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ABSTRACT:   

Wound care is still a problem everywhere, despite the development of several dressing 

materials for the treatment of both acute and chronic wounds. Nowadays, one of the main 

causes of mortality globally is injury. The human body's biggest organ, the skin shields 

the body from the outside world. Serious skin defects need skin replacements to cover 

them since they do not heal on their own, despite their considerable potential for self-

healing. Hydrogels, films, wafers, nanofibers, foams, topical formulations, transdermal 

patches, sponges, and dressings are among the wound treatments now in use. With their 

high-water content or ability to create a barrier against bacterial infection, hydrogels have 

special qualities that make them ideal for use as wound dressings. These attributes 

include the ability to promote wound healing in wet environments, improve wound 

management and leakage resistance, and facilitate the development of wound granulation. 

Products made of hydrogel are three-dimensional networks made up of polymeric 

material clusters that, because of their hydrophilic nature, can store a lot of water. 

 

 

Introduction 

Skin injuries are called wounds [1]. An essential area 

of study for biomedical materials has been wound 

dressing [2]. The most frequent wounds in real life are 

abrasions from falls and surgical incisions on the skin 

[3]. The four intricately linked stages of wound healing 

are hemostasis, inflammation, proliferation, and 

remodelling [12]. By 2026, chronic skin wounds are 

predicted to afflict 20–60 million people globally, 

making them a serious issue that is on the verge of 

becoming an epidemic [10]. Acute and chronic wounds 

are the two groups into which they fall. An acute 

wound is a sudden injury to the skin. It may take two 

to three months to heal, depending on its size and 

depth in the skin's layers of dermis or epidermis [8]. In 

this brief review, the materials of interest are mostly 

hydrogels, which are networks of polymers that have 

been heavily inflated with water. Often known as 

hydrogels, networks of polymer chains known as 

hydrophilic gels are often seen as colloidal gels with 

water serving as the dispersion medium [9]. Numerous 

descriptions of hydrogels have been offered by 

researchers throughout the years. Hydrogel, a cross-

linked polymeric network created by the 

straightforward reaction of one or more monomers that 

swells with water, is the most widely used of them. It 

may also be thought of as a polymeric substance that, 

while expanding and retaining a significant quantity of 

water inside its structure, will not dissolve in water. In 

the last fifty years, hydrogels have attracted a lot of 

attention due to their extraordinary potential in a 

variety of applications [4-6]. Because of their high-

water content, they also have a degree of flexibility 

that is extremely close to that of natural tissue. 

Three- 
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dimensional cross-linked polymer networks known as 

hydrogels are intelligent enough to adapt to changes in 

their surroundings, including ionic strength, pH, 

temperature, the presence of enzymes, and electric 

fields, by expanding or contracting correspondingly. 

They are springy and squishy when swollen, similar to 

real tissue and displaying good biocompatibility [7]. 

Synthetic and biopolymers are the most often used 

polymers in the production of wound dressings. 

Naturally occurring polymers that are often employed 

include gelatin, hyaluronic acid, collagen, chitosan, 

cellulose, fibrin, elastin, and alginate [11]. 

 

Fig. 1: Ideal Properties of Cellulose and Chitosan in 

wound healing 

Phases of Wound Healing: The intricate method of 

wound healing results in the restoration of damaged 

skin tissue. The type of wound dressing that should be 

used for effective wound management depends on the 

stages of wound healing. The four stages of the wound 

healing process include haemostasis, inflammation, 

proliferation, and remodelling phase, which might 

overlap [12]. The surface, base, cavity, and wound 

margin are all parts of the wound, which is also 

referred to as the wound bed [13].

 

Fig. 2 Graphical representation of the steps during 

wound healing process. 

 Phase 1: Hemostasis: Stopping the bleeding is the 

main goal of the hemostasis stage of wound 

healing. Your body triggers its blood clotting 

system to do this. The process of your wound 

healing begins when your blood clots at the site of 

the wound, keeping you from losing too much 

blood.[14] 

 Phase 2: Inflammation in wound healing: In this 

stage, waste materials and germs are eliminated by 

using white blood cells and other blood cells. 

Inflammation keeps your wound clean and primes it 

for the synthesis of new tissue.[14] 

 Phase 3: Proliferation in wound healing: As soon 

as the wound is clean, your body will begin the 

proliferation phase of the wound healing process. 

During this stage, you must bandage your 

wound.[14]. 

 Phase 4: Remodelling in wound healing: 

Sometimes it takes more than a year to finish the 

longest stage of the repair. But after your skin has 

fully healed, it should mirror its strength before the 

damage.[14] 

 

 

Fig. 3:Diagrammatic representation of different Phases of wound healing 
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Factors affecting wound healing: 

Numerous factors could hinder the process of wound 

healing, including. 

 Diabetes: Foot ulcers caused by peripheral 

neuropathy are a frequent consequence of diabetes. 

Peripheral ischemia brought on by peripheral 

vascular disease is another consequence. Both 

issues have an impact on the proliferative stage of 

healing and cause the healing process to slow down 

overall.[15] 

 Obesity: Obesity raises the risk of ischemia and 

insufficient tissue oxygenation, both of which can 

cause necrosis or delayed wound healing.[15] 

 Necrosis: Another condition that might prevent a 

wound from healing is unplanned tissue death, 

which necessitates surgical debridement to remove 

the damaged tissue before healing can 

continue.[15] 

 Poor nutrition: Malnutrition, which is frequent in 

the elderly, may slow down the healing process of 

wounds by reducing the development of new blood 

vessels, collagen synthesis, and fibroblast 

proliferation. Inadequate ingestion of protein is one 

such indicator of malnutrition.[15] 

 Smoking: Smoking cigarettes, especially when 

nicotine is used, causes vasoconstriction, which 

alters blood flow. Additionally, nicotine suppresses 

the immune system, which raises the possibility of 

a wound infection.[15] 

Hydrogel 

A hydrogel is a fascinating material composed of two 

main components: porous, permeable solids and 

interstitial fluid. The porous solid network forms a 

three-dimensional structure made of natural or 

synthetic polymers. Meanwhile, the interstitial fluid, 

which constitutes at least 10% by weight or volume, 

consists mainly of water or biological fluids. These 

properties make hydrogels highly versatile and find 

applications in various fields, especially in 

biomedicine. While many hydrogels are synthetic, 

some are derived from nature. The term “hydrogel” 

was coined in 1894. 

Advantages of hydrogel: 

 They have an approximately equal degree of 

flexibility as genuine tissue because of their high-

water content. 

