as found in the study by
Namviriyachote et al. (76) and Palapinyo et al. (77). Recent study by Aramwit et al.
(110) reported that time for complete healing of second-degree burn wounds treated
with silver zinc sulfadiazine cream containing silk sericin was 22.42+6.33 days
significantly lower than time for complete healing of those treated with silver zinc
sulfadiazine cream without silk sericin (29.28+9.27 days). According to the literature, silk
sericin itself showed effective wound healing acceleration. Interestingly, we noticed that
Bactigras®—treated STSG donor sites showed slightly darker skin color than silk sericin
dressing-treated donor sites after complete healing. The darker skin after treated with
Bactigras® may indicate the more inflammation and consequently increased epidermal
melanocytes activity, occurred higher than the donor sites treated with silk sericin
dressing. The darkening skin as a result of inflammation called postinflammatory
hyperpigmentation was reported in previous studies (777, 7112). Danielsen et al. in 2012
(113) indicated that skin hyperpigmentation may persist for 3 month post-operative
period together with persistence of erythema of the skin after completely healing of
STSG donor site. However, we did not follow the long-term post healed STSG donor site
appearance. Further prospective study may continue the skin observation after

complete STSG donor site treatment.

Apart from promotion of re-epithelialization, silk sericin dressing also showed
obvious minimization of pain at STSG donor sites during the treatment course. On the

first operative day, pain score of STSG donor sites, both treated with silk sericin
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dressing and Bactigras®, were high because of environmental exposure of nociceptive
nerve under the remaining dermis. However, significantly lower of pain score at STSG
donor sites treated with silk sericin dressing was able to detect on the first operative
day. Pain scores at the STSG donor site treated with silk sericin dressing continued to
decrease with time to the lower level than those treated with Bactigras®, on overall 5
days post-operation. Similar results also found in the many previous studies that pain
scores of STSG donor sites applied with fine mesh gauze were significantly higher than
those applied with closed wound dressing (3, 60, 64, 65). World Union of Wound
Healing Societies (174) suggested that dressing selection is one of the important factors
in wound pain control. Moisture balanced dressings were recommended due to
evidences reported that particularly reduced wound pain better than non-moist
dressings. Non-moist dressing, including Bactigras®, rapidly dried out in a short period
of time and aggressive attached on wound bed which participated in pain exacerbation.
In contrast, moist dressing such as silk sericin dressing was able to maintain moisture

balance with low adherence on wound which was favorable in pain minimization.

Unexpectedly, silk sericin dressing failed to protect wound microbial
contamination in 2 donor sites. There were signs of infection defined as excessive
purulent exudate, wound or wound edge discoloration, edema, redness and
infammation in combination with clinical examination (8) as shown in Figure 14
concomitant with microbial identification reported Staphylococcus aureus and
Pseudomonas aeruginosa. Similar results found in STSG donor sites treated with
polyurethane foam (Allevyn®, Smith&Nephew, UK) in the study by Argirova et al. in 2007
(115). Two wound infections were observed on the fourth day of treatment of which
S. aureus and P. aeruginosa were identified. The microbial numbers were below the
critical values of infection (<1O5 colony forming unit/mL). The investigator also mentioned
that the first polyurethane foam dressing was saturated with blood in 2 patients, and that
required change after 24 hours of the application. Higgins et al. in 2012 (116) also

observed that exudate collected under the polyurethane dressing lifted it from the
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wound bed. Clinical observation of infection occurred in 2 wounds (11.1%) which were
swabbed for microbial culture. Isolated microorganisms were methicilin-resistant S.
aureus (MRSA) and P. aeruginosa. Again, the microbial numbers were below the critical
values of infection (<105 colony forming unit/mL); therefore, no additional treatment
required for the patients. Generally, STSG donor site produced moderate amounts of
exudate according to local inflammation response in the first few post-operative days to
provide cells nutrient supply and enhance cells migration (777). In case of much heavily
exudative production excessed the fluid holding capacity of silk sericin dressing, the
dressing were then oozy and displaced which increased risk of infection. The leakage of
exudate may cause wound edge maceration and moisture-associated skin damage. Silk
sericin itself was unlikely to cause infection due to some antimicrobial activity as shown
in the previous studies (178, 719). In contrast, fine meshing feature of Bactigras®
allowed fluid drainage to several layers of secondary absorbent gauzes which could be
changed in cased of leakage. Moreover, Bactigras® contained chlorhexidine which
limited the bacterial colonization and minimized bacterial load on wound better than
non-mediated dressing (720). Therefore, after STSG donor sites were detected signs of
infection, Bactigras® were immediately chosen to cover all donor sites regardless
microbial identification results. It was then noted that silk sericin dressing was
appropriate for low to moderate exudative wound in order to achieve effective wound
repair; otherwise, dressing changes were required to avoid leakage of excessive

exudate.
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Figure 14: STSG donor sites with signs of infection.

(Left treated with Bactigras® and right treated with silk sericin dressing)

As the results of infection, time for complete healing of STSG donor sites
required longer time to heal, approximately double duration compared to non-infected
donor sites. Pain scored of infected STSG donor sites significantly sustained in higher
levels than non-infected donor sites after the first post-operative day. Mudge et al. (121)
mentioned about a connection between wound infection, the occurrence of pain and
wound healing impairment. The inflammatory response stimulated by the invading
microorganisms leads to the expression of free radicals and release of inflammatory
mediators from immune cells. The inflammation and tissue damage may also increase
the sensitivity of the pain receptors increasing the overall perception of pain that

interfere wound healing.

