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A biocellulose wound dressing composed of silk sericin as an accelerative wound 

healing component and polyhexamethylene biguanide (PHMB) as an antimicrobial agent 

which showed effective and safe wound treatment. A prospective, single-blinded, randomized 

controlled matched-pair study was designed to evaluate the safety and the clinical efficacy of 

the biocellulose wound dressing containing silk sericin and PHMB compared with Bactigras
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in healthy volunteers (phase I clinical study) and in split-thickness skin graft (STSG) donor 

site wound treatment (phase II clinical study). There were 105 healthy volunteers in phase 

I clinical study. The results showed that the erythema and melanin levels of skin covered with 

both dressings were not significantly different. In the phase II clinical study, 21 patients with 

32 STSG donor site wounds were included in the study. The wound healing time was not 
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lower than the control group. No signs of infection and adverse effect were observed in 

wounds covered with either dressing. The pain scores of wounds covered with the 

biocellulose wound dressing were significantly lower than Bactigras
®
 at days 1 to 5. In 

conclusion, the biocellulose wound dressing containing silk sericin and PHMB exhibits safety 

and many benefits including high scar quality, pain reduction, infection protection without 

adverse events. It is appropriate for use as an alternative treatment for STSG donor site 

wounds. 
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1 

CHAPTER 1 INTRODUCTION 

1.1 Background and Rationale  

 A split-thickness skin graft (STSG) donor site wound is a wound that 

involves the epidermis and some part of the dermis because of skin detachment by 

instrument [1]. This area is painful, red, and swollen. It usually recovers in around 

7–14 days [2]. The healing rate may be slow depending on the wound 

environment. A good wound environment, clean and with optimal moisture, leads 

to a short healing time. However, it may take a long time, up to a month, if a poor 

environment and infection result in a chronic wound. The goals of STSG donor 

site wound treatment are to accelerate wound healing, prevent infection, reduce 

pain, and maintain an optimal environment for healing promotion [3]. Dressings 

with healing acceleration agents and antimicrobial agents are very important in 

helping to achieve the goals of treatment. They are usually applied to the wound 

based on exudate level and infection risk [4]. Many dressings have been 

developed for the treatment of STSG donor sites. Moist wound dressings seem to 

have more advantages for treatment than non-moist wound dressings [3]. 

However, they are very expensive, which leads to a lack of their use in Thailand. 

Moreover, combination of a wound healing acceleration agent and an 

antimicrobial agent in the dressing has not been developed domestically. In 

Thailand, wound dressings that can activate collagen synthesis for faster healing 

are not currently used. The only wound dressings used today are imported at high 

cost. Therefore, most patients cannot afford the treatment and miss the 

opportunity to be treated with technologically advanced products. This study will 

investigate a new choice for STSG donor site wound treatment that could promote 

wound healing and prevent infection. 

 Biocellulose is produced by Acetobacter xylinum in ripe coconut water 

which is normally a waste product that is discarded into the environment and 

result in pollution. It has an ultrafine fibrous structure that can hold a large 

amount of water, more than 200 times its dry weight [5]. Because of the water-

holding capacity of biocellulose, it can retain moisture and is a good environment 
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for wound healing. It has a nanoporous structure that can transfer medication to 

the wound while maintaining a proper barrier for wound protection. Ultrafine 

networks of biocellulose are dense so they are barriers for cell migration into 

material, which leads to pain reduction [6]. Moreover, it has a cooling effect [7] 

without allergic reaction or irritation [8]. Biocellulose has many advantages for 

wound healing such as transparency, autolytic debridement, acceleration of re-

epithelialization, and fewer daily wound dressing changes [5]. Because of many 

benefits of biocellulose, it is used in many applications including cosmetics and 

medical devices such as wound treatment dressing material. 

 Silk sericin is a protein from silk cocoons which can accelerate the 

proliferation of fibroblast cells and activate collagen synthesis. Collagen is one of 

the important parts in the wound healing process. It is synthesized from fibroblast 

cells under the skin. Collagen is migrated into the wound and accelerates wound 

healing [9]. Silk sericin can promote wound healing and is a biocompatible agent. 

It can promote smooth treatment for skin defects, increase skin elasticity, and has 

an anti-aging effect. A previous study showed that it can activate the growth of 

fibroblast cells and promote collagen production without toxicity [10]. Silk sericin 

has been shown to reduce wound size without causing inflammation [11, 12]. In 

humans, silk sericin dressings accelerate wound healing without any sign of 

irritation [13]. Because of the properties of silk sericin, it is used in many 

applications including medical and pharmaceutical materials such as lotions, 

creams, ointments, gels, dressings, and bandages [14]. 

 Infection is an important concern for wound care. It is a cause of delayed 

wound healing, morbidity, and mortality [15]. Protection from infection is a 

primary concern from the initiation of wound treatment. The organisms which are 

found in wounds are both Gram-positive and negative bacteria such as 

Staphylococcus aureus, methicillin-resistant Staphylococcus aureus (MRSA), and 

Pseudomonas aeruginosa [16, 17]. Therefore, topical antimicrobial agents are 

very important for wound treatment. There are many antimicrobial agents that are 

used to treat wound infections. However, most have an effect on normal cells that 

leads to destruction of cells and delayed wound healing. Moreover, antimicrobial 

agents are usually causes of pain and discomfort. There have been many reports 
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about microorganism resistance to antimicrobial agents. Due to these limitations, 

finding other antimicrobial agents for wound care that have high efficacy and 

fewer adverse effects is of interest. Polyhexamethylene biguanide (PHMB) is a 

broad-spectrum antimicrobial agent with high efficacy and low toxicity [18]. It is 

a biocide against aerobic and non-aerobic bacteria. Binding between the 

negatively charged phosphate head group of bacterial cell wall phospholipids and 

the cationic group of PHMB interferes with the bacterial cell membrane and leads 

to cell death [19]. However, this interaction is rarely found in human and animal 

cells. Moreover, PHMB can reduce biofilm in the wound and promote granulation 

tissue growth for healing without irritation [20]. It reduces local wound infection 

more rapidly and better than silver dressings [21]. For skin irritation, 

concentrations of PHMB more than 5% are harmful in rats [22] and more than 1% 

are unsafe in humans. However, the general concentration used in wound dressing 

is around 0.3% PHMB, which is safe for wound treatment [20]. Moreover, no 

development of bacterial resistance to PHMB has been reported [23]. 

 Therefore, the combination of silk sericin and PHMB in biocellulose 

dressings would benefit STSG donor site wound treatment, because it can protect 

the wound from the outer environment, accelerate wound healing, reduce pain, 

and has an antimicrobial effect. 

 Our preliminary research investigated the safety and efficacy of 

biocellulose wound dressings containing silk sericin and PHMB, in vitro and in 

vivo [24]. The results showed that the optimal combination of silk sericin and 

PHMB could promote collagen type I synthesis and have antimicrobial activity. 

The efficacy of the dressing was compared with Bactigras
®
 (0.5% chlorhexidine 

acetate in white soft paraffin) on full-thickness skin wounds in rats. The wounds 

treated with the biocellulose dressing showed a significantly greater wound size 

reduction than those dressed with Bactigras
®
. No inflammation or irritation was 

shown in rats [24]. 

 Long-term wound healing of donor sites is one cause of chronic wounds 

and patients may suffer from restricted motion that affects their daily activities. 

Therefore, the purpose of this study was to investigate the safety of a biocellulose 

wound dressing containing silk sericin and PHMB in healthy volunteers and the 
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clinical efficacy of this dressing for STSG donor site wound treatment compared 

with Bactigras
®

, the standard dressing for this type of wound at King 

Chulalongkorn Memorial Hospital, by monitoring the time required for complete 

re-epithelialization, wound quality, rate of infection, pain, and adverse events. 

1.2 Research questions 

Phase I clinical study 

1. Does the biocellulose wound dressing containing silk sericin and PHMB 

irritate or inflame skin more than Bactigras
®

 in healthy volunteers? 

2. Does the biocellulose wound dressing containing silk sericin and PHMB 

induce more adverse events than Bactigras
®
 in healthy volunteers? 

Phase II clinical study  

1. Does the biocellulose wound dressing containing silk sericin and PHMB 

show better efficacy than Bactigras
®
 for STSG donor site treatment? 

2. Can the biocellulose wound dressing containing silk sericin and PHMB 

reduce the pain levels compared to Bactigras
®
 for STSG donor site treatment? 

3. Are there any adverse events using the biocellulose wound dressing 

containing silk sericin and PHMB for the treatment of STSG donor sites? 

1.3 Objectives 

Phase I clinical study 

1. To investigate the irritation or inflammation of healthy volunteers’ skin 

covered with the biocellulose wound dressing containing silk sericin and PHMB 

compared with Bactigras
®
. 

2. To investigate the adverse events occurring in healthy volunteers’ skin 

covered with the biocellulose wound dressing containing silk sericin and PHMB 

compared with Bactigras
®
. 

Phase II clinical study 

1. To investigate the wound healing time of STSG donor sites treated with 

the biocellulose wound dressing containing silk sericin and PHMB compared with 

Bactigras
®
. 
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2. To investigate the wound quality of STSG donor sites treated with the 

biocellulose wound dressing containing silk sericin and PHMB compared with 

Bactigras
®
. 

3. To evaluate the number of infections in STSG donor sites treated with the 

biocellulose wound dressing containing silk sericin and PHMB compared with 

Bactigras
®
. 

4. To assess the pain levels of STSG donor sites treated with the biocellulose 

wound dressing containing silk sericin and PHMB compared with Bactigras
®
. 

5. To indicate the adverse events occurring from the biocellulose wound 

dressing containing silk sericin and PHMB treatment for STSG donor sites and 

Bactigras
®
. 

1.4 Hypotheses 

Phase I clinical study 

1. The irritation or inflammation of healthy volunteers’ skin covered with the 

biocellulose wound dressing containing silk sericin and PHMB is less than or 

equal to Bactigras
®
. 

2. The adverse events occurring in healthy volunteers’ skin covered with the 

biocellulose wound dressing containing silk sericin and PHMB are less than or 

equal to Bactigras
®
. 

Phase II clinical study 

1. The wound healing time of STSG donor sites treated with the biocellulose 

wound dressing containing silk sericin and PHMB is less than or equal to 

Bactigras
®
. 

2. The wound quality of STSG donor sites treated with the biocellulose 

wound dressing containing silk sericin and PHMB is higher than or equal to 

Bactigras
®
. 

3. The number of infection in STSG donor sites treated with the biocellulose 

wound dressing containing silk sericin and PHMB is not more than Bactigras
®
. 

4. The pain levels of STSG donor sites treated with the biocellulose wound 

dressing containing silk sericin and PHMB is less than or equal to Bactigras
®
. 
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5. There are no significant adverse events occurring from the biocellulose 

wound dressing containing silk sericin and PHMB treatment for STSG donor sites 

and Bactigras
®
. 

1.5 Conceptual framework 

Phase I clinical study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Healthy 

volunteers 

The biocellulose wound 

dressing containing silk 

sericin and PHMB 

 

Bactigras
®

 

- Irritation or inflammation 

o Erythema and melanin 

level 

- Adverse events 

o Skin reaction 

- Erythema 

- Edema 

- Papule 

- Vesicle 

- Bullae 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 

Phase II clinical study 

 

 

 

 

 

 

 

 STSG 

donor sites 

The biocellulose 

wound dressing 

containing silk sericin 

and PHMB 

 

Bactigras
®

 

- Wound healing time 

o The day that the dressing 

detaches by itself with 

no exudate and air 

contacted pain  

- Wound quality 

o Erythema and melanin 

levels 

o Transepidermal water 

loss levels 

o Vancouver scar scale 

- Number of infection  

o Signs of infection 

o Swab evaluation 

o WBC and neutrophil 

counts 

o Patient’ s temperature 

- Pain levels 

o Pain score (visual 

analogue scale) 

- Adverse event 

o Skin : itching, rash 

o Naranjo’s algorithm 

o Systemic function : 

hepatic and renal 

function 
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CHAPTER 2 LITERATURE REVIEW 

2.1 Skin grafts donor site 

  Skin grafting is a process used for wound healing treatment since more than 

3000 years ago [25]. It is a common procedure for skin reconstruction and usually the 

first contemplation when primary wound care cannot be practiced or there is 

insufficient surrounding skin to cover the wound [26]. Grafts are pieces of skin that 

have been completely detached from their local source and transferred to a wound at 

another site. The grafts survive on the wound where new vascular connections are 

created and nutrients are diffused to them [27]. Skin grafts are divided into two types 

according to their thickness, split-thickness and full-thickness [28]. The sites from 

which skin is removed are called donor sites. These sites should be treated with 

proper dressings for wound healing acceleration and infection protection. 

1. STSG donor sites 

 An STSG affects the epidermis and some part of the dermis. Its 

thickness is around 0.15–0.6 mm [1]. Therefore, the depth of an STSG donor 

site wound is the same as the graft thickness. Moreover, this type of donor site 

is closely related to a second-degree burn, so dressings are used as the major 

treatment device. If appropriate care is received, the wound will recover in 7–

14 days [2]. However, there are many factors that have an effect on healing 

including age, comorbidity, and complications. A donor site wound treated 

unsuitably may lead to a deeper or infected wound that may result in systemic 

treatment requirement. Any STSG with a slow healing rate may cause 

hypertrophic scarring, so wound healing acceleration is most beneficial for the 

wound healing process [29]. Accordingly, this research will study STSG donor 

site wounds. 

2. FTSG donor sites 

 An FTSG includes the epidermis and dermis but does not cover 

subcutaneous fat which is a barrier to nutrient supply. Its thickness is more 

than 0.6 mm [1]. Most donor site wounds are treated with a suture procedure, 

so there are fewer requirements for dressings. 
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2.1.1 STSG donor site assessment 

 STSG donor site was assessed in term of wound healing efficacy, 

pain score, number of infections and adverse events.  

1. Wound healing efficacy 

 Wound healing efficacy was evaluated in four conditions. First,  

wound healing was percentage of wound re-epithelialization or closure of 

more than 95% [30, 31] or 100% [32, 33] by at least two experienced wound 

specialists assessment [33]. Second, wound healing referred to wound 

healing time which was the day that the dressing detached by itself with no 

exudate and no air-contacted pain [13, 34]. Third, wound healing  referred to 

number of wound requiring debridement, skin graft, and secondary excision 

[35]. The last condition, wound healing was evaluated in term of time of 

dressing change [36] 

2. Pain score 

  Pain score was assessed using Visual Analogue Scale (VAS) [33, 37, 

38] or Johns Hopkins Pain Rating Instrument [31] at 10–15 min before [20, 

21, 30, 33, 35], during [20, 30], or 10–15 min after dressing change [20, 21, 

33]. Moreover, pain also evaluated in term of frequency of pain medication 

requirement or number of pain medication doses per day [38]. 

3. Number of wound infections 

   Number of wound infections was evaluated in terms of signs of 

infection (erythema, swelling, malodor, tenderness, cellulitis, or visible 

purulent discharge [30, 31, 35, 38]), wound swab test [31, 38], WBC and 

neutrophil counts, and patient’s temperature. There were many techniques 

for wound swab test including Levine technique [21] and sterile cotton-

tipped swabs drawn over the wound 10 times in a zigzag pattern [30]. In the 

previous research, swab test were test every 6 days [32], every week [30, 

39] or twice a week [35]. WBC and neutrophil counts were evaluated. The 

WBC and neutrophil count that were higher than normal range were 

recorded to be infection wound [40]. Moreover, patient’s temperature (more 

than body temperature) was one of infection signs [41]. 

4. Adverse reactions 
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 Adverse reactions were assessed in terms of allergic reactions (five-

point scale was clearly relevant, probably relevant, probably irrelevant, 

surely irrelevant, and unable to determine.) [32], maceration and redness 

(four-point scale was none, slight, moderate, and high.) [21], general 

tolerability score (four-point scale was very good, good, moderate, and poor.) 

[21], irritation and maceration at periwound skin (0–10 scale) every dressing 

change [30], and systemic reactions (blood, urine, liver, and kidney function 

tests) [32]. 

2.1.2 STSG donor site wound management 

  Donor sites can be practically anywhere in the body. However, donor 

sites are usually selected in an area under clothing and with similar 

characteristics to the recipient site. The thigh is the most common area for 

STSG donor sites [27] among other areas including the scalp, buttock, back, 

upper arm, forearm and abdominal wall [28]. There are many factors which 

affect STSG donor site wound healing including the depth, site, and size of the 

wound, along with the age of the patient and comorbidity [4]. Therefore, 

appropriate wound management before and after surgery is required. 

Preparation of the donor site before surgery [27]: 

1. Clean the area with antibacterial solution. 

2. Wash off the antibacterial solution with saline and dry the area. 

3. Apply a sterile lubricant to the area such as mineral oil or K-Y jelly. 

The goals of STSG donor site wound treatment are [3, 4]: 

1. Accelerated wound healing 

2. Infection prevention 

3. Pain reduction 

4. An optimal environment to promote healing 

  The donor site heals by a process of re-epithelialization. The healing 

process is composed of three major phases which are inflammation phase, 

proliferation phase, and regeneration phase. The inflammation phase is around 

1–3 days. Wound exudate control and wound sterilization should be carried out. 

After 4–14 days of injury, the proliferation phase will occur. Fibroblasts migrate 
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into the wound and collagen is synthesized. Moist wound management with 

dressings and pain control are important. The last phase is the regeneration 

phase. It occurs around 14–21 days after injury. Tissue differentiation, wound 

contraction, and scar formation are the main processes. Importantly, moist 

wound management will promote wound healing and good scar quality. Topical 

antimicrobial agents or dressings used as primary dressings are applied onto the 

wound, based on the exudate level and infection risk after operation. The ideal 

method of STSG donor site wound treatment is one dressing, which should be 

applied to the donor site and left in contact until the wound is healed, to avoid 

damage to the new epithelium [28]. Pain management with adequate pain 

medication is regularly used. Signs of infection – pain, redness, warmth, 

swelling, and odor – should be evaluated every day. A wound swab test for 

microbial culture such as the Levine technique is the other indicator to support 

infection assessment [42]. Biopsy of tissue from the wound is used to indicate a 

specific microorganism. Blood culture is used for systemic infections. Blood 

pressure, heart rate and urine output should be observed. Baseline laboratory 

results including hematocrit, urinalysis, electrolytes, and chest x-ray should also 

be followed up. During treatment, patients may have complications such as 

renal failure, gastrointestinal bleeding, and sepsis so they should be closely 

monitored for these effects. Long-term treatment should prevent wound 

contraction and hypertrophic scarring. After healing, emollient agents may 

reduce itching. Sun block cream is useful for burning protection. 

