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ABSTRACT  

Hydrogels are covalently crosslinked three-dimensional 

polymeric network structures that can absorb and hold 

huge amounts of water. In 'permanent' or 'chemical' gels, 

the community of covalent bonds that connect diverse 

macromolecular chains can be created with the aid of using 

cross-linking polymers withinside the dry nation or in 

solution. Their composition, structure, technique of cross-

linking, charge, and biodegradability can all be used to 

classify them into different categories. This is critical 

because stem cell differentiation and proliferation are 

influenced by the chemistry of structure. Temperature-

sensitive, pH-sensitive, and glucose-sensitive hydrogels are 

classified based on their response to stimuli. Monomers, 

initiators, and cross-linkers are three essential sections in 

the creation of hydrogels. The information in this article 

pertains to the morphological or physicochemical 

characterization of hydrogels. Contact lenses wound 

dressings, medication delivery systems, tissue engineering, 

and hygiene goods, which include patents and change items, 

are a few of the maximum, the not unusual place makes use 

of for hydrogel. 
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INTRODUCTION: 

The term "hydrogel" was first used in 1894 to describe a colloidal gel of inorganic salts. 

However, it wasn't until the pioneering work of [1] Wichterle and Lim in 1960 that these 

systems were considered for use in biomedical sciences. [2,3]. The successful use of calcium 

alginate microcapsules for cell encapsulation become demonstrated. Later,[4] included herbal 

polymers like collagen and shark cartilage into hydrogels to be used as synthetic burn 

dressings, and hydrogels have due to the fact been utilized in quite a few biomedical 

applications, the maximum current of that is withinside the subject of ‘tissue engineering' as 

matrices for repairing and regenerating an extensive form of tissues and organs. [5,6]  

Tissue engineering [7], soft contact lenses [8], wound healing [9], sensors [10], 

mucoadhesives [11], and bioactive factor delivery systems, among other biomedical 

applications [12,13], are all examples of hydrogel use. Because of their capacity to behave as 

drug depots for the controlled distribution and minimum cytotoxicity of biological molecules 

to surrounding and encapsulated cells, they have been widely used as biomaterials. 

The system of covalent bonds combining several macromolecular chains may be produced 

through cross-linking polymers withinside the dry nation or in solution, and hydrogels are 

characterized as chemical gels or permanent gels on the premise of covalent cross-linking of 

macromolecules. The molecular weight between cross-connections, or crosslink density for 

highly swollen networks, is one of the basic characteristics that describes the topology of a 

hydrogel network. Hydrogels are three-dimensional (3D) polymeric system structures 

reserved together by cross-links comprising a high percentage of water (90%). The hydrogel 

network's structural integrity is not compromised by the high-water concentration because of 

the inherent cross-links. Certain solvent particles can easily diffuse within the hydrogel, while 

the polymer acts as a barrier to keep liquids together.  

Classification: 

The source of origin, structure, cross-linking method, charge, and biodegradability of 

polymeric hydrogels are all used to classify them. Hydrogels may be categorized primarily 

based totally on the following characteristics: 
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Source: 

Natural, synthetic, and semi-synthetic hydrogels are available. Natural hydrogels are made 

from natural sources, whereas synthetic polymers are made from vinyl monomers (animals 

and plants). Natural hydrogels have steadily being outdated with the aid of using artificial 

hydrogels, that have a higher water absorption capacity, an extended shelf life, and a better 

gel strength. Furthermore, they may be customized to have particularly suited features and 

stay solid even if uncovered to excessive temperature changes. 

a). Natural Hydrogels: 

Natural hydrogels are biodegradable, biocompatible, and feature first-rate molecular adhesion 

qualities. They're utilized to make herbal hydrogel proteins like collagen, gelatin, and 

lysozyme (LYZ), in addition to polysaccharides like hyaluronic acid (HA), alginate, and 

Chitosan (Cts). 

b). Synthetic hydrogels: 

They may be created to have a drastically large sort of mechanical and chemical houses than 

their herbal equivalents, and they are usually utilized in biomedical packages because of their 

non-toxicity compatibility and occasional immunogenicity. Hydrogels manufactured from 

polyethylene glycol (PEG) are one type. 

c). Hybrid hydrogels:  

These are a mixture of herbal and artificial polymer hydrogels because the call implies. 