To confirm the systemic safety profile of silk sericin dressing, blood biochemistry

data of the patients at baseline and 7-14 days post-operation were evaluated. Hepatic
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function, renal function, FBS, blood electrolytes and complete blood count were
measured to monitor patient status during surgery. Both pre- and post-operation, all
median of blood biochemistry data of the patients included in the study fell within the
normal range of King Chulalongkorn Memorial Hospital laboratory value. Concerning
signs of infection, WBC of the patients with infected STSG donor sites were significantly
higher than other patients after surgery. This result indicated immune response of the
patient against pathogens or foreign bodies which conformed to what found in the study
by Takahashi et al. in 2001 (722). The investigator showed that WBC levels increased
immediately after spinal posterior decompression surgery but found significantly higher
level in the surgery with instrumentation (12,226+882/ulL in the instrumentation group
and 9,302+473/ulL in the group with no instrumentation). The same investigator also
reported that average WBC counts in the patient who developed postoperative surgical
infection (7123) were 8,858+707/uL which significantly higher in non-infected patients
(approximately 6,000/uL). Other than WBC count, albumin level of the patients with
infected STSG donor sites also significantly lower than other patients which may infer
poor nutritional status of these patients. Legendre et al. (124) found that the patients
who had serum albumin level less than 3.5 g/dL exhibited poor healing prognosis and
increase risk of infection. However, it must be noted that these parameters were also

affected by not only STSG donor sites but severity of the defect at recipient sites as well.

In addition to the blood biochemistry data, systemic pro-inflammatory cytokines
was also evaluated. Many studies have been interested in IL-6 and TNF-0L measurement
as predictive parameters for disease progression or consequence of inflammatory
response in the patients undergoing any surgical procedures (125-127). Martin et al.
(83) reported high concentrations of circulating IL-6 and TNF-ol in patients with septic
shock (15,627+4,336 pg/mL and 42+7 pg/mL, respectively). Changes in both IL-6 and
TNF-QOL were correlated with outcome, higher values being found in patients likely to die.
In the study by Damas et al. (84), critically ill patients with documented infections were

included. The mean peak value of TNF-0. during septic shock was 735.9+873 pg/mL
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while it was 67.1+£63.7 pg/mL in patients without septic shock. Serum TNF-0L was less
than 100 pg/mL considered as normal level of the patient with no systemic infection. IL-6
serum levels were in the range of 10 and 1000 pg/mL during acute graft rejection or
after surgery. The higher in serum IL-6 level, the higher mortality rate of the patients.
Likewise, other studies indicated that these pro-inflammatory cytokines elevation
correlated with high risk of mortality in burn patient with inhalation injuries (728) and
increase risk of infection in patient undergoing cardiac surgery (729). In this study, we
found relatively low levels of serum IL-6 and TNF-a than those found in the study by
Martin et al. and Damas et al (83, 84). However, serum IL-6 and TNF-Q elevation at the
first post-operative day indicated inflammatory response to surgical trauma and then
decreased to the baseline level within 7-14 days post-operation similar to what found in
the previous studies (726, 130). We also detected higher elevated levels of IL-6 and
TNF-a in the patients with infected donor sites compared with patients who had non-
infected wounds. Again, these parameters were also affected by the severity of the

defect at recipient sites in addition to STSG donor sites.

Interestingly, this study also observed wound dressing characteristics after
peeling off, both silk sericin dressing and Bactigras®, for epithelial cell residues left on
the dressing. Those cell residues on silk sericin dressing exhibited thin layer of cells with
approximate cell area of 500-1,000 pm2 while cells from Bactigras® showed thick layers,
unclear border, and irregular shape with some small blood occlusion spread on cell
sheets. According to the study by Holzle in 1977 (86), normal skin mostly showed
obvious outline of cell border with symmetrical hexagonal or pentagonal regular shape.
Average normal cell sizes were 980 pm2 at scapular region and 1000 pm2 at hip area.
While skin from patients with allergic contact dermatitis showed 15% smaller than
normal with irregular shape and asymmetrical trabeculae. 0.1% tretinoin solution contact
induce dermatitis also exhibited irregular shaped cells and returned to normal within 3
weeks after stop tretinoin. Similar results were found by Kashibuchi et al. in 2002 (131).

This study collected normal skin form cheek and upper arm and observed in three-
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dimensional mannered under atomic force microscope. Healthy cells were flat and
regular shape while cells from atopic dermatitis and psoriasis were thicker and uneven
shape related to impair skin barrier function, reduce water-holding capacity and further
increased in skin turnover rate. In addition, Guz et al. in 2009 (7132) observed
corneocytes in the skin flakes adhered to the tape used in the stripping method. Normal
cell shapes were similar to what mentioned in the study by Holzle (86). The investigator
also reported that corneocytes from backhand areas of the 8-year old participants were
600-850 pm2 and 800-1,050 pmz of 81-year old participants. The area distributions for
forearm corneocytes ranged from 600-1,000 pm2 in young subjects to 1,000-1,300 pm2
in old subjects. In our study, cell residues on silk sericin dressing showed comparable
size and shape to the healthy corneocytes inferred better quality of renew skin tissues at
the donor sites. On the other hand, cells on used Bactigras® cannot identify definite size
and shape with thick layers which may be a result from damage of new skin formation
by strongly wound adherence. Moreover, it can be noticed from current study that at the
time of complete healing and wound dressing spontaneously peeling off, new skin
coverage at STSG donor sites showed dry rough scales which easy to cracked or
fissured due to incomplete formation of underlying skin appendages and these can
cause itching sensation to the patients (733). The itch greatly induces scratching of the
skin followed by damage the wound which was just completely healing. Therefore,
itching evaluation after complete healing of STSG donor sites should be assessed in
further study to provide information about the quality of new skin tissue formation result

from different wound dressings.



