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ABSTRACT 

A class of polymeric materials known as hydrogel products have a hydrophilic structure that allows them to hold enormous amounts of water networks. Because of 

their soft softness, high water content, and porosity, they resemble real live tissue quite a bit. greater than that of any other category of artificial biomaterials. 

Additionally, hydrogels can be created. in a range of physical forms, including as films, coatings, slabs, and microparticles. Hydrogels are so frequently employed 

in clinical practice and medicine for a variety of applications, such as cellular biology, tissue engineering, and regenerative medicine barrier materials to control 

biological processes, immobilization, and separation of biomolecules or cells adhesions. This biomaterial has the capacity to expand and store huge volumes of 

biological fluids. When enlarged, in their three-dimensional. 
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Introduction:  

Hydrogels are networks of polymers that absorb and store enormous amounts of water. The polymeric network contains hydrophilic groups that hydrate 

in aqueous environments to produce a hydrogel structure.1. It can also be defined as a polymeric substance that, although not dissolving in water, has the 

capacity to swell and hold a sizable portion of water within its structure. Because they are so much water, they are quite flexible, much like natural tissue. 

Crosslinks between network chains give hydrogels their resistance to dissolution, while hydrophilic functional groups connected to the polymeric 

backbone give them the ability to absorb water. Over time, researchers have characterized hydrogel in a variety of ways.  

These hydrogels are made by a straightforward reaction between one or more monomers and water, resulting in a cross-linked polymeric network. In the 

last 20 years, synthetic hydrogels with long service lives, high water absorption capacities, and high gel strengths have supplanted natural hydrogels. 

Synthetic polymers often have a well-defined structure that can be altered to produce a tail or to increase usefulness and degradability. Hydrogels are 

referred to as "physical" or "reversible" gels when secondary molecule entanglements and/or The formation of the network is primarily influenced by 

forces including hydrophobic, H-bonding, and ionic interactions .Polymers known as hydrogels have the ability to hold many times their own weight in 

water. They are carboxylic acid polymers. In water, the acid groups ionize, leaving the polymer with multiple negative charges all the way around. 

Positive ions cling to the negative sites on the polymer when the ionic concentration of the solution is raised, as when salt is added, thus neutralizing the 

charges. The polymer collapses back on itself as a result. Alkali is added to eliminate the acid ions, which results in the equilibrium position to shift to 

the right; the reverse outcome occurs when acid is added. There are a several hydrogels, each of which expands and contracts at various pH levels, 

temperatures, and concentrations of ions. These properties are achieved by forming the polymer with a combination of monomers. can be adjusted. 

Advantages  

 1. Biodegradable  

2. Injectable 

3. Simple to adjust 

4. Timing the release of nutrients and growth factors to guarantee healthy tissue growth  

5. Microbial cells are encased in polyurethane hydrogel beads, which has the benefit of being minimally toxic. 

6. Hydrogels that are sensitive to changes in pH, temperature, or metabolite concentration can sense these changes and release their load accordingly.                                                                                     

7. Natural hydrogel materials, such as agarose, methylcellulose, hylaronan, and other naturally derived polymers, are being researched for tissue 

engineering. 
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DISADVANTAGES 

1. Expensive. 

2. Limited tensile strength 

3. Complicated to load 

4. Tough to sterilise 

5. Inconsistent 

HYDROGEL'S technical characteristics 

The following is a list of the functional characteristics of the perfect hydrogel material:  

1. The maximum capacity for absorption in saline. 

2. The desired absorption rate based on the needs of the application 

3. The least amount of leftover monomer and soluble content. 

4. The best stability and durability both during storage and in an environment that is expanding. 

5. Completely non-toxic, colorlessness,  

Properties of Hydrogel 

1. Swelling Properties: Hydrogel can undergo quick, reversible changes in response to even minor environmental changes. Changes in environmental 

factors such as electric temperature, pH, signal, etc 

2. Mechanical characteristics: These can change and be adjusted based on the the material's intended use. It is feasible to produce a gel that is more rigid, 

raising the heating the material to a lower crosslinking degree. The modifications to mechanical properties are linked to numerous variables and causes, 

necessitating the use of various analyses. based on the available information. 

3. Polymers used in hydrogel preparation: Both synthetic and natural polymers are used to make hydrogels.  

4. Natural polymers: - Chitosan, gelatin, alginates, fibrin. 

5. Synthetic polymers: methacrylate-vinyl 2-pyrrolidine, vinyl acetate, and acryolic acid. 

6. Biocompatible characteristics: The capacity of a material to function in a particular application with a suitable host response is known as 

biocompatibility. Fundamentally, biocompatibility is composed of two components: (A) Bio-functionality, or a material's capacity to carry out the 

particular function for which it is designed. (b) Biosafety, or the absence of mutagenesis and cytotoxicity, and proper host response that is both systemic 

and local (the surrounding tissue). 

