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Abstract: 

 A hydrogel is a three-dimensional network of polymers that is insoluble in water and can absorb bodily fluids 

in a biological setting. Such a polymer network is created via physical crosslinking, which includes ionic 

crosslinking, temperature and pH-dependent processes, and enzyme reactions, as well as chemical 

crosslinking mechanisms like optical polymerization. Chemical hydrogels are created by covalent forces, 

whereas physical hydrogels are formed by weak secondary forces. Hydrogels are made from a variety of 

synthetic and natural polymers. The most significant characteristics of hydrogels are swelling, mechanical 

characteristics, and biological characteristics, all of which have an impact on the hydrogel’s morphology and 

structure. Hydrogen finds value in wound dressings, tissue engineering, contact lenses, and therapeutic drug 

release, among other medical applications, because of its water absorbing properties and structural 

resemblance to the extracellular matrix (ECM). We talk about hydrogels, types of hydrogels, their 

characteristics, and medical applications. 

Keywords: Hydrogels, Tissue engineering, Reservoir, Matrix, Polymers. 

Introduction: 

A great deal of scientific study has been conducted in the area of biomaterials that affect human health. One 

of the primary subjects of biomaterials research is hydrogels, which we examine in this article. Hydrogels 

are three-dimensional networks of insoluble polymers that, because of the hydrophilic groups in their 

structure, can absorb a lot of water or biological fluid from the body.The hydrophilic functional groups 

included in the primary hydrogel polymer chain include amine (NH2), sulphate (SO3H-), carboxyl (COOH-

), and hydroxyl groups (OH-). Physical crosslinking, chemical crosslinking, or a mix of the two can create 

polymeric hydrogels .Mechanical strength and intracellular and extracellular transport are among the 

characteristics of the hydrogel that are influenced by its chemical structure, shape, and equilibrium swelling. 

Hydrogels have a specific attraction for a variety of medical applications, including tissue engineering and 

the release of therapeutic agents (proteins, medicines, or genes). These properties include water absorption, 

soft structure, biocompatibility, low protein adsorption due to low surface tension and similarity to ECM 

structure. Wound dressings and contact lenses. There are various ways to create hydrogels, such as using 

natural or synthetic polymers as the primary source, homopolymer networks, copolymer networks, and 

permeable networks. The study of hydrogels that react to biological circumstances has garnered increased 

attention recently . By using this kind of hydrogel, also known as injectable hydrogen, the patient is able to 

eliminate discomfort and inflammation that are associated with implantation surgery. Hydrogels are made in 

accordance with biological circumstances at the target site within the body. Hydrogels has the ability to take 

in large amounts of water and expand without breaking down. For a specific or Novel Drug Delivery System 
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(NDDS), the hydrogel is an innovative transporter. An active pharmaceutical ingredient is added to a 

polymeric system structure to achieve a regulated rate of medicine release. Medication carriers have been 

made from a variety of natural and synthetic polymer kinds. The collagen derived from animals may contain 

residual development and infections of animal tissues, which can have harmful effects on humans. Synthetic 

polymers are man-made polymers that contain a few connected synthetic chemical moieties or different 

cross-connecting agents. Hydrogel commonly uses characteristic polymers because they are naturally 

occurring, pure and easily accessible, safe, and biodegradable . Different types of monomers, such as 

acrylamide, met acryl amide, and N-isopropyl acrylamide, are added into sodium alginate-based layout 

hydrogels to provide controlled drug release. The production of hydrogel-like polymers, polyethylene glycol, 

polyamides, and poly (acrylic acid) also involves the use of synthetic polymers. Advances in hydrogel 

technology are used in sterile products, packaging, innovative drug delivery systems, tissue engineering for 

biomedical purposes, regenerative medicine, diagnostics, proteins and peptides, and medicine delivery in 

cancer or targeted therapy. Hydrogels have a variety of uses in the pharmacological and therapeutic fields. 