CHAPTER VI

CONCLUSION

This prospective randomize-controlled study investigated the safety profile of silk
sericin dressing by patch test in healthy volunteers from April 2011 to January 2012 at
the Department of Pharmacy Practice, Pharmaceutical Sciences, Chulalongkorn
University and Police General Hospital, Bangkok, Thailand and the clinical efficacy of
this dressing for STSG donor site treatment compared with petrolatum-impregnated fine
mesh gauze, Bactigras® from March to December 2012 at the Division of plastic and
reconstructive surgery, Department of Surgery, King Chulalongkorn Memorial Hospital,

Bangkok, Thailand.

Data from 110 healthy volunteers who complied with patch testing protocol were
analyzed regardless of 1.72% drop-out rate. Patch testing was done by randomly
applying silk sericin dressing and Bactigras®on the back for 3 days, done for 2 times in
the induction phase. Seven and ten days later, both dressings were repeat applied on
the same areas and left for another 3 days in the challenge phase. At the time of
enrollment and every visit, erythema and melanin values were repeat measured 10 times
per area by Mexameter MXx18” together with photos of the back were taken within 30
minutes after dressing removal. The results showed that the levels of erythema and
melanin of the skin at baseline and changes in skin colors after contacting with silk
sericin dressing were comparable to those of the skin contacted with Bactigras® during
the study procedure. Statistically testing by repeated measures ANOVA found that there
was no significant difference of erythema and melanin values between the testing
materials (p=0.906 and 0.820, respectively). Moreover, visual local irritations occurred

on the back area were separately evaluated with HRIPT scoring scale by 3 independent
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clinical dermatologists through photos taken during the study. All dermatologists mainly
reported skin responses of the volunteers as mild erythema, slightly edema and few
percentages of papule occurrences with no existence of vesicle and bullae. No
considerable irritation on the skins contacted with silk sericin dressing compared to
those contacted with Bactigras®. Thus, it can be concluded that silk sericin dressing

was well-tolerated and safe to be used in patients.

Clinical study was conducted to determine the efficacy of silk sericin dressing
compared to Baotigras® for STSG donor site treatment. Twenty-eight patients with 30
STSG donor sites were enrolled into the study with no drop-out. Donor sites were
predominantly indicated for acute trauma treatment such as car crash and open
fracture. Average STSG donor site area was 124.74+86.72 cm’ and the depth was
0.011040.0018 inch, respectively. After harvesting, the donor sites were equally divided
into two parts as the cephalic half and caudal half to determine the efficacy and safety of
silk sericin dressing compared with Bactigras®. Both dressings were then covered with
several layers of sterile gauzes and elastic bandages. The time for complete healing of
the donor sites defined as the duration from the operative day to the day that the
dressing material spontaneously peeled off without causing pain, and wound
underneath exhibited complete epithelialization without fluid leakage were equal to
12.00+5.00 and 14.00+5.25 days of the donor sites treated with silk sericin dressing and
Bactigras®, respectively (p=1.99x10'4). Considering the position of the treatment, donor
sites treated with silk sericin dressing also showed significant shorter time for complete

healing than those treated with Bactigras® (p=0.033).

In this study, 2 silk sericin dressing-treated donor sites (6.7%) showed signs of
infection including excessive purulent exudate, wound edema and redness while no
sign of infection in Bactigras®—treated sites. Wound swabs at the suspected area were
performed by surgeons and found Staphylococcus aureus in one donor’'s exudate along

with  Pseudomonas aeruginosa in another donor's exudate without indicated
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quantification. After clean up by 10% povidone-iodine solution and normal saline
solution, all infected wounds were covered with Bactigras® instead of silk sericin
dressing because silk sericin dressing has no antimicrobial agent. The results exhibited
that these donor sites required longer time to heal to be 25.00£14.00 days of the donor
sites treated with silk sericin dressing and 24.00+12.00 days of the donor sites treated
with Bactigras® (p=0.317). In 5 postoperative days consecutively, pain scores of donor
sites treated with silk sericin dressing were significantly lower than those treated with
Baotigras® (p<0.05 at every evaluations). Regarding the signs of infections, pain scores

of infected donor sites increase and sustained higher than non-infected sites.

