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RESUMEN 

El estudio de materiales a base de quitosano e hidroxietilcelulosa que incorporan extractos 

naturales para apósitos antimicrobianos de próxima generación está atrayendo cada vez más interés 

debido a su eficacia para mejorar la cicatrización de heridas. Esta investigación presenta la síntesis 

y evaluación de una película de hidrogel compuesta de quitosano e hidroxietilcelulosa, cargada 

con extractos de mangostino y granada. Los principales compuestos biológicos se identificaron 

mediante espectroscopia infrarroja y cromatografía líquida de alta resolución. Las pruebas 

antimicrobianas indicaron efectos positivos para S. aureus y E. coli. En particular, el extracto de 

mangostán mejoró significativamente el cierre de la herida con fibroblastos adherentes (NIH3T3) 

dentro de las 24 horas posteriores a la prueba. Estos extractos, ricos en antioxidantes, podrían 

ayudar a regular las especies reactivas de oxígeno en las heridas. Las películas de hidrogel, 

analizadas por reflectancia total atenuada-espectroscopía de infrarrojo con transformada de Fourier 

ATR-FTIR, revelaron reticulación tanto química como física. La inclusión de los extractos redujo 

el grado de hinchazón y transparencia de las películas de hidrogel. El análisis termogravimétrico 

mostró ligeros cambios en las propiedades térmicas de las películas debido a los extractos. El 

aumento de las concentraciones del extracto de mangostino redujo la elongación a la rotura, 

mientras que el extracto de granada la mejoró. Las micrografías por microscopia de barrido 

electrónico revelaron estructuras lisas que podrían impedir la adhesión celular. Las pruebas 

antimicrobianas realizadas en las películas demostraron su eficacia contra S. Aureus, lo que indica 

su posible aplicación como apósitos para heridas. Las propiedades químicas, físicas y biológicas 

de los extractos y las películas de polímero sugieren un futuro prometedor para estos materiales en 

aplicaciones médicas, en particular en la creación de apósitos avanzados para heridas con 

propiedades antimicrobianas y cicatrizantes mejoradas. 

 

Palabras clave: Mangostino, hidrogel, hidroxietilcelulosa, Granada y quitosano. 



 

 

 

ABSTRACT 

The study of chitosan and hydroxyethylcellulose-based materials incorporating natural extracts for 

next-generation antimicrobial dressings is attracting increasing interest due to their efficacy in 

improving wound healing. This research presents the synthesis and evaluation of a hydrogel film 

composed of chitosan and hydroxyethylcellulose loaded with mangosteen and pomegranate 

extracts. The main biological compounds were identified by infrared spectroscopy and high-

performance liquid chromatography. Antimicrobial testing indicated positive effects against S. 

aureus and E. coli. In particular, mangosteen extract significantly enhanced wound closure with 

adherent fibroblasts (NIH3T3) within 24 hours of testing. These extracts, rich in antioxidants, 

could help regulate reactive oxygen species in wounds. The hydrogel films, analyzed by attenuated 

total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR), revealed both chemical 

and physical cross-linking. Including the extracts reduced the degree of swelling and transparency 

of the hydrogel films. Thermogravimetric analysis showed slight changes in the thermal properties 

of the films due to the extracts. Increasing concentrations of the mangosteen extract reduced the 

elongation at break, while the pomegranate extract improved it. Scanning electron microscopy 

micrographs revealed smooth structures that could prevent cell adhesion. Antimicrobial tests on 

the films demonstrated their efficacy against S. Aureus, indicating their potential application as 

wound dressings. The extracts and polymer films' chemical, physical, and biological properties 

suggest a promising future for these materials in medical applications, particularly in creating 

advanced wound dressings with enhanced antimicrobial and wound-healing properties. 

 

 

 

Key Words: Mangosteen, hydrogel, hydroxyethylcellulose, Pomegranate, and chitosan. 

 



ABBREVIATIONS AND ACRONYMS 

CA                        Citric Acid 

CH                        Chitosan 

CHHEC               Films Chitosan- Hydroxyethylcellulose 

GL                        Glycerol 

GM                       Mangosteen 

GME                     Mangosteen ethanolic extract 

GME1                   Film with low concentration of Mangosteen extract 

GME2                   Film with high concentration of Mangosteen extract 

HEC                      Hydroxyethylcellulose 

PG                         Pomegranate  

PGE                       Pomegranate ethanolic extract 

PGE1                     Film with low concentration of Pomegranate extract 

PGE2                     Film with high concentration of Pomegranate extract 

FTIR                     Transform Infrared Spectroscopy  

SEM                      Scanning Electron Microscopy 

TGA                      Thermogravimetric analysis 

UTM                     Universal Testing Machine 
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1 INTRODUCTION 

Healing wounds stands as a paramount clinical challenge globally, with an escalating number 

of cases annually spanning from acute to chronic injuries. The wound or tissue regeneration is 

intricate, involving phases such as inflammation, proliferation, maturation, and remodeling to 

restore the tissue to its original state[1]. Conventional methods employing gauze and cotton for 

wound coverage pose challenges regarding biocompatibility, biodegradability, costs, pain, 

and allergic problems[2]. However, emerging materials like hydrogels, films, colloids, and 

sponges show promising properties that could effectively expedite the wound healing process 

[3], [4]. 

Traditional treatments for injured tissues often face challenges related to infection control, 

flexibility, pain management, transparency, and hemostasis, leading to potential secondary 

injuries[5]. The design of materials for wound healing must meet several criteria, including 

wound protection, good mechanical properties, antimicrobial properties, compounds with 

biological activity, biocompatibility, capacity to absorb exudate, and costs[6]. Hydrogels, 

categorized as new-generation materials, are promising alternatives capable of addressing 

many drawbacks associated with conventional materials. Their 3D chemical structure, 

facilitated by crosslinking, enables the controlled release of various pharmaceutical or 

biological compounds, promoting a more efficient wound-healing process[7].  

Extracts derived from plant or fruit waste have significant potential in wound healing[8]. 

Polymeric films incorporating plant extracts for wound healing in bandages have garnered 

clinical and economic interest [9]. Notably, the pericarp of the Mangosteen (Garcinia 

Mangostana) fruit, commonly known as mangosteen, constitutes approximately half its weight and 

is typically discarded as waste [10]. However, mangosteen's composition counts with 

xanthones, anthocyanins, cinnamic acid, syringaldehyde, and flavonoids [11] [12]. These 

constituents exhibit diverse biological activities, including their ability to treat cancer cells, 

reduce inflammation, act as antioxidants, and provide antidiabetic properties[13]. Notably, 

flavonoids enhance the anti-inflammatory efficacy of patches utilized in treating burns in 

experimental models [14]. Patches made from bacterial cellulose with mangosteen peel 

extract have effectively closed wounds in diabetic mice[15]. Boonmak and collaborators[16] 

synthesized a spray based on PVA and 1 to 3% mangosteen extract, demonstrating no toxicity 
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for L929 cells. Pugar et al.[17] investigated the effect of alginate and garcinia mangosteen 

ethanolic extract in diabetic mice, promoting the formation of collagen and fibroblasts 

attributed to exudate absorption and the anti-inflammatory and antioxidant properties of 

xanthones. 

The pomegranate (Punica Granatum) peel represents forty to fifty percent of the total fruit 

weight[18]. Utilizing pomegranate waste helps mitigate pollution and enhances the value of 

waste-derived products. The peel contains active compounds such as phenolic acids, polyphenols, 

and flavonoids [19], known for their physiological functions and anti-inflammatory properties, 

including antibacterial, anticancer, and antioxidant[20]. Ethanolic pomegranate extract has 

increased collagen production and fibronectin gene expression, promoting wound healing [21]. 

Films loaded with pomegranate extract have demonstrated in vitro efficiency in reducing 

scratch areas and achieving closure within forty-eight hours[22]. Hashemi et al.[23] found that 

an ethanolic extract of pomegranate peel at 25 µg/mL improves the migration and proliferation 

of human dermal fibroblasts.  

Garcinia mangostana and Punica granatum extracts, which contain antibacterial, anti-

inflammatory, and antioxidant compounds, are suitable for developing wound dressings as they 

can reduce bacterial load and improve wound confluence[24]. Additionally, the antioxidants 

present in the extracts help decrease reactive oxygen species in wound processes, improving 

wound healing. The presence of α-mangostin and γ-mangostin regulates the production of nitric 

oxide species and prostaglandins[25]. Meanwhile, gallic acid, ellagic acid, and punicalagin present 

in Punica granatum can regulate free radical levels, protect cells from oxidative stress, and reduce 

damaged cellular[26]. Both extracts have been tested on different strains of fibroblasts and in vivo 

test, demonstrating efficacy under conditions that suggest their viability for incorporation into 

wound dressing materials [16] [17] [21] [22] [23]. 

Chitosan is a widely abundant polysaccharide known for its amino group content[27]. Derived 

from the deacetylation of chitin, chitosan is sourced primarily from crustaceans, algae, and 

mollusks. The presence of amino groups attributes several beneficial properties to chitosan, 

including biocompatibility, non-toxicity, antimicrobial activity, moisture retention, tissue 

regeneration promotion, and release of biologically active compounds, making it an ideal 

candidate for biomaterial design [28]. Its antimicrobial action operates through mechanisms such 
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as electrostatic interactions, DNA replication inhibition, formation of soluble complexes, and 

membrane perturbation[29]. Hydrogels that use chitosan in their composition create a favorable 

microenvironment that promotes granulation and epithelialization, thereby enhancing the collagen 

generation process[30]. However, studies utilizing crosslinking agents with chitosan have yet to 

yield optimal results, highlighting the need to effectively identify agents that address this issue. 

Hydroxyethylcellulose, derived from cellulose, is extensively utilized at a commercial scale. Its 

structure is distinguished by including the hydroxyethyl functional group, which enhances its 

solubility. This compound finds wide application in the formulation of cosmetics, pharmaceuticals, 

emulsions, stabilizers, and water retainers[31]. When incorporated into hydrogel formulations, 

hydroxyethylcellulose can reduce irritation and create a moist environment conducive to wound 

healing[32]. The production of hydrogels utilizing hydroxyethylcellulose combined with polymers 

sourced from synthetic or natural origins has demonstrated favorable physicochemical and thermal 

properties alongside controlled drug release capabilities—suitable conditions for producing 

materials in the form of dressings for wound regeneration[33]. 

This study aimed to prepare and evaluate chitosan/hydroxyethylcellulose-based hydrogel films 

loaded with extracts from Mangosteen and Pomegranate. The study focused on achieving suitable 

swelling behavior, flexibility, wound contact, and release of biological compounds from the 

hydrogel films. Physical-chemical studies, antimicrobial tests, and scratch tests were conducted to 

evaluate their potential for wound treatment. This research introduces the novel use of mangosteen 

and pomegranate extracts in developing a biopolymeric hydrogel film. Moreover, the hydrogels 

were produced using an environmentally friendly technique, emphasizing their swelling 

properties, bio-adhesive nature, antibacterial efficacy, and antioxidant potential, all of which are 

crucial for the development of advanced wound healing materials 
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2 PROBLEM STATEMENT  

The demand for wound dressings is growing worldwide to meet needs such as low toxicity, easy 

removal, decreased wound healing time, physical performance, and affordable costs. Traditional 

wound dressings often lack the environment for optimal healing, such as maintaining appropriate 

moisture levels, delivering antimicrobial agents, and ensuring biocompatibility, highlighting the 

need for innovative materials to meet these critical demands. Hydrogels have emerged as 

promising materials for wound dressings precisely due to their excellent moisture retention, 

biocompatibility, and ability to incorporate bioactive compounds. 

HEC, CH, GME, and PGE extract have been extensively studied for their bioactive compounds 

and biological properties, making them ideal candidates for producing bio-films and hydrogels for 

biomedical applications. Despite the potential benefits, the development of hydrogels from HEC 

and chitosan incorporating Mangosteen or Pomegranate extracts for wound dressing applications 

has yet to be extensively studied. This gap in the current research presents a unique opportunity to 

explore and develop these materials for a crucial application. The optimal preparation methods, 

properties, and efficacy of such hydrogels in promoting wound healing and preventing infection 

still need to be determined. This thesis addresses this gap by developing and characterizing 

hydroxyethyl cellulose and chitosan hydrogels, incorporating extracts from Mangosteen or 

Pomegranate. The research will focus on optimizing the preparation methods, evaluating the 

physicochemical properties, and assessing the hydrogels' biological performance in wound healing 

applications. Additionally, the study will investigate the synergistic effects of biopolymers and 

natural extracts in enhancing wound healing and antimicrobial efficacy. 

By advancing the preparation and application of these hydrogels, this research seeks to contribute 

to developing effective, biocompatible, and multifunctional wound dressings, ultimately 

improving patient outcomes in wound care management. 
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3 GENERAL AND SPECIFIC OBJECTIVES 

 General objective 

• The main objective of this research is to develop and evaluate 

chitosan/hydroxyethylcellulose-based hydrogel films loaded with Mangosteen and 

Pomegranate extracts for biomedical applications in wound healing. 

 Specific objectives 

• Develop and characterize chitosan/hydroxyethylcellulose-based hydrogel films 

incorporating Mangosteen and Pomegranate extracts, following sustainable synthesis using 

green chemistry principles. 

• Evaluate the antioxidant potential of the extracts and evaluate their effectiveness in 

enhancing wound healing through in vitro studies 

• Evaluate the hydrogel films' bioactive properties, including antibacterial sensitivity against 

gram-positive and gram-negative bacteria. 

• Investigate the physicochemical, morphological, thermal, and mechanical properties of the 

hydrogel films, focusing on swelling behavior in distilled water and simulated biological 

fluids and mechanical strength and elasticity for wound dressing applications. 
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4 THEORETICAL BACKGROUND 

In the evolving landscape of biomedical materials and wound healing technologies, developing 

advanced materials that promote efficient healing processes remains a critical area of research. 

The following sections provide a comprehensive review of theoretical concepts and background 

that underpin the study of the design, synthesis, and application of hydrogel films loaded with 

extracts from Mangosteen (Garcinia Mangostana) and Pomegranate (Punica Granatum) for wound 

healing. These materials hold promise for addressing challenges in wound care, such as infection 

control, tissue regeneration, and biocompatibility. 

This chapter begins by outlining the current knowledge of wound healing processes, emphasizing 

the physiological stages involved and the key factors influencing healing outcomes. It reviews 

existing literature on the significant role of biomaterials in wound care, highlighting their 

importance in creating conducive environments for tissue regeneration and minimizing infection 

risks. 

Following this, the chapter discusses the properties of hydrogels that are particularly relevant to 

wound care applications. These properties, including biocompatibility, swelling behavior, and 

mechanical strength, are crucial in understanding the efficacy of hydrogel-based wound 

dressings.  The various fabrication methods employed, such as solvent casting and crosslinking 

techniques, will also be explored, and how they contribute to the properties of hydrogels will be 

examined. 

The exploration then extends to natural extracts, specifically mangosteen, and pomegranate, 

known for their potential benefits in wound healing. The chapter explores the mechanisms of 

action underlying their antioxidant, antimicrobial, anti-inflammatory, and tissue regeneration 

properties. This includes a critical review of recent studies and findings that support their 

therapeutic potential in biomedical applications. 
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 Overview of Wound Healing Process 

The wound healing process comprises four stages[34], [35]. The first stage is hemostasis, where 

bleeding stops as blood vessels constrict and platelets change shape to facilitate clot formation[36]. 