2.2 Topical STSG donor site dressings 

  Many dressings are available for the treatment of STSG donor site wounds. 

Moist wound dressings seem to have more advantages than other dressings [3]. 

Traditional dressings or non-moist wound dressings include mesh gauze and 

petrolatum gauze. These dressings allow airflow and allow the exudate to dry. They 

may adhere to the wound surface, lead to pain, and delay wound healing [4]. For high 

exudate, wounds require covering with secondary absorbent dressings. However, 

excessive absorbance also leads to dry wounds and delayed wound healing. 

Ideal STSG donor site dressing properties are [43]: 
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1. Outer environment and infection protection 

  A dressing is a barrier to protect the wound from the external 

environment. A bad environment delays wound healing and may cause a 

chronic wound. Microorganisms are the major cause of inflammation and 

failure of the wound healing process. Moreover, uncontrolled mechanical 

strength from outside is the other cause of wound healing disturbance including 

cell proliferation, migration, and differentiation. Therefore, the protection 

property of a dressing preserves a suitable setting for the wound healing 

process. 

2. Non-adherent and safe 

  In the wound healing process, new cells such as fibroblasts and 

keratinocytes are generated to close the wound. More than outer environment 

protection, the dressing should preserve the appropriate inner environment, cells 

and substances for wound healing. However, an adherent dressing eliminates 

important cells and factors, leading to non-healing and inflammation. 

Consequently, a non-adherent dressing will protect the suitable inner 

environment of the wound. Moreover, safety is the most concerning factor in all 

materials that are in contact with humans. A dressing that is highly efficient but 

highly toxic is unacceptable. 

3. Gas exchange 

  Insufficient oxygen is a cause of delayed wound healing. Oxygen is an 

important factor in energy production. This production preserves sources of 

energy for cell function together with proliferation, migration, differentiation, 

and angiogenesis [44]. A dressing should allow gas exchange support and 

balance oxygen and other gases for the wound healing process. 

4. Keeping the wound moist 

  Moist wound dressings have many advantages. They can prevent the 

drying and deepening of wounds. They minimize risks from mechanical 

damage. Moreover, they can promote an optimal environment, resulting in rapid 

wound healing [3]. Therefore, moist wound dressings are suitable for STSG 
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donor site wound treatment. Voineskos et al carried out a systematic review of 

skin graft donor site dressings, comparing moist wound dressings with non-

moist wound dressings [45]. The majority of studies showed that moist wound 

dressings had a faster healing rate, less pain, and were less expensive. However, 

the infection rate was not significantly different. These results agreed with the 

study of Wiechula about the use of moist wound-healing dressings in the 

management of STSG donor sites [3]. The number of days taken for wound 

healing with hydrocolloid dressings was significantly lower than for other moist 

products. However, pain and infection rate were not significantly different. 

5. Non-inhibition of the wound healing process 

  The ideal dressing should not disturb the wound healing process. 

Disruption may delay wound healing, leading to a chronic wound. 

6. Painless application 

  Pain is the one of concerning factors because it has an effect on 

patients’ quality of life. It may influence patient compliance or acceptance. 

Painless application provides a benefit and is a good choice for wound 

treatment. 

7. Ease of application and comfort 

  These properties are useful for patients and caregivers to improve 

compliance. They may help to decrease the time taken to change the dressing 

and decrease the opportunity for wound contamination. Good dressing design is 

important to ensure these properties. 

8. Cost-effectiveness 

  Cost is the major problem for dressing selection. Because of financial 

problems, most patients in Thailand cannot be treated with costly dressings 

despite their having higher benefit than low-cost dressings. A costly dressing 

may not be highly successful in the market. 

  Many types of commercial dressing including composition, 

advantages, and disadvantages are shown in Table 1. 
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Table 1 Types of dressings, advantage and disadvantage of the dressings 

[46-56] 
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2.3 Biocellulose 

2.3.1 Physical and chemical properties of biocellulose  

Biocellulose is a type of cellulose produced by Acetobacter xylinum, a 

Gram-negative acetic acid bacterium [57]. It uses oxygen and carbon sources 

including glucose for biocellulose production in static optimal medium with 

pH 4–6 [58-60]. Dahman et al found that fructose medium produced the 

highest biocellulose production, close to that of a sugar mixture medium of 

glucose, xylose, arabinose, galactose, and mannose [61]. Static biocellulose 

culture conditions promote more extension fibrils than agitated conditions. 

Fibrils of biocellulose in static culture accumulate on the medium surface 

because of high oxygen levels [58]. Biocellulose has the chemical structure 

(C6H10O5)n, like plant cellulose [62]. It has an ultrafine network structure of β-

1,4 glucan chain bundle microfibrils of around 3–8 nm [63]. Biocellulose 

exists in Iα and Iβ crystalline forms, with the Iβ form mainly found in plant 

cellulose [6]. The properties of biocellulose are higher purity, crystallinity 

(more than 60%), degree of polymerization, and tensile strength than plant 

cellulose [6, 64, 65]. Because of the nanofiber structure of biocellulose, it can 

hold a large amount of water, more than 200 times its dry weight, while being 

high elastic [5]. In addition, biocellulose can contain medication and release it 

to the target area because of its many nanopores [62, 66]. Therefore, 

biocellulose is used in many applications including tissue engineering, 

headphone diaphragms, paper, and wound dressing [67]. However, 

biocellulose may lose properties and be difficult to rehydrate when it is dry, so 

it should be kept in a humid state [6]. The advantages and disadvantages of 

biocellulose compared with other types of dressing are shown in Table 1. 

2.3.2 Safety and efficacy of biocellulose 

Biocellulose has many advantages for wound healing which are 

transparency, autolytic debridement, acceleration of re-epithelialization, and 

fewer daily wound dressing changes [5]. Because of the water-holding 

capacity of biocellulose, it can retain moisture, which is a good environment 

for wound healing. It can be a barrier to protect the wound, deliver medicine to 
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the wound, and is biocompatible [67]. Moreover, the ultrafine networks of 

biocellulose are dense so they are barriers for cell migration into the material, 

which leads to pain reduction [6]. 

In an in vivo study on the biocompatibility of biocellulose, biocellulose 

was implanted subcutaneously in 21 Wistar rats for 1, 4, and 12 weeks. The 

results of the study showed no signs of inflammation, foreign body reaction, 

abnormal cell ingrowth, or abnormal angiogenesis in the biocellulose 

implantation area. Therefore, it is safe and can be used as a dressing material 

[68]. Mendes et al. also studied the tissue reaction of subcutaneous 

biocellulose implantation in mice at 15, 30, 60, and 90 days. They found a 

mild inflammatory response and few lymphocytes until 30 days of 

implantation. However, foreign body reaction and penetration of connective 

tissue into the membrane were not observed at any time [69]. Park et al. 

studied the safety and efficacy of biocellulose in rats. For the safety test, six 

rats were implanted with biocellulose in the back and the other six rats were 

not implanted but had the same incision. They found that no signs of 

inflammation, laboratory abnormality, or liver or kidney toxicity were 

observed in the biocellulose group after 28 days. For the efficacy test in 20 

rats at 7, 14, and 21 days, each rat was incised with three full-thickness 

wounds on their back and the wounds were treated with dressings of Vaseline 

gauze (control group), Algisite M
®
 or biocellulose. After 15 days, the wound 

area in the biocellulose group was significantly less than the Vaseline gauze 

and Algisite M
®

 groups (7.2% vs 33.0% and 14.5%). Neutrophil levels were 

significantly lower in the biocellulose group than the control group. Therefore, 

they concluded that biocellulose contributed to wound healing and was not 

toxic, and could therefore be used as a dressing material [70]. 

Biocellulose also showed several advantages as a biological dressing 

and had been suggested for use as a temporary skin substitute in wound 

treatment [71]. Moreover, biocellulose was suitable for use as a medicine-

delivering dressing. Clinical studies about biocellulose for wound healing are 

shown in Table 2. 
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Table 2 Clinical studies of biocellulose for wound healing 
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2.4 Wound healing accelerators derived from animals  

Wound healing accelerators derived from animals, including chitosan, 

collagen, honey, anabolic steroids, silk sericin, peptides, and proteoglycan were 

reviewed and compared in terms of their mechanisms of action, advantages, and 

disadvantages when applied in topical applications [72]. 

2.4.1 Chitosan 

 Chitosan is a deacetylated derivative of chitin which is mostly found in 

the exoskeletons of arthropods including shrimp, crab, and insects [73]. It exists 

in alpha, beta, and gamma forms; the different characteristics of the three forms 

are summarized in Table 3. Chitosan is a polysaccharide composed of β-(14)-

linked glucosamine and N-acetyl-D-glucosamine. It has a molecular weight 

between 50 and 2000 kDa. The physical and chemical properties of chitosan 

depend on the degree of acetylation and acetyl group distribution [74]. Chitosan 

is soluble in acidic solution and insoluble in high pH environments because the 

amine group is deprotonated and loses its charge [75]. Chitosan is 

biodegradable; that with a low degree of deacetylation or low molecular weight 

is degraded more rapidly [75]. Chitosan is also biocompatible and has low 

toxicity. It was reported that the glucosamine units of chitosan are an effective 

wound healing accelerator [76]. Therefore, various forms of chitosan are widely 

used for wound healing including powders, gels, films, fibers, and scaffolds. 

The commercial products of chitosan and its derivatives for wound healing are 

Tegasorb
®
, Tegaderm

®
, HemCon Bandage

TM
, Chitodin

®
, and Trauma Dex

®
 

[77]. 

2.4.1.1 Mechanisms of wound healing 

Chitosan promotes wound healing through two major 

pathways. Firstly, the N-acetyl-D-glucosamine unit of chitosan 

initiates fibroblast proliferation and collagen production [76]. The 

positive charge of chitosan has an electrostatic interaction with 

glycosaminoglycans, leading to growth factor attraction [78]. 

Secondly, macrophages are activated by N-acetyl-D-glucosamine, 

leading to phagocytosis and the release of mediators including TGF-β1 
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and platelet-derived growth factor (PDGF). These biological mediators 

subsequently accelerate extracellular matrix (ECM) synthesis [79]. 

Moreover, chitosan activates the production of IL-1 which controls 

fibroblast proliferation and collagen synthesis [80]. It is also reported 

that chitosan stimulates the release of IL-8 by fibroblasts, which leads 

to angiogenesis and migration of neutrophils. Therefore, it helps in 

faster wound healing and scar prevention [77]. Previous studies on 

chitosan are shown in Table 4. 

2.4.1.2 Antibacterial effect 

The chitosan structure is composed of amine groups (cationic 

polymers) which can strongly bind to anionic proteins in the 

cytoplasmic membrane of bacterial cells, leading to an imbalance of 

the cell membrane and cell death [77]. Moreover, low molecular 

weight chitosan (less than 5 kDa) can penetrate the bacterial cell wall, 

combine with DNA, and inhibit mRNA and DNA transcription [81]. 

Differences in the antibacterial mechanism of chitosan against Gram-

positive and Gram-negative bacteria have been reported. Zheng et al 

found that the antimicrobial activity of chitosan against Gram-positive 

bacteria (S. aureus) increases when the molecular weight is increased 

because high molecular weight chitosan can form an external barrier to 

block nutritional intake. Nevertheless, the antimicrobial activity of 

chitosan against Gram-negative bacteria (Escherichia coli) increases 

when the molecular weight is decreased because low molecular weight 

chitosan easily enters bacterial cells [82]. Chitosan with a low pH (pH 

< 6.5) and a low degree of acetylation is also more rapidly absorbed 

into the bacterial cell wall and chitosan cations are augmented [74], 

[83]. 

2.4.1.3 Biological safety 

The degree of deacetylation of chitosan has no significant 

influence on keratinocyte and fibroblast cytocompatibility [84]. 

Chitosan dressing materials including gels, membranes, and sponges 

were proved to be safe in vivo and showed no erythema, irritation, or 
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toxicity [85-87]. The chitosan sponge-treated group had no irritation on 

rabbit skin, which was comparable to the Vaseline gauze-treated group 

[85]. 

2.4.2 Collagen 

 Collagen protein is an important component in the human ECM of skin, 

bone, and other tissues. It can also be extracted from many kinds of animal 

including cows, pigs, and marine animals (fish, jellyfish, starfish, and squid). 

Table 5 shows the types, properties, and limitations of collagen obtained from 

different sources. The basic structure of collagen is composed of three 

polypeptide chains formed into a triple helix, and it has a molecular weight 

around 300 kDa [88]. The amino acid sequence of collagen contains an 

arginine-glycine-aspartic acid motif, a specific cell adhesion domain which 

promotes cell growth, differentiation, and activity [89]. Collagen is 

biocompatible and safe. However, it has a fast rate of biodegradation and low 

denaturation temperature. Some denatured collagen such as gelatin may lose its 

wound healing properties in production [90]. 

2.4.2.1 Mechanisms of wound healing 

Collagen plays a chemotactic role to attract skin fibroblasts to 

the wound [91, 92] and supports fibroblast activity to produce 

granulation tissue. It can cross-link with fibronectin to generate an 

appropriate surrounding environment for the re-epithelialization 

process [93]. Moreover, collagen also binds platelets and generates 

thrombin in hemostasis [94], which is one of the important factors in 

inducing angiogenesis for the wound healing process [95]. Collagen 

types I and III are reported as the important factors in the wound 

healing process. 

Normally, native collagen may be destroyed by elevated levels 

of matrix metalloproteinases (MMPs), leading to non-healing wounds 

[96]. Therefore, collagen dressings show a superior property by 

delivering substitute collagen to the wound and reducing the elastase 

level in the wound environment [97]. The collagen supports 
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chemotaxis action between fibroblasts and native collagen to promote 

natural wound healing [90]. Moreover, collagen dressings can absorb 

wound exudate and provide a moist wound environment [96]. Many 

collagen studies are shown in Table 6. 

2.4.2.2 Biological safety 

In terms of safety, adverse reactions of collagen to wound 

tissue are rarely found [98]. A few cases of IgE-mediated reaction of 

bovine collagen leading to allergic reaction have been reported. 

Conjunctival edema presented after highly purified bovine collagen 

contact with the eye during ophthalmic surgery [99, 100]. A bovine-

derived type I collagen dressing showed development of dermatitis in 

three out of 20 cases [101]. Collagen dressings may induce 

overgranulation [102]. In addition, topical collagen products are 

expensive, so they may not be the best choice of wound dressing. 

2.4.3 Honey…….. 

Honey is produced from nectar that is stored and transferred by bees to the 

honeycomb. The enzymes secreted from the bee influence the physical and 

chemical characteristics of honey. The main constituents of honey are sugar and 

water. The major sugar components in honey are fructose (38.2%) and glucose 

(31.3%) [103]. The other components including enzymes, amino acids, organic 

acids, carotenoids, vitamins, minerals, and aromatic substances [104]. These 

components vary depending on botanical origin, geographic origin, storage 

conditions, and temperature [105]. The composition of honey also has an effect 

on its physical and chemical properties. For example, the water content in 

various types of honey leads to differentiated viscosity, crystallization, color, 

flavor, specific gravity, and solubility [104]. Other physical properties also 

darken the color. Honey has an acidic pH of around 3.2–4.5 [104]. It has a 

hygroscopic property to absorb water from the environment; because of its 

water content (18.8%), it can absorb moisture from the environment at humidity 

levels above 60% [106]. Various types of honey such as manuka honey, fynbos 

honey, and tualang honey, obtained from different trees or nectar, have been 
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studied for wound treatment. Examples of clinical studies of topical honey 

treatment are shown in Table 7. 

2.4.3.1 Antibacterial effects 

Honey is reported as a bacteriostatic and bactericidal agent, 

depending on its concentration. A low concentration of honey (4–8% 

v/v of honey and 5–11% v/v of manuka honey) showed bacteriostatic 

properties while a high concentration of honey (5–10% v/v of honey 

and 8–15% v/v of manuka honey) had bactericidal properties [106]. 

Honey contains a high concentration of sugar, so it has high 

osmolality. It draws fluid out of the environment to create an 

unsuitable environment for the existence of organisms [107]. The low 

pH of honey (pH 3.2–4.5) creates an inappropriate environment for the 

growth of microorganisms [106]. Another mechanism of honey for 

antibacterial activity is hydrogen peroxide production. Hydrogen 

peroxide is a broad-spectrum antimicrobial molecule that is produced 

by glucose oxidase enzyme from bees. The hydrogen peroxide 

produced from bees is not toxic to the cells due to its low 

concentration, which differs from chemically synthesized hydrogen 

peroxide [108]. However, the osmolality may not be sufficient when 

honey is diluted or interacts with the enzyme catalase in wound 

exudate [109]. Therefore, bee honey may not be suitable for the 

treatment of high-exudate wounds. On the other hand, manuka honey 

has a methylglyoxal component as an antimicrobial agent that is 

unrelated to hydrogen peroxide production [110]. It also shows an 

antibacterial effect against biofilm and various microorganisms such as 

MRSA, S. aureus, P. aeruginosa, and E. coli [111]. In addition, honey 

is reported to reduce wound odor and has debridement activity [107]. 

2.4.3.2 Anti-inflammation effects 

An excessive inflammatory reaction can delay the wound 

healing process. Honey can reduce the extent of inflammation. Honey 

suppresses activity of protease, an important enzyme in the 

inflammatory process. The acidic property of honey produces a low pH 
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environment that is not appropriate for protease activity [112]. It 

increases nitric oxide which plays an important role in angiogenesis 

and the healing process. It also decreases prostaglandins in blood 

circulation and reduces inflammation and pain in the wound [113]. 