For safety profiles, blood biochemistry of the patients enrolled in study were
analyzed. Hepatic and renal function parameters including AST, ALT, ALP and BUN
were elevated at the time of enrollment and significant decrease in the next week of
treatment. However, the median of all blood biochemistry data including hepatic
functions, renal functions, electrolytes levels and blood compositions fell in the normal
range of King Chulalongkorn Memorial Hospital’s laboratory protocol. Moreover,
systemic pro-inflammatory cytokines of the patients and cells attached to wound
dressing characteristics were also investigated. The results found that IL-6 and TNF-a
levels increased at the first post-operative day but then obviously decreased 7-14 days
later which indicated the inflammatory response of the patients to the surgical
procedure. Observation of cells attached to the silk sericin dressing under the
microscope revealed definite border of the epithelial cells while cells on Bactigras®

showed irregular shapes.

In summary, all results described above suggest that silk sericin dressing shows
minimum local adverse events and gets acceptable safety profile by undergoing human
patch test in healthy volunteers. Moreover, silk sericin dressing can accelerate wound
healing process in STSG donor sites and reduce pain level compared to those treated

with Bactigras®, a standard dressing. Even though we found 2 infected donor sites in
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silk sericin dressing group but time for complete healing of these wounds were
comparable to Bactigras® treatment. From blood biochemistry data, no significant

adverse event was found in all study patients.

Limitations of the present study

1. Retentive tapes may interfere the patch test results which can infer to be false
positive if tapes cause skin irritation itself or false negative if tapes detach too
early and let the dressings away from the test area.

2. All healthy volunteers and patients included in the study were 18-65 years old
which may not extrapolate to other groups.

3. This clinical study in Phase Il assigned silk sericin dressing and Bac’[igras® to
apply on the STSG donor sites in the same patients to avoid confounding factors
from underlying diseases of the patients and STSG characteristics. However, it
was difficult to obviously separate signs of infection, pain assessment and side

effect of the two test dressings.

Recommendations

1. Further prospective studies to examine the efficacy and safety of silk sericin
dressing in STSG donor site from separate individual patients are warranted.

2. Nutritional status of the patients before and during enrolling in the study should
be assessed. Surgery increases the patient's body need for energy and
nutrients. It may be contributed to clinical problems during the wound repair
such as poor healing and infection.

3. Silk sericin dressing is appropriate for dry wound or low to moderate exudative
wound in order to achieve the most effective wound repair; otherwise, dressing

changes are required to avoid leakage of excessive exudate.
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Appendix B

Stability test of wound dressing containing silk sericin

To determine the shelf-life of wound dressing containing silk sericin, such
products in each batch were tested a number of characteristics according to ASEAN
Guideline on Stability Study of Drug Product (2005) (1) and International Conference
Harmonization (ICH) guideline (2006) (2) prior to be used practically. Sterilized wound
dressings containing silk sericin were packed in tightly sterile plastic bags and kept
under 30°C + 2°C with 75% + 5% relative humidity according to the recommendation in
the topic of storage condition for new drug substances and products for patch or
devices applied on the skin (1). After completion of desired days of incubation; day 7,
14, 30, 60 and 90, 9 wound dressings containing silk sericin at each time point were
sampling for physical and chemical characterization compared to dressing at day 0
(sample before keeping in storage condition). The details of characterization test were

provided as following:

1. Appearance

The characteristics of wound dressing containing silk sericin after 7, 14, 30, 60
and 90 days incubation were examined. All samples were measured the outer
dimension with micrometer (Mitutoyo Corporations, Japan) for volume changes
calculation compared to the beginning volume at baseline. Moreover, incubated wound
dressing containing silk sericin were weighed on an electronic precision balance model
AB204-S (Mettler Toledo Inc., US). Weight changes of each sample were calculated by

percentage of different between initial and final weight of samples.

The results of volume and weight changes after each time of incubation was

shown in Figure 1. All samples had slightly decreased in both volume and weight. All
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final volume and weight of samples decreased less than 1% and 0.5% from their initial
values, respectively. These may be the results of small amount of water inside the
sample loss during incubation and let their dimensions altered slightly.

Comparing between at each sampling time; however, volume and weight of the samples

did not significantly change among these incubation periods.

Incubation period (days)
7 14 30 518] Q0

01 4
02 4

0.3 -4 OVolume

04 mWeight

05

06

Percentage of changes (%)

07

08

-0.9

Figure 1. Changes in volume and weight of wound dressing containing silk sericin after
7, 14, 30, 60 and 90 days of incubation. () represented volume changes and (H )

represented weight changes of samples.

2. Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra were performed to identify the functional groups found in sample
and to detect any change by storage condition. FTIR analysis of wound dressing
containing silk sericin was recorded using a Perkin Elmer spectrometer with Potassium
Bromide (KBr) pellet technique. Samples of such wound dressings were carefully

ground into fine powder and mixed with KBr. Infrared spectra were carried out with a
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resolution of 4.0 cm” and a scan range of 4,000-1,000 cm’. Peaks were acquired by

subtracting sample areas by background measurements.
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Figure 2. FTIR spectra of lyophilized silk sericin powder (A), wound dressing containing
silk sericin after incubation for 7 days (B), 14 days (C), 30 days (D), 60 days (E), and 90

days (F).