Unlike other types of synthetic biomaterials, hydrogels resemble normal living tissue. This is similar to 

common tissue because of its higher water content and ease of formation. To prevent an active therapeutic 

molecule from degrading too soon, increase treatment efficacy, and lessen side effects are the main goals of 

developing medicine delivery systems. By restricting dosage and frequency of delivery, as well as 

maintaining the medicine concentration within the therapeutic window throughout time, controlled discharge 

frameworks can satisfy the requirements . Since stimuli-responsive hydrogel frameworks adapt to changes 

in the environment, they have essentially been investigated for therapeutic delivery applications. The range 

of materials and specific physiochemical and natural properties show a multitude of possible uses in medicine 

. In order to improve the stability of delicate macromolecules such as proteins, the hydrogel system is loaded 

with antibodies or nucleic acids. Most “smart” hydrogels change their shape in reversible ways in response 

to external stimuli such as light, heat, or electricity. Due to their intriguing potential uses in soft robotics, 

biomedicine, and artificial muscles, two of the most well-known “smart” hydrogels, hydrogel actuators (Has) 

and shape memory hydrogels (SMHs), are currently gaining popularity. Hydrogel-based actuators are 

supported by several methods for producing intelligent hydrogels with non-uniform formation and 

fabrication technologies . In order to achieve multi-step actuation that mimics natural life, chemical structures 

that are sensitive to multiple stimuli must be combined in a hydrogel matrix. However, there is still a long 

way to go before making complex deformations from 2D to 3D, much like in general and collaborative multi 

step actuation in natural life. Further research is needed to better understand the inner motivation behind 

sophisticated and unique chemical techniques. By creating inhomogeneous hydrogels through the 

development of improved fabrication processes, future developments in “smart” hydrogels aim to create 

multi-simulative hydrogels with intricate but planned self-folding, twisting, and bending capabilities. 

BENEFITS 

 Biocompatible  

 Can be injected 

 Easy to modify 

 Timed release of growth factors and other nutrients to ensure proper tissue growth  

 Entrapment of microbial cells within polyurethane hydrogel beads with the advantage of low toxicity 

 Environmentally sensitive hydrogels have the ability to sense changes of pH, temperature or the 

concentration of metabolite and release their load as result of such a change 

 Natural hydrogel materials are being investigated for tissue engineering, which include agarose, 

methylcellulose, hylaronan, and other naturally derived polymers. 
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LIMITATIONS 

 High cost.  

 Low mechanical strength 

 Difficult to load 

 Difficult to sterilize 

 No adherent 

 In contact lenses – lens deposition, hypoxia, dehydration and red eye reactions. 

 

CLASSIFICATION 

1. On the basis of the nature of the cross linked junctions 

a. Chemically cross-linked networks having permanent junctions. 

b. Physical networks have transient junctions arising from polymer chain entanglements or physical 

interactions viz. Ionic interactions, hydrogen bonds or hydrophobic interactions. 

2. Table – 1 On the basis of origin.  

 

Hydrogel – Network design and structure: 

 Mathematical understanding of various properties viz. Interaction parameters, material properties, kinetic 

profile and transport mechanisms aids in designing the network of complex hydrogel systems by identifying 

the determining parameters which decides the rate and extent of drug release. Additionally mathematical 

modelling leads to device design by decreasing the number of experiments performed by researches for 

understanding the release mechanisms. 
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Table – 2 Hydrogel structure: 

Types of hydrogels Hydrogels are classified as either natural or synthetic based on the kind of polymer they 

include. Natural or artificial polymers that have undergone hydrogenation are regarded as raw materials for 

medical purposes. Hydrogels are made of natural and synthetic polymers that are biocompatible, 

biodegradable, and, in certain cases, blood compatible when the hydrogel comes into contact with blood. 

 

 

 

Natural hydrogels 

Gels using polymers derived from natural sources are known as natural hydrogels. Hydrogels made from 

natural polymers have the benefits of being non-toxic, biocompatible, and biodegradable. The goal of using 

biomaterials determines whether or not natural polymers are used in the production of hydrogels. For 

instance, hydrogels utilised for materials with controlled release need to be biocompatible, biodegradable, 

and non-hazardous . Polysaccharides and associated proteins are examples of natural polymers that are 

frequently employed as carriers for the release of chemicals. These polymers’ biocompatibility was 

demonstrated by in-body testing; of these, polysaccharides are better because of their biocompatibility, 

enzymatic breakdown, high durability, and lack of toxicity. Clinical applications involve the utilisation of 

natural hydrogels such as alginate, collagen, gala-tin, and fibrin. For instance, following a heart attack, 

alginate has been utilised to restore normal left ventricular function. Vascular bundle replacements have also 

been tried with collagen. Artificial structures can be made using gelatin, and tissue engineering can use fibrin. 

