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INTRODUCTION: 

Hydrogels have been widely used as a drug carrier due to its 

ease in manufacturing and self application. The production 

of a large and constant surface area is one of the major 

merits for them to be widely used for clinical and 

fundamental applications. Various combinations of polymers 

are made into hydrogel formulations to investigate their 
potential as a drug delivery system. The combination of 

natural and synthetic polymers may provide mechanical 

stability and biological acceptability, acquiring from 

synergistic properties of both materials. The hydrogels were 

found stable and resilient 1.The existence of hydrogels dates 

back to 1960, when Wichterle and Lim first proposed the use 

of hydrophilic networks of poly(2-hydroxyethyl 

methacrylate) (PHEMA) in contact lenses.2 Since then, the 

use of hydrogels has extended to various biomedical3 and 

pharmaceutical4 applications. Antibiotics loaded 

interpenetrating network hydrogel based on poly(acrylic 
acid) and glutaradehyde for treatment of experimental H 

pylori. IPN hydrogels such as gelatin and dextran are widely 

used as a drug carrier due to their biodegradability and 

removable versatility in terms of composition and size.5 

Hydrogels are three-dimensional, hydrophilic, polymeric 

networks capable of imbibing large amounts of water or 

biological fuids.6,7 The networks are composed of 

homopolymers or copolymers, and are insoluble due to the 

presence of chemical crosslinks (tie-points, junctions), 

physical crosslinks, such as entanglements or crystallites.8-15 

The latter provide the network structure and physical 

integrity. These hydrogels exhibit a thermodynamic 
compatibility with water which allows them to swell in 

aqueous media. 6,7,15-16 

There are numerous applications of these hydrogels, in 

particular in the medical and pharmaceutical sectors.17-18 

Hydrogels resemble natural living tissue more than any other 

class of synthetic biomaterials. This is due to their high 

water contents and soft consistency which is similar to 

natural tissue.17 Furthermore, the high water content of the 

materials contributes to their biocompatibility. Thus, 

hydrogels can be used as contact lenses, membranes for 

biosensors, linings for artificial hearts, materials for artificial 

skin, and drug delivery devices.17-19 

Hydrogels are also used as carriers that can interact with the 

mucosa lining in the gastrointestinal (GI) tract, colon, 
vagina, nose and other parts of the body due to their ability 

to prolong their residence time at the delivery location 20. 

The interaction between such carriers and the glycoprotein’s 

in the mucosa is thought to occur primarily via hydrogen 

bonding. Therefore, materials containing a high density of 

carboxyl and hydroxy groups appear to be promising for this 

type of application. Monomers most often used for the 

synthesis of mucoadhesive polymers include acrylic and 

methacrylic acid (MAA). The idea of adhesion promoters 

diffusing across the polymer/mucin interface has also been 

introduced.21 Chains of polymerized ethylene glycol either 
freely loaded in the carrier or grafted to the polymer surface, 

have been utilized as adhesion promoters.
21

The `stealth' 

properties of poly(ethylene glycol), known also as PEG, 

have also been used to reduce the uptake of particulate 

carriers by the reticuloendothelial system.22 PEG has also 

been shown to both lengthen the biological half-life and 

reduce the immunogenicity of high molecular weight 

substances, such as adenosine de-aminase (ADA) and 

asparaginase.23 

CLASSIFICATION: 

Hydrogels can be classified as neutral or ionic, based on the 

nature of the side groups. According to their mechanical and 
structural characteristics, they can be classified as affine or 

phantom networks. Additionally, they can be homopolymers 

or copolymer networks, based on the method of preparation. 

Finally, they can be classified based on the physical 

structure of the networks as amorphous, semi crystalline, 

hydrogen-bonded structures, super molecular structures and 

hydro colloidal aggregates.24-44. 

