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ABSTRACT 

 

Wounds are highly vulnerable to bacterial infection due to loss/impairment of the 

skin’s integrity. Therefore, prevention of bacterial infection in the wound is critical 

for management of the wound. Thus, it is very important to develop a wound dressing 

material that not only is non-toxic, biocompatible and impermeable to bacteria and 

microbes but also aids the healing process .Polymeric ultra-thin films, so called 

nanosheets, due to their adhesive nature show peculiar properties making them useful 

for many applications like they showed good barrier ability for protecting against 

bacterial penetration. The present study deals with the development of ultra-thin polymer 

films consisting of polyvinyl alcohol (PVA) and poly lactic acid (PLA) with the ability 

of encapsulating antibiotic agent (erythromycin) in the wound area. 

These hybrid films were developed using the spin coating method, wherein 9% (w/v) of 

PVA and 3% (w/v) of PLA was dissolved in hot DMF. These films were further loaded 

with antimicrobial agent (erythromycin) and spin coated on a clean glass surface. The 

blended films were characterized through  Scanning electron microscopy (SEM/EDS) 

analysis and Fourier Transform Infrared spectroscopy (FTIR) .Water contact angle 

was also measured to evaluate the hydrophilicity of the films.In addition, in-vitro 

degradation profile of these ultra-thin polymer films and drug release profile were 

investigated using simulated fluid wound exudate. 

 Results indicated that ultra-thin polymer films are hydrophilic enough to attach to the 

surface. FTIR data indicated physical interaction occurred between drug and 

polymers. SEM analysis revealed uniform distribution of drug molecules in polymer 

matrix. In vitro drug release profiles showed specific release pattern, thus making then 

suitable for wound healing management.  

Keywords: PVA, PLA, Erythromycin, Spin coating, Characterizations, Drug release 

profile
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1. INTRODUCTION 

Wound is defined as any kind of injury or damage to living tissue due to mechanical, 

chemical and thermal means or could be due to some underlying medical cause 

(Boateng, Matthews, Stevens, & Eccleston, 2008). Generally there are two types of 

wounds .Acute wounds are generally healable within 3 months and are caused by 

mechanical means whereas chronic wounds could take more than 3 months and they 

are direct result of diseases such as diabetes and internal tumors and recurrence is 

common in these type of wounds (Holeppagol, 2011). Acute and chronic wounds are 

major clinical concern so it is necessary to fabricate a wound dressing material which 

not only is non-toxic and keeps the wound from infection but also fasten the healing 

process and is permeable to water vapour and gases. People of past generations used 

to cover the wound area with different types of suitable materials such as honey 

pastes, herbal extracts, and animal fats to prevent infections and healing process is 

accelerated (Pieper & Caliri, 2003).By the use of new biopolymer fabrication 

procedures and the development of new materials have increased the quality of a 

wound dressing. The primary objective in designing a wound dressing is to aid rapid 

wound healing with the best chemical and mechanical properties and prevent 

infections by the use of antibiotic drugs (Abdelrahman & Newton, 2011). 

Wound dressings are the bandages that cover the ulcer area clean and aid the healing 

process .They are usually manufactured from biocompatible polymers. Ideal wound 

dressing should be biocompatible, non-toxic, maintains the moisture of the 

microenvironment, protects the damaged area from secondary infections, absorbs the 

exudates of wound, minimize the risk of reoccurrence, easy removal and have good 

mechanical properties (Abdelrahman & Newton, 2011; Bolton, 2004). 

 

 

 

 

 



CHAPTER 1                                                                                                                  INTRODUCTION 

3 

 

1.1 Fundamentals of Wound Healing Management  

Wound healing is a biological and complex process that relates to many physiological 

parameters and different types of cells. Process of healing is classified into four main 

stages. First stage is hemostasis then inflammation and proliferation and last is 

maturation and remodeling. 

In hemostasis, coagulation of blood occurs due the formation of fibrin clot and 

infiltration of white blood cells or leukocytes also occurs (Boateng et al., 2008). In the 

second phase, bacteria and debris are removed by the process of phagocytosis (Li, 

Chen, & Kirsner, 2007). Macrophages release chemotactic agents that cause the 

migration of fibroblasts towards the wound area (Li et al., 2007). The proliferative 

phase immediately occurs after migration (Boateng et al., 2008). Proliferative activity 

of many elements such as fibroblasts, endothelial cells, epithelial cells and 

angiogenesis which is formation of new blood vessels also occurs during proliferation 

phase (Azizi & Osgouie, 2010). In the remodeling or maturation phase, granulation 

tissue replaces the fibrin clot rich in collagen type III (Li et al., 2007). Epithelium 

strengthens and wound contraction occurs. Wound size is reduced by the activity of 

myofibroblasts (Li et al., 2007). 