Moreover, honey contains antioxidants including flavonoids, 

phenolics, and vitamin C which interact with reactive oxygen species 

and reduce cellular damage [108, 114]. 

2.4.3.3 Biological safety 

Honey is non-toxic, non-allergic, and non-irritating to wound 

tissue [115]. However, there are some cautions of use. Patients who 

have a history of pollen allergy may be allergic to honey. Furthermore, 

dehydration of tissue may be found in extensive honey treatment. 

Some patients may be sensitive to the acidity of honey [106]. 

Moreover, honey for medical treatment has to be sterilized by gamma 

irradiation to kill bacterial spores [107]. 

2.4.4 Anabolic steroids 

Anabolic steroids are steroidal androgenic hormones, usually steroid 

hormones, obtained from either chemical synthesis or animal parts. Natural 

anabolic steroids are produced in pigs, boars, horses, and sheep [116]. Among 

these, pigs are the most common source of anabolic steroids for wound healing, 

especially porcine placenta and testis. Anabolic steroids are composed of four 

aromatic base structures, three cyclohexane rings and one cyclopentane ring. 

There are more than 100 possible substances created following molecular 

substitution to the ring base. For porcine testis extracts, the steroids with the 

highest content are 19-nortestosterone (nandrolone) (MW = 274.4 g/mol), 

testosterone (MW = 288.43 g/mol), and 17β-estradiol (MW = 272.39 g/mol) 

[117]. They are easily soluble in alcohol but hardly soluble in water. Moreover, 

they have low stability and are easily oxidized [118-120]. Topical anabolic 

steroids have been used for wound treatment in the form of solutions and 

creams. 
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2.4.4.1 Mechanisms of wound healing 

 The activity of anabolic steroids increases net protein 

preservation in the wound for the new tissue formation process. They have 

an anticortisol activity which can decrease the catabolic response of 

cortisol, and decrease protein degradation without altering its anti-

inflammatory response [121]. They also have a direct effect on insulin-

like growth factor 1 (IGF-1), transforming growth factor beta (TGF-β), 

and fibroblast growth factor (FGF), which play important roles in the 

activation of cell proliferation, cell migration, collagen synthesis, tissue 

formation, and angiogenesis [117, 122, 123], leading to wound closure. 

Examples of studies on topical anabolic steroid treatment are shown in 

Table 8. 

2.4.4.2 Biological safety 

 The number of clinical studies on topical anabolic steroids 

extracted from animals is very limited because most topical steroids are 

modified by chemical synthesis. One study assessed the toxicity of cream 

+ porcine testis-extracted steroid in wound healing by counting white 

blood cells. There was no significant difference in WBC count between 

the cream + porcine testis-extracted steroid-treated group and the cream 

without porcine testis-extracted steroid-treated group. No skin rash was 

found in either group [117]. However, a limitation of using topical 

anabolic steroids is that the anabolic steroids can enter the blood 

circulation and cause systemic effects [124]. 

2.4.5 Peptides 

Peptides are biological molecules that are important factors in enzymes, 

the healing process, and other metabolic functions of living organisms. They are 

polymers composed of amino acid residues linked with amide bonds (carboxyl 

group and α-amino group linking) [125]. The molecular weight of peptides is 

less than 6000 Da, less than that of proteins [125]. Peptides have low stability 

and a short half-life, so they are easily degraded. Biotechnology to adjust factors 

such as pH or temperature can control peptide stability [126]. Peptides can be 
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obtained by chemical synthesis or extracted from natural sources, especially 

amphibians. Amphibians such as salamanders and frogs have a special wound 

repair process. They can repair wounds by regeneration, like mammalian fetal 

skin, and show perfect wound healing. In contrast, the wound repair process in 

mammalian adult skin is scar formation, which leads to imperfect wound 

healing. Therefore, amphibian peptides have been extracted and applied for 

wound treatment. Tylotoin extracted from the salamander (Tylototriton 

verrucosus) is composed of 12 amino acid residues including two cysteines 

forming an intramolecular disulfide bridge [127]. AH90 is a peptide extracted 

from frog skin (Odorrana grahami). It is composed of 24 amino acid residues 

[128]. 

2.4.5.1 Mechanisms of wound healing 

 Peptides provide a function in wound healing. They bind cell-

surface integrin, leading to cell adhesion and migration. They also trigger 

the invasion of fibroblasts or keratinocytes [129]. The transcription factor 

Prx1 is one of the key factors that activates fibroblasts in amphibian skin 

wound healing [130]. However, there are many peptides involved in this 

process. Previous research has investigated peptides extracted from 

salamander and frog skin as wound healing accelerators. The results 

showed that topical treatment with tylotoin extracted from salamanders 

increases proliferation and migration of keratinocytes, fibroblasts, and 

vascular endothelial cells. It also enhances secretion of TGF-β1 and IL-6, 

important factors in the wound healing process [127]. Liu et al found that 

AH90 extracted from frog skin at a concentration of 250 µg/mL 

significantly accelerates wound healing in mice compared with vehicle. It 

promotes re-epithelialization and TGF-β1 secretion to the wound, and 

increases cell adhesion to fibronectin and laminin [128]. In vivo tests are 

shown in Table 9. 

2.4.5.2 Biological safety 

 The safety evaluation of peptides has not been reported. Further 

research on the sequence, stability, and physical properties of these 

peptides is required. 
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2.4.6 Proteoglycans 

 Proteoglycans (PGs) are complex extracellular macromolecules consisting 

of a core protein with one or more covalently attached glycosaminoglycans 

(GAGs) [131]. The chemical structure of PGs is complex. They are composed 

of many types of protein such as aggrecan, versican, and GAGs including 

hyaluronan, chondroitin sulfate, and keratin sulfate [131]. The properties of PGs 

also depend on their chemical structure. For example, aggrecan, with hyaluronic 

acid, is a structural component of ECM in cartilage, brain, intervertebral discs, 

tendons, and corneas [132, 133]. They provide water retention, osmotic 

pressure, and proper collagen organization to the cell. Small leucine-rich PGs 

are the most prevalent PGs found in ECM. They regulate cell processes 

including migration, proliferation, and angiogenesis. Decorin, a class I small 

leucine-rich PG, has an effect on collagen fibrillogenesis, fibroblast function, 

and wound healing [132, 133]. A part of cartilage, PG structures are similar to 

EGF-like module, a factor in the wound healing process [132, 133]. Among 

various sources of PGs, those extracted from salmon nasal cartilage are widely 

studied as wound healing agents [134]. Aggrecan with chondroitin sulfate is the 

major component of PGs extracted from salmon nasal cartilage [135]. Three 

globular domains and two GAG-attachment domains are provided in its core 

protein. It is a hydrated and viscous gel because of the attached chondroitin 

sulfate chains within its domain [136]. Chondroitin 6-sulfate, which has an 

effect on wound healing, is also found in PGs extracted from salmon nasal 

cartilage at around 60% compared with 40% in bovine PGs [137]. Therefore, 

bovine PGs are studied more for joint and other treatments than wound 

treatment [138, 139]. 

2.4.6.1 Mechanisms of wound healing 

 PGs bind growth factors, cytokines, enzymes, and ECM 

components including FGF, IL-8, EGF, and collagen [140], and regulate 

cell proliferation, migration, and angiogenesis in the tissue repair process 

and host defense mechanisms [141, 142]. In an in vitro test, PGs extracted 

from salmon nasal cartilage at concentrations of 0.1–10 µg/mL could 

stimulate fibroblast proliferation and migration, leading to wound healing 
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acceleration. The important mechanism for wound closure was the 

interaction between chondroitin sulfate in the PGs and the cell surface. 

This interaction activated the intracellular signaling pathway to promote 

cell proliferation and migration. Moreover, PGs extracted from salmon 

nasal cartilage contained core polypeptides such as EGF ligand to 

stimulate cellular proliferation and migration. However, this effect was 

reduced when the PG concentration was 10–1,000 µg/mL [134]. Cream 

containing 1% and 2% PGs extracted from fish cartilage was used to treat 

second-degree burn wounds in rats. The results showed that the 

percentage of wound healing in the PG cream-treated group was higher 

than the cream without PG group after 7, 14, 21, and 28 days. The amount 

of PG had an effect on wound healing. The cream containing a higher PG 

content (2%) promoted a higher percentage of wound healing than that 

with a lower content (1%). Re-epithelialization and neovascularization of 

the PG cream-treated group were found to be greater than the control. The 

number of giant cells and macrophages was not significantly different, 

and continuously decreased after 14 days [143]. 

2.4.6.2 Biological safety 

 There is no clinical report on the biological safety of using PGs 

for wound treatment. However, there was no abnormality in rats treated 

with salmon cartilage powder containing PGs (1,000 mg/kg/day) for 90 

days. Moreover, there were no clinical side effects or abnormalities in 

blood tests in adults who received salmon cartilage powder containing 

PGs (1,500 mg/kg/day) for 5 days [144]. 

2.4.7 Sericin………. 

Sericin is a protein extracted from silk cocoons of Bombyx mori. It 

contains 18 amino acids. Serine, a moisturizing acid, accounts for around 30% 

of the total amino acid content [14, 145, 146]. Following serine, aspartic acid 

and glycine are also found, at around 10–20% [146, 147]. The molecular weight 

of silk sericin depends on the extraction method. Silk sericin obtained from heat 

extraction using an autoclave at 120 °C for 60 min has a molecular weight 
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around 25–150 kDa [147]. Silk sericin is a hydrophilic molecule which is water-

soluble. [148]. The secondary structure of silk sericin is composed of two forms, 

a random coil and a β-sheet. At high temperatures (more than 50 °C), the major 

form of silk sericin is a random coil which is easily soluble. On the other hand, 

at lower temperatures, the major form of silk sericin is a β-sheet which has 

strong hydrogen bonds, making it more difficult to dissolve and which may 

form a gel upon cooling [14]. Recently, various biological properties of silk 

sericin have been elucidated such as wound healing, antibacterial effect, and 

anti-inflammatory properties. It was then introduced for use in medical and 

pharmaceutical applications in various forms such as lotions, creams, ointments, 

gels, dressings, and bandages [14]. Sericin has been widely studied as an 

acceleration agent for wound healing. Examples of clinical studies on topical 

wound treatment using silk sericin are shown in Table 10. 

2.4.7.1 Mechanisms of wound healing 

Silk sericin is reported to accelerate proliferation of fibroblast 

cells and collagen synthesis [9]. Silk sericin from heat extraction using 

an autoclave at 120 °C for 60 min activated the highest production of 

type I collagen and showed the lowest toxicity to cells at a 

concentration range of 8–100 µg/mL. Silk sericin from Chul Thai Silk 

1/1 (0.2–1.0 mg/mL) can activate growth of L929 mouse fibroblast 

cells and the production of collagen type I in cell culture medium [10]. 

It could increase the number of skin fibroblast cells and collagen 

production to 250% of non-sericin levels after 72 h [149]. Furthermore, 

it accelerated proliferation of mammalian cells including human 

epithelial and human hepatoblastoma cells [146]. Moreover, it can 

increase skin elasticity, and has an anti-aging effect. 

2.4.7.2 Antibacterial effects 

Some research found that silk sericin can inhibit bacterial 

growth. Fabric coated with silk sericin exacted by ethanol could inhibit 

S. aureus and E. coli in a disk diffusion test. Moreover, it decreased 

these bacteria by more than 80% in a broth test [150]. Silk sericin 

extracted by an alkali process (0.25% sodium bicarbonate) showed 
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potent antibacterial activity to E. coli. Silk sericin extracted by a water 

degumming process possessed antibacterial activity to S. aureus. It 

caused membrane dysfunction and disturbed division and growth of 

both E. coli and S. aureus [151]. It also decreased colonies of Gram-

positive bacteria when the sericin concentration was increased [152]. 

However, some research showed that purified silk sericin extracted by 

a degumming process without Tris-HCl and alkali does not have an 

antibacterial effect [153]. 

2.4.7.3 Anti-inflammation effect 

Silk sericin decreases the inflammatory reaction by suppressing 

cyclooxygenase 2 (COX-2) and nitric oxide genes in the inflammation 

process. This effect is concentration-dependent [154]. Silk sericin 

nanoparticles also decrease paw edema induced by carrageenan 

injection, decreasing the amount of cellular infiltration and the 

inflammation reaction [155]. 

2.4.7.4 Moisturizing effect 

The main amino acid of silk sericin is serine which is a 

moisturizing acid. Serine can preserve skin moisture by generating a 

film on the surface of skin [145]. It was reported that 2% silk sericin 

gel can decrease transepidermal water loss and improve the 

smoothness of the skin [156]. 

2.4.7.5 Biological safety 

Sericin is not toxic to cells [10]. However, it was found that 

sericin at high concentrations (more than 100 µg/mL) may decrease 

cell availability [147]. When sericin material was implanted 

subcutaneously in rats, the local effect in terms of the infiltration of 

inflammatory cells, necrosis, fibrosis, and neovascularization showed 

that it was a non-irritating material [12, 13]. 

 

 The advantages (in terms of wound healing promotion, antibacterial and anti-

inflammation properties, and safety) and disadvantages of these animal-derived 
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products and extracts are demonstrated in Table 11. Because of the high efficacy, high 

safety level, and few adverse effects of silk sericin, it was incorporated into the 

biocellulose dressing for this study. 
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Table 3 Characteristics of α-Chitin , β-Chitin, and γ-Chitin [74, 157] 

(+, ++, +++ indicate the extent of activity from low to high) 
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Table 4 In vivo test and clinical studies of topical chitosan treatment 
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Table 5 Type, properties and limitations of collagen obtained from 

different sources 

(+, ++, +++ indicate the extent of activity from low to high) 
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Table 6 In vivo test and clinical studies of topical collagen treatment 
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Table 7 Clinical studies of topical honey treatment 
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Table 8 In vitro test and in vivo test of topical anabolic steroid treatment 
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Table 9 In vivo test of peptide treatment 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

57 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

58 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

59 

Table 10 In vivo test and clinical studies of topical silk sericin treatment  
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Table 11 Advantages and disadvantages of animal-derived products in 

topical wound application  

(+ ; positive activity, ± ; may have positive or negative activity) 
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2.5 Topical antimicrobial agents and dressing 

Wound infection is an important cause of non-healing wounds. The risks of 

wound infection depend on many factors including wound size or depth, wound 

environment, cleaning, and the treatment process. Microorganisms including aerobic 

Gram-positive bacteria, aerobic Gram-negative bacteria, and anaerobic bacteria infect 

the wound and produce protease enzymes to destroy growth factors and proteins. 

They consume nutrients and oxygen from the wound. They also stimulate a human 

immune response to release inflammatory mediators that interfere with fibroblast 

production and the wound healing process. Infected wounds lead to unexpected pain, 

malodor, and excessive discharge. Moreover, wound infection may lead to 

osteomyelitis and sepsis by transfer of the infection from the skin to bone and blood. 

Bacteria can protect themselves from some antimicrobial agents with bacterial 

resistance processes including efflux pumps. Finding antimicrobial agents for wound 

treatment with high efficacy and fewer adverse effects is of great interest. 

Topical antimicrobial agents and dressings should have a broad spectrum of 

action and be able to penetrate the eschar. They should release a high concentration of 

antibacterial agent at the site of the infection [158]. Using topical antimicrobial agents 

and dressings has many advantages including the avoidance of systemic toxicity and 

side effects, and decreased induction of bacterial resistance [159]. However, they have 

local side effects such as allergic contact dermatitis and lack of depth penetration. 

Advantages and disadvantages of topical antimicrobial dressings are shown in Table 

12. 
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Table 12 Advantages and disadvantages of topical antimicrobial agents and 

dressings 

 

Advantages [160-162] Disadvantages [162-164] 

 Localized antimicrobial agent at the 

site of infection 

 Limited amount of antimicrobial 

agent 

 High concentration at the site of 

infection 

 Contact directly with microorganism 

 New antimicrobial agents that do not 

have systemic antimicrobial form 

 Easy to use 

 Good compliance for patient 

 Minimize toxicity and reduce multi-

drug resistant microorganisms from 

systemic antimicrobial agents 

 Few topical antimicrobial agents 

are effective in randomized clinical 

trials 

 Cannot treat severe or deep wound 

infections 

 Difficult to specify dose with 

certainty  

 May absorb systemically if applied 

to large wounds 

 Affect the healing process 

 May irritate or cause 

hypersensitivity 

Ideal topical antimicrobial properties: 

 Broad-spectrum antimicrobial agent 

 Rapid action 

 Long duration of action 

 Do not induce drug resistance 

 Good distribution 

 Low systemic absorption 

 Safe and biocompatible 

2.5.1 Topical antimicrobial agents 

  Topical antimicrobial agents for wound treatment have various forms 

such as creams, ointments, gels, or dressings. They are separated into two 

groups, antiseptic and antibiotic. Most antibiotics are produced from 

microorganisms but antiseptics are synthetic agents. They contain bacteriostatic 
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or bactericidal activity. Antiseptics are different from antibiotics because 

antiseptics can be transported through the lymphatic system to destroy bacteria 

within the body. However, applying large amounts of topical antimicrobial 

agents may be toxic, induce acute inflammation, or decrease collagen. Examples 

of topical antibiotic agents and antiseptic agents are shown in Tables 13 and 14. 
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Table 13 Topical antibiotic agents’ documents 
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Table 14 Topical antiseptic agents’ documents  
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2.5.2 Topical antimicrobial dressings 

 Size, depth, patient sensitivity, allergy, and the amount of exudate 

are important factors to be considered in selecting the appropriate dressing 

for a wound [42]. Advantages and disadvantages of topical antimicrobial 

wound dressings are shown in Table 15. Because of the high efficacy, 

high safety level, and few adverse effects of PHMB, it was incorporated 

with silk sericin into the biocellulose dressing for this study.
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Table 15 Advantages and disadvantages of topical antimicrobial wound 

dressings 
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2.6 Polyhexamethylene biguanide 

PHMB is a synthetic compound. Its structure is similar to that of the natural 

antimicrobial peptides (AMPs) of keratinocytes and inflammatory neutrophils [165]. 