Biopolymers inclusive of dextran, collagen, and Chitosan had been mixed with artificial 

polymers inclusive of poly (N-isopropyl acrylamide) and polyvinyl alcohol to mix the 

blessings of each artificial and herbal hydrogels. [14] 

Composition: 

Homo-polymeric, co-polymeric, and multi-interpenetrating polymeric hydrogels are the 3 

kinds of hydrogels (IPN). 
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Structure: 

Based on their bodily configuration and chemical content, hydrogels are classed as 

amorphous, semi-crystalline, and/or crystalline. 

Type of Cross-Linking: 

Hydrogels can be categorized as having chemical or physical cross-links, depending on the 

type of the cross-links. 

Network Electrical Charge: 

The electrical charge connects the cross-linked chains. They can be further classified as 

follows: 

• Neutral (non-ionic): Neutral (non-ionic) hydrogels respond to temperature changes by 

swelling or shrinking. 

• Ionic (anionic or cationic): Ionization results in the formation of fixed charges on the gel. 

• Ampholytic (amphoteric electrolyte): They are made up of acidic and basic groups that 

contain monomers. 

• Zwitterionic hydrogels: They are also known as poly-betaines, contain both anionic and 

cationic groups. 

Durability: 

Hydrogels are classified into durable and biodegradable.  

Response to Stimuli: 

1. Temperature-sensitive hydrogels 

1.1 Polymer structure: 

Temperature-sensitive hydrogels are probably the most commonly studied class of 

environmentally sensitive polymer systems in drug delivery research.[15]  
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1.2. Properties of temperature-sensitive hydrogels: 

Temperature-sensitive hydrogels also can be made by the usage of temperature-sensitive 

cross-linking agents. The water solubility of most polymers increases as the temperature 

rises. Conversely, when the temperature rises, the water-solubility of polymers with LCST 

decreases. [16] 

1.3. Temperature-sensitive hydrogels: 

Negatively thermo-sensitive, positively thermo-sensitive, and thermally reversible hydrogels 

are the three types of temperature-sensitive hydrogels. They've been thoroughly researched 

and scrutinized for their specific applications. [17] 

1.3.1. Negatively thermo-sensitive drug release systems 

Thermo-sensitive monolithic hydrogels had been employed to generate an on-off drug release 

profile in response to a stepwise temperature alternate [18]. Temperature-sensitive hydrogels 

also can be inserted inner a difficult tablet inclusive of holes or apertures (Fig. 1), the–off 

release is accomplished via way of means of the reversible quantity extrude of temperature-

sensitive hydrogels. [19] 

 

Figure No. 1: Schematic diagram of on-off release from a squeezing hydrogel device for 

drug delivery[19]. 

PNIPAAm hydrogel may be grafted onto the complete ground of a rigid porous polymer 

membrane to create thermally strong controlled on-off devices [20]. Dispersing PNIPAAm 

hydrogel micro-particles right into a cross-connected gelatin matrix yields a composite 

membrane [21]. 
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1.3.2. Positively thermosensitive drug release systems 

IPN-formed hydrogels have positive thermo-sensitivity, meaning they swell at high 

temperatures and shrink at low temperatures. The swelling of IPNs of poly- (acrylic acid) and 

polyacrylamide (PAAm) or (PAAm–co-BMA) is temperature-dependent. [22] 

1.3.3. Thermo-reversible gels 

The most often utilized thermo-eversible gels are Pluronics and Tetronics. Heat reversible 

gels used in parenteral applications must be biodegradable. The PPO section of PEO–PPO–

PEO block copolymers is regularly substituted with a biodegradable poly (L-lactic acid) 

section to boom biodegradability. [23,24] 

1.4. Limitations and perfections 

Clinical uses of NIPAAm and its derivatives-based thermo-sensitive hydrogels have 

limitations. [15] 

2. pH-sensitive hydrogels 

2.1. Polymer structures 

In reaction to variations in outside pH, all pH-sensitive polymers contain pendant acidic (e.g., 

carboxylic and sulfonic acids) or basic (e.g., ammonium salts) groups that collect or launch 

protons (Fig. 2). The swelling and pH-responsiveness of poly-electrolyte hydrogels may be 

adjusted with impartial comonomers along with 2-hydroxyethyl meth-acrylate, methyl 

methacrylate, and maleic anhydride. [25] 
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Low pH                               High pH 

 

Figure No. 2: pH-dependent ionization of poly-electrolytes. Poly(acrylic acid) (top) and 

poly(N,N9-diethylaminoethyl methacrylate) 

2.2. Applications of pH-sensitive hydrogels: 

Among their many excellent qualities, biocompatibility and biodegradability cause them to a 

possible opportunity to be used in organic and environmental applications. Many different 

polymers have been investigated as potential carriers for delivering medicine in a regulated 

and efficient manner. 