FTIR spectra of all samples were shown in Figure 2. All peaks were interpreted
according to Interpretation of Infrared Spectra, a practical approach (2000) (3). A broad
absorption seen at 3,430 cm’ was represented the hydrogen bonding O-H group which
consisted in the hydrophilic side chain of silk sericin. The peak at 2,940 cm’

corresponds to C-H asymmetrical stretching found in the aliphatic organic compound.
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FTIR spectra showed the characteristics of proteins attributing to the C=0 group in the
amide | band in range of 1,680 — 1,550 cm’, the amide Il band in range of 1,460 —
1410 cm” and the amide Il band in range of 1,300 — 1,200 cm’. There were two
different peaks in the amide | region, 1,640 and 1,540 cm’', were attributed to random-
coil and B-sheet conformation, respectively. The band at 1,045 and 1,099 cm’ were
assigned to be C-OH stretching of primary and secondary alcohol, respectively. The
spectra of each sample were similar to one another. It was postulated that the chemical
structure of wound dressing containing silk sericin did not change during the storage

period.

3. Differential Scanning Calorimetry (DSC)

DSC analysis was carried out using a Netzsch DSC204 F1 Phoenix to determine
thermal stability of material by measuring the heat of a sample at elevated temperatures
relatively to a reference. The higher temperature in which peaks occurred suggested the
stronger intermolecular force and higher temperature for thermal decomposition of
samples. Approximately 9 mg of wound dressing containing silk sericin were heated
with constant rate of 10 °C/min from 25°C to 325°C and the nitrogen gas flow rate was

controlled at 30 mL/min.

To detect phase change of wound dressing containing silk sericin through
thermal degradation, DSC was conducted and found 3 endothermic peaks as shown in
Figure 3. All peaks were interpreted according to Principles and Applications of Thermal
Analysis (2008) (4). The endothermic peaks centered around 100°C considered as
water loss from the structure of samples. The second peak near 190°C was attributed to
thermal-induced molecular mobility and melting of sericin and polyvinyl alcohol (PVA)
consisted in the wound dressing. The last heat exchange in wound dressing containing
silk sericin was observed as a peak near 270°C corresponded to the thermal

decomposition of all wound dressing compositions. All DSC curves showed similar
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endothermic peak which implied that thermal degradation profiles of the samples did

not change during storage and consequently thermal stability remain unchanged.

2
Wil
QR

]

25 75 125 173 225 fit= 325

Temperature (“C)

Figure 3. DSC curve of lyophilized silk sericin powder (A), wound dressing containing
silk sericin after incubation for 7 days (B), 14 days (C), 30 days (D), 60 days (E), and 90
days (F).

4. Protein release

The protein release patterns of the wound dressing containing silk sericin after
completion of desired days of incubation were evaluated by measuring the release of
proteins in phosphate buffer pH 7.4 in tightly close containers. The fractions of the
solution were collected at curtain intervals and determined the amount of protein in
triplicate by BCA™ Protein Assay Kit (Pierce, USA) for protein concentration calculation.
The absorbance was measured at 562 nm using a UV spectrophotometer (Lambda 25,

PerkinElmer Ltd., Germany). Bovine albumin was used to create a standard curve.
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Figure 4. Release of sericin from wound dressing containing silk sericin after incubation
for 0 day or control (O), 7 days (H), 14 days (&), 30 days (x), 60 days (&), and 90 days
(@) .

The protein release profile of wound dressing containing silk sericin was shown
in figure 4. The protein released from the samples occurred around 10% of sericin
composition without any sudden burst of protein levels. Comparing among the samples

from each storage period, sericin was released in the similar sustained-released manner

which referred to its chemical stability.

5. Microbial contamination

Sterility of wound dressing is very important for clinical use. To assure that the
wound dressing containing silk sericin were still free from microorganisms during the
storage condition, there were two methods to test for its sterility; agar plate method and

bioburden test. Wound dressing containing silk sericin were sterilized by gamma
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irradiation at a dose of 25 kGray 60Co at 55°C prior to incubation and 3 samples were

randomly tested for stability on day 30, 60 and 90.

For agar plate method, Mueller Hinton agar (Himedia Laboratories Ltd., India)
was weighed out 38 g and slowly add to deionized water 1,000 mL. Then the agar
solution was sterilized by autoclaving at 121°C with pressure 15 pound/inch2 for 15
minutes. This sterile agar solution was allowed to cool to 50°C before pouring onto
sterile petri dishes and left it dry for 1 hour. Samples at each sampling time were cut into
1x1 cm’ and put them carefully on the agar plate. All agar plates were incubated in 37°C
for 7 days and examined by investigator every day. The growth of microorganisms was
determined by any kind of microbial colony growth on or surrounding samples at any

time of incubation using agar plate without sample as a negative control.

Along with agar plate method, bioburden test was also investigated. Sterile broth
solution was prepared by weighing 30 g of tryptic soya broth (Himedia Laboratories Ltd,
India), adding into 1,000 mL of deionized water and autoclaving at 121°C with pressure
15 pound/inch2 for 15 minutes to obtain clear light-yellow solution. This sterile broth was
then filled in sterile test tubes with aseptic techniques. After sampling, samples were
immersed in sterile broth, sealed tightly and incubated under agitation at 25°C for 7
days. The growth of microorganisms was determined by turbidity of incubated broth
measuring by UV spectrophotometer at wavelength 600 nm using broth without sample

as a negative control.

During incubation period, the results found that there was no microbial colony
growth on samples in agar plate method and no broth turbidity in bioburden test which
referred that there was no microbial contamination in samples at each sampling time. It
can confirm the sterility of wound dressing containing silk sericin during this 3-month

storage condition.



