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Introduction 
The gold standard for treatment of traumatic mucosal 

woundsentails use of autologous tissue from otherof 
mucosal regions (J CraniomaxillofacSurg, 31:51, 2003). 
This procedure has several limitations,including minimal 
availability of oral keratinized tissue, second surgery, and 
discomfort. Alternative treatments, such as engineered 
oral mucosa on 3D scaffolds from either the patient’s own 
cells or other cell lines, are being investigated. However, 
such treatmentsalso have limitations, such as reduced cell 
viability, lack of immediate availability, and associated 
costs.  

The overall aim of the current research is to develop 
an alternative,cost-effective, readily available device 
capable of enhancing oral wound regeneration. This work 
focused on developing mucoadhesive filmscapable 
ofsustained release ofepidermal growth factor (EGF).  
Bioactivity was determined by its ability topromote cell 
proliferation followed by its efficacy on wound healing of 
in vitro tissue rafts.  

 

Methods 
EGF loaded films were made from a blend of film-

forming polymer polyvinylpyrrolidone (PVP), and 
mucoadhesive polymercarboxymethylcellulose(CMC) (J 
Pharm Sci, 102:2, 2013).The effect on wound healing 
ofEGF-loaded films,and blank films along with EGF in 
solution was investigated at 3 and 5 days. Wounds of 
diameter 3 mm were made on multilayered epithelial 
tissue grown on a bed of collagen and fibroblasts (Epioral 
300FT;Mattek, Ashland,MA) using stainless steel biopsy 
punches. Tissue inserts were maintained at air-liquid 
culture conditions with medium replacement every other 
day. For groups that involved application of films, films 
of diameter 5.6 mm were applied for 8 hours and then 
removed to avoid loss of tissue viability. 

Paraffin-embedded tissues were sectioned to 10µm 
thickness, stained with H&E, and unhealed wound width 
determined in each section. These widths were used to 
reconstruct the wound, and the area of unhealed wound 
bed was determined using Image J. 
 

Results and Discussion 
The 1:2 PVP:CMC mucoadhesive films achieved 

sustained release of EGF (6.2 kDa) for up to 360 minutes 
(Figure 1). Approximately58% of EGF was delivered in 6 
hr, with the remainder slowly released for the next 18 hr, 
reaching 88% by 24 hr.  

Treatment with EGF resulted in a hyperparakeratotic 
response that was not evident in control and blank film 
groups (Figure 2). EGF-treated tissueshad other 
distinguishable histological features, such as acanthosis 
(thickening or edema of spinous layer) and spongiosis 
(clear cytoplasm), and pyknotic nuclei. This 
hyperparakeratotic response resulted indecreased healing 

at day 3, although no significant difference was observed 
at both days 3 and 5 (Figure 3). 

 
Figure 1.Sustained release of EGF release from 1:2 PVP:CMC 
films. 

 
Figure2.Hyperparakeratotic (dark pink strands on apical side) 
response of tissues when treated with EGF. Arrows represent 
boundaries of wound. 

 
Figure 3.Quantification of unhealed wound area. 

 

Conclusions 
Mucoadhesive films capable of sustained release of 

bioactive EGF were developed. Although EGF did not 
accelerate wound healing, but rather elicited 
ahyperparakeratotic response, the current system can be 
loaded with other desired compounds in conjunction with 
EGF to accelerate the process of wound healing. 
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