PHMB was approved as a medicinal product in the 1990s [18]. It is a bacteriostatic if 

administered at low concentrations (1–10 mcg/mL) and bactericidal at high 

concentrations (≥ 10 mcg/mL) [44]. It is a broad-spectrum antimicrobial agent with 

high efficacy and low toxicity [20]. It can act as a biocide against aerobic and non-

aerobic bacteria through binding between the negatively charged phosphate head 

groups of the bacterial cell wall and the cationic group of PHMB, and it promotes 

interaction of hexamethylene spacer groups with the hydrophobic interior of the 

membrane bilayer, leading to membrane fluidity and permeability interference, and 

cell death [19]. However, this interaction is rarely found in human and animal cells. 

Ikeda et al found that PHMB could interact with the phosphatidylglycerol of bacterial 

cells and a mixture of phosphatidylglycerol and phosphatidylcholamine (PC) but had 

very little effect on the neutral lipids PC, a principal phospholipid of mammalian 

cells, and phosphatidylethiolamine (PE), a principal phospholipid of bacteria [166, 

167]. Moreover, PHMB can bind to DNA and other nucleic acids of bacteria. The 

intra-cation spacing in PHMB is optimized for bacterial DNA binding. Strong 

complex formation of PHMB and bacterial DNA was performed at 0.25 mM [168]. 

The minimal microbial PHMB concentration for S. aureus was 0.1 mcg/mL, for 

Bacillus subtilis 0.5 mcg/mL, E. coli 0.5 mcg/mL, and P. aeruginosa 25 mcg/mL 

[22]. Because of its high tolerability and biocompatibility, PHMB is preferable for 

chronic wound treatment compared to chlorhexidine and povidone iodine [169]. It can 

maintain its activity for 14 days. Low toxicity is one of the advantages of PHMB. 

Mild irritation to skin and no significant cancer induction have been reported in 

humans. No evidence of the development of resistance has been reported [170]. The 

mechanism of bacterial resistance, efflux pumps, cannot remove it [160]. Therefore, 

many wound treatment products are composed of PHMB. 

2.6.1 Physical and chemical properties of PHMB 

The molecular weight of PHMB depends on the degree of 

polymerization, and is around 5,049 g/mol at 12 degrees of polymerization 
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[171]. Its viscosity is close to that of water. The terminal groups of PHMB are 

amine and cyanoguanidine, which are unlikely to be biodegraded [172]. It has a 

molecular arrangement as micelles in which hydrophobic methylenic segments 

point toward the center of the sphere and hydrophilic segments point toward the 

outside of the sphere. Therefore, it has high solubility in agents with high 

polarity and hydrogen-bonding tendency. PHMB is soluble in both water (more 

than 40% w/w) and methanol, with chemical stability but poor solubility in 

ethanol. Sunlight, water temperature, and pH fluctuation rarely have effects on 

PHMB stability. Maximum activity is found at pH 5–6 [22]. However, at a 

temperature more than 463 K, PHMB chain degradation was reported. Aqueous 

solution of PHMB is absorbed at a UV wavelength of 236 nm. 

2.6.2 Safety and efficacy of PHMB 

PHMB is an antimicrobial agent which has many efficacies [23] 

including broad-spectrum antimicrobial agent, biocompatibility with human 

cells, low adsorption, no known bacterial resistance, good clinical tolerability, 

and low risk of contact sensitization. Therefore, there are several applications of 

PHMB [171] such as sanitizer in the textile industry and toilets, disinfectant for 

medical, dental, and farm equipment, ingredient in hand washes and rubs, air 

filter treatment, water treatment, swimming pools, and hot tubs, preservative in 

cosmetics, fabric softeners, contact lens solution, and leather. For medical 

products, PHMB are used as antimicrobial agent in wound irrigation (solution 

or gel) such as Prontosan
®
 solution (0.1% PHMB), Lavasorb

®
 solution 

(0.02/0.04% PHMB), and Lavanid
®
 wound gel (0.04% PHMB). PHMB is also 

composition in antimicrobial dressings such as Telfa
TM

 AMD (0.2% PHMB), 

Kerlix
TM

 AMD gauze (0.2% PHMB), Excilon
TM

 AMD sponge (0.2% PHMB), 

Suprasorb
®
 X+PHMB biocellulose (0.3% PHMB), and Kendall AMD foam 

(0.5% PHMB). 

The duration of topical antiseptic treatment is usually 2–5 days and in 

general should not exceed 14–21 days. It should cover the wound for at least 5–

15 min. 
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Dressings containing 0.2% PHMB decreased bacteria in the wound and 

prevented wound infection, while bacterial resistance was not observed in long-

term use [170]. In an in vitro study, a low concentration of PHMB (0.5 

mcg/mL) accelerated wound healing using a wound model of respiratory ciliary 

epithelial cells after 96 h [173]. Muller and Kramer found that PHMB at a low 

concentration (0.005%) did not increase the catabolism of PGs in an ex vivo test 

[174]. In vivo and clinical studies are shown in Table 16. 
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Table 16 In vivo test and clinical studies of PHMB dressing treatment 
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PHMB may not be suitable for treatment of cartilage and the central nervous 

system because of incompatibility and toxicity [19]. Intraperitoneal instillation of 

0.04% PHMB induced systemic hypotension and local vasodilation in mice [22]. 

Topical PHMB (0.02%) had an effect on vasodilation in the ear skin of hairless mice 

[19, 175]. A high concentration of PHMB may irritate the respiratory tract and eyes. 

However, there was no evidence of oral toxicity to rabbits at 20 mg/kg/day and no 

long-term dermal toxicity at 150 mg/kg/day [19]. The minimal concentration for skin 

irritation in rats was over 5%, for eye irritation in rabbits was over 25%, and was less 

than 1% in humans [22]. The general concentration in wound dressings is around 

0.3% PHMB which is safe for skin. Moreover, no development of bacterial resistance 

of PHMB has been reported [23]. No evidence of carcinogenicity or mutagenicity was 

found in in vitro and in vivo studies. 

Contraindications of PHMB [23]: 

1. Irrigation solution in the peritoneal cavity 

2. Antiseptic joint irrigation 

3. The entire central nervous system 

4. The middle ear or inner ear or intraocular administration 

A new development, a PHMB solution combining aqueous PHMB solution 

and egg phosphatidylcholine as an oil-in-water emulsion or liposomes, could reduce 

toxicity of PHMB to L929 cells while maintaining an antiseptic effect. It may be used 

with sensitive tissues such as the peritoneum, mouth, and joint cavities [176]. 

The combination of silk sericin and PHMB in a biocellulose wound dressing 

has advantages for STSG donor site wounds because it may absorb wound exudate, 

have a cooling effect for pain reduction, keep moisture in the dressing, activate 

collagen synthesis which promotes wound healing, and have an antibacterial effect to 

protect against infection. 

Our preliminary research found the optimal silk sericin and PHMB 

concentrations could promote collagen type 1 (Appendix H; Figure 2) [177], had 

antimicrobial activity against B. subtilis (ATCC 6633, Gram-positive), S. aureus 

(ATCC 25923, Gram-positive), MRSA (Gram-positive), E. coli (ATCC 25922, Gram-

negative), Acinetobacter baumannii (ATCC 19606, Gram-negative), and P. 
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aeruginosa (ATCC 27853, Gram-negative) (Appendix H; Figure 3) [177], and a non-

adhesive effect in vitro (Appendix H; Figure 4). The interaction between silk sericin 

and PHMB was also studied and presented in our previous research [177]. We found 

that silk sericin and PHMB had a weak interaction which slightly affected the amide I 

region or the secondary structure of the protein, indicating a change in the secondary 

structure of the protein. However, this interaction did not affect the activity of silk 

sericin or PHMB in the dressing. Moreover, interaction between the biocellulose 

dressing and other molecules (silk sericin and PHMB) was not observed. The 

structure of the dressing was investigated using scanning electron microscope (SEM). 

The dressing was an ultrafine network structure. The size of fiber was less than 40 nm 

and pore size was less than 100 nm (Appendix H; Figure 1). The physical properties 

of this dressing were moderate wound absorption, no degradation of enzymes, and 

non-adhesion to the skin [178]. Therefore, it could absorb exudate, did not macerate 

or split out, stays on the wound, and reduced pain. In vivo tests on the efficacy of the 

biocellulose wound dressing containing silk sericin and PHMB compared with 

Bactigras
®
 on full-thickness skin wounds in 24 rats indicated that the area fraction of 

collagen, a wound healing acceleration parameter of the biocellulose dressing, was 

significantly higher than controls on day 14 (Appendix H; Figure 5) [24]. The wound 

size reduction of wounds treated with the biocellulose dressing was also significantly 

higher than Bactigras
®
 on day 14, and wounds were completely closed by day 21 

(Appendix H; Figure 6) [24]. There was one infected wound in the biocellulose 

dressing group and four infected wounds in the Bactigras
®
 group. The safety study of 

the biocellulose wound dressing containing silk sericin and PHMB compared with 

Bactigras
®
 in rats showed that the rats implanted with the biocellulose dressing were 

healthy and had less irritation and inflammation [24]. However, for materials and 

methods of some important in vitro and in vivo tests are shown in Appendix H. 

According to the literature reviews and the results of our preliminary study on 

the advantages of the biocellulose wound dressing containing silk sericin and PHMB, 

the objective of this study is to investigate the safety of the biocellulose wound 

dressing containing silk sericin and PHMB in healthy volunteers and the clinical 

efficacy of this dressing for STSG donor site treatment compared to Bactigras
®
, the 
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standard commercially available dressing, for STSG donor site wounds at the King 

Chulalongkorn Memorial Hospital, in terms of time for complete re-epithelialization 

and wound quality, which have never been studied before, rate of infection, pain 

evaluation, and adverse events. 
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CHAPTER 3 RESEARCH METHODOLOGY 

3.1 Study design 

Phase I clinical study 

Prospective, randomized, controlled matched-pair study. 

Phase II clinical study 

Prospective, randomized, controlled matched-pair study. 

3.2 Sample and population 

3.2.1 Target population 

Phase I clinical study 

Healthy volunteers at the Faculty of Pharmaceutical Sciences, Chulalongkorn 

University. 

Phase II clinical study 

STSG donor site wounds from procedures carried out in the Division of Plastic 

and Reconstructive Surgery, Department of Surgery, King Chulalongkorn Memorial 

Hospital. 

3.2.2 Sample 

Phase I clinical study 

Healthy volunteers at the Department of Pharmacy Practice, Faculty of 

Pharmaceutical Sciences, Chulalongkorn University between October 2014 and 

February 2015. 

Phase II clinical study 

STSG donor site wounds from procedures carried out in the Division of Plastic 

and Reconstructive Surgery, Department of Surgery, King Chulalongkorn Memorial 

Hospital between December 2015 and October 2016. 

3.2.3 Sample size calculation 

Phase I clinical study 

The sample size was calculated following McNamee et al. [179]. They found 

that there should be at least 100 subjects in a wound dressing study for a 99% chance 
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of having a 5% incidence of adverse skin effects. If 10% of subjects drop out, there 

should be 112 subjects in this study. 

Phase II clinical study 

This study investigated two dependent samples to compare the wound healing 

time (the day the dressing detached by itself with no exudate or air-contact pain) 

between the biocellulose wound dressing containing silk sericin and PHMB and 

Bactigras
®
 groups. The sample size was calculated by the following: 

N =     (Zα + Zβ)
2
 Sp

2
 

     D
2
 

N  = sample size 

Zα  = Z value for alpha error 

Zβ  = Z value for beta error 

Sp
2 
 = pooled variance 

D
2
 = effect size; difference in time taken for complete healing 

of STSG donor site treated with two types of dressing 

determined as 2 days 

According to the study of Lohsiriwat et al. [180] which compared an ionic 

silver-containing hydrofiber dressing with paraffin gauze dressing for STSG donor 

wound treatment, the wound healing times were 7.9 ± 2.47 and 11.2 ± 3.52 days, 

respectively (p < 0.05). The primary objective of Lohsiriwat et al. study was the 

wound healing time for STSG donor wound treatment that was the same primary 

objective as this study. Lohsiriwat et al. used an ionic silver-containing hydrofiber 

dressing as a subject that had characteristics and properties such as absorption 

capacity and antimicrobial agent composition close to biocellulose wound dressing 

containing silk sericin and PHMB. Moreover, a control in Lohsiriwat et al. study was 

paraffin gauze dressing that had characteristics and properties such as mesh dressing 

and low absorption capacity close to Bactigras
®
 which was the control in this study. 

Therefore, Lohsiriwat et al. study was used for sample size calculation in this study. 

Calculation: Confidence level = 95% (α = 0.05)  Zα = 1.96 

Power of the study = 90% (β = 0.1)   Zβ = 1.28 

Pooled variance, Sp
2
 = S1

2
 + S2

2
   =   2.47

2
+ 3.52

2
 = 9.2456 

      2         2 
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Sample size:  N = (1.96 + 1.28)
2
 × 9.2456 

                  2
2
 

= 24.26   25 samples 

20% drop out calculation 

N =      25 

   1 −0.2 

= 31.25   32 samples 

Accordingly, 32 STSG donor site wounds were included in this study. 

3.2.4 Inclusion criteria and exclusion criteria 

Phase I clinical study 

Inclusion criteria 

1. Healthy volunteers 

2. Age 18–65 years 

3. Signed consent form 

Exclusion criteria 

1. Known allergy or hypersensitivity reaction to silk sericin, PHMB, or 

chlorhexidine acetate 

2. Known skin diseases 

3. Known immunocompromised diseases 

4. Using antihistamine and anti-inflammatory medications or any patches 

within 2 weeks before and during evaluation 

5. Not following all procedures 

Phase II clinical study 

Inclusion criteria 

1. Patients who have STSG donor site wounds on the thigh 

2. Aged more than 18 years 

3. Signed consent form 

Exclusion criteria 

1. Systemic infection 
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2. Known allergy or hypersensitivity reaction to silk sericin, PHMB, or 

chlorhexidine acetate 

3. Known skin diseases 

4. Known immunocompromised diseases 

5. Known mental defect or schizophrenia 

6. Pregnancy or lactation 

7. Not following all procedures 

3.3 Random allocation 

Phase I clinical study 

Block randomization (block size 4) was used to separate half of the back to A 

and half to B by using a random number table; odds equaled A and evens equaled B. 

A represented the biocellulose wound dressing containing silk sericin and PHMB, and 

B represented Bactigras
®

. 

There were five visits in this clinical phase I study. At the first visit, the skin 

was randomly patched with dressings A and B (2 × 2 cm
2
). After 3 days (the second 

visit), the dressings were changed to new dressings. After another 3 days (the third 

visit), the dressings were removed. After that, there was a free period of around 7–10 

days. At the fourth visit, the skin was patched with dressings on the same area as the 

first visit. After 3 days, at the last visit, the dressings were removed. Erythema and 

melanin levels were measured by a Cutometer
®
 in mexameter mode 

(Courage+Khazaka electronic GmbH, Germany) at each visit (five visits in all). 

Photographic assessment of edema, papules, vesicles, and bullae was performed by 

three dermatologists at every visit. 

Phase II clinical study 

Block randomization (block size 4) was used to separate half of the eligible 

wounds into A and half into B by using a random number table; odds equaled A and 

evens equaled B. A represented the biocellulose wound dressing containing silk 

sericin and PHMB, and B represented Bactigras
®

. 
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Flow chart of the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Eligible patients were informed the detail of study and signed consent form 

Evaluation: demographic data, medical history, and details 

Wounds randomized for assignment and photo taking (Figure 1(b)) 

The biocellulose wound dressing 

containing silk sericin and PHMB 

(Figure 1(c)) 

 

Bactigras
®
 (Figure 1(c)) 

- STSG donor site wound was observed daily. 

- After wound healing, the wound was photographed. 

The wound was evaluated and documents will be recorded. 

o Wound healing time 

o Wound quality at healing time, 1, 3, and 6 months 

o Number of infection (> 10
5
 colonies) 

o Pain levels 

o Adverse events 

o Vital signs 

o Patient’s medication 

In the operating room, the STSG donor site wound was generated with an 

electrical dermatome at a thickness selected by the surgeon and immediately was 

covered with 1 : 1000 adrenaline gauze until surgery is complete (Figure 1(a)) 

The dressing was applied with 1 cm overlap (primary dressing), and covered 

with two layers of gauze (secondary dressing) (Figure 1(d)) and one layer of 

bandage (tertiary dressing) (Figure 1(e)) 

- The primary dressing was unchanged until wound healing (the day that the 

dressing detached by itself with no exudate and air-contact pain) except for 

signs of infection. 

- The secondary dressing was changed when excessive fluid appears. 

 

Data analysis 
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(a)            (b) 

        

     (c)             (d) 

    

                                         (e) 

 

Figure 1 Wound management (a) Wound was generated with electrical 

dermatome at a thickness selected by the surgeon (b) Half wound 

randomization for assignment and photos taking (c) The biocellulose 

wound dressing containing silk sericin and PHMB and Bactigras
®
 

covered on the wound (d) The wound was covered with 2 layers of 

gauze (secondary dressing) (e) The wound was covered with 1 layer of 

bandage (tertiary dressing) 
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3.4 Wound evaluations 

1. Wound healing time 

  The day that the dressing detached by itself with no exudate or air-

contact pain 

2. Wound quality was evaluated in terms of: 

2.1 Erythema levels were the redness of the scar that referred to 

inflammation. 

2.2 Melanin levels were the darkness of the scar that referred to a post-

inflammatory reaction (hyper or hypo pigmentation). 

2.3 Transepidermal water loss (TEWL) was a measure of the quantity of 

water that passed from inside a body through the epidermis to the 

outside environment. It referred to skin barrier function.  