The second stage, inflammation, involves neutrophils and macrophages destroying bacteria and 

clearing debris to prepare the area for new tissue growth. These cells also secrete growth factors 

and proteins that attract other immune system cells[37]. In the third stage, new cells, and tissues 

are formed in proliferation. Fibroblasts produce collagen and develop blood vessels, while new 

epithelial cells are generated at the surface[38]. Finally, in the remodeling stage, the collagen 

matrix is reorganized, forming a scar that gradually resembles the original tissue in appearance 

and function[39]. Figure 1 illustrates the phases of wound healing, from the beginning of the 

wound to the modeling phase.  

 

Figure 1.Wound healing process taken from Akhtari [40] et al. 
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Wounds can face various limitations that impact their healing trajectory and duration. For instance, 

autoimmune conditions like diabetes can impair healing by damaging blood vessels and reducing 

blood flow due to elevated sugar levels[41]. Disorders affecting collagen production can also 

disrupt tissue formation. Infections introduce additional complexities as bacteria release toxins that 

degrade tissues[42]. Furthermore, the location of a wound may expose it to mechanical stress 

during joint movement, potentially hindering recovery. Other factors such as nutritional status, 

age, humidity, maceration, and medication use further influence tissue regeneration processes[43]. 

 Hydrogels in wound healing 

Hydrogels play a crucial role in wound treatment within biomedicine due to their biocompatibility 

with epithelial tissues and their ability to provide a moist environment to accelerate wound healing 

[44]. They facilitate the absorption of exudates, alleviate pain, reduce scarring, and expedite the 

healing process, making them suitable for a broad spectrum of wounds from minor to chronic[45]. 

For instance, hydrogels can be customized to enhance moisture levels in dry wounds like burns 

and aid in diabetic wound care. 

The fabrication of hydrogels typically involves polymer dissolution followed by gelation or 

polymerization[46]. Gelation methods utilize chemical reagents or rely on physical changes such 

as pH, temperature variations, or exposure to ultraviolet light. Chemical or physical cross-linking 

agents create desired three-dimensional networks within the polymeric matrices[47]. Furthermore, 

the incorporation of antimicrobial agents, anti-inflammatory factors, drug delivery, and growth 

factors enhances the hydrogel's ability to promote cell migration and proliferation[48], [49], [50]. 

Hydrogels are formulated in various formats, such as films, gels, or foams, all requiring 

sterilization before application[51]. The efficacy of these materials is not left to chance. It involves 

rigorous testing in both in vitro and in vivo settings, followed by preclinical and clinical trials to 

establish their feasibility and safety for widespread biomedical use. This thorough process instills 

confidence in their safety and effectiveness. 

Wound dressings play a crucial role in promoting efficient wound healing. The materials used are 

selected based on their ability to absorb exudate and the dimensions and depth of the wounds they 

are intended to treat. The latest generation of wound dressing materials includes foams, alginates, 

hydrocolloids, hydrogels, and films[52]. Films, thin and transparent materials, can protect 



9 

 

damaged tissues and monitor wound progress. The films have some advantages, such as non-

adhesion, air permeation, water vapor permeability, impermeable to water, and mechanical 

properties resembling skin [53]. The films allow medical personnel to inspect wounds by being 

transparent[54]. They also help prevent infections with bacteria or external germs by acting as a 

barrier. The films can create a moist environment that can help regenerate damaged tissues. In 

addition, the films allow perspiration and prevent high humidity. These flexible materials do not 

adhere to the skin like gauze, causing pain and tissue removal. The mechanical design of the films 

allows proper movement of the films with the patient. Hydrogels can regulate the amount of water 

and improve the wound microenvironment, reducing healing time. The films can also be loaded 

with several medications for controlled release to relieve pain symptoms and as healing 

promoters[55]. The films can be used for superficial wounds, burns, infected wounds, and 

ulcers[56]. 

Hydrogels have been used and studied extensively in the area of bioengineering. Hydrogels are 

made up of polymers of natural and synthetic origin, which retain moisture[57]. Hydrogel-based 

dressings can be used on both dry and moist wounds. Hydrogels promote cell autolysis and, 

therefore, help in the debridement process. Eliminating necrotic tissues favors cell movement, 

promoting healing and possible new infections[58]. The advantages of these materials are based 

on promoting a moist environment and facilitating healing. These materials can reduce pain and 

give a cooling sensation. Hydrogels do not adhere to the skin, reducing the risk of scar tissue 

removal. Hydrogels also promote the formation of connective tissue, accelerating wound healing. 

These materials can also be loaded with several medications for controlled release to reduce pain 

symptoms and as healing promoters[59]. Hydrogels are used in wounds with a low level of 

infection and low exudate. Depending on the type of hydrogel and its swelling capacity, they can 

be applied to wounds with exudate in the moderate to high range. Hydrogels can be used in 

applications such as burns, diabetic ulcers, and painful wounds[60]. 

Polysaccharides, whether of natural or synthetic origin, can be applied in treating wounds due to 

their biological and physicochemical properties that promote healing[61]. Naturally occurring 

polymers include gelatin, collagen, chitosan, alginate, and cellulose, as well as synthetic polymers 

such as polyethylene glycol, polyglycolide, polyurethane, polyvinylpyrrolidone, polycaprolactone, 

polyvinyl, have been widely used in wound regeneration[62], [63]. These polymers enable 
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cultivation in three-dimensional matrices, controlled drug release, development of biosensors, and 

intrinsically promote wound healing[61]. Depicts polysaccharides from natural and synthetic 

origins, which have been thoroughly researched for their utilization in wound dressings, 

highlighting the essential criteria they must fulfill in Figure 2. 

 

Figure 2.Main polysaccharides and applications in wound dressings taken  from Ribeiro [64] et al. 

CH-HEC-based films incorporating titanium oxide nanoparticles have been reported for food 

packing to extend the life of lychee fruit[65].  Materials based on CH-HEC were studied in the 

adhesion of elastic films on oral mucosa in pigs, focusing on formulations containing a more 

significant amount of hydroxyethylcellulose to chitosan[66]Balcik reported that incorporating 

nano clays into this type of mixture crosslinking with citric acid favors the production of packaging 

that replaces those produced by petrochemical companies. [67]In biomedicine, 

carboxymethylcellulose has been included as a third component in the mixture, introducing growth 

factors into the polymeric matrix to accelerate the regeneration of dermal tissues.[68]. Other 

studies on materials incorporate cerium nanoparticles into the chitosan hydroxyethylcellulose 

mixture to achieve antibacterial and mechanical properties suitable for the design of packaging 

materials[69] 
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 The Role of Plant Extracts in the Wound Healing Process 

The presence of active components in plants has been extensively researched and used widely 

within the fields of wound-healing medicine[70]. Research on extracts for the development of new 

drugs is of high medical and economic interest. The factors found in regeneration are the following: 

cell growth, antioxidant, anti-inflammatory, anticarcinogenic, and antimicrobial properties[71], 

[72]. In more detail, the components of the extracts facilitate the proliferation of epithelial cells 

and blood coagulation, as well as better anchoring of collagen to damaged tissues and barrier 

against infections.[73].  Extracts like aloe vera, curcumin, chamomile, and lavender are obtained 

through methods such as distillation and maceration [74]. These extracts contain active ingredients 

that enhance healing in vitro, in vivo, and animal models [75] Clinical studies are expanding 

wound care applications for these extracts. 

The pericarps of mangosteen are rich in various compounds, including xanthones, tannins, 

triterpenoids, benzophenones, flavonoids, anthocyanins, and phenolic compounds[76]. Xanthones, 

in particular, are the primary active molecules with demonstrated antimicrobial, antiviral, 

anticancer, and antimutagenic properties[77]. Figure 3 illustrates the main molecules of biological 

interest found in the peel of the mangosteen fruit. Harvesting approximately 2 grams of xanthones 

from every 1000 mangosteen fruit significantly elevates its commercial value by 15 times. 

Notably, the pericarp specifically yields alpha mangostin and omega mangostin, ranging from 145 

to 382 mg per gram on a dry basis[78]. Extracts from mangosteen pericarp contain both non-polar 

and polar compounds. The non-polar compounds include prenylated benzophenones and 

xanthones, while the polar compounds consist of anthocyanins, procyanidins, and catechins[78]. 

Mangosteen peel extracts can be obtained using different solvents, such as maceration or Soxhlet, 

to improve the yield of xanthones[79].  
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Figure 3. Molecules of biological interest present in the pericarp of Mangosteen taken from Karim [80] et al. 

 

The following materials, incorporating mangosteen extracts, were investigated for biomedical 

applications. The ethanol extract of Mangosteen (GME) was immersed into a bacterial 

nanocellulose film. Research suggests that these materials have antibacterial anticancer, properties 

and are suitable for developing dressings for skin cancer and anti-acne [81]. The research on 

bacterial cellulose, gelatin, and mangosteen extract yielded promising results. The absence of 

toxicity towards human keratinocytes was demonstrated, suggesting a favorable safety profile.  

Furthermore, significant anticancer properties were observed against oral cancer, representing a 

substantial advance in oral oncology. These findings suggest that this combination could be 

suitable for treating problems such as periodontitis and skin wounds, which could be necessary for 

dentistry and wound healing treatments. An analogous study used bacterial cellulose and 

incorporated ethanolic mangosteen extract and found significant inhibition of breast cancer cells 

and melanoma cells[82] 

Pomegranate peel contains various components with relevant biological activity, including 

flavonoids, tannins, fibers, and phenolic acids[83]. Figure 4 depicts the main bioactive compounds 

found in pomegranate peel. The peel represents approximately 26- 30 percent of the total weight 

of the fruit[84]. These active compounds have been recognized for their antibacterial, anticancer, 

anti-inflammatory, and cardiovascular properties [83]. Punicalagin and ellagic acid are the main 

antioxidants in the peel [85]. Various extraction methods and solvents have been used to obtain 
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these molecules of interest. Bacterial cellulose films were soaked in aqueous pomegranate extract 

solutions, which exhibited antibacterial activity against P. acnes, S. aureus, and S. epidermidis. 

These films also showed good mechanical properties, making them suitable for acne treatment. 

[86] 

 

Figure 4 Molecules of biological interest present in the pericarp of Pomegranate from Gullón[87] et al. 

Natural plant and fruit extracts have remarkable wound-healing properties[88]. Traditionally used 

in medicine for their therapeutic benefits, these extracts are rich in biologically active molecules 

such as vitamins, phenolic compounds, flavonoids, saponins, amino acids, and xanthones[89], 

[90]. These constituents endow the extracts with antioxidant, anti-inflammatory, astringent, 

antibacterial, and antifungal properties[91]. The potential of these natural resources is increasing 

in biomedicine, particularly for their incorporation into dressings for skin regeneration. 

Additionally, current scientific research is focused on optimizing the extraction and purification 

processes to enhance the effectiveness of these compounds. Recent studies have demonstrated that 

these extracts can significantly accelerate healing by promoting cell regeneration and reducing 

inflammation[92]. Thus, applying natural extracts in biomedical products offers a promising 

alternative to conventional treatments. 
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5 MATERIALS AND METHODS 

The following reagents were used directly to prepare extracts and films. The preparation media for 

the cells used in the biological tests needed to be purified. 

 Reagents and solutions  

• Reagents hydrogel film 

Chitosan 448869 (Low molecular weight, 50,000–190,000 Da, 75.0% Deacetylated), 

Hydroxyethylcellulose 09368 (viscosity ~145 mPa.s, 1 % in H2O (20 °C)), Citric acid C0759, and 

Glycerol G5516 (molecular biology ≥99.0%), were acquired from Sigma Aldrich, USA.  

• Reagents Phytochemical screening 

Sulfuric acid CAS 7664-93-9 (ACS Plus, 96%) was acquired from Fischer chemical, Canada. 

Magnesium ribbon. Resublimed iodine from Químicos e Importaciones, Ecuador. Ferric chloride 

(ACS reagent, ≥ 99.7%) was acquired from ISOLAB, Germany. Hydroxide Sodium 106498 (pro 

analysis) was acquired from MERCK, Germany. Chloroform 67-66-3(ACS reagent, ≥ 99%) was 

acquired from ISOLAB, Germany. Dragendroff’s reagent spray solution was acquired from 

Merck, Germany. Acetic anhydride CAS 7664-93-9 (ACS,98%) was acquired from Avantor-

JTBaker, Mexico. Sodium hydrogen carbonate CAS 144-55-8 (ACS) was acquired from Merck, 

Germany. Nitric Acid CAS 7697-37-2 (ACS Plus) was acquired from Fischer Chemical, USA.  

• Reagents DPPH 

DPPH (2,2-Diphenyl-1-picrylhydrazyl) is a stable free radical (ACS, 97%) was acquired from 

Tokyo Chemical Industry, Japan. 

• Reagents PBS y SBF 

Sodium chloride (Merck, 99.99%), Sodium Bicarbonate (ACS reagent, ≥ 99.7%), Potassium 

chloride (Fisher, 99.0% USP), di-Potassium hydrogen phosphate anhydrous (SCHARLAU 

reagent, ≥ 99.8%), Magnesium chloride anhydrous (ACS, ≥ 98%) from SIGMA-ALDRICH, USA. 

Hydrochloric acid (ACS reagent, 1M), Calcium dichloride (ACS reagent, ≥ 99%, 0.2897 g) from 

Merk, Germany. Sodium sulfate anhydrous (ACS reagent, ≥ 99%), and 

tris(hydroxymethyl)aminomethane (ACS reagent, ≥ 99.99%), Sodium Phosphate Dibasic 
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AR(Dihydrate) CAS 10028-24-7(ACS, ≥ 99.5%) was acquired from LOBAChemie, India. 

Potassium Phospahte Monobasic CAS 7778-77-0(ACS, ≥ 99.6%) was acquired from Fischer 

Scientific, USA. 