Management of wound depends on many factors such as type of wound, patient’s 

physical condition, healing process of the wound, physical and chemical 

characteristics of dressings (Boateng et al., 2008). The dressings need to be tested and 

assessed based on physical and chemical properties, depending on the wound type and 

wound healing stages. Dressings can be classified based on the nature of material 

used, their function in the wound, and their physical appearances (Boateng et al., 

2008). Dressings can be made from different types of polymers such as polyvinyl 

alcohol, polylactic acid, chitosan, sodium alginate, collagen, etc 

Studies have shown that ultra-thin films prove to be a good candidate for wound 

dressings. They are biocompatible, bioresorbable, adhesive and have flexible nature, 

also have the advantage of programmable or controlled drug release, effective in the 

release of encapsulated substances, and bioactive with fast wound healing properties 
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(Islam et al., 2013). The films are used to treat superficial, lightly exudating or 

epithelializing wounds. Polymers of both biological and synthetic origins are good 

candidates for wound dressings. Synthetic polymers have low protein adsorption and 

cell adhesion property and leech into the physiological system and releasing harmful 

substances. On the other hand, biodegradable polymers are biocompatible and 

degradable (Shoichet, 2009). Biological as well as synthetic polymers can be used to 

form different shapes suitable for wound healing such as hydrocolloids, alginates, 

hydrogels, and thin films. 

Various treatments are present for treatment of wounds, but unfortunately there is no 

ideal dressing that can provide all the requirements such as biocompatibility, 

maintaining good mechanical strength, biodegradation to non-toxic substances within 

the time frame, ability to support proliferation of cells. Dressings can be in the form 

of bandages, gauze, cotton, hydrocolloids, alginates, hydrogels, or films, etc. The 

main function of a dressing material is to keep the wound area dry and prevent in 

from contamination (Boateng et al., 2008). There is a need to produce an ideal 

dressing that can satisfy all these conditions or requirements and efficiently deliver 

therapeutic agents at a controlled rate and is made from easily available, inexpensive 

materials and accelerate the healing process. 

Studies have shown that films used for wound healing are usually thin with good 

mechanical properties and can deliver drugs uniformly at a controlled rate. They can 

get resorbed and there is no need to replace it. Once placed, it will help in wound 

healing and maintain its properties as long as the wound is healed. The resorbable 

films allow live cells to proliferate and replace the biopolymer over time (Islam et al., 

2013).
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2. LITERATURE REVIEW 

 

Different types of wound dressing materials are available for different types of 

wounds. Although there is a wide variety of dressing materials available in the 

market, there is always a need for better, inexpensive and more efficient ones. This 

area covers many topics which are required in the production of the biologically 

active thin polymeric films for wound healing. 

 

2.1 Types of Wounds  

Wounds are injuries that break the healthy skin or damage other body tissues. They 

may include bruises, cuts, scratches, scrapes and punctured skin. Wound can be a 

result of external stress like physical, chemical and thermal damage to the skin or due 

to disturbance in the normal anatomical structure and function of healthy skin or due 

to some underlying medical condition like bedsores or even cuts and incisions of a 

surgery. Wounds can be classified based on various categories as shown in Figure 1. 

 

2.2 Wound Healing Process  

Wound healing regains the original structure of the human skin (Vishwajit, Fuelhase, 

& Badlani, 2009). It is a series of intricate processes (Li et al., 2007) involving four 

highly programmable phases - hemostasis, inflammation, proliferation and 

remodeling of tissue.  
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Figure 1: Classification of wounds (Boateng et al., 2008). 

 

 

The first stage of hemostasis immediately begins after injury to the tissue, with 

vascular constriction and clot formation of fibrin. Platelets appear into the wound sites 

which are activated by extra cellular matrix. Activated platelets undergo aggregation 

and adhesion. They release many mediators and adhesive proteins (Li et al., 2007). 

These factors contribute fibrin clot formation. Once the clot dries up and forms a scab, 

it gives strength to the injured site (Boateng et al., 2008). 

When  bleeding is stopped, inflammatory cells move towards the wound site and 

activate the inflammatory phase, which is followed by infiltration of neutrophils, 

lymphocytes and macrophages,. Main function of neutrophils and macrophages is the 

removal of cellular debris and invading bacteria and microbes into the wound bed by 
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the process of phagocytosis. The inflammatory phase occurs from a few minutes to 24 

hours of the injury and can lasts for up to 2 weeks (Boateng et al., 2008). 

