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Gelatin is a biopolymer with interesting properties that have greatly attracted the attention of many biomedical

researchers, such as low antigenicity, good biodegradability, and biocompatibility in the physiological environment. The

gelatin-based materials offer excellent characteristics of wound dressings. The fast degradation time and highly

hydrophilic surface make gelatin inappropriate as a base material for the development of wound dressings.
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1. Introduction

Wound care is a concern globally with various challenges including the increasing prevalence of type II diabetes, obesity,

an aging population, and the need for cost-effective wound dressings . The wounds are generally classified based on

their healing process as acute or chronic wounds. Acute wounds are lesions that heal within the expected timeframe of

approximately 2–3 months depending on the depth and size of the injury in the skin . Chronic wounds fail to heal

through the ordinary wound healing process over a prolonged period. Examples of chronic wounds include diabetic

wounds, ulcer wounds, burn wounds, etc. . All types of wounds require good clinical care to prevent delayed wound

healing processes that may be caused by microbial infections and other negative factors. More than 300 types of wound

dressing products are available in the market. However, one wound dressing is not appropriate for the treatment of all

wound types . In the United States of America (USA), a yearly cost of 20 billion dollars is spent on the wound care of

chronic injuries . The global market cost of chronic wound care was 10.12 billion dollars in 2019, and it is projected that

the cost will increase to 16.36 billion dollars in 2027 . These statistics demonstrate the negative socio-economic impacts

of wound care globally, indicating an urgent need to develop affordable wound dressings for effective wound care.

The properties of an ideal wound dressing that make it suitable to provide a proper environment for the healing process

include durability, flexibility, permeability to water vapor, adherence to the tissue, and good mechanical properties .

Furthermore, the dressing materials should hydrate/dehydrate the wound, maintain a moist environment, protect the

wound from infections, and prevent maceration . Polymer-based wound dressing materials can provide the

aforementioned properties. Polymers that can be used for the fabrication of dressings are mainly classified as

biopolymers and synthetic polymers . Examples of biopolymers include gelatin, cellulose, chitin, alginate, hyaluronic

acid, chitosan, dextran, elastin, fibrin, etc. ( Figure 1 ) . The wound dressings that are formulated from these polymers

usually suffer from poor mechanical properties. The combination of biopolymers with synthetic polymers is a promising

design strategy to overcome the poor mechanical properties of biopolymer-based wound dressings.
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Figure 1. Examples of Biopolymers in Biomedical applications.

Gelatin is a biopolymer with interesting properties that have greatly attracted the attention of many biomedical

researchers, such as low antigenicity, good biodegradability, and biocompatibility in the physiological environment . The

gelatin-based materials offer excellent characteristics of wound dressings. The fast degradation time and highly

hydrophilic surface make gelatin inappropriate as a base material for the development of wound dressings. Thus, gelatin

is combined with other polymers, especially synthetic polymers . This review will discuss the outcomes of gelatin-based

hybrid dressings for wound care.

2. Properties of Gelatin in Wound Dressing Applications

Many natural polymers are frequently used in the formulation of wound dressings. These polymers include gelatin,

cellulose, alginate, collagen, elastin, chitosan, chitin, dextran, etc. The common interesting properties of natural polymers

are good biocompatibility and biodegradation, non-toxicity, non-immunogenicity, and affordability. In addition, some of the

natural polymers exhibit strong attachment to injured tissues and stimulate blood coagulation, accelerate the wound

healing process, and induce skin regeneration . Gelatin is one of the biopolymers that is commonly utilized in the

design of wound dressings. It is also utilized for biomedical and pharmaceutical applications . The molecular

structure of gelatin is shown in Figure 2 a. It is a natural mimic of the extracellular matrix (ECM) of human tissues and

organs. It is broadly utilized in the field of tissue engineering . The properties of gelatin that have been attracting the

attention of most biomedical researchers include excellent biocompatibility, good biodegradability, cell-interactivity, non-

immunogenicity, as well as its excellent processability, ready availability, and cost-effectiveness ( Figure 2 b) . The

pretty low antigenicity of gelatin also makes it a well-established biopolymer used in numerous biological applications.