 Timely release of nutrition or medications. 

 They may be injected and are both biocompatible 

and biodegradable. 

 Hydrogels may sense variations in temperature, 

pH, or metabolite concentration and adjust their 

load accordingly. 

 Hydrogels are also easily modifiable and have 

strong transport qualities. 

Disadvantages of Hydrogel: 

 Expensive. 

 Might be challenging to manage. 

 Limited mechanical potency. 

 Due to their non-adherent nature, they may 

require supplementary dressings to keep them in 

place. The movement of the maggots can also 

provide discomfort. 

 Challenging to load with nutrition and/or 

medications. 

Wound healing: 

Because of their cross-linked nature, hydrogels can 

contain both drugs and water. Wound exudates may 

be held and retained by them because of their capacity 

to hold water. [91,92] When 

 applied, hydrogels based on gelatin and sodium 

alginate have the capacity to cover and shield the 

wound from bacterial infection. The ideal hydrogel 

material would have the functional properties listed 

below[94]. 

• Maximal equilibrium swelling, or absorption 

capacity, in saline. 

• Ideal particle size and porosity, or the desired 

rate of absorption, based on the needs of the 

application. 

• Absorbency under load (AUL) maximum 

• The lowest possible soluble content and residual 

monomer quantity. 

• The lowest price. 

• Maximum durability and stability in a growing 

environment as well as during storage. 

• The maximum degree of biodegradability without 

the production of harmful species during 

degradation. 

• pH neutrality following water swelling 
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• Completely non-toxic, colourless, and odourless. 

• Photo stability. 

• The hydrogel's rewetting capability is contingent 

upon the application requirement, such as in 

sanitary or agricultural settings. It must be able to 

either retain or return the ingested fluid. 

Hydrogel Classification 

1. Classification based on cross-linking: 

Hydrogels fall into a variety of categories. However, 

because cross-linking networks are essentially used to 

create hydrogels, they can be divided into two groups 

according to cross- linking: Hydrogels that are (a) 

physically cross-linked or self-assembling and (b) 

chemically cross-linking. [16,17] 

2. Physicallycross-linked hydrogels: 

The use of reversible gels, also known as physically 

cross-linked hydrogels, has become more significant 

because of their simplicity of synthesis and the benefit 

of not requiring cross-linking chemicals. Physical 

relationships between distinct polymer chains prevent 

physically cross-linked gels from dissolving.[16] 

 Ionic Interaction: 

Ion Interaction Dynamic interactions between 

oppositely charged groups or metal-ligand contact are 

two efficient ways to carry out ionic 

interactions.[18] Hydrogels with strong ionic 

conductivity, fatigue resistance, environmental 

reactivity, and self-healing qualities are the outcome of 

ionic interaction. However, the complex and 

insufficient mechanical characteristics. The 

preparation method continues to provide the major 

challenges for the potential future applications of 

hydrogels produced by ionic interactions.[19] 

 Hydrogen Bond: 

Hydrogen bonds are often needed, and they may 

significantly increase the ability of hydrogels to heal 

and restore themselves.[20] The resultant hydrogels 

usually have poor utilisation rates because hydrogen 

bonds are often weak under water circumstances. 

Scientists are now developing DN hydrogels and IPN 

hydrogels in an effort to boost the impact of hydrogen 

bonding.[21] 

 Crystallization: 

Crystallisation One of the most frequent methods of 

physical cross-linking is the freeze-thaw process. 

During the freezing phase of the cycle, the polymer 

chains are arranged around themselves by the 

produced ice crystals. The ice crystals then melt during 

the cycle's thawing process to form a microporous 

structure.[22]During the freeze-thaw process, the 

duration, temperature, number of cycles, and amount 

of polymer components may be changed to 

accommodate different pore sizes, mechanical 

strengths, morphology, or other properties.23],[24In 

order to recruit cells for wound healing, it is essential 

that stem cells placed on soft, flexible, and variable 

porosity hydrogels that can replicate extracellular 

matrix (ECM). These hydrogels also allow stem cells 

to respond and migrate in a directed manner in 

response to dynamic changes in ECM stiffness.[25] 

 Protein Interaction: 

Protein Interaction An increasing number of proteins—

gelatine, collagen, silk fibroin, matrix glue, and so 

forth—are used as the primary raw material in the 

production of hydrogels made from natural 

polymers[26, 27]. Temperature and phase transition 

are altered by non-covalent bond interactions between 

proteins or polypeptides to generate protein or 

polypeptide hydrogels. Spider silk self-assembles into 

-sheet-rich silk by exploiting sequence variations 

between eADF3-CTD and eADF4-CTD. The precise 

molecule abundance and composition enable the 

solution-gel transition process to be fine-tuned.[28]. 

Chemical Cross-Linking: Most hydrogel materials 

are currently manufactured using chemical cross-

linking, and chemically cross-linked hydrogels 

frequently have good mechanical characteristics and 

higher stability[29]. They are dominated by the 

enzymatic, conjugation, and free radical 

polymerization reactions. 

 Conjugation Reaction: 

The conjugation process has led to the cross-linking of 

hydrogels, which have gained significant attention. 

The conjugation process may be carried out under very 

moderate conditions, much as the Michael addition 

reaction, the Schiff's base reaction, and the Diels-Alder 

addition reaction.[30]An easy green method for the 

conjugate reaction is the Schiff's base reaction, which 
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involves the condensation of an amine and an active 

carbonyl group[31]. Numerous polysaccharide 

molecules, including cellulose, hyaluronic acid, starch, 

and alginate, contain nearby hydroxyl groups that 

periodate may oxidize to produce hydrogels via 

Schiff's base reactions[32, 33]. 

 Free Radical Polymerization: 

Free radicals may be produced via heating, UV light, 

high energy radiation, electrolysis, and plasma 

initiation.[34]Under the influence of heat or light, 

unsaturated functional groups or photosensitive 

functional groups are used in thermally initiated 

polymerization and light-initiated polymerization to 

undergo free radical polymerization or cross-linking to 

form covalent bonds.[35],[36] Because of their stable 

and well-regulated structures, most hydrogels made 

using thermally induced cross-linking procedures are 

appropriate for deep wound healing.[35],[36]In the 

photoinitiated polymerization procedure, the precursor 

with the photosensitive functional group may 

polymerize under UV light directly, while the 

precursor with the double bond functional group can 

polymerize under UV light after adding a photo 

initiator[37, 38]. 