The inflammatory phase is immediately followed by proliferation phase and 

granulation tissue is formed by the growth of lymphatic capillaries and vessels in the 

wound area .In this phase, fibroblasts synthesize collagen which provides structure to 

the skin surface (Boateng et al., 2008).The process of inflammation is stimulated by 

growth factor and growth factor receptors (Epstein, Singer, & Clark, 

1999).Angiogenesis (process in which new blood vessels are formed) also occurs in 

this phase. The proliferation phase usually starts on the third day after the occurrence 

of injury and can lasts for about 2-4 weeks. 

The last step in wound repair is remodeling. In this phase, development of new 

epithelium and formation of scar tissue occurs. In this phase, degradation of collagen 

occurs. It depends on a balance between various factors that cause the formation of 

extracellular matrix (ECM) components and enzymes that degrade the components 

which are involved in remodelling of the extracellular matrix like matrix 

metalloproteases (MMPs). Tissue remodelling and maturation regains the strength and 

elasticity of the damaged tissue (Azizi & Osgouie, 2010). 

 

2.3 Wound Dressing Materials  

Dressings could be classified based upon the physical form of dressing, type of 

substance or material used and functions in the wound area as shown in figure 2 

(Boateng et al., 2008). Another classification like islands, primary and secondary 

dressings are also present. Primary dressings are in contact with the wound area and 

are covered by secondary dressings. In an island dressing type, a central or middle 

absorbent area is present which is covered by an adhesive portion (Boateng et al., 

2008). 

Bandages, cotton, gauze and wool are mostly used as primary and secondary 

dressings. These dressings are dry so they do not maintain the moist wound 

microenvironment. Modern dressings like skin replacement products and wound 
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healing devices have been used. These wound dressings include, alginates, hydrogels 

and hydrocolloids are usually in the form of thin films, gels, and foams (Boateng et 

al., 2008). The main characteristic feature of a modern dressing is to maintain moist 

microenvironment to aid the healing process. The dressing material should also 

protect the wound from bacteria and other microbes and be permeable to gases and 

water vapour. The material must also promote granulation and epithelialization. These 

dressing materials if encapsulated with different therapeutic drugs fasten the healing 

process. 

 

 

 

Figure 2: Classification of dressings (Boateng et al., 2008). 
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2.4 Polymers for Wound Management  

Polymers appear to be a good candidate for wound management. Wide variety of 

natural and synthetic polymers are used as biomaterials in the development of 

dressing materials .Synthetic polymers have low protein adsorption, cell adhesion 

characteristic and have good mechanical properties. But due to poor biocompatibility 

problem along with the decrease in mechanical properties and release of degradation 

products in to the system is a major drawback of these polymers (Shoichet, 2009). 

Synthetic polymers also leech into the body releasing toxic substances. Biodegradable 

polymers are not only degradable but also biocompatible. The problem with them is 

that their mechanical properties are not very strong (Broughton 2nd, Janis, & 

Attinger, 2006). They can be made stronger mechanically by cross-linking two or 

more synthetic or biopolymers (Shoichet, 2009). 

When two polymers are combined, a blend is obtained that forms a good wound 

dressing material. Natural polymers such as polyurethane, collagen, chitosan, chitin, 

polylactic acid, and polylactic glycolic acid are mostly used for wound healing 

applications (Boateng et al., 2008). 

Polyvinyl Alcohol (PVA) is inert, water soluble, non-toxic synthetic polymer 

(Bahrami, Kordestani, Mirzadeh, & Mansoori, 2003). It has good physical and 

chemical properties along with excellent film forming properties (Broughton 2nd et 

al., 2006). PVA is biocompatible polymer thus it has many applications in biomedical 

area. Due to presence of hydroxyl groups, it can react with different functional groups 

resulting in a biocompatible material (Priya, Gupta, Pathania, & Singha, 2014). It is 

used for controlled or programmable drug delivery, for membrane preparation, as a 

thickening agent and implantable medical devices (Bahrami et al., 2003). The 

structural formula of polyvinyl Alcohol is (CH2CHOH) n (Baker, Walsh, Schwartz, & 

Boyan, 2012). 

Erythromycin as an antibiotic drug is extensively used for the treatment of bacterial 

infections like wound infections caused by gram-positive bacteria and some gram-

negative bacteria.  .  It is used to treat skin infections (Hoyt & Robbins, 2001). Due to 
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very short half-life which is about 1 to 2 hours, it has fast distribution in the human 

body (Fan, Shan-Guang, Yu-Fang, Feng-Lan, & Tao, 2009). Erythromycin wound 

dressing could be concentrated in the wound area. This method significantly increase 

drug concentration in the skin to help fight against some secondary bacterial  

infections and also decrease its harmful side effects Molecular formula is 

C37H67NO13 (Hoyt & Robbins, 2001). 