ABSTRACT: 

The objective of the present study was to study the potential of hydrogel as a target release system to the stomach. The 
hydrogel are composed of polyvinyl pyrollidone, poly (N-isopropylacrylamide), chitosan, glutaraldehyde, amoxicillin 
trihydrate and omeprazole with high mechanical strength and adjustable thermosensitivity. The chemical structure of the 
polymer may also affect the swelling ratio of hydrogels. They can exhibit dramatic changes in their swelling behavior, 
network structure, permeability and mechanical strength in response to change in pH or ionic strength of the surrounding fluid 
or temperature. Hydrogel are evaluated using high pressure liquid chromatography, FTIR, differential scanning calorimetry, 

swelling studies, in vitro drug release study, mucoadhesive study and scanning electron microscopy. The assumption is that 
Interpenetrating Networks (IPN) hydrogels are showing greater swelling and more mucoadhesive in nature, released more 
drugs at lower pH values than the higher pH value. 
Keywords: IPN Hydrogel, Chitosan, Crosslinking agent, Glutaraldehyde, stomach specific. 
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Hydrogels may also show a swelling behavior dependent on 

the external environment. These polymers are 

physiologically-responsive hydrogels, where polymer 

complexes can be broken or the network can be swollen as a 

result of the changing external environment. These systems 
tend to show drastic changes in their swelling ratio as a 

result. Some of the factors affecting the swelling of 

physiologically-responsive hydrogels include pH, ionic 

strength, temperature and electromagnetic radiation. 45 

BIOMEDICAL APPLICATIONS OF HYDROGELS: 

Hydrogels are an extremely important class of materials with 

tremendous application potential in biology and 

pharmaceutical sciences. Synthetic hydrogels are polymeric 

networks of hydrophilic groups containing chains that are 

swollen in water. Polyelectrolyte hydrogels are especially 

useful as they either carry, or are able to develop charges on 
the chain. Hydrogels can be designed to exhibit significant 

volume changes in response to small changes in their 

environment such as pH, ionic strength, temperature, electric 

field, solvent, or magnetic field. 

Many biological applications of polyelectrolyte’s are due to 

their ability to bind oppositely charged species to form 

complexes. Recently, numerous studies have utilized 

cationic systems for gene and antisense therapies and bile 

acid sequestrates and have devoted to the development of 

viral and nonviral vectors for DNA and oligonucleotide 

delivery.46,47 Among the synthetic carriers, major attention is 

paid to cationic polymers which are able to do both 
condense large structure into smaller ones and mask the 

negative DNA charges, which is necessary for transfecting 

most types of cells.  A good delivery system should provide 

resistance to premature enzymatic degradation and 

aggregation, be able to target specific tissues, cross the cell 

membrane, facilitate the nuclear uptake, and supply 

controlled release of the genetic material, while inducing no 

toxicity or immune response.48 For these reasons, suitable 

coating of delivery system is very important for certain 

applications.49 

IPN 

Generally IPNs are created for the purpose of combining 

individual properties of two or more polymers. In some 

cases, entirely new properties are exhibited by the IPN that 

are not observed in either of the two single networks alone.50 

The development of interpenetrating network polymers is 

attractive because IPNs provide free volume space for the 

easy encapsulation of drugs in the three-dimensional 

network structure which are obtained by cross-linking of two 

or more polymer network.51 Various properties of IPNs such 

as porosity, bio-adhesiveness, elasticity, swelling and 

stimuli-responsive behavior can be controlled by the 
appropriate choice of the network-forming polymers and 

suitable cross-linking agent and its proportion.64,65 These 

biocompatible, nontoxic and biodegradable polymers are 

now acquiring unique place for biomedical application for 

various purposes such as cartilage scaffolds, biological 

tissue graft, tissue engineering, wound dressing and for drug 

delivery.52,53,54
 

ANATOMY OF STOMACH: 

 

Figure 1: SCHEMATIC DIAGRAM OF STOMACH 

(source: http://en.wikipedia.org/wiki/Stomach) 

The stomach is located in the upper-left area of the 

abdomen below the liver and next to the spleen. Its expanded 

J shape and three layers of muscle help turn liquid and 

chewed food into material suitable for the intestinal tract. 