2.2.1. Controlled drug delivery 

pH-sensitive hydrogels have been the most generally employed to generate controlled release 

formulations for oral administration. In the stomach, poly-cationic hydrogels withinside the 

shape of semi-IPN have additionally been employed. Formulations that release 

pharmaceuticals in a neutral pH environment can be developed using hydrogels consisting of 

PAA (polyacrylic acid) or PMAA [26]. The swelling of such hydrogels is limited, and 

consequently, drug release is low as well (Fig. 3). To modify drug release, pH-sensitive 

hydrogels are put inside capsules [19] or silicone matrices. [27] 
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In stomach pH=1-3 no hydrogel nonionized       Low selling drug release 

In small intestine pH=4.8-8.2 ionized           High swelling Hydrogel is 

still cross-linked by azo bond 

 

In colon pH=7-8 ionized                                   Azo bond degraded network drug 

release 

Figure No. 3: Schematic illustration of oral colon-specific drug delivery using bio-

degradable and pH-sensitive hydrogels. The azo aromatic moieties in the cross-links are 

designated by –N=N– [29]. 

When the PVD solution was put to a pH 7.4 buffer solution, the release of a particular, 

chlorpheniramine maleate, became rapid, but it became very slow once the PVD hydrogel 

was produced. [28]. The presence of hydrogel at the mucous membranes withinside the rat 

nasal cavity became visually confirmed. If the sol-to-gel transition time is decreased and the 

mucoadhesive function is employed, the PVD system could be an ideal nasal administration 

system. 

2.2.2. Other applications 

Biosensors and permeation switches have both been made with pH-sensitive hydrogels. 

Enzymes that affect the pH of the local micro-surroundings within the hydrogels are normally 

included in pH-based hydrogels for those applications.[30] 

2.3. Limitations and perfections 

Non-biodegradability is one of the most important characteristics of artificial pH-sensitive 

polymers. Hydrogels and non-biodegradable polymers must be removed from the frame after 

usage to achieve this goal. Non-biodegradability isn't necessarily an issue in some 

applications, along with oral medication administration, however, it's far a severe barrier in 

others, along with the manufacture of implantable drug delivery agents or implants 
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biosensors. Poly(hydroxyl-L-glutamate), poly(L-ornithine), poly (aspartic acid), poly(L-

lysine), and poly(L-glutami) are examples of synthetic polypeptide hydrogels. [31] 

3. Glucose-sensitive hydrogels 

Insulin administration differs from other drug administration in that it must be given in 

precise dosages at precisely the right time. The creation of self-regulated (modulated) insulin 

delivery devices is one of the maximum hard issues withinside the managed medicine 

delivery field. As a result, self-regulating insulin delivery devices need to be able to detect 

hyperglycemia and have an automatic shut-off mechanism. 

3.1. pH-sensitive membrane systems 

The enzyme glucose oxidase is the most widely used in glucose sensing. It changes the pH of 

the surrounding environment by converting glucose to gluconic acid. [32] When a membrane 

swells, it is said to release more drugs, including insulin, than when it is less swollen. Insulin 

might be encased in a hydrogel matrix in a different formulation, which might be compressed 

(or shrunk) as the pH is lowered. Insulin release is increased in this circumstance due to the 

collapsing hydrogel's squeezing action [33]. In a system where a glucose oxidase-containing 

hydrogel covers a pH-sensitive erodible polymer that contains insulin, the erosion of the 

polymer, and therefore insulin release, is controlled by lowering the local pH. [34] 

3.2. Con A-immobilized systems 

Concanavalin A is a glucose-binding protein found in the Canavaliaensiform is jack bean 

plant. Con. A is also widely utilized in insulin delivery that is regulated. Insulin molecules are 

connected to a support or carrier in this system through specific interactions that can be 

disrupted by glucose. Glycosylated insulin–Con A framework manipulates Con A's 

complimentary and competitive binding functions using glucose and glycosylated insulin.  

3.3. Sol-gel phase reversible hydrogel systems 

Glucose-responsive move linking is needed for reversible sol-gel phase transitions. Cross-

hyperlinks among glucose-containing polymer chains had been shaped by the use of a 

surprisingly particular interplay among glucose and Con A. Depending on the glucose 

awareness withinside the surroundings, hydrogels can go through sol-gel segment transitions. 