 Enzymatic Reaction: 

Mild temperatures during enzymatic processes 

decrease biological activity loss, speed up gelation, and 

avoid the formation of hazardous chemicals. Right 

now, enzymatic rapid gelation seems to be a viable 

method for producing antibacterial hydrogels[39, 40]. 

In order to improve EC mobility, low molecular 

weight hyaluronic acid (LMWHA) derivatives were 

immobilized inside gelatin- based hydrogels using 

hydrogen peroxide and HRP. The results suggest that 

EC motility may be enhanced by enzymatic 

immobilization of LMWHA-Ph inside gelatin-based 

hydrogels, which might be further explored for 

vascular tissue engineering applications.[41] 

Biomaterials for Preparing Hydrogels: 

Biomaterials used in tissue engineering or regenerative 

medicine may be divided into two primary categories: 

Biomaterials that are both natural and synthetic 

[42]Regardless of the materials' origin, hydrogel 

dressings have to be highly biocompatible, have low 

toxicity, and encourage the growth of nearby cells. 

Additionally, among other characteristics, artificial 

hydrogel dressings need to be highly mechanical, 

moisture-retentive, biodegradable, antibacterial, 

antioxidant, non-adhesive, and have superior air 

permeability.[43] 

Natural Biomaterials: 

 Sodium Alginate: 

One kind of linear anionic polysaccharide polymer is 

sodium alginate (SA).[44]Due to its high - COO 

content, SA exhibits clear pH sensitivity and gels fast 

under very mild settings, preventing the inactivation of 

active substances including enzymes, proteins, cells, 

and sensitive medications. Numerous wound care 

treatments capitalize on the structural similarities 

between ECM and alginate. [44,45,46]Nowadays, 

there is a lot of interest in green synthesis that draws 

inspiration from proteins. In addition to having strong 

antibacterial action, SA/SE-AgNPs semi- 

interpenetrating network hydrogels address SA's 

deficiency in cell adhesion capacity.[47] 

 Collagen: 

Animal ECM mostly consists of collagen (COL), 

which has strong biological activity, biocompatibility, 

and biodegradability. Its main function in wound 

dressings is to stimulate coagulation, encourage cell 

development and proliferation, and have mild 

antigenicity and prevents the production of scars, etc. 

[48]Col-HA hydrogels made using HRP covalent 

crosslinking shown excellent biocompatibility and 

biodegradability in addition to spontaneously 

stimulating angiogenesis and contributing to the 

development of collagen Fiber and epithelium.[49] 

When used as a wound dressing, hydrogels with self-

healing properties might prolong the material's useful 

life, particularly in urgent circumstances, hence 

improving wound safety. Thus, the creation of 

premium collagen hydrogels with strong self-healing 

properties and injectable capabilities its, antibacterial, 

with hemostatic properties are highly useful in wound 

dressings. Potential [50]. The mechanical qualities of 

natural collagen are low, and its resistance to 

biodegradation is weak. Furthermore, in a humid 

environment, bacterial erosion can cause pure collagen 

to quickly degenerate.[51] To increase the performance 

of collagen-based hydrogels, scientists are now 
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looking at a range of cross-linking techniques. 

EDC/NHS cross-linked collagen gel had a greater 

hemostasis impact than delayed hemostasis. [52] 

 Starch: 

A common ingredient in the creation of biodegradable 

hydrogels is starch.[53]Its benefits include low cost, 

broad source compatibility, renewable energy, 

biocompatibility, and non-toxicity. [54,55]Because of 

its drawbacks, including its poor mechanical strength 

and lack of hydrophilicity, starch is often not utilized 

exclusively for making hydrogels.[56]One of the 

significant modified starches is oxidized starch. 

Oxidized starch is a common ingredient in 

pharmaceutical products because of its low viscosity, 

high stability, transparency, film formation, and 

viscosity.[57]Unfortunately, the current state of 

research on starch hydrogel dressings is inadequate, 

and the primary factor preventing future development 

of this technology is starch's poor mechanical strength. 

 Cellulose: 

The most prevalent and plentiful polysaccharide in 

nature is natural cellulose, which comes from a highly 

rich source. It may be made by bacteria, fungus, algae, 

and plants. [58,59]Special emphasis has been paid to 

carboxymethyl cellulose (CMC) because of its 

inexpensive cost, superior transparency, and high 

absorbance dance.[60] Because CMC is very 

hydrophilic, wound exudate may be absorbed by CMC 

hydrogels more readily and the environment is kept 

moist the area to stop moisture loss from the tissue, 

which is crucial for burns and diabetic 

wounds.[61]Bacterial cellulose hydrogels high in 

thymol can be a useful material for treating third-

degree burn wounds. Along with its outstanding 

antibacterial action, it also possessed amazing 

moisturizing qualities that made it an appropriate moist 

atmosphere to facilitate a seamless changeover 

between the stages of inflammation, proliferation, and 

remodelling [62] 

 Chitosan: 

The only naturally occurring cationic polymer with 

these qualities is chitosan (CS), which is also non-

toxic, biodegradable, and possesses antibacterial, 

antifungal, and antitumor activities. It is a substance 

that is commonly utilized in biomedicine. Because CS 

increases tissue development and enhances hemostasis, 

it is also advantageous for wound healing. Hydrogels 

based on CS are crucial for wound healing. 

[63,64].Natural cationic copolymer chitosan has 

hydrophilic qualities and is highly biocompatible and 

biodegradable because human enzymes can break it 

down. [65,66] 

 Hyaluronic Acid: 

One of the primary elements of the extracellular matrix 

(ECM) is hyaluronic acid (HA), which interacts with 

cells via CD44 and other receptors on the plasma 

membraneto encourage the development of 

capillaries.[67]HA accumulates in the wound region 

during the inflammatory phase of wound healing and 

controls the production of pro-inflammatory cytokines 

by controlling inflammatory cells to ingest invasive 

microbes and stimulate fibroblasts and keratinocytes. 

adenocytes to move and multiply when the process is 

remodelling and proliferating. As a result, HA is 

crucial for angiogenesis and tissue regeneration. 

Researchers have improved the hydrophilicity of 

hydrogel dressings and accelerated wound healing by 

combining these benefits of HA with other biological 

materials. [63,68,69] The lack of an antibacterial 

effect, poor mechanical qualities, and poor structural 

stability of HA-based hydrogels are some of its 

drawbacks, which may limit their specific 

effectiveness. The lack of an antibacterial effect, poor 

mechanical qualities, and poor structural stability of 

HA-based hydrogels are some of its drawbacks, which 

may limit their specific effectiveness.[70] 

Synthetic Materials for Hydrogels: 

 Acrylamide: Acrylamide (AM) and its derivatives 

have a number of advantageous properties, 

including excellent biocompatibility, non-

carcinogenicity, non-toxicity, simplicity of 

processing, mechanical adjustability, precise and 

regulated elastic features, and strong swelling 

capacity.[71].The hydrophobic contact and ionic 

cross-linking that produced the SA/PAM-Fe DN 

hydrogels demonstrated excellent heat stability, 

puncture resistance, fatigue resistance, and pH 

sensitivity in addition to outstanding self-healing 

properties.[72]. 

