
 

Global Research journal of Natural Science and Technology (Grjnst)   
               Volume: 03 - Issue 3 (2025) 
                     p.ISSN: 2790-7643 e.ISSN: 2790-7651 
 

 

 572     
   

Revolutionizing Wound Care: Biocompatible Films for Advanced 

Wound Healing 
 

Anoosh Fatima1, Shanzae Zubair2,  Amna Wagley3, Tooba Khan4, Gul Munir5, Natasha 

Mukhtiar6 

 

Corresponding Author: Gul Munir 

Email: gul.munir@shu.edu.pk  

Affiliations 
1.2.3.4.5Department of Biomedical Engineering, Salim Habib University, Karachi 74900, Pakistan 
6Institute of Biomedical Engineering and Technology Liaquat University of Medical and 

Health Sciences Jamshoro Pakistan  

 

Abstract 

Traditional wound healing methods struggled with active tissues enduring ongoing motion and 

biocompatibility. The core objective of this study is to engineer a series of PVA-based wound-healing 

films containing different additives like acetic acid, Magnesium and Alpha-ketoglutarate. In-vitro 

tests like swelling, degradation, contact angle, pH sensitivity and moisture content were performed to 

assess the biodegradability, biocompatibility, hydrophilicity and hygroscopicity of the samples. For 

in-vivo use, film reactions in the body and excretion time are crucial, whereas hydrophilicity and 

hygroscopicity would determine the adhesion of the films to the wound and potential inflammatory 

reactions it may cause. Among the four experimental samples (PVA, PVA/AcOH, PVA/Mg/AcOH 

and PVA/AcOH/Mg/AKG) it was found that PVA/AcOH exhibited the highest degree of 

hydrophilicity with the contact angle of 64.5% ± 2% whereas all samples appeared stable in acidic, 

neutral and basic conditions ruling out the potential for inflammation and/or disintegration in in-vivo 

environment. PVA/AcOH and PVA/AcOH/Mg showed a stable swelling rate which would maintain 

the mechanical stability and function inside the body, while PVA/AcOH and PVA/AcOH/Mg/AKG 

linearly degraded. Lastly, PVA/Mg/AcOH/AKG displayed high hygroscopicity, next to 

PVA/Mg/AcOH which was second second-highest. Statistically analysis concluded PVA/Mg/AcOH 

as the best-suited material for fabrication of wound healing suture films.  
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Background 

Wound closure techniques, such as suturing, have been widely employed for centuries in the field of 

medicine. However, there is a growing interest in exploring alternative biocompatible and 

biodegradable materials that can promote effective wound healing. This research article aims to 

present a novel approach utilizing bio absorbable synthetic or naturally occurring adhesives for wound 

healing, specifically focusing on the development of wound healing tape/films for tissues that 

experience continuous stress, such as the esophagus, intestines, and intercostal muscles. 

Traditionally, topical and transdermal wound healing mediums, including emulsions, creams, gels, 

and patches, have been utilized [1, 2, 3]. However, these methods may not provide sufficient 
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mechanical stability when applied to tissues under constant movement and stress. Therefore, the 

objective of this study is to fabricate wound healing films that exhibit exceptional sturdiness to 

withstand mechanical stresses while maintaining their chemical properties. These films should also 

mimic the body's chemical environment, ensuring biocompatibility, optimum pH maintenance, and 

gradual biodegradability over time [4]. 

To achieve these goals, polyvinyl alcohol (PVA) has been selected as the base material for film 

fabrication. PVA is a biopolymer with remarkable characteristics, including biocompatibility, 

biodegradability, fiber formability, chemical resistance, moisture absorbency, and swelling, making it 

ideal for wound healing applications [5]. PVA nanofibers possess non-toxic and biocompatible 

properties, along with optimal oxygen permeability, enabling wound exudate absorption and tissue 

regeneration [5, 6]. Moreover, the incorporation of metals with PVA enhances the mechanical 

properties of the resulting nan fibrous mats, thus facilitating cell regeneration [6, 7]. 

To further enhance the stability and mechanical strength of the PVA solution, dilute acetic acid is 

introduced, promoting cross-linking by facilitating hydrogen bonding between PVA and acetic acid 

ions [8]. This cross-linking strategy ensures the film's integrity during the wound-healing process, 

providing a stable environment for the subsequent addition of minerals to promote cell proliferation. 

Among the minerals, magnesium plays a crucial role in wound healing due to its anti-inflammatory 

properties and its involvement as a cofactor for enzymes in carbohydrate and lipid metabolism [9].  