Table 1. Sterility test during the storage periods
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Sample

Test

Agar plate method

Bioburden test

Day 30

Day 60

Day 90

Baseline 7-day incubation

Baseline

7-day incubation
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Data entry sheet/ Case record form

Title: SAFETY OF THE SILK SERICIN/PVA SCAFFOLD IN HEALTHY VOLUNTEERS
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Data
Demographic data
Volunteer's number ..................
1. Sex Male Female
2. Age years
3. Body weight kg
4. Height cm
5. BMI kg/m”
B. O CCUPALION .ttt e e e e e
7. Underlying disease(s)
D T T ] o= o Y
MEAICATION USE. .\ttt e
No
8. Drinking Yes, how much and how often..............ooiiiii e
No
@QuitdihewlongMURM. SINIVERDILY. ...
how much and how often before you quit........................
9. Smoking Yes, how much and often.........oooiiiiii i,
No
QUIt, NOW IONG. i,
how much and how often before you quit........................

10. Use any oral or topical antihistamines or steroids within a week before?

Yes, SPeCify INAICatiON. ...

MEAICATION USB. ..o

No
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Human Repeat Insult Patch Test Scoring Scale
(McNamee, 2008) (5)

Erythema scale:

This scale is used only for grading degree of erythema (redness). A score on this scale

will be assigned following every application of a patch.

0 No visible erythema.

1 Mild erythema (faint pink to definite pink).
2 Moderate erythema (definite redness).

3 Severe erythema (very intense redness).

Designations for elevated responses:

Edema, papules, vesicles, and bullae, if present, are graded as independent responses.

E Edema - definite swelling. (0-3 ; no edema — severe edema)

P Papules - many small, red, solid elevations; surface of reaction has granular
feeling.

\ Vesicles - small, circumscribed elevations having translucent surfaces so that

fluid is visible (blister-like). Vesicles are no larger than 0.5 cm in diameter.

B Bullae - vesicles with a diameter > 0.5 cm; vesicles may coalesce to form one or

a few large blisters that fill the patch site.
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Evaluation scores by dermatologists Volunteer’s no......

Position 1 Score compared to baseline skin characteristics Criteria
Day 2 Day 3 Day 4 Day 5
Erythema 0-3
Edema 0-4
Papules present/absent
Vesicles present/absent
Bullae present/absent
Position 2 Score compared to baseline skin characteristics Criteria
Day 2 Day 3 Day 4 Day 5
Erythema 0-3
Edema 0-4
Papules present/absent
Vesicles present/absent
Bullae present/absent
Position 3 Score compared to baseline skin characteristics Criteria
Day 2 Day 3 Day 4 Day 5
Erythema 0-3
Edema 0-4
Papules Present/Absent
Vesicles Present/Absent
Bullae Present/Absent
Position 4 Score compared to baseline skin characteristics Criteria
Day 2 Day 3 Day 4 Day 5
Erythema 0-3
Edema 0-4
Papules present/absent
Vesicles present/absent
Bullae present/absent




Skin erythema and melanin score from Mexameter® MX 18

Position

Score

1 2

Erythema

3

Melanin
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Volunteer's no......

Date

No. of

measuremen

Baseline

vl

ol

e

e

10

Mean

SD




Participants’ skins at the back area during the experiment procedure
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No of

volunteer

1% visit

(Baseline)

2" visit

(Induction phase)

3 visit

(Induction phase)

4" visit

(Challenge phase)

5" visit

(Challenge phase)
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No of 1% visit 2" visit 3" visit 4" visit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)
9

10

11

12

13

14

15

16
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No of 1% visit 2" visit 3" visit 4" visit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)

17 - . - -

18 - -
19 - - -
20 --
21

22

23

2

~
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No of 1% visit 2" visit 3" visit 4" visit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)
25

26

27

28

29

30

3

—_

32
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No of 1% visit 2" visit 3" visit 4" visit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)
33

34

35

36

37

38

39

40
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No of

volunteer

1% visit

(Baseline)

2" visit

(Induction phase)

3" visit

(Induction phase)

4" visit

(Challenge phase)

5" visit

(Challenge phase)

41

42

43

N
~

N
@)

N
»

N
~

N
oo
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No of

volunteer

1% visit

(Baseline)

2" visit

(Induction phase)

3" visit

(Induction phase)

4" visit

(Challenge phase)

5" visit

(Challenge phase)

49

50

51

52

53

54

55

56
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No of

volunteer

1% visit

(Baseline)

2" visit

(Induction phase)

3" visit

(Induction phase)

4" visit

(Challenge phase)

5" visit

(Challenge phase)

57

g

58

59

60

61

62

63

64
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No of 1% visit 2" visit 3" visit 4" yisit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)
65

66 --

67 --

68 - -

69 -.