- Measurement of erythema levels, melanin levels, and TEWL 

levels 

-  Instrument:  

   Cutometer
®
 in mexameter and tewameter mode 

(Courage+Khazaka electronic GmbH, Germany) 

-  Location and frequency:  

   Four points for each wound, five times for each point 

(Figure 2) at healing time, 1, 3, and 6 months 

-  Assessment by: A researcher 

                      

                      Figure 2 Wound location of measurement (red circles) 
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2.4 Vancouver scar scale (VSS) was used to assess the scar with four 

parameters: Vascularity (0–3), pigmentation (0–2), pliability (0–5), 

and height (0–3) (Appendix G). The maximum total score was 13. A 

higher VSS score represented poor scar quality. 

-  Location and frequency: All areas of wounds  

-  Assessment by: Two surgeons 

3. Number of infection was the wound that had:  

- Signs of infection: Swelling, redness, bad odor, purulent discharge, 

assessed every day by a researcher and one surgeon 

- Swab evaluation when signs of infection were observed  

   (bacteria >10
5
 colonies) 

- Amount of WBC or neutrophil counts after treatment was higher than 

before treatment and normal range. 

4. Pain levels was evaluated using Visual Analogue Scale (VAS; 0 (no pain) to 

10 (unbearable pain)) by patient assessment. 

5. Adverse events were evaluated in terms of: 

- Skin allergic reaction: Itching or rash, assessed by a researcher and one 

surgeon 

- Naranjo’s algorithm assessed by a researcher 

- Systemic function: Hepatic and renal function (before and after treatment)  

3.5 Definitions 

Phase I clinical study definition 

 Healthy volunteer represented people who had healthy skin including no open 

wound, and no scar. 

Phase I clinical study definition 

1. STSG donor site wound was the wound that the skin was detached around 

0.008-0.012 inch by dermatome surgical grafting instrument. 

2. Wound healing time was the day that the dressing detached by itself with no 

exudate or air-contact pain. 

3. Wound quality was the degree of excellent scar that was presented in terms of 

erythema levels, melanin levels, TEWL levels, and VSS. 
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4. Infection was the wound that had signs of infection, bacteria >10
5
 colonies, 

and high WBC or neutrophil levels after treatment than before treatment and 

normal range. 

5. Adverse events were any untoward occurrence in a patient treated with wound 

dressings. 

3.6 Materials 

3.6.1 Test dressings 

The biocellulose wound dressing containing silk sericin and PHMB was 

composed of three major components, biocellulose, silk sericin, and PHMB. 

The biocellulose dressings were produced from an A. xylinum strain (Kasetsart 

University, Bangkok, Thailand) in coconut water medium according to the method of 

Verschuren et al. with a slight modification [181]. Briefly, 1 L of coconut water was 

boiled and 50 g of sucrose, 5 g of ammonium phosphate ((NH4)3PO4), and 10 mL of 

acetic acid (CH3COOH) were added. The acetic acid was used for adjustment of 

solution pH (pH 4.5). Then, 10 mL of A. xylinum was added to the solution and the 

mixture was transferred to molds for fermentation. This mixture was incubated under 

sterilized static conditions at 30 °C for 10–12 days to form biocellulose. After that, 

2% w/v aqueous sodium hydroxide (NaOH) solution was used for biocellulose 

washing at 70 °C until a neutral pH was attained. All processes were controlled and 

produced by Research X Co., Ltd. (Bangkok, Thailand). 

The biocellulose dressing (10 × 10 × 0.01 cm
3
) was loaded with 4 mL of 1% 

w/v silk sericin. After that, the dressing was loaded with 10 mL of 0.3% w/v PHMB 

Finally, the biocellulose wound dressing containing silk sericin and PHMB was 

soaked in 6 mL of 60% w/v glycerin. All processes were carried out in sterile 

conditions. After preparation, the dressings were packed and sterilized with gamma 

radiation at 25 kGy by the Thailand Institute of Nuclear Technology (Public 

Organization), Irradiation Certificate No 61/58 (Nakornnayok, Thailand). For the 

quality control, in each production, the biocellulose wound dressing containing silk 

sericin and PHMB were randomly tested about the released concentration. The 

concentration of silk sericin and PHMB that released from the dressing after 30 

minutes were around 40 mcg/ml of silk sericin and 0.01%PHMB. 
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From previous study, Hasatsri et al. found that the bilayered wound dressing 

prepared from 1% sericin solution could accelerate wound healing [34] and promote 

collagen type I [182]. In vitro and in vivo study, the results showed that the 

biocellulose wound dressing containing silk sericin (1%w/v) could release sericin 

more than 40 mcg/ml resulting in collagen type I promotion [177]. Moreover, the 

loading concentrations of PHMB were also evaluated at 0.0125% - 0.6% in order to 

find concentration that had antimicrobial activity against Gram-positive and Gram-

negative bacteria [177]. The result showed that the appropriated loading  

concentration of PHMB was at least 0.3% [177] because this dressing could release 

PHMB more than 0.01% that was higher than minimum bactericidal concentration of 

Gram-positive and Gram-negative bacteria. Therefore, in this study, the biocellulose 

wound dressing containing silk sericin and PHMB was loaded with 1%w/v sericin 

solution and 0.3%PHMB.  

3.6.2 Control dressings 

Bactigras
®

 (Smith & Nephew Co., Ltd, London, UK) 

3.6.3 Chemical agents 

Analytical grade acetic acid (CH3COOH), ammonium phosphate ((NH4)3PO4), 

sodium hydroxide (NaOH), and other chemicals were purchased from Sigma-Aldrich, 

USA. Silk sericin solution was prepared from Bombyx mori cocoons supplied by Chul 

Thai Silk Co., Ltd. (Petchaboon, Thailand) using a high temperature and high pressure 

degumming method [147]. PHMB was kindly provided by Lonza Group Ltd. (Basel, 

Switzerland). Glycerin was analytical grade, obtained from Ajax Finechem 

(Australia). 

3.7 Data collection instruments 

Phase I clinical study 

1. Demographic data (Appendix A) 

2. Adverse event report (Appendix B) 

3. Adverse event by erythema and melanin report (Appendix C) 

Phase II clinical study 

1. Demographic data (Appendix D) 
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2. Follow-up report (Appendix E) 

3. Adverse event report (Appendix F) 

4. VSS (Appendix G) 

3.7 Data analysis and statistical evaluations 

All statistical evaluations were performed using SPSS version 17.0 (SPSS. 

Co., Ltd., Bangkok, Thailand). Statistically significant differences of data were 

considered at p < 0.05. 

Phase I clinical study 

1. Demographic data were presented in terms of frequency, percentage, mean 

and standard deviation. 

2. Comparison of erythema levels and melanin levels between two areas used a 

repeated measure ANOVA test. 

3. Comparison of the number of infection, and amount of adverse events between 

two areas used chi-square tests. 

Phase II clinical study 

1. Demographic data were presented in terms of frequency, percentage, mean 

and standard deviation. 

2. Comparison of wound healing time (days) used Paired t-test. 

3. Comparison of erythema levels, melanin levels, TEWL levels, pain score, and 

VSS between two areas used Friedman test and Wilcoxon signed rank tests. 

4. Comparison of the amount of infection and number of adverse events between 

two areas used Chi-square test. 

3.8 Ethical considerations 

This study was to investigate the safety of a biocellulose wound dressing 

containing silk sericin and PHMB in healthy volunteers, and the clinical efficacy and 

safety of the dressing for STSG donor site wound treatment compared with Bactigras
®
 

which was the standard dressing at King Chulalongkorn Memorial Hospital. The 

researcher provided all information of the study including the research objectives, 

expected duration, methods, benefits, and adverse events to the subjects. All subjects 

had to sign a consent form before starting. They could withdraw from the study at any 
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time, which would not impact on their regular treatment. The study was approved by 

the Ethic Review Committee for Research Involving Human Research Subjects, 

Health Sciences Group, Chulalongkorn University (COA No. 127/2557) (Appendix J) 

on 4
th

 September 2014 and King Chulalongkorn Memorial Hospital Human Subjects 

Institutional Review Board (COA 843/2015) (Appendix J) on 3
rd

 December 2015. The 

data from this study was retained as confidential and only complete results were 

presented. 
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CHAPTER 4 RESULTS 

The biocellulose wound dressing containing silk sericin and PHMB was 

developed for wound healing (Figure 3(a)) comparing with Bactigras
®
 (Figure 3(b)) 

in this study.  

(a)                      (b) 

                       

Figure 3 Dressings in this study (a) The biocellulose wound dressing containing 

silk sericin and PHMB (b) Bactigras
®

 

 

4.1  Phase I clinical study 

There were 112 healthy volunteers in this study but three volunteers were 

excluded because their dressing peeled off before appointment and four volunteers 

were excluded because they took antihistamine medicines for a common cold. 

Therefore, there were 105 healthy volunteers in the final results. Most were female 

with a normal body mass index, non-alcohol drinkers and non-smokers. Demographic 

data are shown in Table 17. 
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Table 17 Demographic data of healthy volunteers 

 

Document Volunteer % 

Subjects 105 100.00 

Sex Male 22 21.00 

 Female 83 79.00 

Average age(years ± SD (Range)) 26.60 ± 10.83 

(18, 60) 

Average body mass index (kg/m
2
 ± SD) 21.18 ± 3.12 

Occupation Government officer 3 2.86 

 State enterprise officer 2 1.90 

 Employee 31 29.51 

 Students 69 65.71 

Underlying disease No 102 97.14 

 Hypertension 2 1.90 

 Diabetes mellitus 1 0.95 

Current alcohol drinking 5 4.76 

Current smoking 1 0.95 

 

 The safety of the biocellulose wound dressing containing silk sericin and 

PHMB compared with Bactigras
®
 was evaluated in terms of skin erythema and 

melanin levels, represented by skin redness and darkness. The results showed that the 

levels of neither were statistically significantly different for skin covered with the 

biocellulose wound dressing containing silk sericin and PHMB compared with 

Bactigras
®
 (Figures 4 and 5). Therefore, inflammation or post-inflammatory reaction 

of the skin that covered with biocellulose wound dressing containing silk sericin and 

PHMB was not different comparing the skin that covered with Bactigras
®
. 

Photographic assessment of edema, papules, vesicles, and bullae was performed by 

three dermatologists at every visit (five visits in all) (Appendix K). No significant 

signs of inflammation or skin irritation were found in either group (Figure 6). Edema 

and papules were not presented in more than 97% of subjects in both groups. Vesicles 

and bullae were not observed (Table 18). The results were not statistically 
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significantly different between the biocellulose wound dressing containing silk sericin 

and PHMB and Bactigras
®
. 

 

Figure 4 Erythema levels (mean ±SD) of health volunteers’ skin covered with 

biocellulose wound dressing containing silk sericin and PHMB (black 

bars) and Bactigras
®
 (grey bars; control group) at visit 1-5  
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Figure 5 Melanin levels (mean ±SD) of health volunteers’ skin covered with 

biocellulose wound dressing containing silk sericin and PHMB (black 

bars) and Bactigras
®
 (grey bars; control group) at visit 1-5  

 

 

 

 
Figure 6 The skins of healthy volunteer after cover with the biocellulose wound 

dressing containing silk sericin and PHMB (left side) and Bactigras
®
 

(right side) 
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Table 18 Adverse events of biocellulose wound dressing containing silk sericin 

and PHMB and Bactigras
®
 by dermatologists’ assessment 

 

Parameters 

Biocellulose wound dressing 

containing silk sericin and 

PHMB 

(% Total subject) 

Bactigras
®
 

(%Total subject) 

Erythema* 

Mild 

Moderate 

Severe 

39.05 

1.0 

0.0 

50.48 

1.0 

0.0 

Edema* 

Mild 

Moderate 

Severe 

1.9 

0.0 

0.0 

0.0 

0.0 

0.0 

Papule 2.9 2.9 

Vesicle 0.0 0.0 

Bullae 0.0 0.0 

*Erythema scale and edema scale see Appendix B 

4.2 Phase II clinical study 

The clinical efficacy of the biocellulose wound dressing containing silk sericin 

and PHMB for STSG donor sites was evaluated in terms of wound healing time, 

wound quality, rate of infection, pain, adverse events, and cost compared with the 

standard treatment (Bactigras
®
). Thirty-two STSG donor site wounds were enrolled in 

this study. Demographic data are presented in Table 19. Causes of STSG surgery 

were malignancy (62.5%), defected wound (31.25%), and scar contracture (6.25%). 

Each STSG donor site wound was divided into two parts that were randomized to be 

covered with the biocellulose wound dressing containing silk sericin and PHMB or 

Bactigras
®
 (Figure 2).  
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Table 19 Demographic data of STSG donor site patients 

 

Documents Subjects Percentage 

Subjects 21 100.00 

     Sex 

          Male 16 76.19 

          Female 5 23.81 

Age (years) (mean ± SD (Range)) 60.00 ± 19.24  (25,90) 

Body mass index (kg/m
2
) (mean ± SD (Range)) 23.79 ± 5.77  (16.44,42.24) 

Comorbidity 14 66.67 

     Dyslipidemia 9 42.86 

     Hypertension 11 52.38 

     Cardiovascular disease 3 14.29 

     Diabetes mellitus 5 23.81 

     Renal Insufficiency 1 4.76 

Smoking 6 28.57 

Alcohol drinking 2 9.52 

Allergic history 3 14.29 

     Ibuprofen 1 4.76 

     Morphine 1 4.76 

     Sulfonamide 1 4.76 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

110 

Documents Subjects Percentage 

Wounds 32 100.00 

     Sex 

          Male 27 84.38 

          Female 5 15.63 

Area 

     Right thigh 20 62.50 

          Anterior 13 40.62 

          Posterior 0 0.00 

          Lateral 7 21.88 

     Left thigh 12 37.50 

          Anterior 4 12.50 

          Posterior 1 3.13 

          Lateral 7 21.88 

Wound area (cm2) (mean ± SD (Range)) 60.89 ± 19.82 (28.70,104.71)  

STSG thickness (inch) (mean ± SD (Range)) 0.01 ± 0.0014 (0.008,0.012) 

 

4.2.1 Wound healing time of STSG donor sites  

  An STSG donor site wound was a wound that involves the epidermis 

and some part of the dermis because of skin detachment by instrument. The 

standard treatment for STSG donor site wounds in King Chulalongkorn 

Memorial Hospital was Bactigras
®
. In general, the wound healing time of this 

treatment was the day that the dressing detached by itself with no exudate and 

no air-contact pain. 

  The results of this study demonstrated that the wound healing time of 

both dressings was around 19 ± 5 days. There was no statistically significant 

difference between groups (Figures 7 and 8) (Appendix L). 
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(a)                                                                   (b) 

         

                                      (c) 

 

 

Figure 7 Wound appearance (a) Split-thickness skin graft donor site wound at 

day 0, (b) Split-thickness skin graft donor site wound covered with 

biocellulose wound dressing containing silk sericin and PHMB 

(BC/SS/PHMB) (Right side) and Bactigras
®
 (Left side), (c) Split-

thickness skin graft donor site wound at healing day  
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Figure 8 Wound healing time (mean ± SD) of STSG donor sites wound treated 

with biocellulose wound dressing containing silk sericin and PHMB 

and Bactigras
®
 (p = 0.161) 

 

4.2.2 Wound quality of STSG donor sites  

Wounds treated with good properties’ dressings led to better wound 

quality. The wound quality of STSG donor sites was presented in terms of 

melanin levels, erythema levels, TEWL levels, and VSS. 

4.2.2.1 Melanin levels 

 A post-inflammatory reaction occurred after skin inflammation 

or injury. A change in skin color was the most common effect. 

Melanocytes were stimulated by cytokines, chemokines, and 

inflammatory mediators, resulting in overproduction (hyperpigmentation) 

or lower production (hypopigmentation) of melanin and irregular pigment 

dispersion [183]. The melanin levels represented the darkness of the scar 

and referred to post-inflammatory reaction. A good quality wound should 

have melanin close to those of normal skin. They were measured by using 

a Cutometer
®
 in mexameter mode (Courage+Khazaka electronic GmbH, 
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Germany) at four points for each wound, five times for each point (Figure 

2) at healing time, 1, 3, and 6 months. The results were compared with 

normal skin. If the results were higher than for normal skin, they were 

interpreted as hyperpigmentation. If the results were lower than for 

normal skin, they were interpreted as hypopigmentation. 

   Melanin levels of wounds treated with both dressings are 

shown in Figure 9. Melanin levels of both the biocellulose wound dressing 

containing silk sericin and PHMB-treated group and the Bactigras
®
 group 

at healing time and 1 month were significantly lower than normal skin. 

However, there were no significant differences at 3 and 6 months. 

   At healing time and 1 month, the melanin levels of the 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group were significantly lower than the Bactigras
®
 group (160.33 ± 134 vs 

251.70 ± 159; p = 0.000014 and 291.10 ± 174 vs 295.08 ± 212; p = 

0.00033, respectively). Therefore, post-inflammatory reaction of 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group was lower than the Bactigras
®
 group. However, 3 and 6 months 

after wound healing, there was no significant difference between groups. 

   The melanin levels of both the biocellulose wound dressing 

containing silk sericin and PHMB-treated group and the Bactigras
®
 group 

continuously significantly increased until 3 months.  
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Figure 9 Melanin levels (median ±IQR) of STSG donor sites wound treated with 

biocellulose wound dressing containing silk sericin and PHMB (grey 

bars) and Bactigras
®
 (white bars; control group) at healing time, 1, 3, 

and 6 months after wound healing comparing with normal skin (black 

bar) (*Significant difference when compared with the value of normal 

skin (p = 7x10
-7

, p = 7x10
-7

, p = 0.00001, p = 0.015, respectively), 

**Significant difference when compared with the value of Bactigras
®
 (p 

= 0.000014, p = 0.00033, respectively) 

 

4.2.2.2 Erythema levels 

  Inflammation occurred after skin injury. The erythema levels 

represented the redness of the scar and referred to inflammation. A good 

quality wound should have erythema levels close to those of normal skin. 

They were measured by using a Cutometer
®
 in mexameter mode 

(Courage+Khazaka electronic GmbH, Germany) at four points for each 

wound, five times for each point (Figure 2) at healing time, 1, 3, and 6 

months. If the erythema levels were higher than normal skin, it was 

interpreted as inflammation. 