Another important mineral, alpha ketoglutarate (AKG), serves as a weak acid and an intermediate for 

the tricarboxylic acid (TCA) cycle, which is vital in various metabolic processes. AKG is known for 

its cell nutritional value and involvement in amino acid synthesis, promoting proteolysis and 

facilitating the rejuvenation of damaged tissue [10]. 

This research article presents a novel approach to wound healing by developing biocompatible and 

biodegradable films designed for tissues under continuous stress. The utilization of PVA as the base 

material, along with dilute acetic acid, magnesium, and alpha-ketoglutarate, aims to provide 

mechanical stability, biocompatibility, and an environment conducive to cell proliferation. Compared 

to traditional suturing techniques, these films hold the potential to minimize scarring, the combination 

of these minerals and materials would not only provide a mechanically sturdy base but also promote 

healing through cell proliferation. Compared to traditional suture techniques, this film would leave 

less of a scar appearance. The chemical properties of the PVA film, along with magnesium, AKG, and 

acetic acid. 

 

Method details  

Fabrication 

Materials 

The reagent grade materials including Polyvinyl Alcohol (PVA) powder with molecular weight 

89,000-98,000 g/mol is procured from Sigma Aldrich. Manganese (IV) oxide is procured from 

Daejung.  Alpha ketoglutarate and Phosphate Buffer Saline (PBS) tablets were procured from G.M 

Abbas, a local chemical supplier shop located in Karachi, Pakistan.  

 

Methodology 
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The PVA and PVA/AcOH/MnO2/AKG films were fabricated using solvent casting method. Firstly, 

46 ml of distilled water was measured using a measuring cylinder and poured into a 100ml beaker, the 

beaker was then placed on a magnetic stirrer with a temperature of 60 oC, for approximately 4 hours 

(with 15-minute breaks in between). Next, 4 grams of PVA crystals were weighed using a weighing 

balance and once the water had reached the optimum temperature of 60 oC, they were added to the 

water. In order to maintain the temperature and avoid any fumes from leaking, the beaker was covered 

with foil with a perforation made. This prepared a 4% PVA solution. The steps were repeated four 

times to get four different solutions. 

Acetic acid was diluted using by carefully taking 0.2 ml of acetic acid with the help of a pipette and 

9.8 ml of distilled water. Both were added to a measuring cylinder and a glass rod was used to stir. 

This prepared a 2% acetic acid.  

Magnesium and alpha-ketoglutarate tablets were crushed using a mortar and pestle to get a 

homogenous powder form of both.  

Four separate samples were made with the first one being a pure PVA mixture as prepared, this was 

considered as the control group of the experiment. In the other 3 PVA solutions, 2ml of the dilute 

acetic acid each was added using a pipette. In the third and fourth samples, 2 mg of Magnesium was 

added. Lastly, in the fourth solution, 0.4 mg of alpha-ketoglutarate powder was added. Measurements 

were taken from a weighing balance with a precision of ±0.01. As a result, the following 4 samples 

were prepared: 

1. Pure PVA solution 

2. PVA + Acetic Acid 

3. PVA + Acetic Acid + Magnesium 

4. PVA + Acetic Acid + Magnesium + alpha-ketoglutarate 

The mixtures were stirred for a few more minutes again to achieve homogeneity. Using a mechanical 

pipette of 5 ml of each solution was taken and poured on a labeled petri dish. It was ensured that the 

mixture had spread evenly on the surface of the petri dish which was then placed in a drying oven for 

approximately 2-3 hours at 50 oC.  It was checked in intervals if the moisture had completely 

evaporated. Figure 1 represents the steps involved in fabricating the PVA films. 

 

Method validation 
 

The study conducted by Chaouat et al. focuses on the development and evaluation of a cross-linked 

poly (vinyl alcohol) (PVA) material for vascular grafts [11]. The authors investigate the cross-linked 

PVA's mechanical properties, biocompatibility, and degradation behavior. Their findings suggest that 

the material exhibits favorable mechanical properties, good biocompatibility, and controlled 

degradation, making it a promising candidate for vascular graft applications. Further research and in 

vivo studies are needed to validate its performance. 

 

Water Contact Angle 

A 2µL drop was placed on three samples of each of the films and a combination of video and photos 

was used to capture and upload on ImageJ software where contact angles were measured using the 

Drop Shape Analysis tool. 
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Fig.1: Contact angle contour and measurement 

 

Sample Constituents Contact Angle 

1 PVA 49.432o 

2 PVA/AcOH 63.625o 

3 PVA/Mg/AcOH 49.277o 

4 PVA/AcOH/Mg/AKG 48.662o 

Table 1: Contact angle of each sample 

 

The average contact angle across all four samples was measured to be 52.75 degrees, which aligns 

with the optimal level of hydrophilicity reported in existing literature. However, the sample with 

PVA/AcOH displayed a deviation from this mean, exhibiting higher hydrophilicity compared to the 

other films. 