J s s

71 ---

L. U
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No of 1% visit 2" visit 3" visit 4" visit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)
73 - -
74 - - -
75 - - - - -
76 - - - .
77 -- -- -
78 - -. -
79 - -- -
80
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No of 1% visit 2" visit 3" visit 4" visit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)

81

82

83 - - -

84 - -

85 - -

86

87

88
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No of 1% visit 2" visit 3" visit 4" visit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)

89 - - - -
90 -
91 -
92 -
93 -
94

95 -
96
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No of

volunteer

1% visit

(Baseline)

2" visit

(Induction phase)

3" visit

(Induction phase)

4" visit

(Challenge phase)

5" visit

(Challenge phase)

97

98

99

100

101

102

103

104
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No of 1% visit 2" visit 3" visit 4" yisit 5" visit
volunteer (Baseline) (Induction phase) (Induction phase) | (Challenge phase) | (Challenge phase)
105

106

107

- b

108

109

110

Note: The color of skin may slightly difference due to the light intensity and camera used.
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Original document for healthy volunteers
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Erythema scale:

This scale is used only for grading degree of erythema (redness). A score on this scale

will be assigned following every application of a patch.

0 No visible erythema.

1 Mild erythema (faint pink to definite pink).
2 Moderate erythema (definite redness).

3 Severe erythema (very intense redness).

Designations for elevated responses:

Edema, papules, vesicles, and bullag, if present, are graded as independent responses.

E Edema - definite swelling. (0-4 ; no edema — severe edema)

P Papules - many small, red, solid elevations; surface of reaction has granular
feeling.

\ Vesicles - small, circumscribed elevations having translucent surfaces so that

fluid is visible (blister-like). Vesicles are no larger than 0.5 cm in diameter.

B Bullae - vesicles with a diameter > 0.5 cm; vesicles may coalesce to form one or

a few large blisters that fill the patch site.
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Appendix D

COA No. 129/2012

IRB No. 004/55
INSTITUTIONAL REVIEW BOARD

Faculty of Medicine, Chulalongkorn University
1873 Rama 4 Road, Patumwan, Bangkok 10330, Thailand, Tel 662-256-4455 ext 14, 15

Certificate of Approval
The Institutional Review Board of the Faculty of Medicine, Chulalongkormn
University, Bangkok, Thailand, has appraved the following study which is to be carried out
in compliance with the International guidelines for human research protection as
Declaration of Helsinki, The Betmont Report, CIOMS Guideline and International
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Mwmdimﬂoammmﬁymmmm:

1. Strictly conduct the research as required by the protocol;

2. Use only the information sheet, consent form (and recruitment materials, if any),
interview outlines and/or questionnaires bearing the Institutional Review Board's
seal of approval ; and returm one copy of such documents of the first subject
recruited to the Institutional Review Board (IRB) for the record,

3. Report to the Institutional Review Board any serous adverse event or any changes in

the research activity within five working days;
A, Prwldompouswmekulu??‘i Board concermning the progress of the
moarchupmmesm\@d n requested;
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Appendix E

Data entry sheet/ Case record form
Title: CLINICAL EFFICACY OF WOUND DRESSING CONTAINING SILK SERICIN FOR
SPLIT-THICKNESS SKIN GRAFT DONOR SITE TREATMENT

Data
Demographic data
1. Sex Male Female
2. Age year
3. Body weight kg
4. Height cm
5. BMI kg/m”
6. Marital Status Single Married Other...............
7. OCCUPALiON Lo
8. Payment Universal Care Service Social Security
Government Welfare Private Insurance
Cash Other..............
9. Underlying diseases
Disease Onset Treatment
Any KNnown drug allergy......oveiii i,
10. Social history
10.1) SMOKING. ..ot
10.2) DNKING . .o
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10.3) IVDU/other drug abuse..........cooviiiiii
STSG use and treatment-related data

11. Serial number of admission ................

12. History of previous treatment ...

13. CUITENt DIagNOSIS .oeeeeiiiiiiieee e

15. Position of STSG dONOr Site...vivieeieii e
16. Area Of STSG AONOI SItE ..oevi e cm
17. Depth of STSG dONOI SItE ..vvvviiiiieiiiiiieeeiice e inch

18. Date of admission / /

19. Date of STSG harvest / /

20. Date of discharge / /

21. Length of hospital stay days

22. Medication use during admission

Medications Order / Exp. date Detail

23. Home medications




Wound dressing characteristics and Patient’s vital sign
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Date

RR

(bpm)

BP

(mmHg)

Temp
(°C)

Wound dressing

Characteristic
Sericin Bastigras
dressing

Note

Pre-op




Blood chemistry data and pro-inflammatory cytokine levels

165

Lab data

Normal

range

Blood sample taking date

Pre-op

sl

Day(1-3)
A

Day (7-14)
sl

BUN

Creatinine

Albumin

AST (SGOT)

ALT (SGPT)

Alkaline phosphate

Sodium

Potassium

Chloride

Co,

Hemoglobin

Hematocrit

Platelets counts

White cell counts

Pro-inflammatory cytokines

IL-6

TNF-OU
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Patient’s pain score
How severe is your pain today?
Please write a mark (X) on the line below according to your pain severity during

wound dressing observation.

Worst

o | | | | | | | | | |
No pain 1 1 T T T T T T T |

intolerable

10 pain

DOO OO

Evaluation Date Pain score Management

Sericin dressing Bactigras




Naranjo’s algorithm
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Question Yes No Don't
Know

1.Are there previous conclusive reports on this reaction? +1 0 0

2.Did the adverse event appear the suspected drug was | +2 -1 0

administered?

3.Did the adverse reaction improve when the drug was | +1 0 0

discontinued or a specific antagonist was administered?

4.Did the adverse reaction reappear when the drug was | +2 -1 0

readministered?

5.Are there alternative causes (other than the drug) that -1 +2 0

could on their own have caused the reaction?