Individual loose glucose molecules can have interacted with and communicate with glucose 
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molecules certain to the polymer as outside glucose molecules pass in the hydrogel. 

According to a study, insulin diffusion in the solution (Sol) phase is an order of magnitude 

faster than in the hydrogel (gel) phase, and insulin release can be regulated as a feature of 

glucose awareness within the environment. Because glucose is monofunctional (i.e., it only 

has one binding site for the borate group), it cannot operate as a crosslinking agent in the 

same way that polyol polymer can. As the glucose awareness rises, the gel's move-linking 

density drops, and the gel expands/erodes, permitting greater insulin to be released. The gel 

turns into a sol at more glucose concentrations. At a decrease glucose awareness, the glucose 

alternate response is reversible, and the borate-polyol move-linking is reformed. Shorter 

molecules, consisting of diglucosylhex-anediamine, may be utilized as a move-linking agent 

rather than long chain polyol-polymers. 

3.4. Limitations and improvements 

To begin with, these hydrogels respond too slowly to changes in the concentration of glucose 

in the environment. One technique to reduce the response time is to reduce the hydrogel 

dimensions. The present hydrogel methods also require more consistency. In therapeutic 

settings, hydrogels must respond to constantly changing glucose concentrations, necessitating 

hydrogels that can act reliably and quickly at predetermined moments over time. New 

compounds that are biocompatible with glucose binding are required for effective clinical 

uses of glucose-sensitive hydrogels for regulated insulin delivery. 

4. Preparation of Hydrogel 

The preparation of hydrogels is divided into three steps in general (monomers, initiators, and 

cross-linkers). As a result, any technology that can be used to make a cross-linked polymer 

may be utilized to make a hydrogel. Covalent connections, hydrogen bonds, van der Waals 

contact, and physical entanglements are all examples of cross-linking [35]. To make 

hydrogels, water-soluble linear polymers of both natural and synthetic origin are interlaced in 

a variety of ways: 

1. Linking polymer chains via a chemical reaction. 

2. Using ionizing radiation to generate main-chain free radicals which can recombine as 

cross-link junctions. 
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3. Physical interactions such as entanglements, electrostatics, and crystallite formation. 

Gels can be made using any of the various polymerization procedures (bulk, solution, and 

suspension polymerization). 

5. Bulk Polymerization 

The polymerization reaction is usually triggered by light, UV light, or chemical catalysts. 

Many vinyl monomers have the potential to be used in hydrogel synthesis. This is the most 

basic method, as it simply uses monomers and monomer-soluble initiators. Controlling the 

reaction at low conversion can help to avoid some issues. [36] 

5.1. Solution polymerization/cross-linking 

The monomers and initiators are disseminated as a homogeneous mixture in the hydrocarbon 

phase in this approach. The resin particle size and form are primarily determined by the 

viscosity of the monomer solution, agitation speed, rotor design, and dispersant type [37]. In 

solution copolymerization/cross-linking reactions, ionic or neutral monomers are coupled 

with a multifunctional crosslinking agent. UV irradiation or a redox initiator system are used 

to start the polymerization process.  

5.2. Grafting to a support 

Grafting techniques have been utilized to create hydrogels from a variety of polymeric 

supports. The structure of hydrogels generated by bulk polymerization is often weak. A 

hydrogel's mechanical characteristics can be improved by grafting it onto a stronger support 

surface [38]. 

5.3. Polymerization by irradiation: 

High-strength ionizing radiation, inclusive of gamma rays and electron beams [39], has been 

hired as an initiator to put together unsaturated chemical hydrogels. Although hydrogels are 

typically made with hydrophilic monomers, hydrophobic monomers are frequently utilized to 

alter the characteristics for certain uses. Natural polymers (chitosan, alginate, collagen, 

Gelatin, Dextran, and so on) have a variety of benefits (biocompatibility, biodegradability 

and biologically recognizable moieties). Synthetic polymers, on the other hand, have well-
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defined structures that may be altered to produce tailored degradability and usefulness, but 

they lack intrinsic bioactive qualities. 

6. Characterization of Hydrogels: 

An overview of hydrogel morphological characterization and its impact on future uses of 

hydrogels. It explains the morphological characteristics of hydrogels made directly from 

native materials in the first half [40]. To monitor or alter these parameters for the desired 

application, the form, size, porosity, and size distribution of the hydrogel pores must be 

determined. [41] 

a) Scanning Electron Microscopy: 

Scanning electron microscopy can be used to examine the morphology of hydrogels (SEM). 