 

Swelling and Degradation Ratio 

The swelling test results are crucial for evaluating the application of the fabricated suture wounds. 

PVA/AcOH/Mg/AKG displayed the highest fluid absorption, which renders it unsuitable for in vitro 

wounds due to the potential for promoting infections and microbial proliferation around the healing 

site. Moreover, excessive fluid retention may hinder the healing process by preventing a drying 

environment necessary to avoid hydrolysis of protein structures' cross-linkages [12]. 

 

Initially, three films were cut from each of the four samples, each measuring 1x5cm. The purpose was 

to maintain consistency and eliminate any irregularities. The weight of each film was recorded before 

immersing them in a 5ml Phosphate-buffered Saline (PBS) solution with a pH of 7.38. After 15 

minutes, the first measurement was taken by placing each film on a dry filter paper to remove excess 

fluid, then weighing them using a precision balance with a readability of 0.001 g. This process was 

repeated at regular intervals of 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 

5 hours, and up to 16 days. The mean value was calculated for each sample, and any abnormal 

readings were excluded. After 12 days, the films were discarded, and a fresh PBS solution was used. 

The obtained measurements were used with a formula derived from literature to determine the 

swelling degree and degradation [13].  
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Where Wsw represents the swelling ratio at various time intervals whereas Wo is the initial weight of 

sample. 

 

These values were then used to create a graph, with the time period scaled to hours on the x-axis and 

the weight changes represented on the y-axis. 

 

 
  

 Fig. 2: 1x5cm specimen of each sample   Fig. 3: samples immersed in PBS   

 
Fig. 4: Rate of Swelling 

 

 
Fig. 5: Rate of Degradation 

 

Based on the graph analysis, it can be inferred that the samples achieved their maximum weights after 

undergoing swelling, with PVA/AcOH/Mg/AKG exhibiting the highest degree of swelling by 
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absorbing the greatest amount of water, while PVA/AcOH/Mg showed the least absorption of the PBS 

solution. Subsequently, all samples began to degrade after reaching the peak swelling point. 

PVA/AcOH/Mg/AKG experienced a sharp decline in weight, indicating significant degradation, 

whereas samples 2, 3, and 4 maintained their weights relatively stable. However, the control sample 

(PVA) deviated from this trend, as its weight initially decreased slightly and then increased before 

dropping again. Another peak in swelling was observed shortly after the 12-day period when the PBS 

solution was changed, followed by a similar pattern of degradation. 

 

pH test 

It can be proven from the literature that different pH levels can alter the mechanical tensile strength of 

a polymer [14]. Three solutions of varying pH were produced by adding acid and base to neutral PBS 

solution. Each of the samples were placed in 3 solution of pH 4, 7.4 and 8 corresponding to various 

internal body environments. The samples were weighed before immersion and at regular intervals of 

15 minutes for a few hours. The percentage of weight gain/loss were recorded. 

a           b 

 

       c 
Fig. 6: Weight changes in different pH solutions (a) neutral, (b) acidic, (c) basic 

 

 

Conclusion 

 
It is inferred from the test findings that Sample 3, which comprises PVA, acetic acid, and magnesium, 

is the best formulation for the suture tape. This material showed improved degrading characteristics, 
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reduced swelling, and optimal hydrophilicity. These qualities are especially beneficial because they 

promote efficient wound healing by preserving a suitable moisture balance and guaranteeing prompt 

material biodegradation. 

 

Limitations 
The importance of in vivo and in vitro studies cannot be overstated, as they serve as crucial stepping 

stones in translating research findings into practical applications. In vivo studies allow researchers to 

evaluate the behavior of materials within living organisms, providing insights into their 

biocompatibility, potential side effects, and overall performance. These studies enable the 

identification of any potential complications or challenges that may arise during real-life applications. 

On the other hand, in vitro studies provide controlled environments where specific aspects of a 

material's behavior, such as cell interaction and cytotoxicity, can be thoroughly examined.  

 

The findings from in vitro tests contribute to the development of new biomaterials and medical 

devices, benefiting industries such as biomedical engineering, regenerative medicine, and healthcare. 

In the case of Alexandre et al.'s study, the promising results of PVA hydrogel's biocompatibility and 

hemocompatibility make it a potential candidate for vascular grafting applications [15]. The ability to 

replace or repair damaged blood vessels using biocompatible materials can significantly impact the 

field of vascular surgery, improving patient outcomes and quality of life. Additionally, these findings 

can guide further research and development in the design and optimization of vascular graft materials, 

leading to advancements in other areas of medical device manufacturing and tissue engineering. 
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