Poly(lactic acid) (PLA) is a  aliphatic thermoplastic  polyester composed  of 2-

hydroxy propionic acid which is a lactic acid (Lim, Auras, & Rubino, 2008). PLA has 

been used not only because of its easy production from lactic acid but also because of 

its biocompatibility and biodegradability, which make it useful candidate in 

biomedical applications (Gross & Kalra, 2002). Polylactic acid is becoming important 

polyester of bio –based origin which is used as support material for tissue 

regeneration.  Due to advantages like easy availability from renewable resources, 

good tensile strength, thermal plasticity, biocompatibility, biodegradability and 

excellent processability, PLA can be used as a material in the field of packaging, 

textile and medical areas (Fan et al., 2009; Kar, 2003; Kenawy, Abdel-Hay, El-

Newehy, & Wnek, 2007; Rosenberg, Devenney, Siegel, & Dan, 2007). 

 Blending of polymers is effective for obtaining polymeric materials for desired 

application. Generally the compatibility of polymeric blends is significantly 

influenced by the intermolecular interaction between the components of the blends 

(Yang, Su, & Yang, 2004).  

In this research study, polyvinyl alcohol is blended with Poly lactic acid. PVA is 

frequently used in the scientific research of blends of biodegradable polymers. 

Hydroxyl groups of polyvinyl alcohol form hydrogen bonding with the oxygen atom 

of ester functional group leading to partial miscibility between PLA and PVA thereby 

increasing hydrophilicity and flexibility of PLA. PLA is used basically to increase the 

degradation time of the blend film. 
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2.5 Spin Coating Procedure 

Spin-coating procedure is used mostly now a day for the fabrication of ultra-thin films 

over large surfaces with increased surface uniformity. Due to research in scientific 

field, the scope of spin-coating technique has extended by chemical engineering the 

support interface and solution to get definite and specific orderly structure in the ultra- 

thin polymer films. 

The process of applying a liquid to a horizontal moving substrate, resulting in ejection 

and evaporation of the volatile solvent thus leaving a solid or liquid film, is called 

spin coating technique, and has been used since early 20th century. Spin coating is a 

procedure which is widely used to form uniform film to a flat and planar area over a 

surface with a highly reproducible and controllable film thickness. The importance of 

spin-coating is increasing due to its wide use in industry and medical area. It is thus 

important to obtain thorough understanding of the spin-coating technique from both a 

theoretical and an experimental point of view. The spin-coating procedure applies to 

organic, inorganic and organic/ inorganic mixture solutions. Spin-coating technique is 

used in many areas such as protective coatings, sensors, optical and paint coatings and 

thin membranes. Spin-coated polymer films that act as membranes have been found in 

sensor applications, where the polymer film acts as a barrier layer and an 

encapsulating agent (Chang et al., 2004; Corcoran, Arias, Kim, MacKenzie, & Friend, 

2003; Geens et al., 2002; Klauk et al., 2002; Salleo, Chabinyc, Yang, & Street, 2002; 

Shi, Liu, & Yang, 2000). 

 

2.6 Spin Coating Basics 

In the spin coating procedure, first solution is deposited onto the desired surface, and 

the surface is then rotated to the desired rate. Liquid radially flows due to action of 

centrifugal force, and the excess liquid is ejected from the edges of the surface. The 

film continues to thin until effects of disjoining pressure cause the thin film to obtain 

an optimum thickness or until it turns into solid-like due to rise in liquid viscosity by 
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solvent evaporation method. The final thinning of the thin film is caused due to 

solvent evaporation procedure (Bornside, Macosko, & SCRIVEN, 1987).The 

Schematic of spin coating process is shown in figure 3. 

 

 

 

 

Figure 3: Schematic of spin coating process. 

2.7 Aims and Objectives  

 

 Development of ultra-thin films using biocompatible and biodegradable 

polymers. 

 Improving the biodegradation time of the films. 

 Characterization of these films. 

 Investigating the drug release profile of antibiotic drug. 
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3. MATERIALS AND METHODS 

 

Figure 4: Flowchart of ultra-thin polymer blend film preparation. 
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3.1 Materials  

PVA was purchased from BioChemica and was in the form of a fine, white powder 

(72000 BioChemica). Erythromycin was purchased from Sigma Aldrich 

pharmaceuticals.PLA spool was used in the experiment. 