The classification of hydrogen products 

Hydrogel can be categorized according to several factors, as follows: 

 Classification based on source 

1. Natural hydrogels: These gels have good cell adhesion qualities and are biodegradable and biocompatible. Natural hydrogels are made from two main 

categories of natural polymers: polysaccharides like hyaluronic acid, alginate, and chitosan, and proteins like collagen, gelatin, and lysozyme. 

2. Synthetic hydrogels: Compared to natural hydrogels, they are more beneficial since they can be designed to possess a far greater variety of mechanical 

and chemical characteristics. Hydrogels based on polyethylene glycol are a commonly utilized material in biomedical applications because of their low 

immunogenicity, compatibility, and lack of toxicity.  

3. Hybrid hydrogels: These are composed of both synthetic and natural polymer hydrogels. Many naturally occurring biopolymers, including dextran, 

collagen, and chitosan, have been combined with synthetic polymers, such as poly (N-isopropylacrylamide) and polyvinyl alcohol, to combine the benefits 

of both synthetic and natural hydrogels. 
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II. Classification based on the composition of polymers  

1. Hydrogels made of homopolymers: A polymer network derived from a single species of a monomer—the fundamental structural component of any 

polymer network—is referred to as a homo-polymeric hydrogel. The cross-linked skeleton of homopolymers can be attributed to the type of monomer 

and the method used during polymerization. 

2. Co-polymeric hydrogels: Along the chain of the polymer network, co-polymeric hydrogels are composed of two or more distinct monomer species 

with at least one hydrophilic component, arranged in a random, block, or alternating configuration. 

3. Multi-polymer interpenetrating polymeric hydrogel (IPN): A significant category of hydrogels with a network structure composed of two separate 

cross-linked artificial or natural  

III. According to the biodegradability  

1. Hydrogels that degrade naturally: Hydrogels degrade naturally. Agar, fibrin, and chitosan are just a few examples of the many biodegradable polymers 

found in nature. Synthetic biodegradable polymers include poly (aldehyde guluronate), polyanhydrides, and poly (N-isopropyl acrylamide).  

2. Non-biodegradable hydrogels: A range of vinylated monomers and macromers, including 2-hydroxyl propyl methacrylate, 2-hydroxyl ethyl 

methacrylate, and methoxyl poly (ethylene glycol), are frequently used to create non-biodegradable hydrogels. 

IV. Classification based on configuration 

The classification of hydrogels depends on their physical structure and chemical composition can  

be classified as follows:  

1. Amorphous (non-crystalline). 

2. Semi crystalline: A complex mixture of amorphous and crystalline phases.  

3. crystalline 

V. Classification based on type of cross-linking  

Depending on whether the cross-link junctions are chemical or physical, hydrogels can be classified into two groups.  

1. Networks that are chemically cross-linked feature permanent junctions.  

2. Physical networks have transient junctions that arise from either polymer chain entanglements or physical interactions as hydrogen bonds, or 

hydrophobic interactions.  

VI. Physical appearance-based classification  

The way hydrogels appear as a matrix, film, or microsphere is dependent on the polymerization technique used during the preparation phase.  

VI. Classification based on physical appearance                                                                                                  

Hydrogels appearance as matrix, film, or microsphere depends on the technique of polymerization involved in the preparation process. 

VII. Classification according to network electrical charge  

Based on whether the cross-linked chains of hydrogels have an electrical charge or not, these gels can be divided into four groups:  

1. Neutral or nonionic.  

2. Ionic (which can be either cationic or anionic).  

3. An amphoteric electrolyte that is both basic and acidic in nature (ampholytic electrolyte).  

4. Zwitter ionic compounds, or polybetaines, which have cationic and anionic groups in them. cation 
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Fig. classification of hydrogel 

HYDROGEL PREPARATION METHODS 

Polymer networks with hydrophilic characteristics are called hydrogels. Although hydrophilic monomers are typically utilized in the preparation of 

hydrogels, hydrophobic monomers are also occasionally employed. Generally speaking, natural or synthetic polymers can be used to create hydrogels. 

In comparison to natural polymers, synthetic polymers are chemically stronger and hydrophobic by nature. On the other hand, their mechanical strength 

also contributes to their durability, which causes a slow rate of degradation. Through ideal design, these two diametrically opposed qualities should be 

balanced. Additionally, if the natural polymers have been functionalized with radically polymerizable groups or have appropriate functional groups, it 

can be used to prepare hydrogels based on those polymers. The following is a description of the polymerization methods: 

Bulk polymerization  

Vinyl monomers are the most common type of monomer used in the formation of bulk hydrogels. Other types of monomers can also be used. In any 

hydrogel formulation, a small amount of cross-linking agent is typically added. The polymerization reaction is started by radiation, UV light, or chemical 

catalysts. Depending on the kind of monomers and solvents being used, an initiator is selected. There are numerous ways to create the polymerized 

hydrogel, such as rods, particles, films, membranes, and emulsions. 