Surface topology, morphology, composition, and electrical conductivity of polymers are all 

determined using SEM [42,43]. For the SEM study, special sample preparations are 

necessary [40]. SEM is useful because it can determine the pore size and structure of building 

blocks, which has an impact on swelling and allows for the regulated release of bioactive 

chemicals from hydrogels. [42] 

b) Transmission Electron Microscopy:   

The morphology or microstructure of hydrogels is decided by the usage of electron 

microscopy, which produces a third-dimensional image of the structure; transmission electron 

microscopy (TEM) is a standard technique hired withinside the evaluation of gel dispersions 

[44]. The micrographs are used to make a visible evaluation of the particle size, shape, and 

distribution. The important benefit of this approach is that it lets you right away watch the 

manufacturing of interparticle bridges. It also allows you to see anomalous particle creation 

and the existence of smaller particles caused by secondary nucleation. [43] 

c) Atomic Force Microscopy: 

AFM (atomic force microscopy) is a useful technology for surface investigation. Since its 

inception in the early 1980s, AFM has made significant contributions to the knowledge of 

surface topography with nano or even atomic resolution [45]. The AFM generates a two-

dimensional projection or photo of a material, whereas the electron microscope provides a 
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three-dimensional floor image. AFM does not necessitate a lot of sample preparation. With 

SEM and TEM in mind, high-resolution AFM delivers equivalent information. [40] 

It is a kind of scanning probe microscopy with an excessive decision that has a bonus over 

scanning electron microscopy in that it gives a 3-D floor profile [46]. When the end of the 

probe is touched to the material surface, the oscillation amplitude decreases because of 

improved friction among the surface and the end [42]. AFM is a not unusual place approach 

that gives a topographic photograph of the hydrogel floor and may offer statistics 

approximately its surface properties [43-47]. 

7. Physicochemical Characterization 

The hydrogel's water-retaining capacity is mostly determined by the functional groups. The 

characteristics of hydrogels can be improved by modifying functional groups. UV–visible 

spectroscopy, infrared (IR) spectroscopy, mass spectrometry and nuclear magnetic resonance, 

atomic pressure microscopy, electron microscopy, and a whole lot of different strategies may 

be used to characterize those groups physicochemically.[41] Secondary contacts produce 

physical hydrogels, while chemical hydrogels are made up of an irreversible covalently cross-

linked network. Physical cross-linking maintains the gel of a network by forming non-

covalent cross-links. [43] 

i. Solubility: 

The insoluble factor of a dried pattern after immersion in deionized water for 16 or 48 hours 

at room temperature can be used to determine the hydrogel content material of a specific 

item. To guarantee that the hydrogel substance is thoroughly dispersed in water, 1 percent of 

the sample's dilute concentration should be generated. After that, the gel fraction is calculated 

as follows: 

Hydrogel % = Wd/ Wi *100                                                                        (1) 

Whereas 

                  Wi = initial weight of dried sample and  

                  Wd = weight of the dried insoluble sample after extraction with water. 
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ii. Swelling Measurement:  

The dry hydrogel is soaked in deionized water for 48 hours and maintained at room 

temperature. A stainless-steel net with 30 meshes (681m) can be used to filter the hydrogel 

once it has swollen. The following formula is used to compute the swelling[48], for more or 

less comparable measures, the phrase "swelling ratio" has been used [49] and equilibrium 

swelling ratio (R e) is calculated by the following equations. [50] 

Q= (Ws–Wd)/Wd  (1) 

Re= (We–Wd)/Wd  (2) 

Where as 

Q = swelling ratio 

Ws= weight of the hydrogel in swollen hydrogel at time t  

Wd = weight of hydrogel in the dried state and 

We= weight of the gels at equilibrium swelling. 

iii. Rheology: 

The rheological properties of hydrogels are heavily influenced by features such as 

association, entanglement, and the presence of a cross-linking agent [51]. The structural types 

present in the system, such as association, entanglement, and cross-links, have a significant 

impact on the rheological study. Elasticity prevails even at high frequencies (G' > G") [43]. 