 

3.2 Sample Preparation  

Solutions of the polymer PVA and PLA were prepared. The following percentage 

weight by volume formula was used to determine the amount of PVA and volume of 

DMF used for preparing the solutions of different concentrations: 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 (𝑤/𝑣) = [𝑀𝑎𝑠𝑠 𝑜𝑓𝑜𝑓 𝑆𝑜𝑙𝑢𝑡𝑒 (𝑔) 𝑜𝑓 𝑆𝑜𝑙𝑣𝑒𝑛𝑡 (𝑚𝑙)] ×100  

 

Where the PVA concentrated as determined by weight percent (w/v) is represented by 

%.  9% PVA, the amount of PVA in grams was calculated, using the formula given 

above, to be 1.8 g for 20 ml of DMF.  

The calculated amount of PVA was measured using a weighing balance and added to 

the solvent in a glass beaker. The glass beaker was immersed in a water bath at room 

temperature and the temperature raised till 80. The required amount of PVA powder 

was gradually added to the beaker, followed by constant stirring until all the polymer 

get dissolved. The beaker was then removed from the water bath and the temperature 

of the solution brought back to room temperature. The PVA solution was loaded into 

plastic syringes having 10 ml volume.  

Similarly 3 %( w/v) PLA solution was prepared by dissolving 0.3g of PLA in 10 ml of 

DMF solution at around 90º C with stirring.  
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3.3 Drug Loading: 

2% Erythromycin (E.M) solution was prepared by mixing 0.1 gram of erythromycin 

in 5 ml of DMF solvent at room temperature with stirring.  

Both polymer solutions and drug were mixed at a 5:2:1(PVA: PLA: E.M) ratio in a 

magnetic stirrer. 

 

3.4 Spin Coating: 

The solutions were mixed thoroughly; spin coated at 10 rpm for 90 seconds onto a 

glass surface. It was left to dry at a room temperature for 60 to 80 minutes to form a 

blend film. After the film was dried completely, it was peeled off from the glass 

surface as shown in Figure 5. 

 

3.5 Simulated Fluid Wound Exudate (SFWE)  

Simulated fluid wound exudate (SFWE) simulates wound fluids was prepared by 

mixing 2.49g sodium chloride (NaCl), and 0.1g calcium chloride (CaCl2) in 300 ml of 

distilled water. The pH of SFWE was 7.34. 

 

 

 

 

Figure 5: Erythromycin loaded spin coated PVA/PLA ultra-thin polymer film. 
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3.6 Characterization of Films  

To evaluate the performance of the ultra-thin polymer films for the purpose of wound 

healing, few characterization tests were done. Physico-chemical characterization tests 

that were done include wetting test to test the hydrophilicity of the films. Fourier 

Transform Infrared Spectroscopy to study the chemical interactions between the 

polymers used. Scanning electron microscopy (SEM) was used to analyze the 

morphology of  surface of the films.  

3.6.1 Fourier Transform Infrared (FTIR) Analysis 

Fourier Transform Infrared Spectroscopy (FTIR) is a spectral  technique which 

provides spectral information for organic, polymeric and some inorganic materials 

(Bellamy, 1975). The spectrum obtained gives the molecular absorption and 

transmission thus resulting in a molecular fingerprint of the sample (Bellamy, 1975). 

The spectrometer collects spectral data from a wide spectral range. These peaks 

correspond to vibrational frequencies between the atomic bonds that make up the 

material (Bellamy, 1975). No two different compounds can form the exact IR 

spectrum as every material is made up of specific combination of atoms (Xu, Stangel, 

Butler, & Gilson, 1997). The IR spectrum is obtained by Fourier Transformation of 

the signal from the interferometer (Bright, Devi, & Gunasekaran, 2010; Xu et al., 

1997). This technique gives the atomic bonding and chemical composition of the 

constituents in a polymeric material. 

Fourier transform infrared spectroscopy (Perkin Elmer, 100 spectrum FTIR 

spectrophotometer) of spin coated erythromycin loaded PVA/PLA blend films was 

carried out to indicate the presence of functional groups and types of chemical 

interaction between drug and polymer blend.In the FTIR graphs, the y-axis represents 

the percentage transmittance (%T) and the x-axis represents the wave numbers 

(1/cm). 
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3.6.2 Scanning Electron Microscopy (SEM) 

Scanning Electron Microscopy (SEM) is an imaging tool extensively used to study the 

surface morphology of many materials. Highly-focused electron beams are used for 

imaging and it tells surface topography as well as depth of field with very high 

resolution images (Merrett, Cornelius, McClung, Unsworth, & Sheardown, 2002). 