Adhesives and anticoagulants can be used during surgery. 
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Synthetic hydrogel  

Three-dimensional swelling networks of covalently or ironically cross-linked hydrophilic homopolymers, or 

copolymers hydrogels, are known as polymeric synthetic hydrogels. Synthetic hydrogels, such as poly 

(hydroxyethyl methacrylate) or PHEMA, polyethylene glycol (PEG) hydrogels, and polyacrylic acid (PAA), 

are produced by polymerization of different synthetic monomers. Polyamides and polyethylene glycol (PEG) 

are examples of synthetic polymers from which synthetic hydrogels are made. In hydrogel manufacturing, 

synthetic polymers have replaced natural polymers more recently because of their superior water-absorbing 

capacity, long lifespan, and gel strength. Medical applications for hydrogels made of synthetic polymers are 

numerous. In terms of chemical composition and mechanical structure, synthetic polymers outperform 

natural polymers and are hydrophobic .These polymers include PEG, polyvinyl alcohol, and polyacrylamide 

and its derivatives. PEG is one of the most widely utilised polymers for synthetic hydrogenation in a variety 

of medical applications, including wound dressings, medication release, tissue engineering, and prosthetic 

limbs . Because of its characteristics, including its resistance to protein adsorption, biocompatibility, and lack 

of immunological stimulation, this polymer finds usage in a wide range of medical applications. PEG has the 

capacity to create insoluble network structures by itself. On the other hand, factor groups enhance the 

crosslinking within the hydrogen network’s structure .Hybrid hydrogels Natural and manmade polymer 

hydrogels are combined to create hybrid hydrogels. Synthetic polymers like poly (N-isopropyl acrylamide) 

and polyvinyl alcohol have been mixed with natural biopolymers like collagen, chitosan, and dextran. 

Alginate/PEG hydrogels and CTN/PVA hydrogels are examples of hybrid hydrogels. 

 

 

Preparation of hydrogels 

Use of cross linkers: 

1.  Copolymerization of monomers using multifunctional co-monomer, which acts as cross linking agent, 

chemical initiator initiates the polymerization reaction which can be carried out in bulk, solution or 

suspension. 

2. Cross linking of linear polymers by irradiation or by chemical compounds. Monomers used here contain 

an ionizable group that can be ionized or can undergo a substitution reaction after the polymerization is 

completed.Thus, the hydrogels synthesized may contain weakly acidic groups like carboxylic acids or 

weakly basic  

Groups like substituted amines or a strong acidic and basic group like sulfonic acid and quaternary 

ammonium compounds.  

Cross linkers incorporated are glutaraldehyde,calcium chloride and oxidized konjac glucomannan 

(DAK). They impart sufficient mechanical strength to the polymers and thus prevent burst release of the 

medicaments. 

 

Isostatic ultra high pressure(IUHP): 

Suspension of natural biopolymers (eg.-starch) are subjected to ultra high pressure of 300-700 MPa for 

5 or 20 minutes in a chamber which brings about changes in the morphology of the polymer (i.e. 

gelatinization of starch molecules occur).Temperature in the chamber varies from 40 to 52OC. 

 

 Use of nucleophilic substitution reaction : 

A pH and temperature sensitive hydrogel viz. Hydrogel of N-2-dimethylamino ethyl methacrylamide 

(DMAEMA) has been prepared using nucleophilic substitution reaction between methacyloyl chloride and 

2-dimethylamino ethylamine. 
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Use of gelling agent : 

Gelling agents like glycophosphate1-2propanediol, glycerol, trehalose, mannitol etc have been used in the 

preparation of hydrogels. However, presence of negative charged moieties and turbidity are the problems 

associated with the method. 

 

 Use of irradiation and freeze thawing : 

Irradiation method is suitable as well as convenient but the processing is costly along with the poor 

mechanical strength of the product .Freeze thawing method imparts sufficient mechanical strength and 

stability to the hydrogels except that they are opaque in appearance with little swelling capacity. However, 

hydrogels prepared from microwave irradiation are more porous than conventional methods. 

Synthesis of hydrogel in industry: 

 Formulation of monomer along with initiators and additives lead to polymerization which forms the gel. The 

gel is dried, sieved and mixed with other additives and post treatment is done if needed. The final formulation 

is packed and dispatched.  