Where G' and G" stand for shear storage and shear loss modulus, respectively. [42] 

iv. Ultraviolet-Visible Absorption Spectroscopy: 

UV-Vis light absorption is a beneficial spectroscopic technique for detecting complex 

chemical connections in tiny molecules and polymers. A Xenon pulse lamp with an extensive 

variety of wavelengths (from a hundred ninety to 1100nm) and a twin silicon diode detector 

are used withinside the UV-Vis absorption spectrophotometer. The wavelength has scanned 

the usage of a holographic grating. Absorption is affected by 3 factors: pattern thickness t, 

solvent attention c, and absorption coefficient a [43]. To decide the presence and relative 

quantity of polymers. [52] 
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v. Infrared Spectroscopy: 

The most widely used approach for determining the chemical structure of polymers is 

infrared spectroscopy [43]. It determines the transitions of vibrational energy to provide 

information on the various types of chemical bonds, the atoms involved, and the local 

chemical environment within a substance. This system has several benefits, including the 

possibility to use a variety of sampling methods. Based on the type of sample the 

measurement mode is chosen. 

vi. Mass Spectroscopy: 

Mass spectroscopy has been used significantly to decide the composition of a polymer 

primarily based totally on the mass-to-mass rate ratio of charged particles. An ion supply 

bombards the sample, ensuing in chemical fragments. They are driven by an electric field, 

which is then followed by a magnetic field, which curves their course; the larger the 

fragment, the larger the trajectory radius. The number of different pieces is calculated. 

MALDI (matrix-assisted laser desorption/ionization) is a mild ionization technique for high-

resolution mass spectroscopy of synthetic and organic macromolecules and proteins. 

vii. Nuclear Magnetic Resonance: 

NMR is a widely used technology for studying polymers and hydrogels. The hydrogels were 

investigated using various NMR modes (H-NMR, C-NMR, and pulsed-field gradient NMR). 

For the determination of the final double-bond transition at the end of the polymerization, H-

NMR measurements were employed to identify functional groups of monomer and 

copolymer composition. The completion of the polymerization process and its mechanism 

can also be verified by H-NMR spectroscopy. 

viii. Dynamic Light Scattering: 

Dynamic light scattering is one of the most widely used techniques for determining the 

particle size, molecular distribution, and properties of a polymeric system (DLS). The 

dynamic light scattering instrument is widely used to determine a polymer's molecular weight 

and molecular weight distribution (MWD), which is also known as the polydispersity index 
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(PDI). They showed this methodology using data that can be utilized to determine the precise 

amount of hydrogel. [53]. 

ix. X-Ray Diffraction Analysis: 

Although the bulk of the polymers are amorphous, a few of them were generated utilizing 

freeze/thaw cycles to produce semi-crystalline polymers containing crystalline parts. The X-

ray diffraction analysis (XRD) device is provided, which can be used to discover and 

describe numerous samples, along with semi-crystalline polymers. A part of mild is diffracted 

while the pattern is bombarded with a monochromatic X-ray beam. The XRD technique, 

which is based entirely on angles of diffraction and the depth of diffracted rays, can 

determine the structural makeup, percentage crystallinity and crystallite dimension, 

interplanar atomic spacing (d-spacing), orientation, and strains present within the 

polymer/polymer combination matrix. It is also possible to determine the degree of 

crystallinity without difficulty. With the help of XRD, the degree of crystallinity can also be 

determined without difficulty. [54]. 

8. Application of Hydrogel: 

Contact lenses, wound dressings, medication delivery systems, tissue engineering, and 

hygiene products are among the hydrogel uses, which include patents and commercial 

products. 

 

Figure No. 4: Applications of Hydrogel 
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They're used in hygienic product csagri culture [55], drug delivery systems [56], sealing, coal 

dewatering [57], artificial snow, food additives, pharmaceuticals [58], biomedical 

applications [59], tissue engineering, and regenerative medicines [60,61], diagnostics [62], 

wound dressing, separation of bio-molecules/cells, and barrier materials to regulate biological 

adhesions, as well as biosensors. 

a. Contact lens:  

Located a poly-2-hydroxyethyl methacrylate (PHEMA)-primarily based hydrogel as an 

artificial biocompatible material appropriate for contact lens packages in a ground-breaking 

article. [1] There were numerous tries to layout novel touch lenses with stepped forward 

bodily and chemical qualities. Soft-touch lenses made of those monomers in aggregate with 