 Polyvinyl Alcohol: Common polymers like 

polyvinyl alcohol (PVA) have strong mechanical 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 2572-2587 | ISSN:2251-6727 

 
 

 

2578 

qualities, are non-toxic and non-carcinogenic, are 

soluble, and are biocompatible [73,74]. 

Nevertheless, the pure PVA hydrogels lack 

flexibility and hydrophilicity and lack the effects 

of hemostasis and antibacterial, among other 

things. Researchers have been concentrating on 

using PVA in conjunction with other useful 

elements to accelerate wound healing in recent 

years. At Currently, PVA is combined with a wide 

range of substances (oxidized cellulose, gelatin, 

SA, CS, etc.) to produce hemostasis.[75] Blood 

coagulation is promoted and accelerated by 

hydrogels that stick to the wound surface, block 

damaged blood vessels, and encourage platelets to 

produce coagulation factors.[76] 

 Polyethylene Glycol: One type of amphiphilic 

polymer with a broad molecular weight range is 

polyethylene glycol (PEG).[77] PEG has been a 

common ingredient in wound dressings in recent 

years due to its non-toxicity, excellent 

biocompatibility, biodegradability, ease of 

availability, steady action, and inexpensive 

preparation cost. [78,79]However, the generated 

hydrogel dressings are cytotoxic since cross-

linking agents including formaldehyde, 

glutaraldehyde, and epichlorohydrin are used.[79] 

As a result, recent studies concentrate on lowering 

PEG-based hydrogels' toxicity. Nowadays, a lot of 

workers create hydrogels by cross-linking citric 

acid (CA).[80] According to a paper, CA was used 

to make CMC-PEG hydrogels, which 

demonstrated significant benefits for chronic 

wound healing when used as an environmental 

cross-linking agent.[81] 

  Polyurethane:Synthetic polymer Polyurethane 

(PU) has urethane linkages on its main chain and is 

made up of soft segments made of polyester or 

polyether blocks and hard segments constructed of 

diisocyanates and chain extenders. [82,83] PU 

possesses favourable mechanical, chemical 

stability, low biotoxicity, blood compatibility, 

biodegradability, and biocompatibility 

qualities.[84] Due to their broad spectrum of 

action, drug-loaded hydrogels that are chemically 

covalently linked or physically combined 

frequently attract interest.[85] 

 Polyvinylpyrrolidone: Reduced toxicity, excellent 

water solubility, biocompatibility, biodegradability, 

heat resistance, wettability, adhesion, and film-

forming qualities are among the qualities of 

polyethylene pyrrolidone (PVP). For this reason, 

it's frequently utilized in food, cosmetics, medicine, 

and other industries.[86] Recent years have seen an 

increase in the usage of PVP-based hydrogel 

dressings due to PVP's resistance to 

microorganisms. PVP/PVA/Ag@ZnO NCs 

hydrogels were produced by Khan et al., and the 

antibacterial activity investigation shown that by 

reducing the elevated incidence of infection, the 

dressing might enhance the pace at which wounds 

healed.[87]. PVP has a strong water solubility, 

which helps it release the medicines loaded fast. 

 

Table 1: Hydrogel-based polymer applications in medicine 

Applications Polymers Reference 

Wound care Agar, polyethylene glycol, polypropylene glycol, 

polyvinyl pyrrolidone, polyurethane, and polyethylene 

glycol 

[88] 

Drug-delivery, pharmaceutical The three materials are poly (vinyl pyrrolidone), poly 

(acrylic acid), and poly (starch). 

[88] 

Dental Supplies Hydrocolloids: gums (Kerensis, Karaya, and Ghatti) [89] 
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Technical goods 

(pharmaceutical, cosmetic) 

poly (acrylamide N-isopropyl ether), poly 

(vinyl methyl ether) 

[90] 

Implants and Tissue engineering Hyaluronic acid [90] 

Polymeric system that can be injected Hairpin peptide [90] 

Characterization of Hydrogels:In general, the 

morphology, swelling characteristic, chemical 

structure, and elasticity of hydrogels are what define 

them. The following are crucial characteristics for 

hydrogel characterization as follows: 

 pH: With a digital pH meter, the pH of hydrogels 

is determined. A pH metre has to be calibrated 

before use. 

 Scanning Electron Microscopy (SEM): Surface 

topography, composition, and other characteristics 

of the sample, such electrical conductivity, may all 

be determined using SEM. When using SEM, 

magnification can be from around 10 to 500,000 

times, regulated across a range of up to 6 orders of 

magnitude. 

 Fourier Transform Infrared Spectroscopy: It is 

a helpful method for figuring out a substance's 

chemical structure. It is predicated on the idea that 

a substance's fundamental constituents, or chemical 

bonds, may be stimulated and absorb infrared light 

at typical chemical bond-based frequencies. 

 Swelling measurement:There are now three 

approaches available for measuring swelling in 

hydrogels: 

Method A: This approach involves using a roller 

mixer to submerge the dried hydrogel in deionized 

water for 48 hours at room temperature. Following 

swelling, a stainless-steel net filters the hydrogel. 

Method B: The dry hydrogel (0.05–0.1g) was mixed 

with a large enough amount of water (25–30 ml) in a 

volumetric vial and let to stand at room temperature 

for 48 hours. After that, the mixture is centrifuged to 

separate the unabsorbed water from the layers of 

water-bound substances. After the free water has been 

evacuated, the swelling may be calculated using the 

previously mentioned Method A. 

Method C: In procedure C, the dry gel is left at room 

temperature for 16 hours while submerged in 

deionized water. Following swelling, a 100-mesh (149 

μm) stainless steel net was used to filter the hydrogel. 

The formula for swelling is as follows: - 

Swelling= C×100/B 

 

where B is the weight of the insoluble component 

following water extraction and C is the weight of the 

hydrogel that is formed after drying.[95] 

 In -Vitro drug release study:Studies on release 

are conducted to comprehend the process of release 

since hydrogels are swollen polymeric networks 

with drug molecules inside of them. during the 

course of the application. In order to determine if 

the medication solutions are equivalent, the 

parameters are matched with the standard plot.[96] 

 Rheology:Hydrogel viscosity is measured at 4ºC 

constant temperature using a cone plate type 

viscometer. When it comes to assessing 

viscosity, this viscometer is quite specific. 