The SEM magnification can be done up to 100,000 X (Goldstein et al., 1984) and 

particles of 10Å can also be viewed (Welter & Coates, 1974). Electron beam 

generated by the signal produce a 2-D image and provides various information about 

the studied material. In SEM, conductive and non-conductive samples can also be 

imaged (Welter & Coates, 1974).  

Scanning Electron Microscopy  was used to find out the surface morphology of the 

ultra-thin polymer films. The assessment of the surface morphology of these films 

was done using JSM-6490A Analytical scanning electron microscope (JEOL, Tokyo, 

Japan). All samples were first coated with gold particles using ion coater and imaged 

at 20kV. 

 

3.6.3 Energy Dispersive Scattering (EDS) 

Energy Dispersive Spectroscopy (EDS) allows identification of particular elements 

and their relative quantitative proportions like Atomic %. EDS can be used to identify 

the chemical composition of atoms to a size of a few microns. It also provides 

information about map of composition of elements over a larger area. Due to these 

abilities, it provides basic information about composition for many materials. 
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3.6.4 Wettability Test. 

The contact angle is the angle which liquid or vapor interface forms with the solid 

surface. Contact angle measurement is used to give information about the 

hydrophobicity of a solid surface. Highly hydrophilic surface make a contact angle 

close to 0° ,the droplet will spread out completely onto the surface  as  liquid is very 

strongly attracted to the surface. When the hydrophobicity of the surface is increased, 

the contact angle will increase and it would  be larger than 90° so  highly hydrophobic 

surfaces having contact angles close to 180° indicate that there is no contact between 

the surface and liquid drop (Lafuma & Quéré, 2003). Hydrophilicity of the films is 

required as ultra-thin films absorb the exudate of wound and due to polymer 

degradation, drug release from the polymer films occur leading to therapeutic effect. 

 

Goniometer was made manually using the stage of optical microscope covered with a 

box. First of all, small piece of strips (4 × 2 cm) of the polymer film are cut and put 

onto a glass slide. As film was ultra-thin so it sticks to the surface. Adhesive tape was 

also used to ensure a clear and flat view. The glass slide is properly placed on the 

microscope stage where 0.5µl drop of liquid was placed on the films with the help of 

micropipette. The measurements of each contact angle were performed within 5s with 

the camera. The surface contact angles measured were the mean of three 

determinations. 
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4. RESULTS & DISCUSSION 

 

The characterization tests were done to evaluate the performance of the ultra-thin 

polymer films. The results of all the characterization tests are discussed in this 

chapter. 

 

4.1 Thickness  

To determine the uniform thickness of the ultra-thin films, each film’s thickness was 

measured using a digital micrometer (Mitutoyo, Japan) at three different sites and the 

mean was calculated. Table 1 shows the average thickness of each of the films along 

with the standard deviation. 

 

Table 1: Average thicknesses of the ultra-thin polymer blend films. 

 

Samples Thickness(in µm) 

Pure PVA film 30 ± 0.5 

PVA +PLA 30 ± 0.5 

PVA+PLA+E.M 30 ± 0.5 

 

It was observed that all the films have uniform thickness throughout the polymer 

films. The thickness of all films was about 30 μm.  There is no significant difference 

in thickness of drug loaded films when compared to blank blend films which 

indicated that the loading of drug did not affect the thickness of films. 
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4.2 Fourier Transform Infrared Spectroscopy (FTIR) 

 

 

 
 

 

 

Figure 6: FTIR results of erythromycin based polymer film. 

 

 

The FTIR analysis was performed to identify the nature of linkages between PVA, 

PLA and Erythromycin. The FTIR spectrum of erythromycin based polymer film has 

been shown in Figure 6. The peak appeared at 3349 cm
-1 

in the film indicates the 

presence of hydroxyl group (OH) (Kumar, Gayathiri, Ravi, Kabilar, & Velmurugan, 

2011) while band at 2941cm-1 corresponds to (-CH) asymmetric and the symmetric 

stretching. The peak at 1735 cm
−1

 corresponding to C=O stretching and peak at 

1437 cm
−1

 corresponds to C–H bending (Bhargav, Mohan, Sharma, & Rao, 2009; 

Nanda, De, Manna, De, & Tarafdar, 2010).  The vibration of CH2 group was found at 

1375 cm
−1

 corresponding to C–H wagging in PVA .Also, the C–C stretching vibration 

of PVA appeared at 1250cm
−1

 (Nanda et al., 2010). Des-N-methyl-erythromycin is an 



CHAPTER 4                                                                                        RESULTS AND DISCUSSION 

21 

 

important metabolite and pharmacologically active metabolite of drug erythromycin. 