However, gelatin is a hydrophilic protein, and crosslinking is normally required to enhance its mechanical performance

and stability, making gelatin materials insoluble in biological environments . Numerous gelatin crosslinking procedures

are available, such as enzymatic using transglutaminase, or chemical using fructose, diepoxy, genipin, dextran

dialdehyde, formaldehyde, diisocyanates, glutaraldehyde, or carbodiimides .
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Figure 2. (a) Basic molecular structure of gelatin (b) Properties of gelatin.

In various studies, gelatin biopolymers were designed as films, gels, powders, or scaffolds for haemorrhage control in

numerous surgical methods . Porous gelatin matrices absorb wound exudates and maintain moisture, thus promoting

the wound healing process. Gelatin-based dressings act as porous materials for cell migration and offer mechanical and

structural support for the development of new tissue . Although gelatin is a promising biopolymer employed as a wound

dressing material, it has no antibacterial efficacy to prevent wound infections or bacterial invasion of the wound . It is

combined with other polymers to produce hybrid polymers with superior antibacterial effects.

Gelatin-based scaffolds can be loaded with various antimicrobial agents, such as metal-based nanoparticles, antibiotics,

phytochemicals (e.g., curcumin), plant extracts (e.g., Aloe vera), etc., to overcome their poor bactericidal effects . To

the best of our knowledge, only two gelatin-based wound dressing materials are commercially available: Gelfoam and

Surgifoam. Gelfoam and Surgifoam are composed of porcine gelatin and collagen. Gelfoam and Surgifoam are in the form

of compressed sponge and sponge, respectively . These commercially available gelatin dressings demonstrate

outstanding hemostatic effects. Hence, they are very suitable for bleeding wounds. However, they suffer from some

shortcomings, including non-elasticity, etc. .

3. Gelatin-Based Hybrid Wound Dressings

Hydrogels are polymeric materials with a good hydrophilic composition that enables their high retention of a significant

quantity of water and other biological fluids within their three-dimensional network ( Figure 3 ) . They can be modified

for enhanced stability or degradation in the event of contact with biological fluids over an extended period. These

polymeric materials have been used in wound healing applications due to their biodegradation, biocompatibility, porosity,

ability to encapsulate and release bioactive agents, flexibility, and high-water content . The other advantages of

polymer-based hydrogels that have attracted a lot of attention among biomedical researchers in the field of wound

management include patient compliance, accelerated wound healing mechanism, the high adsorption capacity of

biological fluids which provide moisture to the wound bed, their capability to protect the wound from microorganisms, and

specific environmental stimuli-responsiveness (e.g., pH, temperature, and ionic strength). The environmental stimuli-

responsive nature of the wound dressings promotes drug release into the infected wound area in a sustained profile,

thereby reducing the dosing frequency . Several researchers have reported gelatin-based hybrid hydrogels ( Table 1
).
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Figure 3. Crosslinked Hydrogel on Skin Wound.

Table 1. Summary of Gelatin-based Hydrogel Wound Dressings.

Types of Wound
Dressings

Polymers
Combined with
Gelatin

Loaded Bioactive
Agents Outcomes References

Hydrogels HA Recombinant
thrombomodulin

High swelling capacity and accelerated
diabetic wound closure.

Hydrogels Oxidized Starch _
Good cytocompatibility and fast wound

healing mechanism with less scar
development.

Hydrogels Pluronic Nanocurcumin Accelerated burn wound reduction.

Hydrogels Gellan Tannic acid Superior antimicrobial activity and fast full-
thickness wound healing.

Hydrogels PEG ASCs Non-toxicity on skin cells and fast wound
contraction.

Hydrogels Bacterial cellulose Curcumin Good mechanical properties and controlled
drug release.

Hydrogels Bacterial cellulose Methylene blue Good mechanical performance and high
swelling capacity.

Hydrogels PEG and CMC _ Excellent swelling behavior

Hydrogels PVA and chitosan _ Excellent mechanical properties and good
hemostatic effects.