Figure 10 shows the erythema levels of the biocellulose wound 

dressing containing silk sericin and PHMB-treated group and the 

Bactigras
®

-treated group. The erythema levels of both the biocellulose 

wound dressing containing silk sericin and PHMB-treated group and the 
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Bactigras
®

 group were significantly higher than normal skin at all-time 

points. 

The erythema levels of the biocellulose wound dressing 

containing silk sericin and PHMB-treated group were significantly lower 

than the Bactigras
®

 group (508.75 ± 138.39 vs 571.20 ± 133.16; p = 0.013 

and 465.53 ± 97.46 vs 512.03 ± 149.56; p = 0.00033, respectively) at 

healing time and 1 month after wound healing. Therefore, inflammation of 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group was lower than the Bactigras
®
 group. However, 3 and 6 months 

after wound healing, there were no significant differences between 

groups. 

The erythema levels of both the biocellulose wound dressing 

containing silk sericin and PHMB-treated group and the Bactigras
®
 group 

continuously significantly decreased until 6 months.  

 

Figure 10 Erythema levels (median ±IQR) of STSG donor sites wound treated 

with biocellulose wound dressing containing silk sericin and PHMB 

(grey bars) and Bactigras
®
 (white bars; control group) at healing 

time, 1, 3, and 6 months after wound healing comparing with normal 

skin (black bar) (*Significant difference when compared with the 

value of normal skin (p = 9x10
-7

, p = 7x10
-7

, p = 1x10
-6

, p = 8x10
-7

, p = 
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8x10
-7

, p = 8x10
-7

, p = 2x10
-6

, p = 4x10
-6

,
 
respectively), **Significant 

difference when compared with the value of Bactigras
®
 (p = 0.013, p = 

0.00033, respectively) 

 

4.2.2.3 Transepidermal water loss levels (TEWL) 

 TEWL was a measure of the quantity of water that passes from 

inside a body through the epidermis to the outside environment. It referred 

to skin barrier function. After wound healing, the expected scar should 

have a low TEWL levels or one close to that of normal skin. It was 

measured by using a Cutometer
®
 in tewameter mode (Courage+Khazaka 

electronic GmbH, Germany) at four points for each wound, five times for 

each point (Figure 2) at healing time, 1, 3, and 6 months. The results were 

compared with normal skin. If the results were higher than for normal 

skin, they were interpreted as poor skin barrier function. 

The TEWL levels of the biocellulose wound dressing 

containing silk sericin and PHMB-treated group and the Bactigras
®
-

treated group are shown in Figure 11. The TEWL levels of both the 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group and the Bactigras
®

 group were significantly higher than normal skin 

at all-time points. 

At healing time, the results showed that the TEWL levels of the 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group was not significantly different to the Bactigras
®
 group. However, 

the TEWL levels of the biocellulose wound dressing containing silk 

sericin and PHMB-treated group was significantly less than the Bactigras
®

 

group after 1, 3, and 6 months (13.08 ± 6.08 vs 16.86 ± 6.39; p = 

0.000025, 9.67 ± 5.39 vs 10.68 ± 6.51; p = 0.000028, and 7.69 ± 7.16 vs 

9.63 ± 7.53; p = 5 × 10
−6

, respectively). Therefore, skin barrier function of 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group was better than the Bactigras
®
 group. 

The TEWL levels of both the biocellulose wound dressing 

containing silk sericin and PHMB-treated group and the Bactigras
®
 group 

continuously significantly decreased until 3 months. 
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Figure 11 Transepidermal water loss levels (median ±IQR) of STSG donor sites 

wound treated with biocellulose wound dressing containing silk 

sericin and PHMB (grey bars) and Bactigras
®
 (white bars; control 

group) at healing time, 1, 3, and 6 months after wound healing 

comparing with normal skin (black bar) (*Significant difference 

when compared with the value of normal skin (p = 8x10
-7

, p = 8x10
-7

, p 

= 8x10
-7

, p = 8x10
-7

, p = 9x10
-7

, p = 8x10
-7

, p = 0.000086, p = 0.000017, 

respectively), **Significant difference when compared with the value 

of Bactigras
®
 (p = 0.000025, p = 0.000028, p = 5x10

-6
, respectively) 

 

4.2.2.4 Vancouver scar scale (VSS) 

  VSS was used to assess the scar with four parameters that were 

vascularity (0–3), pigmentation (0–2), pliability (0–5), and height (0–3) 

(Appendix G). The maximum total score was 13. A higher VSS score 

represented poor scar quality. They were measured at all areas of wounds 

by two surgeons. VSS total scores were compared between sample and 

control. If the total score of the sample was lower than the control, it was 

interpreted that the scar quality of the sample was better than the control. 

VSS was used to assess the scar with four parameters that were 

vascularity, pigmentation, pliability, and height. 

The vascularity scores of the dressings were not significantly 

different. They continuously decreased over time (Figure 12).  
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Figure 12 Vascularity score (median ±IQR) of STSG donor sites wound treated 

with biocellulose wound dressing containing silk sericin and PHMB 

(black bars) and Bactigras
®
 (grey bars; control group) at healing 

time, 1, 3, and 6 months after wound healing 

 

The pigmentation scores of both dressings continuously 

increased over time (Figure 13). However, the pigmentation score of the 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group was lower than the Bactigras
®
 group 1 month after wound healing 

(0.5 ± 1 vs 0.75 ± 1; p = 0.013). 

 

 

 

 

Figure 13 Pigmentation score (median ±IQR) of STSG donor sites wound treated 

with biocellulose wound dressing containing silk sericin and PHMB 

(black bars) and Bactigras
®
 (grey bars; control group) at healing 

time, 1, 3, and 6 months after wound healing (p = 0.013) 
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The pliability scores of the dressings were not significantly 

different. They continuously decreased over time (Figure 14). 

 

Figure 14 Pliability score (median ±IQR) of STSG donor sites wound treated 

with biocellulose wound dressing containing silk sericin and PHMB 

(black bars) and Bactigras
®
 (grey bars; control group) at healing 

time, 1, 3, and 6 months after wound healing 

 

The height scores of the dressings were not significantly 

different. They continuously decreased over time (Figure 15).  

 

Figure 15 Height score (median ±IQR) of STSG donor sites wound treated with 

biocellulose wound dressing containing silk sericin and PHMB (black 

bars) and Bactigras
®
 (grey bars; control group) at healing time, 1, 3, 

and 6 months after wound healing 

 

The results demonstrated that the overall VSS scores of the 

dressings were not significantly different. However, the VSS score of the 
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biocellulose wound dressing containing silk sericin and PHMB-treated 

group was lower than the Bactigras
®
 group at healing time and 1 month 

after wound healing (2 ± 1.5 vs 2.5 ± 1.5; p = 0.274 and 2 ± 1.5 vs 2.5 ± 

1.5; p = 0.069, respectively) because the pigmentation score of the 

biocellulose wound dressing containing silk sericin and PHMB-treated 

group was lower than the Bactigras
®
 group (0.0 ± 1 vs 0.5 ± 0.5; p = 0.564 

and 0.5 ± 1 vs 0.75 ± 1; p = 0.013, respectively). Moreover, the VSS score 

of both groups continuously decreased at 3 and 6 months (Figure 16). 

 

 

Figure 16 Vancouver scar scale (median ±IQR) of STSG donor sites wound 

treated with biocellulose wound dressing containing silk sericin and 

PHMB (black bars) and Bactigras
®
 (grey bars; control group) at 

healing time, 1, 3, and 6 months after wound healing 

4.2.3 Number of STSG donor sites infection  

No signs of infection (swelling, redness, bad odor, or purulent discharge) 

were observed in wounds that were covered with either dressing. All median 

patient temperatures (day 1–5) were lower than 37 C. Biochemistry tests 

including white blood cell count and neutrophils presented in the normal range 

at days 0 and 5 after operation (Table 19). After treatment, there was one patient 

who had a higher WBC than normal. There were two patients who had a higher 
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neutrophil level than normal level. However, both levels were lower than before 

treatment (Appendix I). 

4.2.4 Pain levels of STSG donor sites 

Pain scores of wounds covered with the biocellulose wound dressing 

containing silk sericin and PHMB and Bactigras
®
 gradually decreased from 

days 1–5. However, the pain scores of wounds covered with the biocellulose 

wound dressing containing silk sericin and PHMB were statistically 

significantly lower than wounds covered with Bactigras
®
 at all-time points (4 ± 

2.75 vs 7 ± 2.75; p = 0.0000092, 3.5 ± 2 vs 7 ± 3; p = 0.000014, 1 ± 1 vs 4 ± 2; 

p = 3 × 10
−6

, 0 ± 1 vs 3 ± 1; p = 4 × 10
−6

, and 0 ± 1 vs 3 ± 1; p = 4 × 10
−6

, 

respectively). The pain scores of both the biocellulose wound dressing 

containing silk sericin and PHMB-treated group and the Bactigras
®
 group 

continuously significantly decreased until day 5 (Figure 17).   

 

 

Figure 17 Pain score (median ±IQR) of STSG donor sites wound treated with 

biocellulose wound dressing containing silk sericin and PHMB (black 

bars) and Bactigras
®
 (grey bars; control group) at day 1-5 after 

wound healing (*Significant difference when compared with the value 

of control group (p = 0.0000092, p = 0.000014, p = 3x10
-6

, p = 4x10
-6

, p 

= 4x10
-6

, respectively) 
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4.2.5 Adverse events 

There were no adverse skin reactions including rash, itching, edema, or 

papules. Systemic reactions including renal function and hepatic function also 

showed normal levels at days 0 and 5 after operation (Table 19).  
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Table 20 Biochemistry test (infection, renal function and hepatic function) of 

STSG donor site patients at day 0 and day 5 after operation 

 

Biochemistry
a
 Normal value 

Day 0 

Median ± IQR 

Day 5 

Median ± IQR 

WBC (x10
3
/ul)  

Neutrophil (x10
3
/ul) 

BUN (mg/dl) 

4.50 - 11.00 

1.80 - 7.80 

7.00 – 20.00 

10.80 ± 4.07 

7.50 ± 5.16 

14.00 ± 8.00 

7.72 ± 3.20 

5.70 ± 2.73 

14.00 ± 7.50 

Cr (mg/dl) 0.50 – 1.00 0.94 ± 0.34 0.77 ± 0.36 

AST (U/L) 0.00 – 35.00 26.00 ± 11.00 28.00 ± 21.00 

ALT (U/L) 0.00 – 40.00  18.00 ± 22.50 21.00 ± 15.00 

ALP(U/L) 40.00 – 120.00  64.00 ± 34.00 84.00 ± 31.00 

Total bilirubin 0.20 – 1.20 0.56 ± 0.34 0.45 ± 0.38 

a
 WBC: White blood cells, BUN: Blood urea nitrogen, Cr: Creatinine, AST: aspartate 

aminotransferase, ALT:  Alanine aminotransferase, ALP: Alkaline phosphatase  

After treatment, there was one patient who had a higher BUN level 

than normal level. There were five patients who had a higher creatinine level 

than normal level. However, both levels were close to those recorded before 

treatment, which were also higher than normal. Furthermore, there were five 

patients who had a higher AST level than normal level. There were three 

patients who had a higher ALT level than normal level. There were two patients 

who had a higher ALP level than normal level and one patient who had a higher 

total bilirubin level than normal level. However, all levels were close to those 

recorded before treatment, which were also higher than normal (Appendix I). 

4.2.6 Cost of dressings 

The cost of the two dressings was evaluated per square centimeter. The 

cost of Bactigras
®
 (overall’ cost) was higher than the biocellulose wound 

dressing containing silk sericin and PHMB (materials’ cost) (0.17 vs 0.07 baht). 
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CHAPTER 5 DISCUSSION AND CONCLUSIONS 

Discussion 

An STSG donor site wound is a wound that has loss of the epidermis and 

some part of the dermis. It usually produces exudate and may be infectious, leading to 

delayed wound healing. The concern of most patients is pain leading to a decrease in 

quality of life. Therefore, developing a dressing with wound healing acceleration, 

good scar quality production, pain reduction, infection protection, few adverse 

reactions, and low cost is of benefit for these wounds. 

From our previous study, an in vitro test, we found that the biocellulose 

wound dressing containing silk sericin and PHMB contained appropriate amounts of 

silk sericin and PHMB. It could accelerate L929 cells to promote collagen type I and 

had antimicrobial activity against Gram-positive and Gram-negative bacteria [177]. 

The interaction between silk sericin and PHMB was also studied and presented in our 

previous research [177]. We found that silk sericin and PHMB had a weak interaction, 

which slightly affected the amide I region or the secondary structure of the protein, 

indicating a change in the secondary structure of the protein. However, this interaction 

did not affect the activity of silk sericin or PHMB in the dressing. Moreover, 

interaction between the biocellulose dressing and other molecules (silk sericin and 

PHMB) was not observed. The physical properties of this dressing were moderate 

wound absorption, no degradation of enzymes, and non-adhesion to the skin. 

Therefore, it could absorb exudate, did not macerate or split out, stayed on the wound, 

and reduced pain. In in vivo tests [24], the efficacy of the biocellulose wound dressing 

containing silk sericin and PHMB compared with Bactigras
®
 on full-thickness skin 

wounds in 24 rats indicated that the area fraction of collagen, a wound healing 

acceleration parameter of the biocellulose dressing, was significantly higher than 

controls on day 14. The wound size reduction of wounds treated with the biocellulose 

dressing was also significantly higher than Bactigras
®

 on day 14, and wounds were 

completely closed by day 21 [24]. There was one infected wound in the biocellulose 

dressing group and four infected wounds in the Bactigras
®
 group [24]. The safety 

study of the biocellulose wound dressing containing silk sericin and PHMB compared 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

125 

with Bactigras
®
 in rats showed that the rats implanted with the biocellulose dressing 

were healthy and had less irritation and inflammation [24]. 

For the phase I clinical study in healthy volunteers, erythema and melanin 

levels of skin, representing skin redness and darkness, were evaluated. The results 

showed that the levels for skin covered with the biocellulose wound dressing 

containing silk sericin and PHMB were not statistically significantly different when 

compared with Bactigras
®
. Moreover, the melanin and erythema levels in this study 

were close to those of normal skin. These results agreed with Maenthaisong et al. 

[184], who showed that the mean melanin levels in healthy Thai females was around 

230 and the erythema levels was around 220. Siriteintong et al. also found that the 

mean melanin levels in healthy Thai females was around 220 and the erythema levels 

was around 250 [13]. No significant signs of inflammation or skin irritation were 

found in either group. Edema and papules were not presented in more than 97% of 

subjects in both groups. Vesicles and bullae were not observed [24]. These results 

conformed to those of Ibarra de Palacios et al. They investigated the skin irritation 

potential of a 12.5 cm
2
 estradiol transdermal patch (Climara

®
, USA) in 99 healthy 

postmenopausal women. The safety results claimed that 3.0% had moderate erythema, 

1.0% severe erythema, 1.0% mild edema, and 34.3% papules [185]. 

It was expected that the biocellulose wound dressing containing silk sericin 

and PHMB would accelerate wound healing. The dressing’s property of keeping the 

wound moist provides a suitable environment for wound healing. Voineskos et al 

carried out a systematic review of skin graft donor site dressings, comparing moist 

wound dressings with non-moist wound dressings [45]. They reported that moist 

wound dressings had a faster healing rate, less pain, and were less expensive. These 

results agreed with the study of Wiechula about the use of moist wound-healing 

dressings in the management of STSG donor sites [3]. The numbers of day taken for 

wound healing for hydrocolloid dressings were significantly less than other moist 

products. In chronic venous insufficiency and lower leg ulceration, Alvarez et al. 

reported that the healing time (> 75% re-epithelialization) of wounds treated with 

biocellulose was lower than that of the non-adherent petrolatum emulsion-

impregnated cellulose acetate gauze (control) group. The percentage wound size 

reduction of wounds treated with biocellulose was higher than that of the control 
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group after 6 and 12 weeks [7]. Moreover, the biocellulose wound dressing containing 

silk sericin and PHMB contained a wound healing acceleration agent. Silk sericin 

from Chul Thai Silk 1/1 (0.2–1.0 mg/mL) could activate growth of L929 mouse 

fibroblast cells and the production of collagen type I in cell culture medium [10]. It 

could increase the number of skin fibroblast cells and collagen production, important 

factors in the wound healing process, to 250% in 72 h [149]. Furthermore, it 

accelerated proliferation of mammalian cells including human epithelial cells and 

human hepatoblastoma cells [146]. 

In STSG donor site wounds, Siritientong et al. found that the healing time of 

wounds treated with ethyl alcohol-precipitated silk sericin/PVA scaffolds was 

significantly less than that of the Bactigras
®
 (control) group [13]. These results agreed 

with Hasatsri et al.. They found that the healing time of wounds treated with a 

bilayered wound dressing containing 1% silk sericin was significantly less than that of 

the Bactigras
®
 (control) group [34]. The wound healing time of partial-thickness burn 

wounds treated with a silver zinc sulfadiazine cream containing silk sericin was also 

less than that of silver zinc sulfadiazine cream without silk sericin [186]. From all 

these studies, it indicated that sericin had significant effect on wound healing by 

acceleration of healing process, which might due to collagen promotion activity as 

previously reported [10]. 