Thestraightforward formula for the angle of repose, 

which also determines height and length, 

determines viscosity. 

 Spreadibility study: The device consisted of two 

glass slides with a pan fixed to a pulley and a 

wooden block with a scale. 100 gram of excess 

formulation was sandwiched between two glass 

slides. To compare the formulation and achieve 

consistent thickness, weight was applied to the 

upper glass slide for a duration of five minutes. 

Weight may be added, and the duration needed to 

divide the two slides was calculated to account for 

spreadibility. 

S= (m × l) / t where t is the time taken in seconds, l is 

the length of the glass slide, m is the weight 

fastened to the upper slide, and S is spreadibility. 

➢ Skin irritancy test studies:Tests for skin irritancy 

are performed on rabbits. Two rabbits were given 
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the preparation, and the affected region was 

covered with bandages or gauze. Within a day, the 

mixture was eliminated, and the region was 

examined for erythema and edema.Average 

irritation scores= (erythema reaction + edema 

reaction scores) / time interval. 

➢ X-ray diffraction:To determine if polymers 

deform or preserve their crystalline structure 

throughout the pressurization process, X-ray 

diffraction is utilized. 

 

Table 2. Some examples of commercial hydrogel-based wound dressings [97] 

Product Company Main Component Application 

Algisite Smith and Nephew Alginate Minor burn wounds, abrasions, 

rips in the skin, and lacerations 

Medihoney Derma Sciences Alginate Partial   to complete thickness 

burns and wounds 

Kaltostat Convatec Alginate Wounds with moderate to heavy 

exudation 

both acute and chronic wounds 

NU-GEL Systagenix Alginate Management of chronic wounds 

throughout all stages of healing 

Condress Smith and Nephew Collagen Chronic and acute wounds 

Helix3-cm AmerxHealth Care Collagen Chronic and acute wounds 

Comfeel Coloplast Hydrocolloids Designed for difficult-to-dress 

areas 

Inadine Systagenix Polyethylene 

glycol 

Open wounds that may become 

infected 

CovaWoun d Covalon Hydrocolloids Ulcerations on the legs and feet, 

pressure, and superficial, 

partially-thick burns 

Cutimed Bsn Medical Dialkylcarbamoyl 

-chloride 

Care for sloughy and necrotic 

tissues in long-term wounds 

Sofargen Sofar Colloidal silica For cuts, scrapes, burns of the first and 

second degrees, and 

other injuries 

DermaFilm DermaRite Hydrocolloids Skin grafts, superficial ulcers, 

   closed surgical wounds, and abrasions 
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Table 2. Hydrogels in clinical trials/ marketed products. 

Hydrogels Clinical TrialOutcomes/Marketed Products References 

Nanofibrillar cellulose 

wound dressing 

In an average of eighteen days, the   wound 

dressing will come off the epithelialized skin transplant 

donor site. 

[98] 

Bacterial nanocellulose The majority of the patched skins exhibited no signs of 

bullae, vesicles, or oedema. It was safe 

for the additional assessment and non-irritating. 

[99] 

Nanoderm™ Ag It showed heightened pliability and enduring 

antibacterial qualities. efficient in the treatment of 

contaminated wounds. 

 

[100] 

Nanoskin® It is biocompatible, non-allergenic, and entirely natural. It 

works well for treating burns and surgical wounds. Wounds 

from diabetic ulcers, skin grafting sites, and so on. 

 

[101] 

CelMat® Beneficial in the management of chronic wounds, burns, and 

ulcers. It facilitates better gas exchange, pain alleviation, and 

absorption and fluid desorption. 

 

[101] 

EpiProtect® Useful for treating burn injuries in children following 

enzymatic debridement. 

[102] 

ExcelArrest® XT In order to stop skin bleeding, it quickens the coagulation 

process. 

[103] 
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Conclusion 

In conclusion, the field of wound healing has seen 

significant advancements in the development of 

hydrogel-based wound dressings, with a particular 

focus on natural polymers such as cellulose, chitosan, 

and sodium alginate. These hydrogels have 

demonstrated remarkable potential for wound 

management, thanks to their high-water content, 

biocompatibility, and ability to create a moist 

environment conducive to healing. The use of 

cellulose and chitosan in hydrogel formulations has 

shown promising results in promoting wound healing 

and preventing bacterial  infections. Additionally, the 

incorporation of sodium alginate in hydrogels has 

contributed to their ability to absorb wound exudates 

and maintain an optimal healing environment. Overall, 

the versatility and effectiveness of hydrogels as wound 

dressings highlight their significance in addressing the 

challenges associated with wound care, making them a 

valuable asset in the field of medical science. 
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Peng W, LópezLasaosa F, He Y, Mao H, Yang 

J. Injectable adhesive self-healing multicross-linked 

double-network hydrogel facilitates full- 

thickness skin wound healing. ACS Applied 

Materials & Interfaces. 2020 Dec 

18;12(52):57782-97. 

32. Li Z, Liu L, Chen Y. Dual dynamically 

crosslinked thermosensitive hydrogel with self-

fixing as a postoperative anti-adhesion barrier. 

Acta biomaterialia. 2020 Jul 1;110:119-28. 

33. Chen H, Xing X, Tan H, Jia Y, Zhou T, Chen Y, 

Ling Z, Hu X. Covalently antibacterial alginate-

chitosan hydrogel dressing integrated gelatin 

microspheres containing tetracycline 

hydrochloride for wound healing. Materials 

Science and Engineering: C. 2017 Jan 1;70:287- 

95. 

34. Chen H, Xing X, Tan H, Jia Y, Zhou T, Chen Y, 

Ling Z, Hu X. Covalently antibacterial alginate-

chitosan hydrogel dressing integrated gelatin 

microspheres containing tetracycline 

hydrochloride for wound healing. Materials 

Science and Engineering: C. 2017 Jan 1;70:287- 

95. 

35. Eke G, Mangir N, Hasirci N, MacNeil S, Hasirci 

V. Development of a UV crosslinked 

biodegradable hydrogel containing adipose 

derived stem cells to promote vascularization for 

skin wounds and tissue engineering. 

Biomaterials. 2017 Jun 1;129:188-98. 