HEMA (2-hydroxyethyl methacrylate) or N-vinyl pyrrolidone (NVP) are large sufficient to 

cowl the whole cornea and feature excellent oxygen permeability, making sure more wearer 

comfort. A silicone-containing section generated from polysiloxane related to hydroxyl or 

amino businesses is covered withinside the polymers' popular formula. [2] Because of their 

extended oxygen permeability and greater comfortable fit, silicone hydrogel (SiHy) lenses 

have grown famous in current years. Traditional hydrogel-primarily based totally touch 

lenses, on the opposite hand, have a constrained ability for drug processing and normally 

release in bursts after ocular injection. [63] Added -cyclodextrin (-CD) to touch lens 

hydrogels and observed that the equilibrium swelling ratio and tensile power extended. Soft-

touch lenses may be used for greater than simply imaginative and prescient correction. They 

also can be utilized to supply tablets to the eye. The eye care area is targeted at growing 

secure and cost-powerful touch lenses. Contact lens substances with the best traits which 

include oxygen permeability, comfort, compliance, hygiene, and disinfection have still now 

no longer been achieved, which opens exciting possibilities for similar traits in this area.  

b. Wound dressings 

A wound is a break or disease within the skin that can occur as a result of trauma or 

medical/physiological issues. Wounds are categorized as superficial (if simply the dermis is 

damaged), partial-thickness (if the dermis and deeper dermal layers are damaged), or full-

thickness (if the dermis and deeper dermal layers are damaged) (while subcutaneous fats and 

deeper tissue has been damaged). The wound dressing commercial enterprise lately 

emphasized the significance of dressing consolation and conformability, the requirement for 
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few changes, value effectiveness, and extended shelf life [64]. Although undeniable gauze 

continues to be broadly utilized in hospitals, new wound dressing studies and improvement 

has led to superior substances with advanced bodily and chemical properties. Gauze is 

inexpensive, generally available, and appropriate for a huge form of wounds. Gauzes 

impregnated with energetic materials like iodine, zinc oxide/zinc ions, or petrolatum, in 

particular, characteristic better. Iodine is antibacterial; however, zinc oxide promotes wound 

recuperation and re-epithelialization [65]. Gauze, on the alternative hand, regularly reasons 

troubles with elimination because it may create harm through getting rid of the newly 

produced dermis. [66] 

[67] Offered a thin-movie obvious wound dressing with a non-adhesive center phase 

containing hydrogel material (polypropylene glycol or polyethylene glycol, and isophorone 

diisocyanate) and isophorone diisocyanate. For granulating cavity wounds, hydrogel 

dressings also are employed. [67] 

c. Drug delivery 

Reservoir or matrix devices can be used to represent diffusion-controlled release systems. 

The medicine is released by diffusion through the hydrogel mesh or the water-filled pores in 

all of them. A drug-containing core is coated with a hydrogel membrane and is frequently 

accessible as capsules, cylinders, spheres, or slabs in a reservoir delivery system.  

The medication is equally disseminated or dissolved throughout the three-dimensional 

structure of the hydrogel in matrix systems. In this scenario, the medication is released 

through the macromolecular mesh or pores, and the initial release rate is proportional to the 

square root of time rather than constant and time-independent as in reservoir systems. 

Depending on the route of drug delivery, hydrogel-based dosage forms can have a variety of 

patterns and shapes.  

This study's hydrogels feature a high swelling ratio, as well as good durability, strength, and 

transparency. Ocular Therapeutics uses poly(ethylene glycol)hydrogels to make ocular 

medicine delivery systems and medical devices. 

Hydrogels change their swelling behavior, structure, permeability, and mechanical properties 

in response to a variety of internal and external stimuli. [68].Proposed a delivery system that 

can release medicine that is encased in a hydrogel and responds well to chemical or physical 
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stimuli (change in temperature, pH, ionic strength, or glucose concentration). [77] Polylactide 

(PLA), polyglycolide (PGA), or a PLA/PGA copolymer could be used to represent the 

biodegradable block. This hydrogel can be utilized to transport a variety of physiologically 

active substances via various routes of administration Poly(amidoamine) oligomer hydrogel 

for drug delivery and drug carrier, 2010). The vaginal insert Cervidil for cervical ripening, 

which has been on the market since 1995, is one of the effective instances of hydrogels for 

drug administration. When the hydrogel is introduced in a wet vaginal environment, it swells, 

triggering medication release. [78-81] Proposed the use of gastric retentive devices made of 

extremely porous hydrogel compositions for long-term oral medication delivery. For the oral 

delivery of various active components, such as non-steroidal anti-inflammatory medications 

(NSAIDs), hydrogel systems have been proposed [82]. They can be employed to preserve 

medicines or proteins (such as insulin) that are vulnerable to proteolytic breakdown in the 

stomach. 

d. Tissue engineering 

The term "tissue engineering" was coined in 1988 to describe the "application of engineering 

and life sciences principles and methods to the fundamental relationship between structure 

and function in normal and pathological mammalian tissues, and the development of 

biological substitutes for tissue or organ function repair or regeneration." Every year, millions 

of people suffer from the loss or failure of an organ or tissue as a result of an accident or 

disease. Tissue and organ transplantation are widely accepted treatments, but donor shortages 

severely limit their use. In other words, it entails the use of manufactured materials and 

synthetics strategies to improve or replace specific tissues or organs. 