• Biological reagents 

Phosphate buffered Saline p2272(Ph 7.2, suitable for cell culture) was acquired from Sigma 

Aldrich, Germany. Dulbecco’s Modified Eagle Medium (high glucose, cell culture, L-glutamine, 

pyridoxine hydrochloride, 110 mg/mL sodium pyruvate, sodium bicarbonate) was acquired from 

Thermo Fisher, USA. Ampiciline from GenAmerica, Ecuador. MUELLER-HINTON Agar (pH: 

7,4 ± 0,2) from Merck, Germany. NIH-3T3(Embryonic fibroblast adherent, -196 C) from Sigma 

Aldrich, Germany 

• Solutions for preparing hydrogel films 

The hydrogel films were prepared from the following solutions: Chitosan low molecular weight 

2% (w/v) dissolved in 2% (v/v) acetic acid reached a (pH 5-6), hydroxyethylcellulose 2% (w/v), 

citric acid 2% and glycerol 1% (v /v). All solutions were shaken at 500 rpm for 24 hours and were 

placed in an ultrasound bath and finally stored in bottles. 
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• Laboratory equipment 

 

   Model Serie Brand Country 

ATR-FTIR 

 

Fourier transform 

infrared spectrometer 
 

L1600401 

Spectrum two 
1226 PerkinElmer UK 

UHPLC 

 

Ultra high-performance 

liquid chromatography 

Systems 

 Ultimate 3000 

UltiMate™ 

3000 

 

Thermo SCIENTIFIC  

TGA 
Thermogravimetric 

analyzer 
 TGA 55 

Discovery 

0550-1517 

Waters TM TA 

Instruments 

Newcastle 

United 

UV-Vis/DAD 
Ultraviolet visible 

spectrophotometer 
 

SPECORD S 

600 

VS AJ-824-

06001-2 
Analytikjena Germany 

UTM 

 

Universal testing 

machine 
 SSTM-10KN 1119547 

UNITEDTESTINF 

SYSTEMS 
USA 

SEM 
Scanning electron 

microscope 
 Quanta 400 Quanta FEI USA 

ES 

Encoded stereoscopic 

software LAZ EZ 

 
LEICA M205 

C 
M205 C LEICA Germany 

TM Trinocular microscope  AE31E AE31E MoticTM China 

UB Ultrasonic bath  SELECTA P 3000866 P Selecta España 

RE Rotary evaporator  R-210  
BUCHY 

SWITZERLAND 
Swiss 

FD Freeze dryer  
Freeze Dryer -

55C 
 OPERON 

South 

Korea 

HSEGG 
High-speed electric grain 

grinder industrial mill 
 

Homend 

High-Speed 

Electric Grain 

Grinder 

 Homend Turkey 

AB Analytical balance  HR-150A HR COBOS precision Argentina 

       

Table  1 Equipment used for the manufacture of hydrogel films and extracts 
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 Preparation of mangosteen and pomegranate peel extract 

Fresh mangosteens and pomegranates were purchased from a local store. The fruits underwent 

prior washing with distilled water. The pericarps were extracted and cut into small fragments. 

These pericarps were dried in an oven set at 50°C. Once completely dry, the peels were ground 

into a fine powder using an industrial mill. Previously, extracts were prepared using different 

solvents, including deionized water, a 1:1 mixture of water and ethanol, and 96% ethanol. The 

extract obtained using deionized water exhibited low antibacterial activity. The extract prepared 

with the water-ethanol mixture demonstrated moderate antibacterial activity. Notably, a significant 

enhancement in antimicrobial activity was observed in the extracts prepared using 96% ethanol. 

Subsequently, a maceration process was conducted using 40 g of the powder and 200 mL of 96% 

ethanol for 72 hours at room temperature. The resultant macerate was filtered through a 

Whatman® filter with 8 um pore size. The liquid was then subjected to a rotary evaporator at 38 

C for one hour until an extract with a viscous consistency was achieved, as shown in  Figure 5. 

From 40 g of mangosteen powder, 1.1707 g of extract was obtained. In contrast to the pomegranate 

extract, 40 g was obtained per 5.55 g of pomegranate peel powder. 

 Phytochemical screening of mangosteen and pomegranate extracts 

Mangosteen (GM) and Pomegranate (PG) peel ethanolic extracts were analyzed to determine their 

phytochemical compounds such as flavonoids (acid test and Shinoda Test), phenolic compounds 

(iodine test, Lugol test, and ferric chloride), tannins (10% NaOH test and Braymer's test), 

coumarins(10% NaOH test), alkaloids (Dragendroff's Test and Wagner's Test), Phytosterols 

(Acetic Anhydride test, Hesse's response), saponins (NaHCO₃), proteins and amino acids test 

(Ninhydrin Test and xanthoproteic tests) according to procedures previously reported[93], [94] 

5.3.1 Detection of flavonoids 

Acid Test  

One milliliter mL of GME and PGE extracts were added to half milliliter of sulfuric acid 

individually, if the solution presents an orange color it is related with the presence of secondary 

metabolites. 
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Figure 5 Preparation of ethanolic extracts of Mangosteen and Pomegranate 
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Shinoda Test  

Five milliliters of each ethanolic extract were placed with small pieces of magnesium. Half 

milliliter of hydrochloric acid was added slowly to each test tube. If the resulting solution has a 

crimson to pink appearance, the presence of flavonoids is confirmed. 

5.3.2 Phenol compounds test 

Iodine test  

Two milliliters of each ethanolic extract were placed with six drops of iodine solution. If the 

sample shows a red color change, the presence of the phenol compounds is confirmed. 

Ferric chloride  

Two milliliters of each extract were placed in each test tube, and eight drops of 5% ferric chloride 

were slowly added. The presence of phenols is confirmed if the sample changes to dark green or 

bluish-black. 

5.3.3 Tannins compounds 

10% NaOH test  

One milliliter of the extracts was placed with four milliliters of sodium hydroxide and gently 

shaken. If an emulsion is formed through this process, the presence of tannins is confirmed. 

Braymer's test  

One milliliter of PGE and GME were placed with three milliliters of distilled water in a ratio of 1 

to 3, additionally, six drops of ferric chloride were added. If the sample has a blue or green color, 

the presence of tannins is confirmed. 

5.3.4 Coumarins test 

10% NaOH test  

Two milliliters of each extract were added to each test tube, followed by one milliliter of sodium 

hydroxide and one milliliter of chloroform. The yellow color of the sample confirms the 

presence of coumarins. 
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5.3.5 Alkaloids test 

Dragendroff's Test  

To confirm the presence of alkaloids, two milliliters of each extract were combined with two 

milliliters of Dragendroff's reagent. The solution's color change to reddish-brown tones indicated 

a positive reaction for alkaloids. 

Wagner's Test 

One milliliter of each extract of GME and PGE in each essay tube reacted with two drops of 

Wagner's reagent. The color change to reddish-brown tones confirms the presence of alkaloids. 

5.3.6 Phytosterols test 

Acetic Anhydride test  

A quart of milliliter of each ethanolic extract was combined with one milliliter of the acetic 

anhydride reagent, followed by the slow addition of one milliliter of concentrated sulfuric acid. 

The confirmation of phytosterols' presence is indicated by a color change to violet, green, or blue 

in the sample. 

Hesse's response 

Four milliliters of mangosteen and pomegranate extracts were placed in separate test tubes with 

two milliliters of chloroform. Furthermore, 30 drops of sulfuric acid were introduced into each test 

tube. This resulted in the formation of two distinct layers, with a red ring forming at the interface 

of the chloroform layer in the lower portion. This observation indicates the existence of 

phytosterols in the extracts. 

5.3.7 Saponins test 

Sodium bicarbonate Test  

Two milliliters of each extract were combined with one milliliter of sodium bicarbonate solution 

and one milliliter of distilled water, followed by gentle agitation. The formation of foam indicates 

the presence of saponins in the sample. 
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5.3.8 Proteins and amino acid test 

Ninhydrin Test  

A 2% (w/v) ninhydrin solution in acetone was prepared. One drop of this solution was added for 

every 1 milliliter of each extract. A purple color change signifies the presence of these compounds. 

Xanthoproteic tests 

Two milliliters of each extract were combined with eight drops of concentrated nitric acid. The 

changes in the color of the solutions to yellow confirm the presence of xanthoproteic compounds. 

 Chemical Characterization of Extracts  

For the chemical characterization of GME and PGE, attenuated total reflection-Fourier transform 

infrared spectroscopy (ATR-FTIR) and high-performance liquid chromatography (HPLC) were 

used.  

The FTIR spectra were performed from wavenumber 650–4000 cm-1 with a resolution of 4 cm-1 

and four scans. The data were analyzed with Spectrum 10 software. 

An isocratic elution method was used for the chromatographic analysis; the mobile phases 

comprised acetonitrile (phase A) and 0.1% H₃PO₄ in water (phase B) using 95% phase A and 5% 

phase B for 10 minutes. The column temperature was maintained at 30°C, with a flow rate set at 

1 mL/min and an injection volume of 20 µl. Chromeleon software was used for data acquisition. 

 Determination of Total Polyphenol content of GME and PGE 

Initially, a stock solution of 1000 ppm of gallic acid was prepared. Standards were prepared in 

concentrations ranging from 20 to 160 ppm, along with the control. A solution of 20% sodium 

carbonate (w/v) was also prepared. The procedure began by adding fifty milliliters of distilled 

water and 1 milliliter of Folin-C phenol reagent into each test tube. Subsequently, 1 milliliter of 

each gallic acid standard was added. After six minutes, 3 milliliters of sodium carbonate were 

added under low-light conditions. After 2 hours, the absorbances were measured in triplicate at 

765 nm to establish the standard curve for gallic acid. Following this calibration, extracts were 

prepared, and the phenol content was quantified[95] . 
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 Determination of Antioxidant Activity by the Radical Scavenging DPPH Method 

The calibration curve was generated utilizing a 1mM solution of 2,2-Diphenyl-1-Picrylhydrazyl 

(DPPH) and a 1000ppm solution of gallic acid. Gallic acid standards ranging from 1 to 50 ppm 

were prepared, followed by the addition of DPPH until reaching a final volume of 5 mL. The 

samples were placed in a dark place shielded from light for 30 minutes. Subsequently, the samples 

were transferred into cuvettes, and their absorbance was measured at 515 nm. This procedure was 

repeated for both GME and PGE samples, and each experiment was conducted in duplicate. The 

percentage of DPPH inhibition was determined using the following equation: 

 % 𝐷𝑃𝑃𝐻 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = [
𝐴𝑐−𝐴𝑠

𝐴𝑐
] 100                                        (  1 ) 

Where: Ac—Control reaction absorbance; As—sample absorbance. 

5.6.1 Reaction Mechanism 

The DPPH radical is a methanol-soluble molecule that exhibits a violet color. Antioxidants can 

interact with this molecule by donating an electron or a hydrogen atom, thereby reducing it to 2,2-

diphenyl-1-hydrazine (DPPH-H)[96], which shows a yellow color, as indicated in Figure 6. This 

assay can be easily monitored using a spectrophotometer at 515 nm. 

 

Figure 6 Reaction mechanism DPPH radical reduce to2,2-diphenyl-1-hydrazine (DPPH-H) 
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The information on the antioxidant activity of the chemical acid and the PGE and GME extracts 

was analyzed using the Origin software. The logarithmic equations provided the best fit for the 

data in this research, allowing the determination of IC50 values. To find the IC50 for each extract, 

the corresponding 50 percent inhibition was substituted into the equation relative to the DPPH 

value, enabling the calculation of the specific concentration required. 

 It is adjusted using the logarithmic calculations based on the following equation: 

 𝑦 = 𝑎 log(𝑥) + 𝑏                                   (  2 ) 

The EC50 was calculated using the equation obtained for each graph with y=50. 

Extracts exhibiting higher antioxidant activity, as indicated by lower IC₅₀ values, are more 

effective in neutralizing free radicals and mitigating oxidative stress within the wound area. This 

enhanced antioxidant capacity can potentially lead to improved wound healing outcomes. 

Specifically, lower IC₅₀ values signify that a minor extract concentration is required to achieve 

50% inhibition of radical activity. Conversely, higher IC₅₀ values imply that a greater concentration 

is necessary to reach the same level of inhibition. Extracts with elevated IC₅₀ values may 

demonstrate reduced antioxidant efficacy, which could adversely affect their effectiveness in 

promoting wound healing. 

 Pomegranate and mangosteen peel extracts antimicrobial studies 

Disk diffusion susceptibility tests were performed following recent CLSI guidelines. The test was 

carried out for each of the extracts GME and PGE. The study was conducted following the 

standardized single-disk method for research on antibiotic susceptibility [97]. The strains used in 

this study were S. aureus (ATCC 25923) and E. coli (ATCC 25922), respectively, were diluted to 

a turbidity of 0.5 McFarland standard and inoculated in three different orientations on Mueller-

Hinton agar plates with the help of a cotton swab. Paper filter disks (Whatman TM) with a diameter 

of 6mm were then applied onto the surface of the plates, and 10 µl of each plant extract was 

placed onto the disks. As positive controls, the following concentrations were used: ampicillin 

(Genamerica SA, Ecuador), 100 µg/mL for E. coli and 5 µg/mL for S. aureus, respectively. 

Plates were incubated for 16 hours at 37°C in an atmosphere of CO2. The GME and PGE inhibition 

zones were measured to determine their antibacterial efficacy. The test was carried out in triplicate 
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to ensure the reliability of the data. The inhibition halos were also observed under a stereoscope to 

confirm the antimicrobial effect of the extracts. 

 Wound healing test 

Mouse embryonic fibroblast cells (NIH-3T3, SIGMA-ALDRICH) were cultured in Dulbecco's 

Modified Eagle Medium (DMEM) containing high glucose, supplemented with 100 U/mL 

penicillin, 100 µg/mL streptomycin, and 10% bovine calf serum in culture flasks until achieve 

80% of confluency.  A 0.5 mL cell suspension volume was seeded in a 24-well plate equivalent to 

250000 cells/well. After 24 hours, the medium was replaced with fresh medium. Standards of 

GME and PGE were prepared in DMSO and PBS, respectively. GME concentrations ranged from 

1 to 30 µg/mL, while PGE concentrations ranged from 5 to 100 µg/mL. After adding fresh medium 

to the cell culture, the specified treatments were applied, and wounds were induced in the 

monolayer, creating a scratch that mimicked a wound. Throughout the experiment, wound healing 

progression was monitored using an inverted microscope at 0, 24, and 48 hours, enabling 

measurement of wound healing progress and evaluation of cellular activities such as migration. It 

was monitored using the trinocular Microscope in 10x magnification. The plates were incubated 

in a controlled humidity with 5% CO2. The study involved a comparison between the control and 

the extract samples. Welch's t-test was employed for statistical analysis to assess the significance 

of differences between these two groups. Measurements of the wound area were obtained in pixels 

using ImageJ software. Five measurements were taken for wound opening and multiplied by a 

height, and the area was calculated. The following equation was then utilized to determine the 

wound confluence: 

 % 𝑤𝑜𝑢𝑛𝑑 𝑐𝑜𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 = [
𝐴𝑜−𝐴𝑓

𝐴𝑜
] 100                                        (  3 ) 

Where: Ao—Initial area; Af—final area. 

 Preparation of hydrogel films 

Hydrogel films were synthesized utilizing the solvent casting technique. Initially, stock solutions 

were prepared: 2% (w/v) chitosan in 2% (v/v) acetic acid and 2% (w/v) hydroxyethylcellulose 

under stirring at 400 rpm for two days, followed by degassing using an ultrasound bath. A Solution 

of 2% (w/v) citric acid was used as a cross-linking agent and 1% (w/v) glycerol as a plasticizer. 
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Chitosan was added using a homogenizer operating at 7000 rpm for 15-minute intervals between 

each solution addition to ensure homogeneity. Subsequently, hydroxyethylcellulose was 

incorporated until a faint yellow color was attained. Next, a crosslinking agent and glycerol were 

added. The samples were heated in an oven at 90°C for one hour. Afterward, they were taken out 

and allowed to cool to room temperature. Finally, each mixture was transferred into Petri dishes 

and dried at room temperature for three days. The CH: HEC polysaccharides were evaluated in 

ratios of 3:1 and 1:1. Additionally, the effect of increasing the concentration of the cross-linking 

agent and plasticizer on the final properties of the material as depicted in Table  2. 