Studies suggest that the metabolism of erythromycin drug occurs by N-demethylation 

(Lee, Anderson, & Chen, 1956a, 1956b; Pineau, Galtier, Bonfils, Derancourt, & 

Maurel, 1990) that is why C-N peak is an important peak. The important 

characteristic peak appeared at 1090 cm
−1 

corresponding to C-N stretch of tertiary 

amine present in erythromycin. This C-N peak suggests that drug erythromycin is 

incorporated into the films and is pharmacologically functional to show its therapeutic 

efficacy. Tertiary amines have no N-H bonds, and therefore no band appeared in the 

IR spectrum 

 

4.3 Scanning Electron Microscopy  

SEM images of PVA, PVA+PLA and PVA+PLA+E.M were taken at different 

magnifications to study the surface morphology of the films. Figure 7a shows the 

SEM image of PVA. Figure 7b shows the SEM images of PVA/PLA blend while 

Figure 7c shows the SEM images of erythromycin loaded blend film. 

 

 

 

 

 

 

Figure 7a: SEM image of pure PVA film at 100 X. 
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Figure 7b: SEM image of PVA/PLA blend film at 100 X. 

 

Figure 7c: SEM images of drug loaded blend films at 100 X (A) & 500X (B). 
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It was observed that all the SEM images are smooth showing that the films are 

uniform and continuous. Figure 7a showed the SEM image of pure PVA. Figure 7b 

shows the SEM image of blend film showed the aggregates of PLA dispersed on the 

surface of films which contributed to the film surface roughness. In figure 7c, the 

SEM show a kind of needle-like structure which indicated the presence of 

erythromycin drug into the surface of ultra-thin polymer blend films. No tears or folds 

or cracks are seen which makes them suitable for wound healing applications.  

 

4.4. Energy Dispersive Scattering (EDS) 

 

 

Figure 8a: EDS of PVA/PLA Blank Hybrid Ultra-Thin polymer films. 
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Figure 8b: EDS of Erythromycin based PVA/PLA Hybrid Ultra-Thin polymer films. 

 

Nitrogen atom of macrolide ring of the erythromycin is involved in the therapeutic 

efficacy of the films. Results of EDS of drug loaded films as shown in figure 8 b 

showed that mass of nitrogen atom comes out to be 20.61% .This nitrogen atom is 

indicative of erythromycin incorporation into the films as there is no nitrogen atom 

seen in the blank composite films. In blank composite films shown in figure 8a, only 

carbon and oxygen atom is seen with mass appears to be 48.01% and 51.99% 

respectively. Results also showed that there is no contamination of other elements in 

the ultra-thin polymer films as no peaks of other elements are seen. 
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4.5 Wettability Test. 

Water contact angle was measured in three different films as shown in figure 9 .The 

contact angle was found out to be the 48° which is the mean of three readings of ultra-

thin polymer films. Low values of contact angles indicate that these films are highly 

hydrophilic to absorb the wound exudate and release the active agent present in the 

films yielding therapeutic effect on the wound surface which is required in the 

management of wound healing. 

 

Figure 9:  Shows the water contact angles for the three different drug loaded blend 

films (A, B and C). 

 

4.6 In Vitro Degradation Drug Release Profile of 

Erythromycin Based PVA/PLA Film 

The water absorbing capacity and degradation of the hybrid blend films was 

determined by immersing the films in simulated fluid wound exudate and checking 

their weights at different time intervals to calculate the amount of swelling and 
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degradation that has occurred (Yang et al., 2004). The degradation release profile of 

erythromycin loaded blend films were assessed using a mesh to hold the blend film in 

it. The portion of drug loaded blend film with measurable size (1" by 1") was cut and 

0.2 ml of SFWE solution was dropped The water absorbing capacity and degradation 

of the hybrid blend films was determined by immersing the films in simulated fluid 

wound exudate and checking their weights at different time intervals to calculate the 

amount of swelling and degradation that has occurred (Yang et al., 2004). The 

degradation release profile of erythromycin loaded blend films were using 

micropipette into the mesh at 37 °C. After the intervals of 5 minutes, extra fluid was 

wiped out by tissue paper on the surface of mesh. Fresh 0.2 ml SFWE was again 

added. The weight of the mesh alone and with dried film was recorded before adding 

the simulated fluid wound exudate and after draining the SFWE every after 5 minutes 

interval. The degradation tests were carried in triplet and average value was 

determined.  