 

Properties of hydrogel : 

Network polymers known as hydrogels have the capacity to both absorb and hold water, which results in the 

hydrogel swelling .Swelling properties Hydrogels are materials that, when submerged in water, expand and 

retain a significant volume of water inside their structure without dissolving. The distinctive feature of 

hydrogels is swelling, which is contingent upon many environmental conditions, including temperature, pH, 

and ionic strength . Polymers that have undergone various cross-linking processes are combined to form 

hydrogels. They are all viewed as single molecules as a result. Rapid and reversible changes in hydrogel can 

be induced by minor environmental changes.The synthesis process, ionic surroundings, cross-linking ratio, 

and chemical makeup of the polymers are only a few of the variables that might affect the kinetics of swelling 

and equilibrium. Hydrogels’ swelling properties are measured using the swelling ratio, which is the weight-

swelling ratio of swelled gel to dry gel. Cross-linking influences a hydrogel’s swelling ratio; materials with 

strong cross-linking have a lower swelling ratio, and vice versa . Hydrogels’ swelling behaviour is influenced 

by their chemical structure since it contains both hydrophobic and hydrophilic groups. In comparison to 

hydrogels with hydrophobic groups, those with more hydrophilic groups swell more. The expansion of 

hydrogels is also influenced by pH and temperature. The ionisation of hydrophilic groups, which fluctuate 

in response to pH changes, causes pH-sensitive hydrogels to expand . The polymer chain experiences 

electrostatic repulsion, which causes the secondary bonding to break. Water diffusion into the hydrogel 

network is the first step in the expansion of hydrogels; the unwinding of polymer chains is the next step; and 

the development of the hydrogel network is the third stage of hydrogel swelling characteristics. The hydrogel 

is a rubbery substance while it is extended, but it is smooth when it is dried. The glossy state of the hydrogel 

framework transforms into an expanding, rubbery state when sufficient water reaches it. The diffusion 

interaction is in charge of the water’s entry and departure from the hydrogel matrix. 

Mechanical properties  

 

Compared to physical hydrogels, injectable chemical hydrogels have superior mechanical properties and 

longer stability. However  the preparation of chemical hydrogels using toxic crosslinking agents may have 

an adverse effect on biocompatibility; in hydrogels, physical-chemical interactions are established and such 

toxic initiators are avoided. When designing hydrogels for medical purposes, one of the most crucial factors 

to take into account is their mechanical qualities. The mechanical characteristics of scaffolds, both at the 
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macroscopic and microscopic dimensions, are crucial in controlling cell behaviour in the field of tissue 

engineering.Cell shape is directly influenced by biomechanical signals and interactions between cells and 

extracellular matrix (ECM). For example, adult human skin fibroblasts are impacted by ECM rigidity. 

Additionally, cells that are exposed to more robust substrates arrange their cytoskeleton and plasma 

membrane to have a higher elastic modulus.Furthermore, compared to softer substrates, cells grown on 

tougher substrates proliferate and migrate more quickly. Hydrogel biomaterials’ mechanical properties are 

mainly determined by analysing the hydrogel’s structure and calculating the effective crosslinking ratio 

through the use of time-independent and timedependent viscoelastic theories . Because of their extreme 

weakness, PNIPAAM hydrogel made by the free radical polymerization process cannot be identified 

mechanically using conventional methods. The initial monomer concentration, the quantity of crosslinking 

agent, the temperature of polymerization, the degree of swelling at the time of measurement, and the 

measurement technique are some of the parameters influencing the mechanical properties of hydrogels. 

Because of this, it is highly challenging to compare any mechanical characteristic with accuracy. Graphene 

oxide was employed by Reza Abdollahi and associates to improve the mechanical characteristics of amylose-

bonded PAA. They think that because of its wide aspect ratio and unique mechanical strength, graphene 

oxide has a good strengthening impact for tensile properties . The way hydrogels behave under stress is one 

of its mechanical characteristics. Tensile strength, toughness, Young modulus, and percent elongation to 

break are among the mechanical characteristics of hydrogels. One can achieve the required mechanical 

properties of the hydrogel by adjusting the degree of cross-linking. By strengthening the degree of cross-

linking, a stronger hydrogel might be produced. The hydrogels’ percentage of elongation decreases with 

increasing cross-linking strength, giving rise to a more brittle hydrogel structure. Consequently, the ideal 

level of cross-linking exists to produce a hydrogel that is elastic and reasonably strong.In biological and 

pharmaceutical applications, hydrogels’ mechanical properties are essential. In many biological applications, 

including drug delivery matrix, ligament, tendon healing, and cartilage replacement material, mechanical 

property assessment is essential. The mechanical properties of hydrogels should allow them to deliver  