 

 

 

 Preparation of Hydrogel film with extracts 

The final hydrogel films were prepared using the composition of CHL3-HEC1-CA5-GL 1, 

selected for its chemical structure, swelling, adhesiveness, and mechanical properties suitable for 

the inclusion of the extracts of GME and PGE. The preparation followed the previously described 

methodology for hydrogel films, with slight modifications. Ethanolic extracts of GME and PGE 

were incorporated inside the mix in situ. Previously, the extracts were dissolved with ethanol as 

the solvent and slowly added by drip. After adding extracts, the stirring continued for half an hour 

until it presented a homogeneous appearance. The mixtures were then subjected to an oven at 70°C 

Formulation Code Composition films 

 
CH-LMW 2% 

(mL) 

HEC 2% 

(mL) 
CA 2% (mL) Gl 1% (mL) 

CHL3-HEC1-CA5-GL 1 45 15 5 1 

CHL1-HEC1-CA5-GL 1 30 30 5 1 

CHL3-HEC1-CA10-GL 1 45 15 10 1 

CHL1-HEC1-CA10-GL 1 30 30 10 1 

CHL3-HEC1-CA5-GL 5 45 15 5 5 

CHL1-HEC1-CA5-GL 5 30 30 5 5 

Table  2 Composition of the different initial films 
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to prevent the decomposition of active compounds. After, the samples were transported in an 

ultrasound bath for 30 minutes at 40 °C. The samples were then cooled to room temperature. The 

resulting blends were transferred into Petri dishes and dried in an extraction hood for three days. 

Figure 7 details the manufacturing process of hydrogel films with extracts in Table  3. Below is 

the composition of the different film variations and the different amounts of extracts of GME and 

PGE included in hydrogel films. In our previous antibacterial studies, we investigated various 

concentrations of each extract. We calculated the quantity of each extract required based on the 

dimensions of the diffusion disks used in the assays, specifically the low concentrations of 

inhibitions, and the value increased tenfold. These values were then extrapolated to determine the 

amounts needed to cover the entire surface area of the Petri dishes. 

 

Formulation Code   Hydrogel final composition 

 CH(2% w/v) HEC (2% 

w/v) 

CA(2% 

w/v) 

Gl(1% v/v) GME PGE 

 % v/v    % w/v % w/v 

CH-HEC 63.4 21.12 14.08 1.40 - - 

GME1 63.4 21.12 14.08 1.40 0.20 - 

GME2 63.4 21.12 14.08 1.40 2.0 - 

PGE1 63.4 21.12 14.08 1.40 - 1.05 

PGE2 63.4 21.12 14.08 1.40 - 2.11 

GME1-PGE1 63.4 21.12 14.08 1.40 0.20 1.05 

Table  3 Proportion of hydrogel films with and without content of ethanolic extracts of Mangosteen and Pomegranate 

 Thickness, Weight Variation  

The thickness of the synthesized materials was measured using a digital micrometer REXBETI. 

Thickness measurements were randomly taken at different positions on the film, with five 

repetitions for each sample. [98]. Samples with petri dish dimensions were weighed, and weight 

fluctuations were assessed [99]. 

 Chemical Characterization of hydrogel films 

ATR-FTIR spectroscopy was used to characterize hydrogel films chemically. The FTIR spectra 

were performed from wavenumber 650–4000 cm-1 with a resolution of 4 cm-1 and four scans.  
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Figure 7 Preparation scheme of hydrogel films loaded in situ with extracts 
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 Swelling ratio 

The hydrogel films were initially cut into dimensions of 1x1 cm². Before immersion, the samples 

were weighed using a Cobus precision analytical balance. The samples were then submerged in 

three different liquid mediums. The first swelling study was conducted in deionized water. The 

second swelling study used phosphate buffer solution (PBS), a commonly used buffer in biological 

research. The third swelling study used simulated body fluid (SBF), a solution closely mimicking 

the ion concentrations found in human blood plasma. The swelling study was carried out in 10-

minute intervals. The immersed samples were removed from the liquid medium and weighed, and 

the excess liquid was removed using filter paper to eliminate residual moisture. The samples were 

then re-immersed, which was repeated until it reached 3 hours. The swelling ratio was determined 

by correlating the weight of the dry film (Wd) with the weight of the swollen film (Ws) using the 

following equation. 

 % 𝑆𝑤𝑒𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 = [
𝑊𝑠− 𝑊𝑑

𝑊𝑠
] 100                                        ( 4) 

Where: Wd—weight of the dry film; Ws— weight of the swollen films. 

 

5.13.1 Preparation of Phosphate Buffered Saline (PBS) 

All materials undergo a thorough cleaning with a neutral detergent. Subsequently, they were 

immersed in a 0.1M HCl solution for two hours and thoroughly rinsed with distilled water multiple 

times. Afterward, the materials were wrapped in aluminum foil until ready for use. If any materials 

were damp, they were dried at 50°C[100].700 mL of deionized water was added into a beaker and 

magnetic stirred at 36.5°. Each reagent was added in the following order: 8g of NaCl, 0.2g of KCl, 

1.44g of Na2HPO4, and 0.24g of KH2PO4. The pH variation followed the process; after adding all 

solvents, the pH was adjusted to 7.4 using a diluted HCl solution. Finally, the volume was adjusted 

to 1L using a volumetric flask and transferred into a plastic bottle to store it at room 

temperature[101]. 

5.13.2 Preparation of Simulated Body Fluid (SBF) 

The same principle of cleaning materials for PBS was followed before preparing the SBF solution. 

Once the materials were cleaned. The Simulated Body Fluid (SBF) solution was meticulously 
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prepared in a dust-free environment. In a 2000 mL beaker, 700 mL of deionized water was stirred 

at 37°C. Sequentially, the following amounts of each reagent were added in the following order: 

7.956 g of NaCl, 0.353 g of NaHCO3, 0.224 g of KCl, 0.176 g of K2HPO4, 0.143 of MgCl2, 40 mL 

of 1M HCl, 0.2897 g of CaCl2, and 0.071 g of Na2SO4, ensuring complete dissolution of each one 

before the next addition. The pH was carefully monitored and adjusted by slow addition of 

(CH2OH)3CNH2 (tris(hydroxymethyl)aminomethane until reaching 7.4 at 36.5-37°C. After 

transferring the solution to a 1000 mL volumetric flask and adjusting the volume with distilled 

water, the SBF solution was stored in a sterile bottle at 4 °C for swelling tests[100]. 

 Transparency/Opacity 

The transparency and opacity of hydrogel films containing mangosteen and pomegranate extracts 

were examined using the methodology outlined in [102], [103], [104]. The films were prepared in 

rectangular shapes and positioned within the cells. Measurements were taken at a wavelength of 

600 nm, with air serving as the reference blank. The transparency and opacity values were 

calculated and reported as percentages using the following equation. 

           𝑇𝑟𝑎𝑛𝑠𝑝𝑎𝑟𝑒𝑛𝑐𝑦 % =
𝐴

𝐿
                                        (5) 

                   𝑂𝑝𝑎𝑐𝑖𝑡𝑦 = 𝐴 ∗ 𝐿                                        (6) 

Where: A-Absorbance at 600 nm e; L film thickness in mm. 

 

 Thermogravimetric analysis TGA 

The thermal stability of hydrogel films composed of hydroxyethylcellulose and chitosan, with and 

without extract content of GME and PGE, was evaluated using thermogravimetric analysis. The 

analysis was performed from room temperature up to 800°C under a controlled atmosphere, with 

a heating rate of 10°C/min. The sample weight was continuously monitored and recorded 

throughout the analysis as a function of temperature increase. 
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 Mechanical Strength of Films 

Dry and hydrated films were analyzed for tensile strength, elongation at break percentage, and 

Young's modulus, adhering to the ASTM D638 standard. The testing was conducted at a speed of 

10 mm/min. The measurements for tensile strength, elongation at break, and Young's modulus 

were obtained through five repetitions with each sample. The specimens were cut to the 

dimensions detailed in Figure 8 and clamped in the machine's jaws. 

 

Figure 8 Dimensions of specimens for mechanical tests 

 Scanning electron microscope 

The surface morphology of the films with and without loading of extracts was analyzed. Before 

analysis, the samples were meticulously prepared by cutting them into 1 x 1 cm dimensions and 

securing them onto cylindrical copper supports. The films were dried in a desiccator. The samples 

were analyzed under vacuum conditions and applying 15-20 Kv. 

 Antimicrobial study of hydrogel films with GME and PGE 

The in vitro antibacterial efficacy of hydrogel films was assessed using the disc diffusion method 

against Staphylococcus aureus and Escherichia coli. The essay was carried out using the 

methodology previously described in antimicrobial studies of the extracts of GME and PGE. The 

modification was based on the change in the use of Whatman paper for films without extracts and 

with different mixtures of GME and PGE. Before testing, the films were dried in a desiccator for 

24 hours and then cut to match the dimensions of the discs used in the diffusion tests, specifically 

6 mm in diameter. The films were irradiated with ultraviolet light on each side for 30 minutes. 
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Agar plates were inoculated with Staphylococcus aureus and Escherichia coli and incubated for 

16 hours at 37°C in a CO2-enriched atmosphere. The inhibition zones for films containing extracts 

and those without extracts were measured to evaluate their antibacterial activity. The experiment 

was conducted in triplicate to ensure the reliability of the results. 

 Cell culture 

The hydrogel films were prepared in a laminar flow cabinet to avoid contamination. After drying 

at room temperature in an isolated environment according to the film synthesis methodology, 3 

mL of PBS was added to each well. The films were placed at 37°C in an oven for 24 hours to 

achieve maximum swelling. Subsequently, the films were irradiated with UV light for 15 minutes, 

and the excess PBS was removed. Following this, the previously established wound healing 

procedure was carried out, omitting the scratching step. Cellular behavior on the hydrogel films 

was monitored at 0 and 24 hours using a trinocular microscope at 10x magnification. 
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6 RESULTS AND DISCUSSION 

 GME and PGE Extracts 

6.1.1 Qualitative phytochemical analysis 

Plant parts, including their fruits, contain a variety of phytochemicals, categorized as primary and 

secondary metabolites, known for their healing, anti-inflammatory, antibacterial, and other 

beneficial properties crucial for wound dressing development [105], [106]. Phytochemical 

screening of mangosteen and pomegranate pericarps has identified several bioactive compounds, 

as depicted in Table  4. The ethanolic extract of mangosteen peel contained flavonoids, phenols, 

tannins, coumarins, saponins, proteins, and amino acids [107].  These compounds were extracted 

using ethanol as a polar solvent. [108].  The extracted compounds have a hydrophilic character; 

they are poorly soluble in water. Similarly, the pericarp of pomegranate is rich in flavonoids, 

phenols, tannins, coumarins, and saponins [109]. Contrary to the Mangosteen, this extract is 

hydrophilic. The phytochemical profiles of both mangosteen (GME) and pomegranate (PGE) 

extracts confirm their enrichment with phenols, tannins, flavonoids, saponins, proteins, and amino 

acids, detailed in Images illustrating these assays are shown in Figure 9. Alkaloids were absent in 

both extracts, confirmed by Dragendroff's and Wagner's tests, while tests for phytosterols were 

negative using Acetic Anhydride and Hesse's test. Several constituents analyzed in this study are 

pertinent to wound healing and skin maintenance [110]. 

Ethanolic extract Mangosteen Pomegranate 

Flavonoids ++ +++ 

Phenols + ++ 

Tannins  +++ ++ 

Coumarins ++ + 

Alkaloids - - 

Phytosterols - - 

Saponins + ++ 

Proteins and amino 

acid 
++ - 

Table  4 Screening of major phytochemical compounds in the peel Mangosteen and pomegranate. 
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Figure 9 Reactions of screening of major phytochemical compounds in the peel a) Mangosteen and b) pomegranate. 

6.1.2 Analysis of extracts using FTIR Spectrophotometer 

The FTIR spectra of mangosteen pericarp extract detail in Figure 10 exhibit characteristic signals 

of xanthones. A broad absorption band at 3343 cm⁻¹ corresponds to the stretching vibrations of O-

H, attributed to water molecules, hydroxyl groups, and hydrogen bonds. The signals at 2966 cm⁻¹ 

and 2922 cm⁻¹ indicate the asymmetric stretching vibrations of methyl (CH₃) and methylene (CH₂) 

groups, respectively, while the signal at 2854 cm⁻¹ arises from the symmetric stretching vibration 

of methylene (CH₂) groups. Signals at 1605 cm⁻¹, 1579 cm⁻¹, and 1459 cm⁻¹ suggest the presence 

of aromatic structures, whereas signals at 1278 cm⁻¹ and 1222 cm⁻¹ are associated with phenolic 

C–O stretching, characteristic of polyphenolic compounds. The strong band at 1433 cm⁻¹ arises 

from CH₂ bending, and bands at 1374 cm⁻¹ correspond to CH₃ bending. Furthermore, bands at 

1184 cm⁻¹, 1154 cm⁻¹, and 1044 cm⁻¹ denote the stretching vibrations of C–O from the ether and 

hydroxyl groups. Bands at 901 cm⁻¹, 774 cm⁻¹, and 681 cm⁻¹ originate from –HC=CH– (trans) out-

of-plane bending, –HC=CH– (cis) out-of-plane bending, and –(CH₂) n; –HC=CH- bending, 

respectively. Signals at 1717 cm⁻¹ and 1770 cm⁻¹ arise from the stretching vibrations of carbonyl 



34 

 

(C=O) groups in carboxylic acids, ketones, and esters, or both [111], [112]. All signals 

corresponding to GME are summarized in Table  5. 

In the infrared spectrum of pomegranate extract (PGE) depicted in Figure 10, a broad signal at 

approximately 3307 cm⁻¹ is attributed to the stretching vibrations of hydroxyl groups in carboxylic 

acids, alcohols, and phenols. The signals at 2971 cm⁻¹ and 2931 cm⁻¹ represent the asymmetric 

stretching vibrations of methyl (CH₃) and methylene (CH₂) groups, respectively, while the signal 

at 2880 cm⁻¹ is due to the symmetric stretching vibration of methylene (CH₂) groups. The signal 

at 1716 cm⁻¹ corresponds to the stretching vibration of carbonyl groups in carboxylic acids, 

ketones, and aldehydes, or both. The signal at 1603 cm⁻¹ represents the stretching vibration of C=C 

bonds in aromatic structures. Additionally, a significant band in the PGE spectrum occurs at 1029 

cm⁻¹, associated with the stretching vibration of C-O bonds in alcohols. All signals corresponding 

to PGE are summarized in Table  6. 