 

 

Figure 10:  Degradation profile of erythromycin based polymer films. Time in 

minutes in shown on x-axis and weight in grams is shown on y-axis. 
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The degradation profile of polymer blend films was evaluated by recording weight 

loss at pre-determined time points . The degradation profile was divided in two stages; 

during first 10 minutes a sudden increase in the weight of the films is observed as 

shown  in Figure 10, because of the absorption of SFWE by the polymers especially 

PVA. PVA, when exposed to aqueous media, it absorbs the liquid and swells resulting 

in an increase in weight and later is degraded and start losing weight (Kenawy et al., 

2007) . Films with better mechanical strength have better swelling properties (Bright 

et al., 2010). For wound healing applications, it is essential that the films have good 

swelling capabilities so as to be able to absorb the exudates of the wound as well as 

remain long enough on the wound to protect it from microbes However, after 10 

minutes the weight loss by the films is observed. As the polymers are degrading so 

gradual weight loss is observed. The rate of swelling of the polymer films after initial 

burst decreased with the increase in the content of drug in the films. This was due to 

the fact that with the increase in the drug concentration of polymer based films, 

absorption of the liquid medium by the polymer decreased (Bright et al., 2010). 

  

4.7 Drug Release in Simulated Fluid Wound Exudate 

(SFWE)  

In vitro antibiotic Erythromycin drug release was performed by placing a drug loaded 

polymer film of specific dimensions (2" by 2" inch) in petri dish. The amount of drug 

released in the SFWE medium was detected spectrophotometrically by measuring the 

absorbance of the solution of stimulated  fluid wound exudate (SFWE) picked out in 

fixed 5 minutes interval at 37◦C.Fresh medium was then again added to measure the 

next absorbance until all the film get dissolved.  
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 Maximum absorption of the erythromycin was observed as 301nm using the said 

spectrum. The results of in vitro drug release evaluation of erythromycin from the 

erythromycin incorporated PVA/PLA hybrid polymeric films are presented in figure.  

 

 

 

 

Figure 11: Drug release profile of drug loaded polymer film.X-axis shows time in 

minutes and y-axis shows UV-Vis absorption in λ. 

 

 

The release behavior of the drug from polymeric films showed a biphasic 

pattern(figure 11). First an initial burst was observed, followed by a decrease release.  

Burst release of erythromycin from the surface of the films was detected during first 

10 minutes which was also verified by SEM images of polymer ultra-thin films. 

While after 10 minutes the degradation of drug loaded polymer film also contributes 

to the release of antibiotic drug. 

The starting Erythromycin release rate has been higher as compared to the later stage 

due to the fast swelling ratio of polymeric network. In the early stage, due to easy 



CHAPTER 4                                                                                        RESULTS AND DISCUSSION 

29 

 

diffusion of simulated wound fluid (SFWE) molecule penetration into the polymeric 

network causes the polymer film to swell at faster rate than the remaining time which 

in turn allows the dissolved drug out of the polymeric network (Bahrami et al., 2003). 

The described phenomenon mostly happens in surface areas. Due to the liquid content 

present in the wound site, drug loaded PVA/PLA polymer wound dressing would be 

able to absorb the wound fluid and sufficient amount of antibiotic agent replace it for 

therapeutic efficiency. 

In the second phase (after 10 minutes), the degree of swelling decreases dramatically 

and absorption of the liquid medium by the polymers decreased. Therefore, polymers 

would be the controlling agent of drug release. In this stage there would be a 

proportional decrease in the amount of antibiotic drug released from the wound 

dressing due to entrapment of drug into the polymer matrix.
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5. CONCLUSION 

 

5.1 Conclusion  

Ultra-thin polymer films were successfully fabricated through spin coating procedure. 

Various characterizations tests were carried out. FTIR studies proved that physical 

blending and other inter and intra-molecular bonding has occurred and SEM analysis 

showed that the films were uniform and continuous. Degradation and drug release 

profile test were also performed to determine the effectiveness of these films in 

wound care management. The results showed that this erythromycin based ultra-thin 

films can be potentially used in wound healing applications. 

 

5.2 Future Directions  

There is an immense scope for these thin films in the advanced wound care market. 

As of now, these films can be used only for surface wounds but more research needs 

to be done to prepare films that can treat chronic wounds. Chronic and complex 

wounds are difficult and expensive to treat and represent a major challenge in the 

healthcare industry today. In this project, only two polymers have been used to 

formulate the films but research can be done to prepare the films with other polymers 

that are easily available and inexpensive. Also, these films can be used to encapsulate 

anti-microbial and anti-bacterial drugs which could further assist in the healing 

process. Further research needs to be done in this regard.
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