On the other hand, membranes display similar properties as film wound dressings. The advantages of polymer-based

membranes in wound dressing include their ability to absorb excess exudates, maintain appropriate moisture for the

wound healing process, retain biological fluids under pressure, do not require frequent dressing changes, reduces the

disruption of the wound bed, and present potential cleaning activity . Furthermore, membranes demonstrate good

mechanical properties, such as softness, comfortability, flexibility, and stretchability .

Jinno et al. , performed comparison studies of bFGF-loaded gelatin-collagen sponges and collagen sponges in wound

healing application. The in vivo wound healing studies using full-thickness skin lesions in rats demonstrated that there

were enhancement observed in the dermis-like tissue area, the neoepithelial length, and the angiogenesis rates in the

group of animal models treated with bFGF-incorporated sponges compared to collagen sponges and plain gelatin-based

hybrid sponges .

Rather et al., prepared electrospun gelatin-PCL nanofibers functionalized with cerium oxide (CeO 2) nanoparticles for

wound healing applications. The FTIR and XRD data confirmed the successful formulation of nanofibers. The cell

proliferation assay of the hybrid nanofibers exhibited high proliferation and viability of 3T3-L1 cells, indicating their good

biocompatibility. The gelatin-PCL nanofibers functionalized with cerium oxide nanoparticles showed better scavenging

potential when compared to the pristine nanofibers, confirming excellent antioxidant efficacy useful in the inflammatory

phase of wound healing . Alishahi et al. , designed glucantime-loaded electrospun hybrid nanofibers that are based on

gelatin and PVA/PEO/chitosan for wound care of cutaneous Leishmania wounds. The results from this study showed that

4 and 6 cm 2 of drug-loaded hybrid nanofibers destroyed leishmania promastigotes up to 78% with high cell viability of

fibroblast cells, indicating that the scaffolds are promising scaffolds for the management of Leishmania wounds .
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4. Gelatin-Based Hybrid Wound Dressings vs Traditional Wound Dressing
Technology

The currently used traditional dressings include plasters, gauze, cotton wool, tulle, bandages, and lint, which are utilized

as primary or secondary dressings to protect injuries from contaminations . The other advantages of traditional wound

dressings include their ability to absorb wound exudate, offer a dry environment for the wound, and cushion the wound 

. Gauze products that are formulated from non-woven and woven fibers of rayon, polyesters, and cotton can provide a

limited barrier against bacterial invasion. Cotton bandages are usually employed for the retention of light wound

dressings, short-stretch compression, and high compression bandages offer continuous compression in venous ulcers.

Tulle wound dressings (e.g., Paratulle, and Jelonet) are commercially available and are appropriate for superficial clean

injury . Although traditional wound dressing products exhibit these interesting advantages, they suffer from several

limitations. The disadvantages of traditional dressings include their inability to provide moisture to the wound bed for

accelerated wound healing and the capability to cause further skin damage or pain during removal resulting from their

high adherent when used in high exuding wounds . They display poor vapor transmission, cause bleeding, and harm

the newly formed epithelium during removal. The leakage of wound exudates from traditional wound dressings promotes

bacterial invasion .

The gelatin-based hybrid wound dressings can be used as ideal dressings to replace the traditional wound dressing

products because of their interesting features when compared to the traditional dressings. Gelatin hybrid dressings

provide a moist environment for injuries to recover quickly. The suitably moist environment that is offered by gelatin hybrid

dressings is due to their moderate WVTR. Interestingly, gelatin-based wound dressings can be loaded with various types

of bioactive agents (e.g., antibiotics, nanoparticles, microspheres, antioxidants, etc.) to improve their biological activities

and speed up the wound healing process that is essential in the treatment of chronic wounds. Gelatin-based hybrid wound

dressings also display good mechanical properties, excellent biocompatibility, non-toxicity, good biodegradation, high

porosity, and good absorption and swelling capacity. Nevertheless, gelatin dressings suffer from poor antibacterial activity

that is overcome by encapsulating selected antimicrobial agents (such as ciprofloxacin, essential oils, and metal-based

nanoparticles) into them. Gelatin-based hybrid wound dressings demonstrate many distinct advantages when compared

to the traditional dressings, making them promising scaffolds for the treatment of chronic and high exuding wounds.
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