 

Figure 10 FTIR extracts GME and PGE 
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Wavenumber (cm−1) Functional Group/Observation 

3343 
O-H stretching (water molecules, 

hydroxyl groups, hydrogen bonds) 

2965 Asymmetric CH₃ stretching 

2923 Asymmetric CH₂ stretching 

2854 Symmetric CH₂ stretching 

1771 
(C=O) groups stretching vibration of 

unconjugated carbonyl 

1717 
(C=O) groups stretching vibration of 

unconjugated carbonyl 

1642 unconjugated C=C stretching vibration 

1605 Aromatic structures 

1579 Aromatic structures 

1459 Aromatic structures 

1433 CH₂ bending 

1374 CH₃ bending 

1278 Phenolic C–O stretching 

1222 Phenolic C–O stretching 

1184 
C–O stretching (ether and hydroxyl 

groups) 

1154 
C–O stretching (ether and hydroxyl 

groups) 

1044 
C–O stretching (ether and hydroxyl 

groups) 

901 -HC=CH- (trans) out of plane bending 

774 -HC=CH- (cis) out of plane bending 

681 -(CH2) n; -HC=CH- bending 

Table  5 IR Band Assignments of Mangosteen Ethanolic Extract. 
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Wavenumber (cm−1) Functional Group/Observation 

3307 
Hydroxyl groups. Stretching vibrations (carboxylic acids, 

alcohols, phenols) 

2971 CH₃ groups Asymmetric stretching vibrations 

2929 CH₂ groups Asymmetric stretching vibrations 

2880 CH₂ groups Symmetric stretching vibration 

1716 
Carbonyl groups Stretching vibration (carboxylic acids, 

ketones, aldehydes) 

1612 Aromatic structures Stretching vibration of C=C bonds 

1029 Alcohols Stretching vibration of C-O bonds 

Table  6 IR Band Assignments of Pomegranate Ethanolic Extrac 

 

 

6.1.3 HPLC Profiling of Mangosteen and Pomegranate  

The characteristic UV-Vis absorption spectra of each component were used to identify it, 

providing valuable insights into the composition of both extracts.  

Figure 11 illustrates the chromatogram of the ethanolic extract of pomegranate, and Figure 12 

shows the UV-vis spectra of each component. The chromatogram indicates that the extract consists 

of three major components with retention times of 1.73, 2.08, and 2.49 minutes. The UV spectra 

were recorded to identify the compounds and compared with reference data from the literature 

from Sigma standards. The spectra UV-vis of all components shows absorptions maximus 

characteristics of flavonoids between 250-270 nm associated with the A-ring benzoyl system and 

between 350-385 nm associated with the B-ring cinnamoyl system[113]. 
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Figure 11 HPLC chromatogram of P. Granatum ethanolic extract 

 

Figure 12 UV-Vis spectra from P. Granatum extract ethanolic. 
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Figure 13 displays the chromatogram of the ethanolic extract of Mangosteen, while Figure 14 

shows the UV-Vis spectra of each component. The chromatogram of the mangosteen pericarp 

extract indicates that the extract consists of two major components with retention times of 4.04 

minutes and 5.46 minutes. The UV-vis spectra of both components exhibit characteristic 

absorption maxima of an aromatic benzene chromophore, indicating the presence of a xanthone 

nucleus. The UV spectra were recorded to identify the compounds and compared with reference 

data from the literature from Sigma standards. Detailed spectral analysis permitted the 

identification of both components as γ-MG and α-MG, consistent with the literature on mangosteen 

pericarp [114], [115] 

The UV–vis spectra of α-MG and γ-MG exhibited maximum absorption peaks at 243, 317, and 

352 nm, consistent with the reported literature [116]. The peak at 243 nm corresponds to the C=C 

chromophore involving π → π* transitions, while the peak at 317 nm is attributed to the C=O 

chromophore with n → π* transitions. Additionally, a shoulder observed at 265 nm suggests the 

presence of the C-O-C chromophore involving n → σ* transitions [117].  

 

Figure 13 HPLC chromatogram of G. Mangostana ethanolic extract 
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Figure 14 UV-Vis spectra from G. Mangostana extract ethanolic. 

 

6.1.4 Total phenol content of Pomegranate and Mangosteen Peel 

The total polyphenolic compound content analysis provides valuable insights into the bioactive 

components found in plants. These compounds are known for their potential to protect against skin 

injuries, and their therapeutic effects include anti-inflammatory, anticancer, and antioxidant 

properties[118], [119]. As a result, the highest extraction yield, 5.55 g, was obtained from the 

ethanolic extract of pomegranate (GE), followed by mangosteen (GM) with 1.17 g. The total 

phenolic content of these extracts was assessed using a standard curve constructed with gallic acid, 

correlating absorbance with concentration. The gallic acid analysis produced a linear curve, 

depicted in Figure 15, with the equation y = 0.0049x + 0.0046 and an R2 value of 0.9902.  The 

total phenolic results for each extract are represented in  Table  7. Additionally, Figure 16 

represents the standards used for testing the total phenolic content of the extracts. 

Biologically active substances are present in plant-based foods, but a substantial quantity of this 

raw material is lost during processing without being consumed or utilized. This loss, which occurs 

yearly and is estimated at 1300 million of food, by-products, and waste, including fruit peels and 

other agricultural leftovers, is a significant concern [120]. The peel of Pomegranate fruit 

constitutes between 40% and 50% of its total weight. It contains bioactive compounds such as 

phenolic acids, polyphenols, and flavonoids, known for their physiological effects, including anti-

inflammatory, antibacterial, antioxidant, and anticancer properties [121], [122]. Approximately 
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73.47% of the mangosteen fruit's weight is accounted for by its peel. The pericarps of mangosteen 

are rich in various compounds, including xanthones, tannins, triterpenoids, benzophenones, 

flavonoids, anthocyanins, and phenolic compounds[76], [123]. 

According to the results obtained, it is appreciated that the total phenolic content is higher for GM 

than for PG. According to our results, the total phenolic content of PG and GM peels were 362.5 

and 287.90 GAE/g, respectively. Results compatible with pomegranate extracts in the 276 to 413 

GAE/g reported by Derakhshan[124]. On the other hand, the total phenol content of GME by 

maceration is below that of ethanolic extraction using the Soxhlet apparatus obtained by Udaya of 

413 mg GAE/g obtained by Udaya[125]. When a wound occurs, reactive oxygen species are 

released to repair damaged tissues implicated in granulation, cellular proliferation, inflammation, 

angiogenesis, and extracellular matrix synthesis [126], [127]. However, an excess of these species 

can prolong the healing processes, ceasing to be beneficial[128]. Phenolic extracts have the 

potential to reduce oxidant species during the wound healing process, but more clinical trials are 

required[129], [130], [131], [132]. 

 

Figure 15 Gallic acid standard calibration curve for the quantification of total phenolic compound 
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Extract Yield of crude extract 

g/100 g sample 

Total phenolics 

(mg GAE/g) 

GME 0,5 287.90 

PGE 0,15 362.5 

Table  7 Extraction yields, total phenolics from G. mangostana and P granatum ethanolic extracts 

 

` 

 

 

 

 

 

 

 

6.1.5 Antioxidant DPPH assay protocol 

Free radicals have been demonstrated to regulate oxidative stress levels and facilitate tissue 

regeneration [133]. Physiologically, forming free radicals and antioxidant defenses leads to 

oxidative stress, which prompts mitochondrial and membrane-level alterations and 

mutations[134]. Free radicals are generated by the electron transport chain and the membrane-

associated nicotinamide adenine dinucleotide phosphate (NADPH) oxidase (NOX) enzyme 

complex[129], [133]. These biological oxidants are often described as damaging. However, an 

appropriate level of them is vital for wound healing, as angiogenesis, hemostasis, and re-

epithelialization benefit from these compounds[135], [136]. 

The antioxidant capabilities of two extracts, GME and PGE, were assessed relative to gallic acid. 

This comparative analysis involved determining their IC50 values plotted on a concentration 

versus DPPH inhibition graph. As depicted in Figure 17 and summarized in Table  8, GME 

Figure 16 Calibration standards before and after 2 hours for measurements 

for the calibration standard curve 
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exhibited an IC50 of 3.34 µg/mL, while PGE showed an IC50 of 11.70 µg/mL, both compared to 

gallic acid's IC50 of 1.02 µg/mL.  

 These results suggest that mangosteen extract exhibits the highest antioxidant activity compared 

to pomegranate. The GME extract approaches the standard closely, serving as a strong indicator 

of its antioxidant capacity. In contrast, pomegranate demonstrates the lowest effect. Tjahjani et al. 

[137] report the mangosteen peel extract using different solvents, one of them being 96% ethanol, 

finding an IC50 of 7.48 µg/mL, concluding that mangosteen has potential antioxidant properties. 

Another study conducted in Malaysia, using microwave-assisted extraction of both mangosteen 

seed and rind, found IC50 values of 37.54 and 9.40 µg/mL, respectively[138]. On the other hand, 

a study in Egypt found that the IC50 for pomegranate extracted with ethanol and under heating 

conditions had an antioxidant activity with an IC50 of 14.6 µg/mL[139]. Therefore, the 

incorporation of these types of extracts into biomaterials, such as films and hydrogels, may 

potentially encapsulate and release these active compounds to wounds, potentially improving the 

healing processes[140], [141], [142], [143]. 

 

Figure 17 Graph of ethanolic extracts concentration versus % DPPH inhibition. 
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 Extract IC50 (g/mL) 

1 GA 1.02 

2 GME 3.34 

3 PGE 11.70 

Table  8 EC50 in DPPH radical scavenging activity. 

 

 

Figure 18 Mangosteen essay DPPH 

 

6.1.6 Extracts of mangosteen and pomegranate peel antimicrobial studies 

Antibacterial agents can help reduce bacterial colonization, preventing infections and 

inflammation that can disrupt healing processes. By reducing bacterial agents, the efficacy of 

active drugs or compounds that promote effective and quick wound healing is improved[144]. 

This comprehensive study meticulously analyzed the antibacterial effect of mangosteen (GME) 

and pomegranate (PGE) extracts. The inhibition of both extracts shown in Table  9 and  Figure 19 

against E. Coli and S. Aureus were thoroughly analyzed, with ampicillin used as a control. GME 

was studied in the following range of concentrations (100-0.01) mg/mL, showing bacterial 

susceptibility for both strains S. Aureus and E. Coli, respectively, applying 10 µL of each extract. 

The extract produced inhibition zones from (9.30-10.45) mm to S. Aureus. On the other hand, 

using the extract had lower susceptibility to E. Coli than S. Aureus, obtaining inhibitions from 7.44 

to 9.10 mm for E. Coli. The MBC found for GME in this study were 0.125 mg/mL and 5 mg/mL 

for S. Aures and E. Coli, respectively, as indicated in Table  10. These findings are consistent with 

and even slightly more inhibition than reported Chaiwarit and colleagues reported antibacterial 
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activities of GME utilizing 20 µl at a concentration of 10 mg/mL, resulting in inhibition zones 

measuring 9.19 mm and 8.94 mm for S. Aureus and E. Coli respectively [145]. In our study, we 

used half the volume and obtained effects similar to those reported in the literature. 

The inhibition zones observed in this study are attributable to the active compounds present in the 

GM extract. This finding aligns with previous research that has demonstrated the inhibition of both 

Gram-positive and Gram-negative bacteria by GM ethanolic extract [145], [146]. Specifically, the 

extract effectively inhibits E. coli and S. Aureus due to flavonoids and phenolic compounds, which 

are extracted via maceration. Compounds such as α-mangostin and γ-mangostin in the extract have 

been particularly noted for their efficacy against Gram-negative bacteria [74]. Our study further 

confirms the presence of xanthones, tannins, saponins, and flavonoids, all exhibiting inhibitory 

activity against Gram-positive and Gram-negative bacteria. The mechanism of inhibition involves 

peptides that bind to the genetic material, leading to membrane damage and subsequent cell death 

[147]. 

Pomegranate extract (PGE) within the 100 mg/mL concentration range to 0.01 mg/mL exhibits 

inhibitory effects against Staphylococcus aureus and Escherichia coli. PGE is particularly effective 

against S. aureus at higher concentrations, with the minimum bactericidal concentration (MBC) 

determined to be 25 mg/mL, resulting in an inhibition zone of 8.5 mm. For E. coli, a higher 

concentration of 75 mg/mL is required to achieve an inhibition zone of 6.5 mm, as shown in Table  

10.  According to Mahmood et al., the ethanolic extract of pomegranate demonstrates significant 

inhibition, with 50 μl producing inhibition zones of 25 mm for S. aureus and 9 mm for E. coli, 

respectively [148]. In contrast to our study, the results of better antibacterial effectiveness and a 

lower volume used may be related to the maceration method and the 96% ethanol solvent. 

The compounds present in pomegranate extract have been shown to have biological activity, which 

resulted in the formation of zones of inhibition more significant for S. aureus than for E. coli. 

Analogous studies have reported the effectiveness of PGE against E. coli and S. aureus[149], 

[150]. The antibacterial effect is based on the fact that most of the components are antioxidant 

polyphenols by the presence of tannins and flavonoids[151]. Polyphenols provide plants with 

protection against bacteria and fungi[152]. The study confirmed the presence of flavonoids, 

phenolic compounds, tannins, coumarins, and saponins. The priority of polyphenols can explain 

the mechanism of bacterial death. Phenolic compounds can diminish virulence by reducing cells' 
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biofilms, forming ligands, and neutralizing bacterial toxins. Consequently, this decreases energy 

metabolites or nucleic acid production [153]. The extracts show antibacterial activity against the 

two bacterial strains used, demonstrating potential for inclusion in biomaterials for wound healing 

applications. 

GME 

Concentration 

(mg/mL) 

Staphylococcus 

aureus 

inhibition   

(mm) 

Escherichia 

coli 

inhibition 

(mm) 

PGE 

Concentration 

(mg/mL) 

Staphylococcus 

aureus 

inhibition   

(mm) 

Escherichia 

coli 

inhibition 

(mm) 

GME PGE 

100  10,45 ± 1.20 9,10 ± 0.50 100  16.83 ± 0.25 7,5± 0.15 

75  10,20 ± 0.50 9,02 ± 0.35 75  15,21± 0.15 6,5± 0.46 

50  9,86 ± 0.25 8,55 ± 0.41 50  11,7± 0.34 - 

25  9,71 ± 0.47 8,15 ±0,33 25  8,5 ± 0.29 - 

10  9,70 ± 0.29 7,53 ±0.15 10  - - 

5  9,52 ± 0.46 7,44 ±0.14 5  - - 

1  9,40 ± 0 ,25 - 1  - - 

0,25  9,38 ± 0,29 - 0,25  - - 

0,125  9,30 ± 0,66 - 0,125  - - 

0,01  - - 0,01  - - 

Table  9 GME and PGE extracts against S Aureus and E Coli 

 

GME 

Concentration 

(MBC)      

(mg/mL) 

S. Aureus 

inhibition 

(mm) 

E. Coli 

inhibition 

(mm) 

PGE 

Concentration 

(MBC)    

(mg/mL) 

S. Aureus 

inhibition 

(mm) 

E. Coli 

inhibition 

(mm) 

 GME PGE 

0,125  9,30± 0,66 - 25 mg/mL 8,5 ± 0.29 - 

5  - 7,44 ±0.14 75 mg/mL - 6,5± 0.46 

Table  10 MBC for GME and PGE extracts against S. Aureus and E. Coli 
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Figure 19 Diffusion disk of GME and PGE extracts against S Aureus and E Coli and inverted microscope 
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6.1.7 Wound healing assay 

Images of NIH3T3 cells for control and inclusion of GME and PGE extracts for the wound assay 

are depicted in Figure 20. Calculation of confluence using Welch's t-test analysis and the ImageJ 

program to quantify wound confluence indicates an increase in fibroblast migration was observed 

in the sample treated with 50 µg/mL GME compared to the control, showing an increase from 33% 

to 44% in wound closure at 24 hours. At 48 hours, the wound closed entirely without evidence of 

significant changes within the control and GME. 