Free radical polymerization 

Acrylates, vinyl lactams, and amides are the primary monomers utilized in this process to prepare hydrogels. These polymers have been functionalized 

with radically polymerizable groups or have appropriate functional groups. This process includes the propagation, chain transfer, initiation, and 

termination steps found in typical free-radical polymerizations. Many thermal, UV, visible, and redox initiators can be used for the radical generation in 

the initiation step; the radicals react with the monomers to transform them into active form. 

Solution polymerization 

In these ionic or neutral monomers are mixed with the multifunctional crosslinking agent. Thermal initiators such as UV radiation or redox initiator 

systems are used to start the polymerization process. The presence of a solvent acting as a heat sink gives solution polymerization a significant advantage 

over bulk polymerization. To get rid of the initiator, soluble monomers, oligomers, cross-linking agent, extractable polymer, and other contaminants, the 

hydrogels that were prepared are cleaned with distilled water. Water-ethanol mixtures, water, ethanol, and benzyl alcohol were employed as solvents. 

Suspension polymerization  

Using this technique, spherical hydrogel microparticals with a size range of 1μm to 1mm are prepared. Using this technique, the monomer solution is 

distributed into fine droplets that are stabilized by a stabilizer and are not dissolved in a solvent. the polymerization started by a free radical's thermal 

breakdown. To get rid of the unreacted monomers, cross-linking reagent, and initiator, the prepared microparticle washed.  

Grafting to a support 

A monomer is polymerized on the backbone of a preformed polymer during the grafting process. Chemical reagents or high energy radiation treatment 

can activate the polymer chains. On activated macroradicals, the growth of functional monomers causes branching, which in turn causes cros of 
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Fig . Grafting of a monomer on perfomed polymeric backbone leading to infinite branching and crosslinking  

APPLICATIONS 

1. Wound healing: Because of their cross-linked structure, hydrogels can contain both water and drugs. Wound exudates can be held and retained by 

them because of their capacity to hold water. Polyacrylamide or polyvinyl pyrrolidine in the form of a gel that is 70–95% water. 

2. Colon Specific Hydrogels: Polysaccharide hydrogels that are specific to specific colons have been especially created due to the colon region of GI 

containing a high concentration of polysaccharide enzymes. The formulation of dextran hydrogel is for colon-specific medication delivery.  

3. GI tract drug delivery: Hydrogels are used to deliver medications to particular GIT locations. When colon-specific hydrogels loaded with microflora 

drugs are present, they exhibit tissue specificity, a pH shift, or an enzymatic action that degrades                                                                                                             

4. Rectal Delivery: Rectal drug delivery is accomplished by using hydrogels with bioadhesive qualities. 

5. Transdermal Delivery: A variety of hydrogel-based medication delivery devices are available to administer medication via the skin. Formulations 

based on hydrogel are being investigated for transdermal iontophoresis in order to achieve improved product penetration, such as hormones and nicotine 

6. Drug delivery in the oral cavity: A medication is mixed into hydrogels and applied locally to the oral cavity to treat conditions like stomatitis, fungal 

infections, periodontal disease, viral infections, and cancers of the oral cavity. 

7. Gene delivery: By altering the hydrogel's composition, nuclei acids can be efficiently targeted and delivered to particular cells for gene therapy. 

Hydrogels hold greater promise for treating a variety of inherited or acquired illnesses. 

8. Tissue engineering:  To introduce macromolecules into the cytoplasm of antigen-presenting cells, micronized hydrogels are utilized. Tissue 

engineering uses natural hydrogel materials such as methylcellulose, agarose, and other naturally occurring. 
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Fig . Applications of hydrogels 

Recent Developments in Hydrogel-Based Medication Administration for Melanoma Cancer Treatment 

the most recent developments in hydrogel therapy for cancer melanoma. Therapeutic agents combined with hydrogel formulations of polymeric material 

derived from natural or synthetic sources have garnered significant attention in recent years for the treatment of a range of illnesses. These formulations 

fall into different categories based on how they cause melanoma cancer cells to die. It is important to remember that these formulations cannot be the 

primary agent; rather, they can only release bioactive agents that inhibit cancer cells in a supporting capacity. Using transdermal routes, the medication 

is administered in this manner, killing cancerous cells. Another tactic makes use of magnetic gel composites in conjunction with hyperthermia therapy to 

treat melanoma. 

CONCLUSION 

Hydrogel-based delivery devices are applicable in oral, ocular, epidermal, and subcutaneous applications because of their high water content and smooth 

texture, which makes them the closest synthetic biomaterial class to natural living tissue. A large number of hydrogel-based networks have been 

customized recently to fulfill the demands of various applications. These hydrogels have the capacity to either swell when placed in contact with an 

aqueous solution. The current review provides information on the various classifications of hydrogels, their physical and chemical properties, the technical 

viability of using them, preparation techniques, and applications. There are currently a number of different ways to prepare hydrogels. This article 

discusses a few of them. 
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