36. Darge HF, Andrgie AT, Tsai HC, Lai JY. 

Polysaccharide and polypeptide based injectable 

thermo-sensitive hydrogels for local biomedical 

applications. International journal of biological 

macromolecules. 2019 Jul 15;133:545-63. 

37. Kang S, Kim T, Kim B, Jeong Y, Park YI, Noh 

SM, Park J. Novel thermal radical initiators based 

on a triazene moiety for radical polymerization. 

Journal of Industrial and Engineering Chemistry. 

2018 Dec 25;68:1-5. 

38. Chao G, Deng H, Huang Q, Jia W, Huang W, Gu 

Y, Tan H, Fan L, Liu C, Huang A, Lei K. 

Preparation and characterization of pH sensitive 

semi-interpenetrating network hydrogel based on 

methacrylic acid, bovine serum albumin (BSA), 

and PEG. Journal of Polymer Research. 2006 

Oct;13:349-55. 

39. Hao S, Shao C, Meng L, Cui C, Xu F, Yang J. 

Tannic acid–silver dual catalysis induced rapid 

polymerization of conductive hydrogel sensors 

with excellent stretchability, self-adhesion, and 

strain-sensitivity properties. ACS applied 

materials & interfaces. 2020 Dec 3;12(50):56509- 

21. 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 2572-2587 | ISSN:2251-6727 

 
 

 

2584 

40. Liu S, Liu X, Ren Y, Wang P, Pu Y, Yang R, 

Wang X, Tan X, Ye Z, Maurizot V, Chi B. 

Mussel-inspired dual-cross-linking hyaluronic 

acid/ε-polylysine hydrogel with self-healing and 

antibacterial properties for wound healing. ACS 

applied materials & interfaces. 2020 Jun 

1;12(25):27876-88. 

41. Pham TN, Jiang YS, Su CF, Jan JS. In situ 

formation of silver nanoparticles-contained 

gelatin- PEG-dopamine hydrogels via enzymatic 

cross-linking reaction for improved antibacterial 

activities. International journal of biological 

macromolecules. 2020 Mar 1;146:1050-9. 

42. Khanmohammadi M, Sakai S, Taya M. Impact of 

immobilizing of low molecular weight hyaluronic 

acid within gelatin-based hydrogel through 

enzymatic reaction on behavior of enclosed 

endothelial cells. International journal of 

biological macromolecules. 2017 Apr 1;97:308-

16. 

43. Chaudhari AA, Vig K, Baganizi DR, Sahu R, 

Dixit S, Dennis V, Singh SR, Pillai SR. Future 

prospects for scaffolding methods and 

biomaterials in skin tissue engineering: a review. 

International journal of molecular sciences. 2016 

Nov 25;17(12):1974. 

44. Shiekh PA, Singh A, Kumar A. Exosome laden 

oxygen releasing antioxidant and antibacterial 

cryogel wound dressing OxOBand alleviate 

diabetic and infectious wound healing. 

Biomaterials. 2020 Aug 1;249:120020. 

45. Wang X, Guan S, Zhang K, Li J. Benlysta-loaded 

sodium alginate hydrogel and its selective 

functions in promoting skin cell growth and 

inhibiting inflammation. ACS omega. 2020 May 

1;5(18):10395-400. 

46. Hao T, Li J, Yao F, Dong D, Wang Y, Yang B, 

Wang C. Injectable fullerenol/alginate hydrogel 

for suppression of oxidative stress damage in 

brown adipose-derived stem cells and cardiac 

repair. ACS nano. 2017 Jun 27;11(6):5474-88. 

47. Koehler J, Brandl FP, Goepferich AM. Hydrogel 

wound dressings for bioactive treatment of acute 

and chronic wounds. European Polymer Journal. 

2018 Mar 1;100:1-1. 

48. Tao G, Cai R, Wang Y, Zuo H, He H. Fabrication 

of antibacterial sericin based hydrogel as an 

injectable and mouldable wound dressing. 

Materials Science and Engineering: C. 2021 Feb 

1;119:111597. 

49. Olivetti CE, Alvarez Echazú MI, Perna O, Perez 

CJ, Mitarotonda R, De Marzi M, Desimone MF, 

Alvarez GS. Dodecenylsuccinic anhydride 

modified collagen hydrogels loaded with 

simvastatin as skin wound dressings. Journal of 

Biomedical Materials Research Part A. 2019 

Sep;107(9):1999-2012. 

50. Ying H, Zhou J, Wang M, Su D, Ma Q, Lv G, 

Chen J. In situ formed collagen-hyaluronic acid 

hydrogel as biomimetic dressing for promoting 

spontaneous wound healing. Materials Science 

and Engineering: C. 2019 Aug 1;101:487-98. 

51. Chen H, Cheng J, Ran L, Yu K, Lu B, Lan G, Dai 

F, Lu F. An injectable self-healing hydrogel with 

adhesive and antibacterial properties effectively 

promotes wound healing. Carbohydrate polymers. 

2018 Dec 1;201:522-31. 

52. Liu T, Shi L, Gu Z, Dan W, Dan N. A novel 

combined polyphenol-aldehyde crosslinking of 

collagen film—applications in biomedical 

materials. International journal of biological 

macromolecules. 2017 Aug 1;101:889-95. 

53. Sun L, Li B, Song W, Zhang K, Fan Y, Hou H. 

Comprehensive assessment of Nile tilapia skin 

collagen sponges as hemostatic dressings. 

Materials Science and Engineering: C. 2020 Apr 

1;109:110532. 

54. Sun L, Li B, Song W, Zhang K, Fan Y, Hou H. 

Comprehensive assessment of Nile tilapia skin 

collagen sponges as hemostatic dressings. 

Materials Science and Engineering: C. 2020 Apr 

1;109:110532. 

55. Chen J, Wang Y, Liu J, Xu X. Preparation, 

characterization, physicochemical property and 

potential application of porous starch: A review. 

International Journal of Biological 

Macromolecules. 2020 Apr 1;148:1169-81. 

56. Tavakoli S, Kharaziha M, Nemati S, Kalateh A. 

Nanocomposite hydrogel based on carrageenan-

coated starch/cellulose nanofibers as a 

hemorrhage control material. Carbohydrate 

polymers. 2021 Jan 1;251:117013. 

57. Dai M, Liu Y, Ju B, Tian Y. Preparation of 

thermoresponsive alginate/starch ether composite 

hydrogel and its application to the removal of Cu 

(II) from aqueous solution. Bioresource 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 2572-2587 | ISSN:2251-6727 

 
 

 

2585 

technology. 2019 Dec 1;294:122192. 