The results suggest that GME extract could contribute to a more efficient and safe healing process 

by improving the cell migration rate. These findings align with experiments comparing povidone 

to Mangosteen at 100 µg/mL, where mangosteen extract demonstrated more effective induction of 

fibroblast migration in 3T3-CCL92 [154]. Siriwattanasatorn et al. [155] reported on Thai 

medicinal plants, the Mangosteen ethanolic extract of pericarp in the concentrations (1-10) µg/mL, 

indicating that 2.5 µg/mL of GME ethanol extract can reduce wound area to 48.42% of the original 

wound area at 24 hours. Pugar et al. [156]the combination of alginate and mangosteen pericarp 

extract was studied, finding an increase in fibroblasts, collagen density, and macrophages in 

diabetic wounds. Xanthones exhibit antioxidant and anti-inflammatory activities and can also 

scavenge free radicals in diabetic patients. Tatiya-aphiradee and colleagues[157] report studies on 

wounds in mice found that garcinia mangosteen extract reduces proinflammatory cytokines, shows 

antimicrobial activity, and helps wound healing. The possible mechanism of wound healing and 

proliferation could be related to lowering superoxide anion levels and decreasing nitric oxide 

[155]. The studied extract holds promise for treating acute wounds and diabetic ulcers. 
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Figure 20 Representative images Scratch assay 10x for control and GME 50 ug/mL in the following time intervals 0h, 24h y 48h. 
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 Characterization of Composite Hydrogel CHHEC 

6.2.1 Fourier transform infrared FT-IR  

The FTIR structural differences between CH and CHHEC spectra confirmed the chemical and 

physical crosslinking of the composite hydrogel. Figure 21 compares the spectra of chitosan with 

that of the composite hydrogel, revealing notable distinctions. In the chitosan spectrum, a band 

centered at 3325 cm−1 is observed, resulting from overlapping the –OH and –NH2 stretching 

vibrations; its widening is due to intramolecular hydrogen bonds. Moreover, it was possible to 

distinguish the signals associated with N-H stretching of the NH2 group at 3360 and 3295 cm−1. 

These distinctions significantly impact our understanding of the composite hydrogel's structure 

and properties. 

In the hydrogel composite spectrum, this band exhibited a shift, broadening and increased 

intensity, suggesting a physical crosslinking due to the formation of hydrogen bonding and ionic 

interaction between the amine groups from chitosan and both the COO– groups of citric acid and 

hydroxyl groups of HEC, or both. Also, an increase in the intensity of the signals between 1700-

1200 cm−1 compared to the bands of saccharide chains is observed; this could indicate the 

formation of new amide bonds and the presence of free COO– groups from citric acid forming 

ionic interactions with the NH3
+ group of chitosan. The second derivative of both spectra was 

obtained to analyze this region in more detail, as shown in Figure 22. 

In the second derivative of the chitosan spectrum, it is possible to distinguish the signals 

corresponding to amide I (C=O stretching band from -NHCOCH3) at 1656 cm-1, amines groups 

(NH bending band from free -NH2) at 1591 cm−1, amide II (NH- bending band from -NHCOCH3) 

at 1550 cm-1 and amide III (C-N stretching band from -NHCOCH3) at 1313 cm−1. 

The second derivative of the CHHEC spectrum reveals that the bands corresponding to amide I 

and amide II have increased in intensity and are shifted to 1648 cm−1 and 1528 cm−1, respectively. 

Furthermore, the intensity of the amide III signal at 1313 cm−1 also increased; this confirms the 

formation of amide bonds [158], [159]. Additionally, the second derivate of CHHEC shows the 

apparition of a new signal at 1410 cm-1. This signal is associated with the citric acid’s asymmetric 

COO– groups, suggesting that the signal at 1560 cm−1 overlaps the NH3
+ groups of chitosan and 

the symmetric COO– group of the citric acid. The signal of the symmetric COO– group should 
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appear at approximately 1600 cm−1. Their shift to 1560 cm−1 could be attributed to strong physical 

interaction between COO- groups of citric acid and NH3
+ groups of chitosan. 

 

Figure 21 FTIR CH Film and CHHEC 

 

Figure 22 Second derivative of FTIR CH Film and CHHEC 
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Based on these findings confirming chemical and physical crosslinking, we propose a chemical 

structure for the composite hydrogel and its reaction mechanism. Figure 23 depicts the proposed 

reaction mechanism for forming the composite hydrogel. The following spectroscopic 

observations confirm the suggested average structure of the hydrogel film: 

 

Figure 23 Reaction equation for the formation of the hydrogel film 
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6.2.2 Swelling ratio  

Figure 24 depicts the behavior of hydrogel films identified as CHL3-HEC1-CA5-GL1, CHL1-

HEC1-CA5-GL1, CHL3-HEC1-CA10-GL1, CHL1-HEC1-CA10-GL1, CHL3-HEC1-CA5-GL5, 

and CHL1-HEC1-CA5-GL5. The study varied the polysaccharide content in CH-HEC ratios of 3-

1 and 1-1. In addition, the effects of two concentrations of citric acid and glycerol were studied.  

In this study, we investigated the relationship between polysaccharide concentration and the 

swelling behavior of hydrogel films. Films with a CH-HEC content ratio of 3:1 demonstrated 

reduced swelling compared to those with a 1:1 ratio, suggesting that higher chitosan content 

correlates with lower swelling percentages relative to films with higher hydroxyethyl cellulose 

content. For instance, samples CHL3-HEC1-CA5-GL1 and CHL1-HEC1-CA5-GL1 exhibited 

swelling percentages of 237.75% and 411.86%, respectively. This trend was consistent across 

other samples, indicating the presence of hydroxyl (-OH) and carboxyl (-COOH) groups, known 

for their hydrophilic properties and water retention[160]. 

The effect of citric acid on the polymeric matrix was examined. The results indicate that increasing 

the citric acid content in the samples led to a decrease in the swelling capacity of the films. For 

instance, in samples CHL3-HEC1-CA5-GL1 and CHL3-HEC1-CA10-GL1, a reduction in 

swelling percentage was observed, decreasing from 237.75% to 103.33%, which represents a 

decrease of 43.46%. The same trend is observed for the other samples. This behavior is attributed 

to citric acid acting as a physical crosslinking agent, facilitating interactions such as hydrogen and 

ionic bonding within the matrix[161]. 

Incorporating glycerol as a plasticizing agent in the samples had a notable effect. The results 

indicate that an increase in glycerol concentration also increases the swelling capacity of the 

materials. For instance, the CHL1-HEC1-CA5-GL1 and CHL1-HEC1-CA5-GL5 reached 

237.75% and 633.71%, respectively. Glycerol is a plasticizer known to enhance the flexibility and 

malleability of polymers. Its three hydroxyl groups contribute to the observed increase in the 

swelling percentage[162]. 

Adequate swelling is associated with hydration, accelerating the healing process[163]. 

Furthermore, it is related to the ability to absorb exudate and release pharmaceutical components 

and organic compounds with clinical efficacy in the treatment of wounds[164]. 
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The following materials, CHL1-HEC1-CA5-GL5, CHL1-HEC1-CA10-GL1, and CHL1-HEC1-

CA5-GL1, were discarded due to their excessively high swelling, which caused them to break into 

small pieces. Additionally, CHL3-HEC1-CA5-GL5 was eliminated because it released an excess 

of glycerin, resulting in an oily consistency. Therefore, the selected materials were CHL3-HEC1-

CA5-GL1 and CHL3-HEC1-CA10-GL1. 

 

Figure 24 Swelling ratios of the different polymer compositions of the hydrogel films 

6.2.3 Mechanical Properties  

The previously prepared materials CHL3-HEC1-CA5-GL1, CHL1-HEC1-CA5-GL1, CHL3-

HEC1-CA10-GL1, CHL1-HEC1-CA10-GL1, CHL3-HEC1-CA5-GL5, and CHL1-HEC1-CA5-

GL5 underwent mechanical tests including tensile strength, elongation at break, and Young's 

modulus. Most films exhibited high rigidity mechanical tests cannot be reproduced and were 

discarded. Consequently, we selected the sample CH45HEC30CA5GL1 for further study, where 

we investigated two types of chitosan with low and high molecular weights, as detailed in Figure 

25. 

The Figure 25. show analyses of the dry-state samples CHL45HEC30CA5GL1 with CH with low 

molecular weight and CHH45HEC30CA5GL1 with high molecular weight. Tensile strength, 

elongation at break, and young module slightly increase by incorporating high molecular weight 
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chitosan. Specifically, films fabricated with low molecular weight chitosan exhibited a tensile 

strength of 67.85 MPa, whereas those with higher molecular weight recorded a remarkable 

increase to 98.77 MPa. Similarly, the elongation at break for low molecular weight samples 

measured at 14.39%, whereas the high molecular weight counterparts showed a slight increment 

of 0.60%. This trend is similar to Young's modulus, escalating from 3327.72 to 3618.07 MPa. The 

chitosan's molecular weight significantly influences film properties such as flexibility, strength, 

and water swelling capacity. Films comprising high molecular weight chitosan tend to possess 

superior mechanical strength and rigidity compared to those with low molecular weight, which 

lean towards flexibility.  

Furthermore, crosslinking with citric acid enhances film rigidity. High-molecular-weight chitosan 

films exhibit elongated structures, facilitating enhanced 3D assembly. The higher proportion of 

amino groups also promotes hydrogen bonding[165]. To embed mangosteen (GME) and 

pomegranate (PGE) extracts directly into the material, low-molecular-weight chitosan was 

selected due to minimal discernible differences in the elongation break observed between the two 

types of chitosan evaluated. 

 

Figure 25 Tensile strength (a), Elongation (b), and Young’s Modulus (c) of dried samples CHL45HEC30CA5GL1 and 

CHH45HEC30CA5GL1. 
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 Hydrogel films loaded with and without GME and PGE extracts 

The preceding chapters examined the chemical and biological aspects of GME and PGE extracts. 

The above chapter analyzes the physicochemical part of the polymeric matrix suitable for 

including extracts. The current chapter explores the impact of these extracts on the hydrogel film, 

covering physicochemical approaches, thermal and mechanical properties, morphology analysis, 

and a study of fibroblasts on the developed material. 

6.3.1 Thickness and Weight Variation  

Table  11 summarizes the physical dimensions of different film formulations used in the study, 

identified by their formulation codes: CHHEC, GME1, GME2, PGE1, PGE2, and GME1PGE1. 

The hydrogel films studied show high consistency and reproducibility regarding thickness and 

weight. Thicknesses range from 0.0882 mm to 0.1228 mm, with low standard deviations, for 

example, CHHEC: 0.0882 mm ±0.0057. The film weights range from 0.5714 g to 0.8033 g, with 

low standard deviations, for example, GM1: 0.8033 g ±0.0135. This low variability in the 

measured parameters indicates precise control of manufacturing conditions, such as temperature 

and curing time. It suggests that the processing methods and equipment are reliable and produce 

consistent results. Furthermore, the specific formulations with and without extract loading are 

well-defined and controlled, demonstrating that including extracts does not introduce significant 

variability in the measured physical properties. Figure 25 indicates the final appearance of the 

synthesized hydrogel films.   

 

Formulation Code Thickness(mm) Weight (g) 

CHHEC 0.0882 (±0.0057) 0.5714 (±0.0070) 

GME1 0.0885 (± 0.0049) 0.8033 (±0.0135) 

GME2 0.1228 (± 0.0102) 0.7262 (±0.0156) 

PGE1 0.0983 (± 0.0043) 0.6550 (±0.0081) 

PGE2 0.1185 (± 0.0017) 0.7426 (±0.0108) 

GME1PGE1 0.1105 (± 0.052) 0.7540 (±0.0159) 

Table  11 Films with and without extract loading, thickness, weight variations  
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Figure 26 Photography of the synthesized films without extract and with extracts 

 

6.3.2 Swelling ratio of Hydrogel films with GME and PGE   

Researching swelling characteristics helps gauge the absorption capacity of wound dressings, 

which can be used to maintain moisture levels, manage exudate fluids, ensure wound adaptability 

and comfort, and facilitate the controlled release of active compounds or medications [166], [167]. 

According to Figure 27., the films with and without loading of GME and PGE extracts were 

analyzed in three media: deionized water (DI), phosphate-buffered saline (PBS), and simulated 

body fluid (SBF). The films were cut into 1 cm x 1 cm dimensions. The samples were tested for 

180 minutes in 10-minute intervals. 

Figure 27. a details the swelling behavior in deionized water of the hydrogel film results for 

materials with and without extract. The CHHEC film, without extract content, reaches the highest 

swelling percentage of 148% for this group. For hydrogel films loaded with extracts, it is observed 

that an increase in the concentration of the extract produces a decrease in swelling. However, films 
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with higher extract content show lower swelling percentages, with values of 83.43% and 80.50% 

for the GME2 and PGE2 films, respectively. The GME1 and PGE1 samples with the lowest 

concentrations reached 142.03 and 118.33% respectively. Additionally, combining the two 

extracts used in the GME1PGE1 sample shows a synergistic effect reduction in the swelling of 

108.94%. This effect may be influenced by the presence of hydroxyl groups (-OH), amino groups 

(NH2), and carboxyl groups (-COOH), which are hydrophilic and enhance water retention[168].  

Figure 27. b shows the swelling behavior of hydrogel films in phosphate-buffered saline (PBS), 

simulating extracellular fluid[169]. PBS, composed of salts and a pH similar to the physiological, 

offers an aqueous environment conducive to cellular processes[170]. The CHHEC film exhibits 

the highest degree of swelling within the group, analogous to the study in deionized water. The 

CHHEC film reached a swelling of 278.57%. On the other hand, it is observed that swelling is 

reduced by increasing the concentration of the GME and PGE extracts. Films with high extract 

content reduced their swelling to 104.24% and 62.78% GME2 and PGE2, respectively. The 

presence of amino groups (-NH2) and carboxylic acids (-COO-) causes interactions with the ions 

present in the PBS, modifying water absorption and, therefore, swelling[171]Similar findings were 

observed in a hydrogel made from polyvinyl alcohol and pectin that incorporated Hippophae 

rhamnoides extract, according to Kim et al. [172], the extract has a higher concentration of 

flavonoids, which are less soluble and reduce swelling in PBS. 

Figure 27. c illustrates the swelling behavior of hydrogel films in SBF, which simulates blood 

plasma conditions due to their ion concentration and is widely studied for biocompatibility and 

biodegradability of materials [173].  The films in SBF exhibit the highest swelling to CHHEC 

compared to DI and PBS. The CHHEC film without extracts reaches a percentage of 875.47%. 

Conversely, higher extract content results in lower swelling, with 159.25% and 90.72% values for 

the GME2 and PGE2 films, respectively. The increased swelling in SBF is likely due to the ions 

affecting the polymer matrix structure, facilitating fluid penetration [171]. 

Figure 27. d displays the films' appearance in a dry state and swelling after 24 hours of immersion 

in various media. CHHEC samples without extract expand in SBF, with a minor expansion 

observed in PBS. Conversely, increasing the extract content enhances the films' dimensional 

stability, allowing them to retain dimensions similar to their original state[174]. Table  12 indicates 
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the maximum swelling achieved for each film with and without GME and PGE extracts loading 

for times greater than 180 minutes for DI, PBS, and SBF. 