Space fling agents are the most commonly utilized type of scaffold, and they can be utilized 

for bulking, preventing adherence, and acting as biological ‘glue.' Hydrogel scaffolds have 

also been used to transplant cells and engineer a variety of tissues within the body, including 

cartilage, bone, and simple muscle. Described the advantages of microporosity and 

nonporous scaffolds in tissue engineering, including a nanofibrous and nonporous hydrogel 

fashioned from self-assembling peptides that are non-immunogenic, biodegradable, and 

successful in cell interaction. Natural cross-related keratin-primarily based completely 

hydrogels have become used for tissue engineering cell culture. Has presented beta-glucan-

based completely hydrogel scaffolds for tissue engineering that are created by radiation 

fusion. Hydrogel scaffolds are employed in the creation of mobileular sheets and tissues. Has 
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recently shown a method for producing biodegradable poly (vinyl alcohol) hydrogels that are 

complexed with phenyl boronate-containing polymers that can stimulate cell and tissue 

growth. He's suggested using natural cross-related keratin-based completely hydrogels for 

tissue engineering cell scaffolds. Keratin is a biocompatible and non-immunogenic 

biopolymer that promotes epithelialization and can be taken from the hair or nails of affected 

people. 

Has proposed using radiation fusion technology to create beta-glucan-based full hydrogel 

scaffolds for tissue engineering. Hydrogels can be a possible device for controlling the 

vascularization manner through turning in angiogenic elements and endothelial cells to the 

preferred location. 

Super Absorbent Polymers (SAPs) were first commercially made in Japan in 1978 for use in 

feminine napkins, and this early fabric was represented by a cross-related starch-polyacrylate. 

SPHs (splendid porous hydrogels) were introduced towards the end of the 1990s as a unique 

type of water-absorbent polymer system. SAPs can assist restrict germ colonization, 

decreasing the threat of faecal infection and the unfold of gastrointestinal diseases, in addition 

to presenting a few clean environmental advantages and decrease production costs. Parents in 

all of the industrialized international locations in addition to in hospitals around the arena hire 

disposable diapers containing SAPs. It consisted of a water-insoluble, barely cross-related 

polymeric fabric, which may be organized from carboxylic acids and acid anhydrides, or 

olefinically unsatured sulfonic acids, the usage of a free-radical polymerization withinside the 

presence of a cross-linking agent in an aqueous solution. This fabric can be dried to produce 

polymer compositions that successfully shape hydrogels when exposed to water or other 

physical fluids. Many tries had been made to expand new products, couldn't simply swell, 

however additionally hold the fluids absorbed below outside strain or in opposition to an 

implemented restraining force.  

Furthermore, given the scale of manufacturing of those materials, there may be an obvious 

want for environmentally pleasant hygiene answers that degrade naturally. In reaction to sure 

bodily and chemical stimuli, hydrogels go through a first-rate quantity segment change or 

gel-sol segment change. Physical stimuli contain temperature, electric and magnetic fields, 

solvent composition, mild intensity, and pressure, at the same time as pH, ions, and 

fundamental chemical compositions are the chemical or biochemical stimuli. Hydrogels are 

bodily, chemical, or biochemical. In addition, carrying out hydrogels is frequently a terrific 
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preference in designing and fabrication of great capacitors, which promise the maximum fast 

developments in electronics. 

e. Rectal delivery 

Drugs absorbed from the lower region of the rectum drain straight into the systemic 

circulation in this system. This method is advantageous for the delivery of drugs that undergo 

first-pass metabolism. 

CONCLUSION: 

Hydrogels have a huge ability to solve technical challenges in a variety of applications. 

Fundamental modeling work to better predict the structure and physicochemical properties of 

hydrogels have the potential to improve our understanding of structure-property correlations 

and, as a result, develop materials that meet key hydrogel requirements while exhibiting a 

variety of physical and mechanical properties. It has been discovered that the use of 

hydrogel-polymer plays an important role in drug distribution to many areas of the body. 

Drug administration methods include peroral, rectal, vaginal, ocular, and transdermal. 
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