Therapeutic moieties for a predetermined amount of time while maintaining their physical texture, tissue 

engineering, and wound dressing material Compression and tension analysis can be performed by frequency-

based testing using rheometry or by limited or unconfined local indentation using a probe. Hydrogels can be 

mechanically analysed in two different methods. Frequency based sinusoidal testing frequently makes use of 

a rheometer. Grassi., et al. Assessed the mechanical properties of calcium alginate hydrogel . The linear 

viscoelastic range of the hydrogel was determined by the relaxation experiments (at steady deformation, 

typical stress relaxation), and the Youngs modulus and relaxation spectra were described using the extended 

Maxwell model. The Youngs modulus and Flory’s theory can be used to compute the density of hydrogel 

cross-linking. The average polymeric mesh size was then determined using the comparable network theory 

and this figure. Because hydrogels have different mechanical properties from other standard manufactured 

materials, it is quite challenging to investigate and characterise the mechanical properties of hydrogels. 

Because of their wide range of mechanical properties, hydrogels are attractive for use in biological 

applications. The special quality of hydrogels is called poroelasticity. It is a deformation that occurs in 

relation to time and is not affected by fluid movement. In addition, the two primary mechanical characteristics 

of hydrogels are rubber elasticity and viscoelasticity. The viscosity of hydrogels is determined by the water 

mobility in the network cage, which is akin to the aqueous phase. The elasticity of hydrogels originates from 

the polymer matrix. The viscoelastic properties are largely influenced by applied mechanical force. It is 

possible to state that the applied stress affects the viscoelastic characteristics of hydrogels. In elastic 

materials, the stress is directly proportional to the strain; in viscous materials, however, the stress is directly 

proportional to the strain rate. The Maxwell model is a mathematical model designed for linear viscoelastic 

characteristics. Biological properties Biocompatibility and non-toxicity, adequate mechanical qualties, 

acceptable viscosity, stability, biodegradability, etc. Are essential characteristics of injectable hydrogels for 

a range of medical applications. The mechanical and biological properties of the hydrogel must match those 

of the tissue it substitutes and be appropriate . By combining cross-linking and electrospinning techniques, 
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Zhao., et al. Have attempted to attain the best mechanical and biological qualities in a number of 

investigations. UV light was used to crosslink gelatin methacrylate fibres that had been electrospun. The 

outcomes demonstrated that varying the exposure duration could alter the electrospun hydrogel’s biological 

and physical characteristics . The development of a hydroxyapatite/carbon nanotube/HA CNT composite 

with superior mechanical and biological properties is crucial for the usage of bone replacements in order to 

resemble true bone tissue . In addition to facilitating the flow of bodily fluids, the composite’s unique top 

has an uneven, wet surface that is ideal for cell adhesion, development, and proliferation. Thus, the highly 

active tissue scaffold preparation and bone replacement applications can greatly benefit from the usage of 

HA/CNT composite, which has good biological and mechanical capabilities. An essential phase for the 

fundamental biological characteristics of osteoblasts is cell expansion in biological material. When 

developing an injectable hydrogel, it is important to assess its biocompatibility because the hydrogel should 

promote cell proliferation and differentiation without endangering the host or inciting immunological 

responses. Natural hydrogels have more biocompatibility than artificial hydrogels because most of their 

components are similar to extracellular matrix (ECM). Additionally, the hydrogel’s structure needs to be 

compatible with body fluids, tissues, and cells. It also needs to be non-toxic, non-cancerous, and not cause 

long-term physiological or inflammatory reactions after it is destroyed. 