Hydrogels with swelling percentages below 150 exhibit dimensional stability, long-term moisture 

retention, and good mechanical strength. However, due to their design with chemical cross-linking, 

they have low drug loading and release capacities and poor cell adhesion. These hydrogels are 

suitable for tissue engineering and bioelectronics [175], [176], [177], [178], [179], [180] 

On the other hand, hydrogels with swelling percentages above 150 are considered high-swelling 

hydrogels. They possess high levels of exudate absorption and high cell recruitment and facilitate 

drug entrapment and diffusion. However, they exhibit dimensional expansion and poor mechanical 

properties, making them also suitable for tissue engineering and drug delivery applications [181], 

[182], [183], [184], [185], [186], [187]. 

Physical and chemical cross-linking mechanisms are attributed to the dimensional stability and 

fluid absorption reduction. FTIR analysis confirmed the formation of amide bonds and the 

presence of ionic interactions and hydrogen bonding, which enhance the polymer matrix by 

compacting the space between polymer chains and restricting their movement within the CHHEC 

film [185]. 

Our research emphasizes the versatility of these properties by incorporating extracts into the base 

film, resulting in swelling percentages below 150 in deionized water (DI), which is ideal for tissue 

engineering applications. The inclusion of extracts notably enhances the polymer's dimensional 

stability and reduces swelling in various fluids. Hydrogel films containing extracts achieved 

swelling percentages below 150 in phosphate-buffered saline (PBS). In contrast, films without 

extracts show higher swelling properties, making them suitable for tissue engineering and drug 

delivery applications, as demonstrated in simulated body fluid (SBF). 

These characteristics of the hydrogel films with extracts suggest various applications. The 

enhanced dimensional stability and controlled swelling behavior suggest potential uses in 

biomedical fields such as wound healing dressings. Furthermore, their adaptability to different 

swelling environments makes them suitable for targeted drug delivery systems, ensuring controlled 

release kinetics in specific physiological conditions.  
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Figure 27 Swelling behavior of hydrogel films in different fluids: a) Deionized water (DI), b) phosphate buffered saline (PBS), c) 

simulation of blood plasma (SBF) and d) Appearance of the films 24 hours after immersion in each fluid 

 

 

 
Swelling in deionized 

water (%) 
Swelling in PBS (%) Swelling in SBF (%) 

 180min 180min 180min 

CHHEC 148.24 278.57 875.47 

GME1 142.03 238.61 642.57 

GME2 83.43 104.24 159.29 

PGE1 118.33 124.16 252.26 

PGE2 80.50 62.78 90.82 

GME1PGE1 108.94 115.18 168.33 

Table  12 Maximum swelling of hydrogel films achieved for time>180 minutes for DI, PBS, and SBF  
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6.3.3 Transparency/Opacity 

Transparency or opacity is an essential physical property in developing wound dressings, allowing 

adequate control by medical personnel[188]. Adequate transparencies are related to low 

absorbances because light at 600 nm can better pass through polymeric films[189]. Figure 28 and 

Table  13. indicate the transparency and opacity analyses. The film's transparency decreases as the 

concentration of the extracts increases. The sample CHHEC, composed mostly of chitosan and 

hydroxyethylcellulose, achieved a transparency of 0.96 with 0.04 opacity. 

The GME1 and GME2 samples presented transparencies of 0.89 and 0.60, respectively. On the 

other hand, samples PGE1 and PGE2 obtained transparencies of 0.95 and 0.94. The previously 

mentioned samples show that the mangosteen extract's effect, compared to the pomegranate's 

effect, makes the films more opaque. The pomegranate effect at high concentrations does not 

reduce its transparency. Another notable result is that combining the two extracts at the lowest 

levels of GME1PGE1 reaches a transparency of 0.92. Qin and collaborators reported films 

composed of chitosan with pomegranate extract, indicating degrees of transparency reduction due 

to tannins[190]. Gómez-Estaca et al.[191] investigated the use of Origanum Vulgare and Salvia 

Rosmarinus extracts in gelatin films, finding that degrees of transparency decreased and opacity 

increased. Additionally, Kumar and collaborators[192] studied films composed of chitosan and 

pomegranate extract for developing edible films with results similar to those obtained in this 

research for packing films. Films with more significant transparency than 90% are considered 

suitable for hydrogel films in biomedical applications[193]. Incorporating extracts into our films 

facilitates effective, seamless monitoring of the stages or processes of wound healing. 

Adequate transparency allows for continuous monitoring of the wound without the need to remove 

the dressing, which reduces trauma and decreases the risk of infection[194], [195]. In addition, 

these materials can reduce the need for frequent changes, which decreases pain and associated 

costs. Dressings with adequate transparency are especially useful in chronic wounds, where it is 

essential to constantly evaluate infection parameters, such as redness, exudate, and inflammation. 
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Figure 28 Effect of GME and PGE on the a) transparency, b) opacity in the films and c) appearance of the films. CH-HEC, GME-

1, and PGE-1 

 

 

 

 

 

 

 

 

 Transparency Opacity 

CHHEC 0.96 0.04 

GME1 0.89 0.11 

GME2 0.68 0.32 

PGE1 0.95 0.05 

PGE2 0.94 0.06 

GME1PGE1 0.92 0.08 

Table  13 Effect of the concentration of GME and PGE on the optical qualities transparency and opacity 
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6.3.4 Fourier transform infrared FT-IR  

FTIR analysis was conducted to investigate the functional groups and interactions that likely 

occurred between the hydrogel composite and the components of both Mangosteen and 

pomegranate extracts. 

Figure 29 a) presents the FTIR spectra of CHHEC film, Mangosteen extract (GME), and GME2 

film. A comparative evaluation reveals the appearance of signals associated with the components 

of the ethanolic extract in the GME2 film. Signals at 1605 cm⁻¹, 1579 cm⁻¹, and 1459 cm⁻¹ 

correspond to carbonyl groups and aromatic structures, while signals at 1278 cm⁻¹ and 1222 cm⁻¹ 

are associated with phenolic groups. Additionally, the disappearance of the signal at 1406 cm⁻¹, 

associated with carboxylate groups, in the CHHEC film is observed once the extract is 

incorporated into the film. These results suggest that the components of the ethanolic extract likely 

interact with the CHHEC film through hydrogen bond formation and/or protonation of the 

carboxylate groups. 

Figure 29 b) shows the FTIR spectra of CHHEC, Pomegranate extract PGE, and PGE2 film. A 

comparative evaluation of the spectra reveals signals associated with carboxylic acids, ketones, 

and/or esters in the PGE2 hydrogel film. As in the case of the GME2 film, the signal associated 

with carboxylate groups in the CHHEC film disappears, suggesting hydrogen bond formation 

and/or protonation of the carboxylate groups. 
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Figure 29 FTIR film compositions a) CH-HEC Film, b) CH-HEC-GM-1-PG-1 Film, c) CH-HEC-GM-1 Film and d) CH-HEC-

PG-1 F 
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6.3.5 Thermogravimetric analysis TGA of Hydrogel films with GME and PGE   

The results of films with extract and without content were examined by thermogravimetric analysis 

presented in Figure 30. The analysis reveals a first stage in which water evaporates from polymer 

films until reaching 150°C, similar to previous research[196], [197]. Subsequently, the CH 

component degrades, being less stable than HEC. Hydroxyethylcellulose, chitosan, and extracts 

degrade over a 220 C temperature to reach 350°C, accounting for between 52% and 55% of the 

total weight of different films[198], [199]. In contrast, hydroxyethylcellulose indicates lower 

thermal stability than other types of cellulose, such as methylcellulose and hydroxypropyl 

methylcellulose[197]. The main degradation of the polymer matrix is observed above 300°C. 

Multiple peaks or shoulders suggest complex thermal degradation by denaturation of chitosan and 

extracts[200], [201]. At the end of thermal degradation, CHHEC, GME2, PGE2, and GME1PGE1 

were recorded as 26.07%, 13.107%, 20.34%, and 27,90%, respectively. In general, the thermal 

stability of the chitosan hydroxyethyl cellulose films was slightly altered due to the incorporation 

of GME and PGE. 

The thermal stability of the film incorporating GME is affected. In contrast, the film containing 

PGE shows minor effects. Mixing both extracts at low concentrations does not change the thermal 

stability of the initial hydrogel film. Kanmani and colleagues [202], crafted films combining 

chitosan with carrageenan, finding no changes in thermal stability upon the adding of grapefruit 

extract. Furthermore, Pelissari and fellow [203] researchers conducted similar investigations on 

polymeric matrices comprising chitosan and starch, incorporating Origanum vulgare oil without 

observing alterations in thermal stability. 
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Figure 30 Thermal gravimetric analysis of films CH-HEC, CH-HEC-GM-2, CH-HEC-PG-2 and CH-HEC-GM-1-PG-1 a) 

Weight (%) vs Temperature, b) Deriv. Weight (%/min) vs Temperature and c) representative image of TGA 5500 



66 

 

6.3.6 Mechanical Strength of Hydrogel films with GME and PGE   

The mechanical properties of films with and without extracts, such as tensile strength, elongation 

at break, and Young's modulus, are detailed in  Figure 31. Understanding how these materials 

modify the mechanical properties under different concentrations of extracts and in dry and 

hydrated states is essential. To apply wound dressings on patients, the films must protect the 

wounds from potential additional injuries, serve as a barrier against bacteria, and adapt to 

movement in the joints [199], [200]. This research covers the evaluation of tensile strength, which 

measures the material's ability to withstand forces without breaking, and elongation at break, which 

indicates the ability to stretch before fracture in percentage of the original measurement. 

Additionally, Young's modulus determines the material's rigidity against deformation under load. 

Figure 31. a show an increase in GME concentration led to a reduction in the tensile strength of 

the films, with values of 61.55± 4.13, 55.06± 8.60, and 43.82± 3.78 MPa for CHHEC, GME1, and 

GME2, respectively. These findings are not in agreement with those reported by Zhen and 

collaborators, who analyzed that increasing the concentration of the mangosteen rind power 

enhances the tensile strength of chitosan, as the powder acts as a reinforcing filler within the 

polymer matrix[204]. Further investigations involving cellulose nanofibers and chitosan 

nanofibers revealed significant decreases in tensile strength[205], [206], findings compatible with 

the films synthesized in this research. This reduction in tensile strength may be due to the 

interactions between the CHHEC film and the extracts through hydrogen bond formation and/or 

protonation of the carboxylate groups, thereby increasing the hardness and tensile strength[207]. 

This same pattern was observed in Figure 31. a where the films incorporating PGE, with values of 

61.55± 4.13, 40.39± 8.71, and 31.47± 3.83 MPa for CHHEC, PGE1, and PGE2, respectively. The 

addition of pomegranate extract reduces tensile strength, which differs from the results reported in 

other studies[208]. The compounds found in pomegranate peel can reinforce chitosan, as polymer 

matrices might interact with the phenolic compounds in the peel, resulting in modifications that 

can potentially increase tensile strength[209]. This increase is due to the increase in molecular 

mobility of the chitosan chains in addition to flexibility and free volume. Other research on edible 

films has shown that gallic acid can enhance mechanical strength[210].  

Additionally, this difference found in the films with GME and PGE might be due to the presence 

of hydroxyethyl cellulose. However, studies incorporating phenolic compounds into cellulose 
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derived from bananas have noted decreased tensile strength[211]. Hebat-Allah and colleagues 

report using hydroxyethyl cellulose loaded with mangiferin extract, citing a reduction in tensile 

strength due to the attenuation of hydrogen bonds between these components[212]. According to 

previously reported literature, increased chitosan extracts reinforce polymeric matrixes. On the 

other hand, an increase in extracts in cellulosic matrices leads to a reduction in tensile strength 

[209]. Therefore, in the materials synthesized in this research, a predominant effect of 

hydroxyethylcellulose with extracts is observed, which leads to the reduction of tensile strength 

[212]. The combination of both extracts in the sample GME1PGE1 reached an intermediate value 

of 51.12 ± 2.45MPa. 

Figure 31. b. shows the samples in the hydrated state reach values that decrease compared to dry 

values. The values reached by the films in the wet state were 7.56 ± 1.68, 10.99 ± 1.43, 6.16± 1.91, 

4.87± 1.12, 3.70± 0.68 y 4.95 ± 0.25, respectively, for CHHEC, GME1, and GME2, PGE1, PGE2, 

and GME1PGE1. Water acts as a plasticizer in hydrogels, reducing intermolecular forces between 

polymer chains, decreasing tensile strength, and causing an increase in elongation break[213], 

[214]. In addition, after rehydration of the films, the tensile strength values decreased significantly 

compared to the dried samples. This can be attributed to the behavior of glycerol and water[215]. 

Figure 31. c. shows that a higher GME content causes a critical reduction in the percentage values 

of the elongation at break compared to the material made up only of polysaccharides, obtaining 

values of 17.15 ± 2.71, 7.40 ± 3.81, and 3.47 ± 0.99 MPa for CHHEC, GME1, and 

GME2 respectively. These results are consistent with those obtained by Zhang et al., who found 

that an increase in mangosteen peel powder decreases the elongation at break[216]. Mangosteen 

contains insoluble molecules that cause discontinuities in the polymer structure, altering the 

interactions among the chitosan polymer chains [217]. Including mangosteen extract in the 

polymeric matrix produces a heterogeneous surface, which could generate irregularities and 

weaken the cohesion of the material, leading to defects before rupture[218]. Therefore, 

mangosteen achieved the lowest elongation percentages before rupture. 

On the contrary, incorporating the PGE extract into the material does not alter the 

original material but improves the percentage of elongation at break with the following data of 

17.15± 2.71, 17.19± 1.57, and 42.78± 42.78 MPa for CHHEC, PGE1, and PGE2 respectively. 

Kumar and collaborators[219] report on films made with chitosan and pomegranate extract, which 
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improve the elongation percentage due to the inclusion of methanolic extracts obtained from 

pomegranate peel. Pomegranate extract, soluble in water, produces a more homogeneous interface 

with fewer irregularities than mangosteen[218]. The combination of both extracts GME-1PGE-2 

reached an intermediate state of 12.05± 3.25.  

Figure 31. d. shows the samples in the hydrated state reach values of 154.93 ± 25.14, 110.90 ± 

17.00, 77.62± 20.12, 97.26± 20.65, 89.95± 14.04 y 112.91 ± 4.58 respectively for CHHEC, GME1, 

and GME2, PGE1, PGE2, and GME1PGE1. All hydrogel films indicate an improvement in 

elongation at break under rehydration conditions because the water content causes slippage 

between the polymer chains, reducing friction and generating greater material flexibility [213], 

[214]. 

The Young's modulus of the extract-loaded and unloaded films is assigned in Figure 31. e. The 

Young's moduli increase with the GME content reaching values of 2687± 613.67 and 2459± 68.62 

MPa for GME1 and GME2. In contrast, CHHEC that reach 2181.30± 461.62. On the other hand, 

Young's modulus is reduced using the PGE extract from 1106± 186.88 to 135.6 ± 106.66 MPa for 

PGE1 and PGE2, respectively. Figure 31. f shows the values of Young's modulus in the hydrated 

state with a drastic decrease with the following values of 4.29 ± 0.64, 10.65 ± 2.42, 9.80 ± 2.40, 

5.95 ± 1.64, 4.02 ± 0.76, and 4.38 ± 0.38 respectively for CHHEC, GME 1, and GME2, PGE1, 

PGE2, and GME1PGE1.Taokaew and his colleagues[220], fabricated cellulose nanofiber films, 

including mangosteen extract, and observed a significant decrease in tensile strength and 

elongation at break, along with an increase in Young's modulus.   