When the stomach is empty, the inside has small folds called 

rugae. As the stomach expands, these folds disappear to 

accommodate the new contents. The average stomach can 

hold about 1.5 gallons of food and liquid at maximum 

capacity. It only holds food for about four hours before 

passing it along the digestive tract. The stomach’s main 
component for digestion is the powerful mix of secretions 

collectively called gastric juices. To counteract these strong 

juices, the stomach protects itself with mucus-like 

secretions. Without this protection, the stomach would 

essentially digest itself. Cells in the stomach create the 

active ingredients in gastric juices: 

Pepsin: This protein-digesting enzyme activates when food 

enters the stomach. 

Hydrochloric acid: This extremely strong acid breaks down 

food and any other foreign element such as dirt and bacteria. 

Two muscular rings called sphincters also provide additional 
defense against the chemicals in the stomach by moving 

contents along. The esophageal sphincter separates the 

esophagus and the stomach. When that muscle doesn’t relax 

properly, it feels like it is difficult to swallow. On the 

opposite end of the stomach, the pyloric sphincter regulates 

the speed at which food moves down to the small intestine. 

After the stomach has done its work, the highly acidic 

mixture of gastric juices and food (known as chyme) leaves 

the stomach, moves past the pyloric sphincter, and goes into 

the duodenum before entering the small intestine. 

MATERIALS REQUIRED AND METHODS 

METHOD FOR PREPARATION OF HYDROGEL: 
55

 

Cross-linked networks of synthetic polymers such as 

polyethylene oxide (PEO), polyvinyl pyrollidone (PVP), 

polylactic acid (PLA), polyacrylic acid (PAA)  

polymethacrylate (PMA),polyethylene glycol (PEG), or 

natural biopolymers such as alginate, chitosan, carrageenan, 

hyaluronan, and carboxymethyl cellulose (CMC) have been 

reported. The various preparation techniques adopted are 

physical cross-linking, chemical cross-linking, grafting 

polymerisation , and radiation cross-linking. Such 
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modifications can improve the mechanical properties and 

viscoelasticity for applications in biomedical and 

pharmaceutical fields. The general methods to produce 

physical and chemical gels are described below. 

1. Physical cross-linking 

There has been an increased interest in physical or reversible 

gels due to relative ease of production and the advantage of 

not using cross-linking agents. These agents affect the 

integrity of substances to be entrapped (e.g. cell, proteins, 

etc.) as well as the need for their removal before application. 

Careful selection of hydrocolloid type, concentration and pH 

can lead to the formation of a broad range of gel textures and 

is currently an area receiving considerable attention, 

particularly in the food industry. The various methods 

reported in literature to obtain physically cross-linked 

hydrogels are: 

a. Heating/cooling a polymer solution 

Physically cross-linked gels are formed when cooling hot 

solutions of gelatine or carrageenan. The gel formation is 

due to helix-formation, association of the helices, and 

forming junction zones. Carrageenan in hot solution above 

the melting transition temperature is present as random coil 

conformation. Upon cooling it transforms to rigid helical 

rods.

 

 

Figure 2: Gel formation due to aggregation of helix upon cooling a hot solution of carrageenan.
 (Source: 

http://cdn.intechopen.com/pdfs/17237/InTech-Hydrogels_methods_of_preparation_characterisation_and_applications.pdf) 

In presence of salt (K+, Na+, etc.), due to screening of 

repulsion of sulphonic group (SO– 3), double helices further 
aggregate to form stable gels (Figure 2). In some cases, 

hydrogel can also be obtained by simply warming the 

polymer solutions that causes the block copolymerisation. 

Some of the examples are polyethylene oxide-
polypropylene oxide, polyethylene glycol-polylactic acid 

hydrogel.

 

b. Ionic interaction 

 

Figure 3: Ionotropic gelation by interaction between anionic groups on alginate (COO
-
) with divalent metal ions (Ca

2+
).