Conclusion 

 The several forms of hydrogels, their characteristics, their creation process, and their medicinal applications 

were covered in the current review paper. Regarding the hydrogel production mechanism, there exist various 

techniques for crosslinking the structure. Physically networked hydrogels have been employed as a tissue 

engineering substrate for a range of medicinal uses, such as the confinement of cells and the release of 

bioactive chemicals. These networks have the benefit of not requiring the usage of organic solvents. The 

primary mechanism via which pharmacological compounds are released from hydrogels is structural 

swelling. The field of stimulus-responsive hydrogels has seen a rise in interest in recent years. The pH and 

temperature of medications affect how the pharmacological substances are released from the hydrogel 

network in a controlled manner. Hydrogels are regarded as an appealing biomaterial for a range of medicinal 

applications because of its soft structure, biocompatibility, water absorption, and ECM. 

Reference: 

1. Holzapfel BM., et al. “How smart do biomaterials need to be? A translational science and clinical 

point of view”. Advanced Drug Delivery Reviews  65.4 (2013): 581-603 

2. Chamkouri H and Chamkouri M. “A review of hydrogels, their properties and applications in 

medicine”. American Journal of Biomedical Science and Research 11.6 (2021): 485-493. 

3. El Sayed MM. “Production of Polymer Hydrogel Composites and Their Applications”. Journal of 

Polymers and the Environment  15 (2023): 1-25. 

4. Maitra J and Shukla VK. “Cross-linking in hydrogels-a review”. American Journal of Polymer Science 

4.2 (2014): 25-31. 

5. Cao H., et al. “Current hydrogel advances in physicochemical and biological response-driven 

biomedical application diversity”. Signal Transduction and Targeted Therapy  6.1 (2021): 426. 

6. Xiao A., et al. “Strategies to design antimicrobial contact lenses and contact lens cases”. Journal of 

Materials Chemistry  B 6.15 (2018): 2171-2186. 

7. Gyles DA., et al. “A review of the designs and prominent biomedical advances of natural and synthetic 

hydrogel formulations”. European Polymer Journal  88 (2017): 373-392. 

8. Vashist A., et al. “Recent advances in hydrogel based drug delivery systems for the human body”. 

Journal of Materials Chemistry  B 2.2 (2014): 147-166. 

http://www.ijrti.org/


© 2025 IJNRD | Volume 10, Issue 4 April 2025 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2504613 International Journal Of Novel Research And Development (www.ijnrd.org) 
 

 

g146 

c14

9. Omidian H., et al. “Advances in superporous hydrogels”. Journal of Controlled Release  102.1 (2005): 

3-12. 

10. Khandan A., et al. “Hydrogels: Types, structure, properties, and applications”. Biomaterials and 

Tissue Engineering 4.27 (2007): 143-169. 

11.Wichterle O, Hydrophilic gels for biological use, Nature, 185, 1960, 117 

12. Chen X, Martin BD, Neubauer TK, Leonhard RJ, Dordick JS, Rethwisch DG, Enzymatic and 

chemoenzymatic approaches to synthesis of sugar based polymer and hydrogels, Carbohydr. Polym, 28, 

1995, 15–21. 

13.Kashyap N, Kumar N, Kumar M, Hydrogels for pharmaceutical and biomedical applications, Crit. 

Rev. Ther. Drug Carr. Syst., 22, 2005, 107–149 

     14. Corkhill PH, Hamilton CJ, Tighe BJ, Synthetic hydrogels- Hydrogel  composites 

aswound dressings and implant materials, Biomaterials, 10, 1989, 3–10. 

     15.Lee KY, Mooney DJ, Hydrogels for tissue engineering, Chemical  Reviews, 

101(7),2001, 1869-1880. 

16. Van der, Linden HJ, Herber S, Olthuis W, Bergveld P, Patterned dual pH responsive 

core shell hydrogels with controllable swelling kinetics and volume Analyst, 128, 2003, 

325-331. 

17. Lutolf MP, Raeber GP, Zisch AH, Tirelli N, Hubbell JA, Cell responsive synthetic 

hydrogels, Adv. Mater., 15, 2003, 888-892. 

18. Wang K, Burban J, Cussler E, Hydrogels as separation agents Responsive gels, Adv. 

Polymer sci. II, 1993, 67-79. 

19. Bennett SL, Melanson DA, Torchiana DF, Wiseman DM, Sawhney AS, Journal of 

Cardiac Surgery,18(6), 2003, 494-499. 

20. Colombo P, Swelling-controlled release in hydrogel matrices for oral route, Adv. Drug 

Deliv. Rev, 11, 1993, 37–57. 

 

 

http://www.ijrti.org/