58. Ahmed A, Niazi MB, Jahan Z, Ahmad T, Hussain 

A, Pervaiz E, Janjua HA, Hussain Z. In- vitro and 

in-vivo study of superabsorbent PVA/Starch/g-

C3N4/Ag@ TiO2 NPs hydrogel membranes for 

wound dressing. European Polymer Journal. 2020 

May 5;130:109650. 

59. Gholamali I, Hosseini SN, Alipour E, Yadollahi 

M. Preparation and characterization of oxidized 

starch/CuO nanocomposite hydrogels applicable 

in a drug delivery system. Starch‐Stärke. 2019 

Mar;71(3-4):1800118. 

60. Pang M, Huang Y, Meng F, Zhuang Y, Liu H, Du 

M, Ma Q, Wang Q, Chen Z, Chen L, Cai T. 

Application of bacterial cellulose in skin and 

bone tissue engineering. European Polymer 

Journal. 2020 Jan 5;122:109365. 

61. Chen D, Zhao X, Wei X, Zhang J, Wang D, Lu 

H, Jia P. Ultrastretchable, tough, antifreezing, and 

conductive cellulose hydrogel for wearable strain 

sensor. ACS Applied Materials & Interfaces. 

2020 Nov 13;12(47):53247-56. 

62. Naseri-Nosar M, Ziora ZM. Wound dressings 

from naturally-occurring polymers: A review on 

homopolysaccharide-based composites. 

Carbohydrate polymers. 2018 Jun 1;189:379-98. 

63. Zhong Y, Wang J, Yuan Z, Wang Y, Xi Z, Li L, 

Liu Z, Guo X. A mussel-inspired carboxymethyl 

cellulose hydrogel with enhanced adhesiveness 

through enzymatic crosslinking. Colloids and 

Surfaces B: Biointerfaces. 2019 Jul 1;179:462-9. 

64. Jiji S, Udhayakumar S, Rose C, Muralidharan C, 

Kadirvelu K. Thymol enriched bacterial cellulose 

hydrogel as effective material for third degree 

burn wound repair. International journal of 

biological macromolecules. 2019 Feb 1;122:452-

60. 

65. Bazmandeh AZ, Mirzaei E, Fadaie M, Shirian S, 

Ghasemi Y. Dual spinneret electrospun 

nanofibrous/gel structure of chitosan-

gelatin/chitosan-hyaluronic acid as a wound 

dressing: In- vitro and in-vivo studies. 

International journal of biological 

macromolecules. 2020 Nov 1;162:359-73. 

66. Bilal M, Rasheed T, Zhao Y, Iqbal HM. Agarose-

chitosan hydrogel-immobilized horseradish 

peroxidase with sustainable bio-catalytic and dye 

degradation properties. International journal of 

biological macromolecules. 2019 Mar 1;124:742-

9. 

67. Ahmadi F, Oveisi Z, Samani SM, Amoozgar Z. 

Chitosan based hydrogels: characteristics and 

pharmaceutical applications. Research in 

pharmaceutical sciences. 2015 Jan 1;10(1):1-6. 

68. Peniche C, Argüelles‐Monal W, Peniche H, 

Acosta N. Chitosan: an attractive biocompatible 

polymer for microencapsulation. Macromolecular 

Bioscience. 2003 Oct;3(10):511-20. 

69. Burdick JA, Prestwich GD. Hyaluronic acid 

hydrogels for biomedical applications. Advanced 

materials. 2011 Mar 25;23(12):H41-56. 

70. Dong Y, Cui M, Qu J, Wang X, Kwon SH, 

Barrera J, Elvassore N, Gurtner GC. Conformable 

hyaluronic acid hydrogel delivers adipose-derived 

stem cells and promotes regeneration of burn 

injury. Acta biomaterialia. 2020 May 1;108:56-

66. 

71. Kwon MY, Wang C, Galarraga JH, Puré E, Han 

L, Burdick JA. Influence of hyaluronic acid 

modification on CD44 binding towards the design 

of hydrogel biomaterials. Biomaterials. 2019 Nov 

1;222:119451. 

72. Kwon MY, Wang C, Galarraga JH, Puré E, Han 

L, Burdick JA. Influence of hyaluronic acid 

modification on CD44 binding towards the design 

of hydrogel biomaterials. Biomaterials. 2019 Nov 

1;222:119451. 

73. Chen S, Zhao Y, Yan X, Zhang L, Li G, Yang Y. 

PAM/GO/gel/SA composite hydrogel conduit 

with bioactivity for repairing peripheral nerve 

injury. Journal of Biomedical Materials Research 

Part A. 2019 Jun;107(6):1273-83. 

74. Zheng Q, Zhao L, Wang J, Wang S, Liu Y, Liu 

X. High-strength and high-toughness sodium 

alginate/polyacrylamide double physically 

crosslinked network hydrogel with superior self- 

healing and self-recovery properties prepared by 

a one-pot method. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects. 2020 

Feb 20;589:124402. 

75. Song K, Zhu W, Li X, Yu Z. A novel mechanical 

robust, self-healing and shape memory hydrogel 

based on PVA reinforced by cellulose 

nanocrystal. Materials Letters. 2020 Feb 

1;260:126884. 

76. Ghani SM, Rabat NE, Ramli RA, Majid MF, 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 2572-2587 | ISSN:2251-6727 

 
 

 

2586 

Yahya WZ. Hydrophilic comonomer impact on 

poly (vinyl alcohol-co-methyl methacrylate) 

based hydrogel coating. Materials Today: 

Proceedings. 2020 Jan 1;31:54-9. 

77. Pan H, Fan D, Duan Z, Zhu C, Fu R, Li X. Non-

stick hemostasis hydrogels as dressings with 

bacterial barrier activity for cutaneous wound 

healing. Materials Science and Engineering: C. 

2019 Dec 1;105:110118. 

78. Yasasvini S, Anusa RS, VedhaHari BN, Prabhu 

PC, RamyaDevi D. Topical hydrogel matrix 

loaded with Simvastatin microparticles for 

enhanced wound healing activity. Materials 

Science and Engineering: C. 2017 Mar 1;72:160-

7. 

79. Ghorpade VS, Yadav AV, Dias RJ, Mali KK, 

Pargaonkar SS, Shinde PV, Dhane NS. Citric acid 

crosslinked carboxymethylcellulose-poly 

(ethylene glycol) hydrogel films for delivery of 

poorly soluble drugs. International journal of 

biological macromolecules. 2018 Oct 

15;118:783-91. 