6.Did the reaction reappear when a placebo was given? -1 +1 0

7.Was the drug detected in the blood (or other fluids) in | +1 0 0

concentrations known to be toxic?

8.Was the reaction more severe when the dose was | +1 0 0

increased, or less severe when the dose was decreased?

9.Did the patient have a similar reaction to the same or | +1 0 0

similar drugs in any previous exposure?

10.Was the adverse event confirmed by any objective | +1 0 0

evidence?

Total Score

The total score calculated from this table defines the category an

belongs to. The categories are defined as follows:

Definite (certain) (total score>8)
Probable (total score 5-8)
Possible (total score1-4)

Doubtful (unlikely) (total score <1)

adverse reaction



Donor site characteristics during study procedure

No. of

donor site

On operative day

On operative day

with dressings

Wound appearances

after healed

=

4*

Loss follow up
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No. of On operative day On operative day Wound appearances

donor site

with dressings after healed

10

11

12




No. of

donor site

On operative day

On operative day

with dressings

Wound appearances

after healed

13
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No. of

donor site

On operative day

On operative day

with dressings

Wound appearances

after healed

171



No. of

donor site

On operative day

On operative day

with dressings

Wound appearances

after healed

25

S

26

27

28

29

30
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Original document for patients
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Clinical efficacy of wound dressing containing silk sericin for split-thickness skin
graft donor site treatment
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40N AuuKaNINE AN ULNLT ALNATRANINAEANENIARAUNITINY  LHnaNeA
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UAATYNNaTA (p < 0.001)
Wanua FeALAMNTRN WinY 95% (0L = 0.05)

grunalunimega winiu 90% (B = 0.1)

Zg = 196
ZB = 1.28
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S’ = aouulsilsausan (pooled variance)

1A o
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variance) Tmﬂsl,gﬁzgm sz = §12-|-_SZ2
2
WIaINTN2EMN120E = 7.5437
2
AN AR ALY N = 2yt Zp)S)]
o2

(1.96 + 1.28)" x 7.5437

2

2

19.78 =~ 20 NA
SlaAnadnaziinzeanainnnsasy Aahsesas 30 (drop-out rate = 30 %)
N = 20 = 30 LNA
1-0.3
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Data entry sheet/ Case record form
IRB #
Title: CLINICAL EFFICACY OF WOUND DRESSING CONTAINING SILK SERICIN FOR SPLIT-

THICKNESS SKIN GRAFT DONOR SITE TREATMENT

Taya

—

Tayaiugu Patient code

1. WA Gigld YN

2. 2 bl

3. vwin Alaniw

4. 4G VTUALNAT

5. BMI kg/m’

6. @n1UL Tan wrleau ﬁluj T e

7oMWL N

8. &nan13inm UszAugunIniauntia Uszriudanu
adamn1991919n79 seiuguniniuLisEnienTy
ANURUAN %Iw] T,

9. lsatlszansin

Tsn Sulsrznaniiiu e

UTEARNVTUTEI oo,
10. UsedRn1edans

10.1) @Juu‘nﬁ ...........................................................................
10.2) PLRANDTRR - oo
10.3) IVDU/other drug abuse..........cooiiiiii

fayaneaiunisAnuaznsld STSG
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11, W15uN195n1 TP N LA ASIN L
12, UsZARNITTNENVATINRI oo,
13. NIRRT TUIUTRGITU s
VL DIVTRABIBL oo e
15. ANLAUIUBE STSG AONOT SIL .o,

16. ﬁlﬁmm STSG AONOE SItE vt e, cm

17. AVNANARG STSG AONOF SO .o, inch

[

18. Jundinduniasnen lulsanening / /

o s

19. duniunisedndgnnemonds / /

[

20. AunaugaanainlsanenLg / /

o

21, srazinaianianine s lulsaneuia JU

22 e ldseudnafnunsnlulaaneung

TRENUATAIIN LI Order / Exp. date TEAZIDEA

23. Home medications
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Patient code

Date

BP

(mmHg)

Temp
(°C)

Wound dressing

Characteristic
Sericin Bastigras
dressing

Note

Pre-op
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Patient code

! a & o LA o
ANUNB NUAIBEINLARAIUN

Pre-op Day(1-3) Day (7-14)

BUN

Creatinine

Albumin

AST (SGOT)

ALT (SGPT)

Alkaline phosphate

Sodium

Potassium

Chloride

Co,

Hemoglobin

Hematocrit

Platelets counts

White cell counts

Pro-inflammatory cytokines

IL-6

TNF-OU
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Patient code

Awas TlsanauAn NN fuaIN13laAEadaNUIALNANINWIAFLLNALEL ANeTad

NIQUALNALKA tAEHTINATILUWAIINEAN 0 — 10 AzWWY B8 LHVINWINLATENUNNE X A9LIY
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v o 1 dl dgl 1 o v R
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a pRpy ! £ =
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a

. \Autlam

LAE 0 2 4 6

N']ﬂﬁﬂﬂ
10 :

SuNsziau

F2AUAINNTLIA

N7 leNgzduLlan

Sericin dressing

Bactigras
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Absorbance at 450 nm

Figure

Abszorbance at 450 nm

Figure

Appendix F

Standard curve of ELISA for IL-6, TNF-0OL concentration
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