Contrary to previous studies involving similar compounds in chitosan matrices, the findings reveal 

a decrease in tensile strength with increasing GME content. Similarly, films incorporating PGE 

extract also exhibit reduced tensile strength, diverging from expectations based on phenolic 

interactions with chitosan. Hydroxyethyl cellulose in these films likely contributes to this 

mechanical decline, disrupting hydrogen bonding within the polymer matrix. However, the 

hydration of these films led to an improvement in elongation at break. Interestingly, films with 

pomegranate peel extract showed improved elongation at break, indicating enhanced flexibility 

under stress. These observations underscore the intricate interplay between additives and polymer 

matrices in governing film properties. 
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A wide range of mechanical properties is accepted for films. Sharma et al.[221] reported chitosan-

based hydrogels with silver nanoparticles, showing elongation at break ranging from 2.38 to 

73.45%, suitable for wound dressings. Chopra et al. studied the tensile strength and elongation at 

break of chitosan-polyvinyl alcohol films with honey, finding tensile strengths ranging from 4.74 

to 38.36 MPa and elongation at break values from 30 to 33.51%[222]. Other studies on quaternary 

ammonium-chitosan loaded with gentamicin sulfate reported tensile strengths ranging from 18.63 

to 5.63 MPa and elongation at break from 23.11 to 84.92, indicating suitability for wound 

dressings[223]. Films prepared in our research exhibit mechanical properties within these ranges, 

making them suitable for application in wound dressing areas. 



70 

 

 

Figure 31 Tensile mechanical properties a) Tensile Strength b) Elongation at break c) Young's Modulus (MPa) and d) 

Representative Sample. Different films with and without extract content were evaluated in dry and wet conditions. Error bars 

indicate standard deviations 
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6.3.7 Scanning electron microscope 

The Scanning Electron Microscopy (SEM) analysis results indicate that the morphology of the 

hydrogel films, including pore size, shape, and surface characteristics, affect the development of 

materials for biomedicine and controlled drug release. Pores can allow fibroblast infiltration for 

healing processes and facilitate exudate drainage and gas exchange[224]. The dense structure of 

the films could help restrict the passage of bacteria, reducing the risk of infections. Moreover, a 

smooth surface is less prone to bacterial accumulation, becoming an effective barrier between the 

skin and the wound, which can benefit wounds in areas with much movement[225]. 

The morphological characteristics of the CH-HEC, GM1, and PGE1 hydrogel films are detailed in 

Figure 32. The figure displays micrographs at low magnification to observe large areas of the film 

and visualize its integrity, capturing both sides of each film. The section in contact with the plastic 

wall of the Petri dish exhibited a shiny appearance, while the side exposed to environmental 

conditions until drying showed an opaque appearance, with a rough surface ( Figure 32 b, d, f and 

are magnified regions of the inset in Figure 32 b.1, d.1, f.1). Generally, the shiny side demonstrated 

a smooth surface due to molding, in contrast to the drying side, which exhibited a rough texture. 

The films displayed good homogeneity, achieved by properly integrating different components 

through the casting method, with ethanol added to enhance homogeneity. 

The control film CHHEC is shown in Figure 32.a, on the shiny side, presented a smooth, pore-

free, continuous surface without fractures, which indicates a compact structure produced by the 

polymer chains[226]This can be explained by the excellent homogeneity of the mixture, which is 

attributed to the correct integration of the polymers, plasticizer, and cross-linking agent. The 

micrograph of the reverse side, indicated in Figure 32.b, shows slight roughness. 

In Figure 32.c the GME1 film is observed with the side in contact with the Petri dish, showing a 

relatively smooth surface but displaying several notable features such as irregularly distributed 

holes or pores without fractures. Additionally, spherical structures are present. In contrast, the 

drying side in Figure 32.d exhibits roughness due to the presence of GME extract with more pores 

than the other side, consistent with the literature[227]Depressions also indicate variations in the 

sample's topography. These changes may result from the mangosteen extract's hydrophobic nature. 

The GME extract shows immiscibility with water, increasing as its concentration rises. Hence, it 

was pre-dissolved in ethanol. 
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On the other hand, the PGE1 film in Figure 32.e exhibits a smooth surface with no visible pores 

on the shiny side[222]In contrast, the dried side Figure 32.f shows a slight roughness compared to 

the GME1 film, potentially due to the hydrophilic pomegranate ethanol extract influencing the 

film's surface properties. 

The results indicate that the films' optical, mechanical, swelling and other physicochemical 

properties can be modified by alterations in the surface morphology[228]. It is important to note 

that a highly rough surface could pose challenges in wound healing, as it might promote greater 

fibroblast adhesion [229], [230]. Therefore, it would be more beneficial to choose a smoother 

surface where cells such as fibroblasts and keratinocytes exhibit less adhesion [225]The results 

suggest that incorporating GME and PGE extracts significantly alters the films' surface properties, 

influencing their biocompatibility and potential applications in regenerative medicine. 
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Figure 32SEM micrographs a) CHHEC bright side 1000x; b) CHHEC opaque side 1000x; c) GME1 bright side 1000x; d) GME1 

opaque side 1000x; e) PGE1 bright side 1000x; and f) PGE1 opaque side 1000x. 
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6.3.8 Disc diffusion of hydrogel films loaded with extracts 

Gram-positive and gram-negative bacteria are found in the skin microbiota. Among gram-positive 

bacteria, species such as Streptococcus and Staphylococcus are commonly found on the skin[231]. 

Strains from the following bacteria, such as Staphylococcus aureus and Staphylococcus 

epidermidis, have been the most studied for cutaneous applications in tissue engineering 

areas[232]. Staphylococcus can cause infections, prolong wound healing processes, and increase 

the risk of complications[233]. Conversely, gram-negative bacteria like Escherichia coli, 

Acinetobacter, and Pseudomonas are also found on the skin. Unlike gram-negative bacteria, the 

latter can cause pathogenic diseases by entering through skin lacerations, where they can 

proliferate and cause severe infections and pathologies[234]. Understanding the balance of the 

skin microbiota is crucial, as it is involved in wound healing and protecting different surrounding 

tissues.  

The disk diffusion test was carried out using the following concentrations in the films (0.20% w/v 

and 2% w/v) concerning the GME extract, the other samples with (1.05% w/v and 2.11% w/v) of 

PGE and a film with both extracts 0.20% w/v and 1.05% w/v respectively for GME and PGE. Two 

strains were studied: Escherichia Coli and Staphylococcus aureus. Figure 33 shows the films with 

partial halo inhibition, the values of which are tabulated in Table  14. 

The inclusion of GME extracts did not exhibit inhibition. However, upon contact with agar-

incorporated films, no growth of gram-negative bacteria was observed for GME1 and GME2, 

which was confirmed using a stereomicroscope. The literature suggests that larger polymers, for 

example, those with a molecular weight of 10 kDa, demonstrate reduced sensitivity to Gram-

positive bacteria[235]. In this study, the chitosan used ranged from 5 to 19 kDa, and this effect 

could have been the cause of the non-release of the GME extract. Another significant consideration 

could be the low solubility of the Mangosteen ethanol extract in water in specific alpha-

Mangostin[236]. DMSO, utilized in the individual testing of the GME extract, facilitated its 

diffusion, thereby highlighting its antibacterial activity against S. aureus and E. coli with the 

findings established in this research. The principal molecule in the GME is α-mangostin due to its 
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ability to destroy the plasma membrane of Gram-positive bacteria such as S. aureus[237], [238], 

[239]. 

Conversely, the presence of PGE within the polymeric material resulted in a partial inhibition zone 

measuring 15.5 mm for PGE2 film. The difference in charges between the microbial cell 

membrane and antibacterial agents can modify permeability respiration and increase the diffusion 

of the extract across bacterial membranes[240]. These results are similar to those obtained by 

Valdés and colleagues in synthesizing films based on gelatin and pomegranate seed extract[241]. 

They found that high extract concentrations enhance the antimicrobial effect with small inhibition 

radii. According to the literature, there is a clearer effect on Gram-positive bacteria than Gram-

negative bacteria due to the phenolic compounds in pomegranate[242], [243]. 

Notably, the GMEPGE1 film exhibited an inhibition zone of 15.5 ± 0.55 mm, whereas the GME1 

and PGE1 films showed no inhibition individually. It is observed that the two antimicrobial 

extracts at low concentrations do not have a significant effect when used separately in the 

membranes. However, when combined, the GME1PGE1 hydrogel film indicates antimicrobial 

activity against S. Aureus, demonstrating a synergistic effect. This effect probably arises from the 

non-release of GME, which remains inside the polymer matrix as a filler, thereby facilitating the 

diffusion of the PGE extract. 

The findings in this study align closely with previous literature. Taokaew et al. [82] developed a 

film using nanocellulose fibers infused with an ethanolic extract from Mangosteen peel, 

demonstrating 4 mm inhibition zones against Staphylococcus aureus, S. epidermidis, and Candida 

albicans. Boonmak and colleagues[16] fabricated poly (vinyl acetate) films loaded with 

mangosteen at 1 to 3% concentrations. They found that these films were effective only against S. 

aureus, with a more substantial effect observed against Gram-positive than Gram-negative 

bacteria. Nascimento and colleagues[244] have reported a polymeric film made from a 1.25% w/v 

hydroalcoholic extract of pomegranate peel, prepared in situ within a polymeric matrix composed 

of starch and polyvinyl acetate. This film exhibits antimicrobial activity against Staphylococcus 

Aureus, with more than 1.8 cm inhibition zones. Faris and colleagues [245]synthesized a dressing 

gel containing Pomegranate and Lignosus rhinocerotis extracts. In their findings, they did not 
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observe antibacterial activity; thus, they only documented the activity of pomegranate, which is 

effective at high concentrations primarily due to tannins[246], [247]. 

The hydrogel films synthesized in our investigation showed activity against Staphylococcus aureus 

only, which could effectively inhibit the growth of pathogenic bacteria. This is a crucial element 

of care and integrity to the wound treatment process, ensuring a more effective and faster recovery 

for the patient. 

CODE 
Escherichia coli 

inhibition mL 

Staphylococcus aureus 

inhibition mL 

CHHEC - - 

GME1 - - 

GME2 - - 

PGE1 - - 

PGE2 - 15.5 ± 0.55 

GME1PGE1 - 12.0 ± 0.36 

Table  14 Inhibition zones produced by films with and without GM and PG peel extract 

 

Figure 33 Hydrogel films. with extracts and without extracts against S. Aureus and E. Coli; CH-HEC-PG-1 (4); CH-HEC-PG-1 

(5); CH-HEC(F); and Ampicilim (A) 
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6.3.9 Cell culture on hydrogel films 

Figure 34 shows the control and the films CHHEC, PGE1, and GME1 at 0 and 24 hours post-cell 

incubation under 10x magnification. In certain instances, cell adhesion appears to surpass that of 

the control; however, accurately quantifying this increase is challenging due to the unique optical 

properties exhibited by each film. 

Garcinia mangostana extracts have been tested on fibroblast, neutrophil, and macrophage cell 

lines, showing improved proliferation and collagen density[248]. Some compounds in Garcinia 

mangostana extracts may inhibit cancer cell growth[249]. However, further studies are needed to 

assess toxicity to normal cells and possible adverse effects on wound healing. No toxic effects of 

Garcinia mangostana have been found in skin studies. Chivapat et al.[250] reported oral 

administration studies, where mice were given doses of 10, 100, 500, 1000, and 1000 mg/kg/day 

for six months; long-term liver and kidney damage was observed in mice given 500 mg/kg/day. 

Elevated levels of alanine aminotransferase and aspartate aminotransferase are enzymes released 

when there is liver damage and elevated creatinine levels. 

Kaci and collaborators [251] studied the Punica granatum extract in the WST-8 assay to study the 

induction or inhibition of cell proliferation in vitro through a colorimetric assay. Their results 

showed no toxic effects. Studies of these types of extracts in cancer cells B16F10, such as 

melanoma, have demonstrated cytotoxic effects, reducing angiogenesis and cell proliferation[252]. 

Jahromi et al.[253] reported studies where dermal injections of 224 mg/kg of Punica granatum 

ethanolic extract were administered to mice found no evidence of skin allergies. Additionally, the 

mice received doses of 0.5, 1.9, and 7.5 mg/kg over 22 days, and no toxic effects were observed, 

suggesting potential use in applications against diseases.  

Based on the available literature, both extracts have shown no toxic effects on skin cells in vitro 

and in vivo. These extracts are commonly utilized in alternative medicine for extended treatments. 

While toxic effects have been reported with oral administration, these occur only under long-term 

exposure and in large doses. Notably, both extracts have demonstrated cytotoxic activity against 

various cancer cell lines, including melanoma. No adverse effects are anticipated for dermal 

applications, as the extracts are applied in minimal quantities to develop wound dressings. 
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Figure 34 NIH/3T3 fibroblast cell culture on films after 24 h incubation images. Micrographs obtained with inversion microscope 

a) control t=0, b) control t=24h, c) CH-HEC t=0, d) CH-HEC t=24h, e) CH-HEC-PG-1 t=0 , f) CH-HEC-PG-1 t=24h, g) CH-

HEC-GM-1 t=0, and  h) CH-HEC-GM-1 t=24h. 

 



79 

 

7 CONCLUSIONS   

The Garcinia mangostana and Punica granatum peels are rich in phytochemical compounds with 

potential wound regeneration capabilities. The extracts are characterized by high phenolic content 

and exhibit significant antioxidant activity. Both extracts demonstrate antimicrobial efficacy 

against S. aureus and E. coli. Specifically, GME enhances NIH3T3 fibroblast migration within 24 

hours. Using the casting method, we successfully synthesized a series of hydrogel films based on 

chitosan and hydroxyethyl cellulose, incorporating GME and PGE extracts. SEM micrographs 

reveal a slight increase in surface roughness correlating with higher extract concentrations. The 

FTIR spectra show characteristic bands of the extracts integrated into the polymeric matrix. 

Swelling studies conducted in simulated biological fluids reveal that increased extract 

concentrations reduce the swelling percentage. Furthermore, higher extract concentrations slightly 

reduce transparency, while TGA characterization shows a marginal decrease in the thermal 

stability of the films containing extracts. Antibacterial activity is more effective in films with PGE2 

and GME1PGE1 against S. aureus. GME reduces the mechanical properties of the films, whereas 

PGE enhances elongation at break. 

 

8  RECOMMENDATIONS 

Conduct cellular toxicity studies of the extracts on the cells that make up the different layers of the 

dermis. Perform in vitro and in vivo tests on other strains of fibroblasts and keratinocytes. Establish 

an appropriate release study to determine the best concentration released into the biological 

medium. Use reference standards for the main compounds of interest involved in fibroblast cell 

migration and proliferation. Test other extracts in the polymer matrix that can be obtained with 

polar or non-polar solvents. Lastly, studies on cancer cells will be conducted, mainly focusing on 

the compounds GME and PGE, which are known to be capable of inhibiting cancer. 
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