80. Deng H, Dong A, Song J, Chen X. Injectable 

thermosensitive hydrogel systems based on 

functional PEG/PCL block polymer for local drug 

delivery. Journal of controlled release. 2019 Mar 

10;297:60-70. 

81. Leung HW. Ecotoxicology of glutaraldehyde: 

review of environmental fate and effects studies. 

Ecotoxicology and environmental safety. 2001 

May 1;49(1):26-39. 

82. Raucci MG, Alvarez‐Perez MA, Demitri C, 

Giugliano D, De Benedictis V, Sannino A, 

Ambrosio L. Effect of citric acid crosslinking 

cellulose‐based hydrogels on osteogenic 

differentiation. Journal of Biomedical Materials 

Research Part A. 2015 Jun;103(6):2045-56. 

83. Capanema NS, Mansur AA, de Jesus AC, 

Carvalho SM, de Oliveira LC, Mansur HS. 

Superabsorbent crosslinked carboxymethyl 

cellulose-PEG hydrogels for potential wound 

dressing applications. International journal of 

biological macromolecules. 2018 Jan 1;106:1218-

34. 

84. Hsiao SH, Hsu SH. Synthesis and 

characterization of dual stimuli-sensitive 

biodegradable polyurethane soft hydrogels for 3D 

cell-laden bioprinting. ACS applied materials & 

interfaces. 2018 Aug 22;10(35):29273-87. 

85. Hsieh CT, Hsu SH. Double-network 

polyurethane-gelatin hydrogel with tunable 

modulus for high-resolution 3D bioprinting. ACS 

applied materials & interfaces. 2019 Aug 

13;11(36):32746-57. 

86. Lin YJ, Lee GH, Chou CW, Chen YP, Wu TH, 

Lin HR. Stimulation of wound healing by 

PU/hydrogel composites containing fibroblast 

growth factor-2. Journal of materials chemistry B. 

2015;3(9):1931-41. 

87. Bazban-Shotorbani S, Hasani-Sadrabadi MM, 

Karkhaneh A, Serpooshan V, Jacob KI, 

Moshaverinia A, Mahmoudi M. Revisiting 

structure-property relationship of pH-responsive 

polymers for drug delivery applications. Journal 

of Controlled Release. 2017 May 10;253:46- 63. 

88. Saha N, Shah R, Gupta P, Mandal BB, 

Alexandrova R, Sikiric MD, Saha P. PVP-CMC 

hydrogel: An excellent bioinspired and 

biocompatible scaffold for osseointegration. 

Materials Science and Engineering: C. 2019 Feb 

1;95:440-9. 

89. Khan MI, Paul P, Behera SK, Jena B, Tripathy 

SK, Lundborg CS, Mishra A. To decipher the 

antibacterial mechanism and promotion of wound 

healing activity by hydrogels embedded with 

biogenic Ag@ ZnO core-shell nanocomposites. 

Chemical Engineering Journal. 2021 Aug 

1;417:128025. 

90. Rosiak JM, Yoshii F. Hydrogels and their 

medical applications. Nuclear Instruments and 

Methods in Physics Research Section B: Beam 

Interactions with Materials and Atoms. 1999 May 

2;151(1-4):56-64. 

91. Rosiak JM, Ulański P, Rzeźnicki A. Hydrogels 

for biomedical purposes. Nuclear Instruments and 

Methods in Physics Research Section B: Beam 

Interactions with Materials and Atoms. 1995 Nov 

2;105(1-4):335-9. 

92. Benamer S, Mahlous M, Boukrif A, Mansouri B, 

Youcef SL. Synthesis and characterisation of 

hydrogels based on poly (vinyl pyrrolidone). 

Nuclear Instruments and Methods in Physics 

Research Section B: Beam Interactions with 

Materials and Atoms. 2006 Aug 1;248(2):284-90. 

93. Kalshetti PP, Rajendra VB, Dixit DN, Parekh PP. 

Hydrogels as a drug delivery system and 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 2572-2587 | ISSN:2251-6727 

 
 

 

2587 

applications: a review. Int. J. Pharm. Pharm. Sci. 

2012 Sep;4(1):1-7. 

94. Caló E, Khutoryanskiy VV. Biomedical 

applications of hydrogels: A review of patents 

and commercial products. European polymer 

journal. 2015 Apr 1;65:252-67. 

95. Gulrez SK, Al-Assaf S, Phillips GO. Hydrogels: 

methods of preparation, characterisation and 

applications. Progress in molecular and 

environmental bioengineering-from analysis and 

modeling to technology applications. 2011 Aug 

1;117150. 

96. Zohuriaan-Mehr MJ. Super-absorbents. Iran 

Polymer Society, Tehran. 2006;228:2-4. 

97. Qavi S, Pourmahdian S, Eslami H. Acrylamide 

hydrogels preparation via free radical 

crosslinking copolymerization: Kinetic study and 

morphological investigation. Journal of 

Macromolecular Science, Part A. 2014 Oct 

3;51(10):842-8. 

98. Sri B, Ashok V, Arkendu C. As a review on 

hydrogels as drug delivery in the pharmaceutical 

field. Int J Pharm Chem Sci. 2012;1(2):642-1. 

99. Cascone S, Lamberti G. Hydrogel-based 

commercial products for biomedical applications: 

A review. International journal of pharmaceutics. 

2020 Jan 5;573:118803. 

100. Hakkarainen T, Koivuniemi R, Kosonen M, 

Escobedo-Lucea C, Sanz-Garcia A, Vuola J, 

Valtonen J, Tammela P, Mäkitie A, Luukko K, 

Yliperttula M. Nanofibrillar cellulose wound 

dressing in skin graft donor site treatment. 

Journal of Controlled Release. 2016 Dec 

28;244:292-301. 

101. Napavichayanun S, Yamdech R, Aramwit P. The 

safety and efficacy of bacterial nanocellulose 

wound dressing incorporating sericin and 

polyhexamethylene biguanide: in vitro, in vivo 

and clinical studies. Archives of Dermatological 

Research. 2016 Mar;308:123- 32. 

102. Portela R, Leal CR, Almeida PL, Sobral RG. 

Bacterial cellulose: a versatile biopolymer for 

wound dressing applications. Microbial 

biotechnology. 2019 Jul;12(4):586-610. 

103. Portela R, Leal CR, Almeida PL, Sobral RG. 

Bacterial cellulose: a versatile biopolymer for 

wound dressing applications. Microbial 

biotechnology. 2019 Jul;12(4):586-610. 

http://www.jchr.org/