In this study, the biocellulose wound dressing containing silk sericin and 

PHMB was evaluated in STSG donor site wounds compared with a standard dressing 

(Bactigras
®
) in King Chulalongkorn Memorial Hospital. The wound healing time in 

this study was the day that the dressing detached by itself with no exudate and no air-

contact pain. The results showed that the wound healing time of both dressings was 

19 ± 5 days and it was not statistically different between groups (Figure 6). There are 

many factors which affect STSG donor site wound healing including the depth, site, 

and size of the wound, along with the age of the patient and comorbidity. According 

to previous research, it was reported that elderly patients could have delayed wound 

healing time and a longer wound healing time, as long as 21 days [28], than young 

patients (7–14 days) because of deteriorated blood supply, declined immunity, and 

incomplete body function [4]. The patients in this study were old patients with an 

average age of about 61 years and the eldest was around 90 years. The results in this 
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study conformed to the study of Hakkarainen et al. [187]. They studied the efficacy of 

a nanofibrillar cellulose wound dressing compared with a synthetic copolymer of 

polylactide, trimethylene carbonate, and e-caprolactone (Suprathel
®
) in STSG donor 

site wounds. The patients in this comparison study had an average age around 56 

years. The results found that the nanofibrillar cellulose wound dressing self-detached 

on average around 18 days after operation and Suprathel
®
 self-detached on average 

around 22 days after operation [187]. Davidson et al. also reported that the older 

partial-thickness wound patient group (more than 50 years old) treated with a keratin 

dressing had a lower epithelialization percentage than younger patients [188]. Lauchli 

et al. studied the efficacy of calcium alginate versus polyurethane film dressings in 

STSG donor site treatment. The average ages of the groups were 72.1 and 78.6 years, 

respectively. The results demonstrated that the healing time of the dressings was not 

significantly different (18.8 vs 21.9 days) [189]. Moreover, this study found that some 

patients had a lot of wound exudate, which might prolong the wound healing time of 

both dressings. Excessive wound exudate also had a direct effect on wounds treated 

with the biocellulose wound dressing containing silk sericin and PHMB. Because the 

biocellulose wound dressing containing silk sericin and PHMB had a low to moderate 

wound exudate absorption, overcapacity of the wound dressing led to maceration and 

loss of the dressing’s wound healing properties. Bactigras
®
 had no wound exudate 

absorption property. However, in this study the wounds of both dressings were 

covered with gauze that could absorb the remaining exudate. Therefore, for 

excessively exudative wounds, the absorption properties of the two dressings were not 

different. These cases might be the cause of the non-significant difference of wound 

healing time between groups in this study. Moreover, sericin was a hydrophilic agent 

that was easy to dissolve. When the patients had excessively exudative wound, high 

amounts of sericin were dissolved in that exudate led to loss of sericin healing 

properties. Consequently, the biocellulose wound dressing containing silk sericin and 

PHMB might not be appropriate for high-exudate STSG donor site wounds. In 

addition, some reports found that the healing time of wounds treated with silk sericin 

was not significantly different to controls. The size of full-thickness wounds treated 

with 8% silk sericin cream was also not significantly different when compared with 

silver sulfadiazine cream after 15 days, but the collagen deposits of wounds treated 
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with 8% silk sericin cream were higher than silver sulfadiazine cream-treated wounds 

[190]. This result conformed to the scar quality results in this study. 

A post-inflammatory reaction occurred after skin inflammation or injury. A 

change in skin color was the most common effect. Melanocytes were stimulated by 

cytokines, chemokines, and inflammatory mediators, resulting in overproduction 

(hyperpigmentation) or lower production (hypopigmentation) of melanin and irregular 

pigment dispersion [183]. Therefore, wounds treated with dressings with good 

properties would have higher wound quality. The wound quality of STSG donor sites 

was presented in terms of melanin levels, erythema levels, TEWL levels, and VSS 

score. 

The melanin levels represented the darkness and the erythema levels 

represented the redness of the scar, measured by a Cutometer
®
 in mexameter mode 

(Courage+Khazaka electronic GmbH, Germany). A good quality wound should have 

melanin and erythema levels close to those of normal skin. If the results were higher 

or lower than normal skin, it represented hyperpigmentation or hypopigmentation, 

respectively, with inflammation and poor scar quality. The scar quality of the 

biocellulose wound dressing containing silk sericin and PHMB-treated group seemed 

to be better than the Bactigras
®

-treated group. The melanin levels of both the 

biocellulose wound dressing containing silk sericin and PHMB-treated group and the 

Bactigras
®
 group at healing time and 1 month were significantly lower than normal 

skin, following the amount of melanocytes developing. The levels were close to those 

of normal skin at 3 and 6 months. From these results, it might be concluded that 

neither the biocellulose wound dressing containing silk sericin and PHMB nor 

Bactigras
®
 induced hyper- or hypopigmentation. The erythema levels of both the 

biocellulose wound dressing containing silk sericin and PHMB-treated group and the 

Bactigras
®

-treated group were significantly higher than normal skin at all-time points. 

This result agreed with Danielsen et al. who demonstrated that the erythema and 

melanin levels of STSG donor site wounds treated with a petrolatum fabric dressing 

were higher than normal skin 1–3 months post-operation [191]. After 12 months, the 

erythema levels was still higher than normal skin but the melanin levels decreased to 

the same as normal skin because melanocytes increase in the first period after injury 

and decrease in mature scars [191]. However, the melanin and erythema levels of the 
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biocellulose wound dressing containing silk sericin and PHMB-treated group were 

significantly less than the control group at healing time and 1 month after wound 

healing (Figures 7 and 8). Therefore, wounds treated with the biocellulose wound 

dressing containing silk sericin and PHMB had less inflammation and better scars 

than the control group. The silk sericin in the biocellulose wound dressing containing 

silk sericin and PHMB might activate fibroblasts to produce collagen in appropriate 

amounts, playing an important role in the wound scar process. It also decreased the 

inflammatory reaction by suppressing COX-2 and nitric oxide genes in the 

inflammation process [154], leading to a suitable environment for epithelialization 

and the collagen formation process. In an in vivo study, the levels of both 

inflammatory mediators (IL-1β and TNF-α) in a silk sericin cream-treated group were 

significantly lower than the normal saline-treated and cream base-treated groups after 

7 days [12]. In a clinical study, the researchers reported that sericin cream could 

reduce pruritus in hemodialysis patients. They found that the sericin cream-treated 

area had lower melanin and erythema levels than cream base-treated areas after 6 

weeks [192]. Accordingly, sericin could reduce skin irritation and skin pigmentation 

resulting from a post-inflammatory reaction. 

TEWL was a measure of the quantity of water that passes from inside a body 

through the epidermis to the outside environment. It was a reliable, noninvasive 

method to evaluate the functional barrier recovery of skin. After wound healing, the 

expected scar should have a low TEWL levels or one close to normal skin. It was 

measured using a Cutometer
®
 in tewameter mode (Courage+Khazaka electronic 

GmbH, Germany). If the TEWL values were higher than normal skin, it was 

characterized as poor quality skin. The TEWL levels of both the biocellulose wound 

dressing containing silk sericin and PHMB-treated group and the Bactigras
®
 group 

were significantly higher than normal skin at all-time points. From previous research, 

the TEWL of STSG donor sites became normal after around 6–13 months [191, 193]. 

However, the TEWL levels of the biocellulose wound dressing containing silk sericin 

and PHMB-treated group was significantly less than the Bactigras
®

-treated group 

after 1, 3, and 6 months, and continuously decreased 1 to 6 months post-operation 

(Figure 9). From these results, wounds treated with the biocellulose wound dressing 

containing silk sericin and PHMB had superior scars to the control group. Silk sericin 
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was also able to keep wounds moist. It prevented water loss from the stratum corneum 

and allows water to accumulate in the skin layer. The results in this study agreed with 

the research of Hasatsri et al.. They found that the TEWL index of STSG donor site 

wounds treated with a bilayered wound dressing containing 1% silk sericin was lower 

than that of the Bactigras
®
 (control) group after post donor site healing days [34]. 

Padamwar et al. also demonstrated that the TEWL of skin treated with sericin gel was 

lower than that of non-treated skin [156]. Furthermore, the property of the 

biocellulose in this study to keep wounds moist was the other important factor for 

good scar quality. Atiyeh et al. found that partial-thickness wounds treated with a 

moist wound dressing showed lower TEWL and higher scar quality than a 

semipermeable membrane-occlusive dressing [194]. 

VSS was used to assess the scar quality with four parameters, vascularity (0–

3), pigmentation (0–2), pliability (0–5), and height (0–3) (Appendix G). The 

maximum total score was 13. A higher VSS score represented poor scar quality. If the 

total score of the sample was lower than the control, it meant that the scar quality of 

the sample was better than the control. Overall VSS scores of both dressings were not 

significantly different. However, the VSS score of the biocellulose wound dressing 

containing silk sericin and PHMB-treated group was lower than the control group at 

healing time and 1 month after wound healing because the pigmentation and height 

scores of the biocellulose wound dressing containing silk sericin and PHMB-treated 

group were lower than the Bactigras
®
 group (Figures 11, 13, and 14). Moreover, the 

VSS score of both groups continuously decreased at 3 and 6 months. These results 

agreed with Barnea et al. who studied the efficacy of a moist wound dressing 

(carboxy-methylcellulose hydrocolloid dressing) and a non-moist wound dressing 

(paraffin gauze dressing) in STSG donor site treatment. They found that the VSS of 

the moist wound dressing-treated group was lower than the non-moist wound 

dressing-treated group after 1, 2, 3, and 12 months [195]. Innes et al. also found that 

the VSS of a moist wound dressing (hydrophilic polyurethane dressing)-treated 

wound was significantly lower than a non-moist wound dressing (non-adherent 

nanocrystalline silver-coated dressing)-treated wound 1 and 2 months’ post-operation 

but there was no significant difference after 3 months. The biggest difference in the 

score was for the pigmentation and vascularity parts [196]. Therefore, from the results 
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of all parameters, it was concluded that wounds treated with the biocellulose wound 

dressing containing silk sericin and PHMB had stronger epithelialization than wounds 

treated with Bactigras
®
. 

The biocellulose wound dressing containing silk sericin and PHMB contained 

an antimicrobial agent. PHMB was a broad-spectrum antimicrobial agent with high 

efficacy and low toxicity. It could act as a biocide against aerobic and non-aerobic 

bacteria through binding between the negatively charged phosphate head groups of 

the bacterial cell wall and the cationic group of PHMB, and promotes interaction of 

hexamethylene spacer groups with the hydrophobic interior of the membrane bilayer, 

leading to membrane fluidity and permeability interference, and cell death [19]. 

However, this interaction is rarely found in human and animal cells. In this study, 

there were no signs and symptoms of infection observed in wounds covered with the 

biocellulose wound dressing containing silk sericin and PHMB or Bactigras
®
. 

Biochemistry tests including white blood cell count and neutrophils presented in the 

normal range at days 0 and 5 after operation (Table 18) because both dressings 

contained an antimicrobial agent. These results agreed with Daeschlein et al. who 

reported that a PHMB dressing could protect against infection. They reported that no 

cases of wound infection occurred in secondary burn wounds treated with a 0.04% 

PHMB solution compared with wounds treated with an undiluted povidone-iodine 

solution or 1% silver nitrate solution [197]. Eberlein et al. [21] found that a PHMB-

containing biocellulose dressing had more rapid healing and reduced local wound 

infection compared to a silver dressing. Andriessen et al. also reported that the 

amount of wound infection of a PHMB solution-treated group was less than Ringer’s 

solution- or saline solution-treated groups in venous leg ulcer treatment [198]. 

Pain score in this study was assessed by VAS (0 (no pain) to 10 (unbearable 

pain)). Biocellulose had a cooling property. Moreover, the ultrafine network 

structures of biocellulose were dense so they are barriers for cell migration into 

material, which led to pain reduction [6]. Furthermore, silk sericin could reduce an 

inflammatory reaction by suppressing COX-2 and nitric oxide genes in the 

inflammation process [154]. Because of these properties of biocellulose and silk 

sericin, the pain score of the group treated with the biocellulose wound dressing 

containing silk sericin and PHMB in this study was significantly lower than the 
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standard treatment at all times (Figure 15). This result agreed with Alvarez et al. [7] 

who studied chronic venous insufficiency and lower leg ulceration patients. Their 

results also indicated that a biocellulose wound dressing had a significantly lower pain 

score than a non-adherent petrolatum emulsion-impregnated cellulose acetate gauze 

treatment. Eberlian et al. also reported that the pain score of wounds treated with 

biocellulose was significantly lower than that of a silver dressing in critically 

colonized or locally infected wound treatment [21]. Moreover, the biocellulose wound 

dressing containing PHMB was also demonstrated to significantly reduce pain better 

and faster than silver sulfadiazine cream in partial-thickness burn patients [33]. 

Hasatsri et al. compared a bilayered wound dressing containing 1% silk sericin and 

Bactigras
®
 in STSG donor site treatment. They found that the pain score of STSG 

donor site wounds treated with the bilayered wound dressing containing 1% silk 

sericin was significantly lower than that of the Bactigras
®
 group 1 to 5 days post-

operation [34]. Siritientong et al. also found that the pain score of STSG donor site 

wounds treated with ethyl alcohol-precipitated silk sericin/PVA scaffolds was 

significantly less than that of Bactigras
®
 1 to 5 days post-operation [13]. Greater pain 

reduction increased patient compliance and improved the quality of life of patients. 

The biocellulose wound dressing containing silk sericin and PHMB was 

composed of natural products, biocellulose and silk sericin, that were biocompatible 

and safe for humans. In this study, no adverse events were observed (Table 19). There 

were no adverse skin reactions including rash, itching, edema, or papules. Systemic 

reactions including renal function and hepatic function were normal. These results 

agreed with Eberlein et al.. They studied a biocellulose dressing in critically colonized 

or locally infected wounds. The results showed that no adverse reactions were 

observed in either the biocellulose dressing-treated group or the silver dressing 

(control)-treated group [21]. Alvarez et al. also reported that a biocellulose dressing 

did not significantly induce adverse reactions when compared with a non-adherent 

petrolatum emulsion-impregnated cellulose acetate gauze in chronic venous 

insufficiency and lower leg ulceration treatment [7]. No allergic reaction or irritation 

was found in biocellulose dressing-treated partial-thickness facial burn wounds [8]. 

Silk sericin was also demonstrated to have no toxicity in full-thickness wound 

treatment compared with povidone-iodine solution and a cream base without silk 
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sericin [11]. There were also no adverse effects in silk sericin cream-treated second-

degree burn wounds [186]. In STSG donor site treatment, no adverse events were 

found in a silk sericin-treated group compared with a Bactigras
®
-treated group [13, 

34]. Moreover, PHMB in the dressing is a broad-spectrum antimicrobial agent with 

high efficacy and low toxicity. It is very friendly to human cells. No adverse reactions 

or irritation were observed in biocellulose dressing containing PHMB-treated infected 

wounds [20, 21]. PHMB solution used to treat second-degree burn wounds also had 

no side effects compared with undiluted povidone-iodine solution or 1% silver nitrate 

solution [197]. Therefore, this dressing was safe for patients. 

The cost of the biocellulose wound dressing containing silk sericin and PHMB 

was lower than the standard treatment. It could save the overall treatment expense of 

patients. Patients were easy to approach to use this type of dressing. Moreover, the 

biocellulose wound dressing containing silk sericin and PHMB was produced from 

the natural resources of Thailand. It could increase the value of this resource and 

improve the economy. 

Limitations 

 Phase II clinical study was single blinded study. Population in Phase II clinical 

study was small sample. Moreover, pain score might be difficult to evaluate because 

the wounds of both dressings were close. However, the most of patients could assess 

pain score. For the wound healing time, some patients had misunderstood about 

dressing detachment. The healing time in this study was the day that the dressing 

detached by itself with no exudate or air-contact pain. Some patients covered the 

dressing again when it detached by itself. Therefore, the wound healing time of the 

biocellulose wound dressing containing silk sericin and PHMB comparing to the 

control might be the same. 

  

Conclusions 

The biocellulose wound dressing containing silk sericin and PHMB was 

produced from natural materials and contained a wound healing acceleration agent 

and an antimicrobial agent. For phase I clinical study in healthy volunteers, the 

biocellulose wound dressing containing silk sericin and PHMB was safe. No 

significant signs of inflammation or skin irritation were found. In phase II clinical 
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study, the results demonstrated benefits to STSG donor site wounds. They showed 

better scar quality and reduced pain compared to the standard treatment (Bactigras
®

), 

while there was equal wound healing time because a lot of wound exudate had a 

direct effect on wounds treated with a low to moderate wound exudate absorption 

dressing, overcapacity of the wound dressing led to maceration and loss of the 

dressing’s wound healing properties. No signs of infection or adverse events were 

observed in this study. Moreover, the biocellulose wound dressing containing silk 

sericin and PHMB was also less expensive than the standard treatment (Bactigras
®

). 

Accordingly, the biocellulose wound dressing containing silk sericin and PHMB is 

suitable for use as an alternative treatment of STSG donor site wounds. 
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Appendix A 

แบบบันทกึข้อมูลพืน้ฐานของอาสาสมคัรเร่ือง ความปลอดภัยของแผ่นปิดแผลไบโอเซลลูโลสผสมโปรตนีกาว
ไหมเซริซินและสารฆ่าเช้ือ PHMB ในอาสาสมคัรสุขภาพด ี

ตวัแปร หมายเหตุ 
ส่วนท่ี 1 ขอ้มูลอาสาสมคัร  
ขอ้มูลพ้ืนฐาน  
หมายเลขท่ี ���  
เพศ �1. ชาย �2. หญิง SEX � 
อาย.ุ..................ปี...........เดือน เกิด วนัท่ี....................เดือน...................ปี AGE � 
อาชีพท่ีท าเป็นประจ าและใชเ้วลาเป็นส่วนใหญ่** 
�1. วา่งงาน                       �2. แม่บา้น/พอ่บา้น                  �3. เกษตรกร/ประมง 
�4. ผูใ้ชแ้รงงาน/รับจา้ง    �5. นกัเรียน/นกัศึกษา                �6. ขา้ราชการ 
�7. ต ารวจ/ทหาร              �8. พนกังานรัฐวสิาหกิจ            �9. พนกังานบริษทั 
�10. คา้ขาย/ธุรกิจส่วนตวั �11. อ่ืนๆ (ระบุ)..................... 

OCC �� 

น ้าหนกัตวั …………… กิโลกรัม*** MEM �� 
ความสูง........................... เซนติเมตร*** RO � 
ประวติัโรคประจ าตวั  
�1. มี ระบุ................................................................................... 
       ยาท่ีใชรั้กษา ………………………………………………. 
�2. ไม่มี (ปฏิเสธโรคประจ าตวั) 
ยาหรือแผ่นแปะท่ีใช้ภายใน 2 สัปดาห์ก่อนเข้าร่วมการวิจัย   
� 1. มี ระบ.ุ....................................................................... 
          ยาท่ีใช้รักษา ………………………………………………. 
� 2. ไม่มี  

 

ประวติัการแพ้ (ยา/ อาหารเสริม/ สารเคมี)          � มี   ระบุ........................................         
                                                         � ไม่มี 

 

ด่ืมแอลกอฮอล*์*** 
� ด่ืม ระบุความถ่ี �� คร้ัง/สปัดาห์ � ไม่ด่ืม � เลิกด่ืมมาแลว้นาน …………. 

Alc� 

ด่ืมชา/กาแฟ**** 
� ด่ืม ระบุความถ่ี �� แกว้/วนั � ไม่ด่ืม 

Caffeine� 

สูบบุหร่ี**** 
� สูบ/เคยสูบ �� มวน/วนั นาน........ปี � ไม่สูบ � เลิกด่ืมมาแลว้นาน ……… 

Smoking� 
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Appendix B 

ประเมนิอาการไม่พงึประสงค์โดยแพทย์ผวิหนัง 

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. (0-4 ; no edema – severe edema) 

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

feeling. 

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

fluid is visible (blisterlike). 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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เกณฑ์คะแนนประเมนิอาการไม่พงึประสงค์โดยแพทย์ผวิหนัง  เลขท่ีอาสาสมคัร ��� 
ต าแหน่งที ่1 

ลกัษณะ คะแนนประเมินสภาพผิวหนงั คะแนน 
ประเมิน คร้ังท่ี 1 คร้ังท่ี 2 คร้ังท่ี 3 

Erythema    0-3 
Edema    0-4 
Papules    มี/ไม่มี 
Vesicles    มี/ไม่มี 
Bullae    มี/ไม่มี 
ต าแหน่งที ่2 

ลกัษณะ คะแนนประเมินสภาพผิวหนงั คะแนน 
ประเมิน คร้ังท่ี 1 คร้ังท่ี 2 คร้ังท่ี 3 

Erythema    0-3 
Edema    0-4 
Papules    มี/ไม่มี 
Vesicles    มี/ไม่มี 
Bullae    มี/ไม่มี 
Bullae    มี/ไม่มี 
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Appendix C 

 

แบบฟอร์มการวดัความแดงของผวิหนังด้วยเคร่ือง Cutometer® ด้วยโหมด Mexameter 
วนัท่ี .........../............/...........       เลขท่ีอาสาสมคัร ��� 
 
ต าแหน่งที ่             1            2            3           4 
 

ความแดงของ 
ผวิหนัง 

 (วดัต าแหน่งละ 10 ซ ้า) 

Baseline คร้ังที ่1 คร้ังที ่2 คร้ังที ่3 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

Mean     

SD     
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Appendix D 

Demographic data 

 

Title: Clinical efficacy of biocellulose wound dressing containing silk sericin and 

PHMB for STSG donor sites 

 

Patient information and demographics 

Patient 

code:________________ 

Date:_____/_____/_____ Sex:          Male            

Female 

Date of 

birth:_____/_____/_____ 

Weight 

(kg):_____________ 

Height (cm): 

_____________ 

Comorbids:___________________________________________________________ 

_____________________________________________________________________ 

Current 

medications:__________________________________________________________ 

_____________________________________________________________________ 

Smoking:        Yes ______ cigarettes/day         Used to smoke but quit in_________     

No 

Allergies:_____________________________________________________________ 

Treatment information 

Diagnosis:____________________________________________________________

______ 

Size of STSG donor site (cm
2
):________________________ 

Area of STSG donor site _______________________________________ 

Date of 

admit:____/___/___ 

Date of 

surgery:____/___/___ 

Date of 

discharge:___/___/__ 

Medications/ 

Nutritions 

Dose Regimen Date 

started 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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Appendix E 

Follow up report 

 

Title: Clinical efficacy of biocellulose wound dressing containing silk sericin and 

PHMB for STSG donor sites 

 

A.(dressing name)__________________ B. (dressing name)__________________   

Patient code:________________ Date:_____/_____/_____ 

Wound Healing Time 

A.  
  - Area_____________________ 

  - Secondary dressing change day   

____ 
     - Exudates        Yes day____       

No 

     - Wound size (cm
2
)   

_____________ 

  - Healing            Yes day____         

No 

 

B.  
  - Area__________________________ 

  - Secondary dressing change day   ___ 

  - Exudates        Yes day____       No 

  - Wound size (cm
2
)    _____________ 

  - Healing            Yes day____         No 

 

Signs of infection 

A.  
      Pus          

Yes__________________ 

                      No 

- Swelling, redness, bad odor 

     

Others_________________________ 

     Swab result 

____________________ 

B.  
     Pus        Yes_____________________ 

                   No 

-  Swelling, redness, bad odor 

    Others__________________________ 

    Swab result ______________________ 

 

Visual analogue scale 

A. 

     No pain                                                                                                 Unbearable 

 

 B. 

     No pain                                                                                                 Unbearable 

   

Pain medication 

name______________________________________________________ 

                 Yes _________________dose 

                 No 
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Pain medication 

name______________________________________________________ 

                 Yes _________________dose 

                 No 

 

 

Pain medication 

name______________________________________________________ 

                 Yes _________________dose 

                 No 

Vital signs 

Heart rate (beats per 

minute):_____________ 

Respiration (breaths per 

minute):__________ 

 

Blood pressure 

(mmHg):________________ 

Temperature (˚C):_____________________ 

 

 

Blood chemistry 

BUN:__________________ Serum creatinine:__________ 

AST:__________________ ALT:____________________ 

WBC:_____________ RBC:________________ Neutrophils:________________ 

Patient’s medication change 

Medications/ 

Nutritions 

Dose Regimen Date started 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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Appendix F 

Adverse event report 

Naranjo’s algorithm 

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 

administered?  

+2 -1 0 

3. Did the adverse reaction improve when the drug was 

discontinued or a specific antagonist was administered?  

+1 0 0 

4. Did the adverse reaction reappear when the drug was 

readministered?  

+2 -1 0  

5. Are there alternative causes (other than the drug) that 

could on their own have caused the reaction?  

-1 +2 0 

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 

concentrations known to be toxic?  

+1 0 0 

8. Was the reaction more severe when the dose was 

increased, or less severe when the dose was decreased?  

+1 0 0 

9. Did the patient have a similar reaction to the same or 

similar drugs in any previous exposure?  

+1 0 0 

10. Was the adverse event confirmed by any objective 

evidence?  

+1 0 0 

Total Score  

The total score calculated from this table defines the category an adverse reaction 

belongs to. The categories are defined as follows:  

Definite (Certain) (total score>9)  

Probable (total score 5-8)  

Possible (total score1-4)  

Doubtful (Unlikely) (total score <1) 

Sign……………………………………………..                      

                        (Investigator) 

Date………………………………………………………. 
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Appendix G 

Vancouver scar scale report 

 

Title: Clinical efficacy of biocellulose wound dressing containing silk sericin and 

PHMB and Bactigras
®
 in the treatment of STSG donor site 

Patient code: _____________________________ 

A. (dressing name)_____________________   

 

 

Parameters Description 

Points 

F/U 

1 

F/U 

2 
F/U 3 F/U 4 

____ ____ _____ _____ 

Vascularity 

Normal 0 0 0 0 

Pink 

(slightly increased in local blood 

supply) 

1 1 1 1 

Red 

(significant increase in local blood 

supply) 

2 2 2 2 

Purple 

(excessive local blood supply) 
3 3 3 3 

Pigmentation 

Normal 0 0 0 0 

Hypopigmentation 1 1 1 1 

Hyperpigmentation 2 2 2 2 

Pliability 

(Elasticity) 

Normal 0 0 0 0 

Supple 

(flexible with minimal resistance) 
1 1 1 1 

Yielding 

(giving way to pressure) 
2 2 2 2 

Firm 

(solid/inflexible, not easy to move, 

resistant to manual pressure) 

3 3 3 3 

Banding 

(rope-like/blanches with extension of 

scar, does not limit range of motion) 

4 4 4 4 

Contracture 

(permanent shortening of scar, 

producing deformity or distortion; 

limits range of motion) 

5 5 5 5 

Height Normal (flat)  0 0 0 0 

 > 0 and < 2mm 1 1 1 1 

 > 2 and < 5mm 2 2 2 2 

 > 5mm 3 3 3 3 

Total score  /13 /13 /13 /13 
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B. (dressing name)_____________________   

 

 

 

 

Parameters Description 

Points 

F/U 

1 

F/U 

2 
F/U 3 F/U 4 

____ ____ _____ _____ 

Vascularity 

Normal 0 0 0 0 

Pink 

(slightly increased in local blood 

supply) 

1 1 1 1 

Red 

(significant increase in local blood 

supply) 

2 2 2 2 

Purple 

(excessive local blood supply) 
3 3 3 3 

Pigmentation 

Normal 0 0 0 0 

Hypopigmentation 1 1 1 1 

Hyperpigmentation 2 2 2 2 

Pliability 

(Elasticity) 

Normal 0 0 0 0 

Supple 

(flexible with minimal resistance) 
1 1 1 1 

Yielding 

(giving way to pressure) 
2 2 2 2 

Firm 

(solid/inflexible, not easy to move, 

resistant to manual pressure) 

3 3 3 3 

Banding 

(rope-like/blanches with extension of 

scar, does not limit range of motion) 

4 4 4 4 

Contracture 

(permanent shortening of scar, 

producing deformity or distortion; 

limits range of motion) 

5 5 5 5 

Height Normal (flat)  0 0 0 0 

 > 0 and < 2mm 1 1 1 1 

 > 2 and < 5mm 2 2 2 2 

 > 5mm 3 3 3 3 

Total score  /13 /13 /13 /13 
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Appendix H 

Preliminary materials, methods and results 

 

1. Preliminary materials and methods 

1.1 Releasing test 

  The biocellulose wound dressing containing silk sericin (1%) and 

PHMB (0.3%) was cut to a size of 1 × 1 × 0.1 cm
3
 and placed in triplicate in a 

vessel containing 3 ml of phosphate-buffered saline solution (PBS, pH 7.4) at 

37 °C. The PBS solutions were collected at pre-determined time points (0.5, 2, 

4, 8, 24, 48, 72 and 168 hours) and shaken before measurement. In the silk 

sericin case, the BCA protein assay kit (Pierce, Rockford, IL, USA) was used 

to measure the released amount of silk sericin protein. The absorbance of the 

solution was measured with an UV/VIS spectrometer at a wavelength of 562 

nm. The amount of silk sericin was determined from a standard curve prepared 

from different concentrations of bovine serum albumin. For PHMB, the 

solution absorbance was measured with the same spectrometer at a wavelength 

of 235.5 nm. The concentrations of released PHMB at different times were 

calculated by evaluating the solution absorbance against a standard curve, 

prepared from different known PHMB concentrations. 

 

1.2 In vivo safety test 

  The animal experiments were performed according to Chulalongkorn 

University Animal Care and Use Committee (CUACUC 13/57) under standard 

sterile conditions. Briefly, female Wistar rats (8 weeks old, weight (200–300 

g) were anesthetized, shaved the hair, and disinfected with 70 % ethyl alcohol. 

A 1 cm skin incision was made to form pockets in the subcutaneous tissue. 

Then, the dressing sample (biocellulose wound dressing containing silk sericin 

(1%) and PHMB (0.3%) and Bactigras
®
) was inserted into each pocket. The 

wound was sutured with 6-0 prolene and disinfected with povidone iodine 

topical antiseptic solution. After 7, 14, 21, and 28 days of implantation, the 

rats were killed. The samples and surrounding tissue were retrieved, fixed with 

10 % formalin solution, and embedded in paraffin. The paraffin embedded 
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samples were sectioned (4 µm) and immunohistochemical staining was 

proceeded as follows. The sections were deparaffinized in xylene and 

rehydrated prior to immunohistochemical staining. Endogenous peroxidase of 

the sample sections was quenched with 1 %v/v hydrogen peroxide in 

methanol, washed with 0.2 %v/v Tween in phosphate-buffered saline (0.2 % 

T-PBS), and blocked with 100 % FBS for 40 min. The sections were then 

incubated with mouse monoclonal anti FOXP3+ antibody (Santa Cruz, USA) 

diluted in PBS + 1 %v/v FBS (Vector, USA, S1000) for 60 min, washed with 

0.2 % T-PBS or three times, and incubated with labeled polymer HRP 

antimouse/rabbit EnVision kit (Dako, Denmark, K5007) for 60 min according 

to the manufacturer’s instruction. For visualization, the sections were stained 

with diaminobenzidine staining (DAB, DAKO, Denmark, K3468) for 3 min, 

washed, counterstained with hematoxylin, and permanently mounted with 

DPX. Inflammatory responses to the dressings implanted including foreign 

body giant cells, fatty infiltration, fibrosis, and degranulation of mast cells 

were evaluated. 

 

1.3 In vivo efficacy test 

  The experimental protocol of efficacy test was approved by Mahidol 

University Animal Care and Use Committee (MU-ACUC) in 2014. Twenty-

four Wistar rats (8 weeks old, weight 300 ± 20 g) were anesthetized, shaved 

the hair, and disinfected with 70 % ethyl alcohol. Then, the full thickness 

wound (1.5 x 1.5 cm
2
) was created on skin dorsal to subcutaneous depth. One 

rat received two wounds on left and right sides. The wounds were randomly 

covered with biocellulose wound dressing containing silk sericin (1%) and 

PHMB (0.3%) and Bactigras
®
. All wounds were covered with transparent 

dressing (Tegaderm
TM

) as a secondary dressing and adherent wrap (Coban
TM

) 

as a tertiary dressing. The rats received 0.5–1.0 mg/kg of Tramadol via 

subcutaneous injection every day for 3 days. At days 3, 7, 14 and 21, wound 

size was evaluated by Visitrak
TM

 digital device and wound infection was 

assessed by swab test. Area fraction of collagen was semi-quantitative 

measured from those acquired images using ImageJ program, NIH. Briefly, 
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color images were transformed to gray scale and located collagen bundle as 

interested area. Thus, the area fraction of positive collagen was determined as 

the percentage/image. 

 

2. Preliminary results 

 

 

Figure 1H The structure of the biocellulose containing silk sericin and PHMB and 

biocellulose wound dressing using scanning electron microscope (SEM) 
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Figure 2H The amount of collagen type 1 in released solution of the biocellulose 

containing silk sericin and PHMB and biocellulose wound dressing (* indicates a 

statistical difference (p < 0.05)) 

 

Figure 3H A comparison of the antimicrobial activity of the biocellulose containing 

silk sericin and PHMB with commerically available antimicrobial wound dressings 

(Bactigras
®
, Acticoat

®
 and SuprasorbX+PHMB

®
) against all tested bacteria (S. 
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aureus, MRSA, B. subtilis, E. coli, P. aeruginosa, and A. baumannii), 24 h after 

placing the biocellulose containing silk sericin and PHMB on bacteria-loaded MH 

agar plates which were cultured at 37ºC (* indicates a statistically significant 

difference (p < 0.05) between the biocellulose containing silk sericin and PHMB and 

other commercial dressings). 

 

 

Figure 4H Adhesive force applied to peel off the biocellulose containing silk sericin 

and PHMB, biocellulose dressings, and Bactigras
® 

from wound on porcine skin. (* 

indicates a statistical difference (p < 0.05)) 
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Figure 5H The percentage of area fraction of collagen of biocellulose containing silk 

sericin and PHMB and Bactigras
®

 (control) on days 3, 7, 14, and 21 (* significant 

difference when compared with the Bactigras
®

 (p < 0.05)) 
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Figure 6H The percentage of wounds size of biocellulose containing silk sericin and 

PHMB and Bactigras
®
 (control) on days 3, 7, 14, and 21 (* significant difference 

when compared with the Bactigras
®
 (p < 0.05)). 
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Appendix I 

Detail of result documents 

 

 Table 1I Healing time of STSG donor site wound covered with biocellulose wound 

dressing containing silk sericin and PHMB (BC/SS/PHMB) and Bactigras
®

 

No 
Healing time (days) 

BC/SS/PHMB Bactigras
®
 

1 16 16 

2 22 22 

3 22 22 

4 18 18 

5 20 20 

6 20 19 

7 19 18 

8 19 19 

9 25 25 

10 31 31 

11 25 25 

12 21 21 

13 13 13 

14 11 11 

15 21 21 

16 15 15 

17 15 15 

18 17 17 

19 17 17 

20 17 17 

21 17 17 

22 23 23 

23 21 21 

24 13 13 
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No 
Healing time (days) 

BC/SS/PHMB Bactigras
®
 

25 13 13 

26 13 13 

27 13 13 

28 20 20 

29 27 27 

30 27 27 

31 27 27 

32 27 27 
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Table 2I Melanin levels of STSG donor site wound covered with biocellulose wound 

dressing containing silk sericin and PHMB (BC/SS/PHMB) and Bactigras
®

 at healing 

day, 1, 3, and 6 months 
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Table 3I Erythema levels of STSG donor site wound covered with biocellulose 

wound dressing containing silk sericin and PHMB (BC/SS/PHMB) and Bactigras
®
 at 

healing day, 1, 3, and 6 months 
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Table 4I TEWL levels of STSG donor site wound covered with biocellulose wound 

dressing containing silk sericin and PHMB (BC/SS/PHMB) and Bactigras
®

 at healing 

day, 1, 3, and 6 months 
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Table 5I VSS of STSG donor site wound covered with biocellulose wound dressing 

containing silk sericin and PHMB (BC/SS/PHMB) and Bactigras
®
 at healing day, 1, 

3, and 6 months 
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Table 6I Pain score of STSG donor site wound covered with biocellulose wound 

dressing containing silk sericin and PHMB (BC/SS/PHMB) and Bactigras
®

 at day 1-5 
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Table 7I Biochemistry value of STSG donor site wound patients at day 0 and day 5 

after operation 
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Appendix J 

Ethic certification approval 
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Appendix K 

Skin picture of healthy volunteers after covered with dressings 
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Appendix L 

STSG donor site wound picture after covered with dressings 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

222 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

223 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

224 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

225 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

226 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

227 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix M 

Research publication 
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