 

(Source:http://cdn.intechopen.com/pdfs/17237/InTech-Hydrogels_methods_of_preparation_characterisation_and_applications.pdf) 

http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F3
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Ionic polymers can be cross-linked by the addition of di- or 

tri-valent counterions. This method underlies the principle of 

gelling a polyelectrolyte solution (e.g. Na+ alginate-) with a 

multivalent ion of opposite charges (e.g. Ca2+ + 2Cl-) (Figure 

3). Some other examples are chitosan-polylysine, chitosan-
glycerol phosphate salt , chitosan-dextran hydrogels. 

c. Complex coacervation 

Complex coacervate gels can be formed by mixing of a 

polyanion with a polycation. The underlying principle of this 

method is that polymers with opposite charges stick together 

and form soluble and insoluble complexes depending on the 

concentration and pH of the respective solutions (Figure 4). 

One such example is coacervating polyanionic xanthan with 

polycationic chitosan. Proteins below its isoelectric point are 
positively charged and likely to associate with anionic 

hydrocolloids and form polyion complex hydrogel (complex 

coacervate).

 

 

Figure 4: Complex coacervation between a polyanion and a polycation.
 

(Source:http://cdn.intechopen.com/pdfs/17237/InTech-Hydrogels_methods_of_preparation_characterisation_and_applications.pdf) 

 

d. H-bonding 

 

Figure 5: Hydrogel network formation due to intermolecular H-bonding in CMC at low pH.
 

(Source:http://cdn.intechopen.com/pdfs/17237/InTech-Hydrogels_methods_of_preparation_characterisation_and_applications.pdf) 

H-bonded hydrogel can be obtained by lowering the pH of 

aqueous solution of polymers carrying carboxyl groups. An 

example of such hydrogel is a hydrogen-bound CMC 

(carboxymethyl cellulose) network formed by dispersing 
CMC into 0.1M HCl. The mechanism involves replacing the 

sodium in CMC with hydrogen in the acid solution to 

promote hydrogen bonding (Figure 5). The hydrogen bonds 

induce a decrease of CMC solubility in water and result in 

the formation of an elastic hydrogel. Carboxymethylated 

chitosan (CM-chitosan) hydrogels can also prepared by 

cross-linking in the presence of acids or polyfunctional 

monomers. Another example is polyacrylic acid and 

polyethylene oxide (PEO-PAAc) based hydrogel prepared 

by lowering the pH to form H-bonded gel in their aqueous 

solutio. In case of xanthan-alginate mixed system molecular 
interaction of xanthan and alginate causes the change in 

matrix structure due to intermolecular hydrogen bonding 

between them resulting in formation of insoluble hydrogel. 

2. Chemical cross-linking 

Chemical cross-linking covered here involves grafting of 
monomers on the backbone of the polymers or the use of a 

cross-linking agent to link two polymer chains. The cross-

linking of natural and synthetic polymers can be achieved 

through the reaction of their functional groups (such as OH, 

COOH, and NH2) with cross-linkers such as aldehyde (e.g. 

glutaraldehyde, adipic acid dihydrazide). There are a number 

of methods reported in literature to obtain chemically cross-

linked permanent hydrogels. Among other chemical cross-

linking methods, IPN (polymerise a monomer within another 

solid polymer to form interpenetrating network structure) 

and hydrophobic interactions (incorporating a polar 

http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F4
http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F4
http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F4
http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F5
http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F6
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hydrophilic group by hydrolysis or oxidation followed by 

covalent cross-linking) are also used to obtain chemically 

cross-linked permanent hydrogels. The following section 

reviews the major chemical methods (i.e. cross-linker, 

grafting, and radiation in solid and/or aqueous state) used to 

produce hydrogels from a range of natural polymers.

 

a. Chemical cross-linkers 

 

Figure 6: Schematic illustration of using chemical cross-linker to obtain cross-linked hydrogel network.
 

(Source:http://cdn.intechopen.com/pdfs/17237/InTech-Hydrogels_methods_of_preparation_characterisation_and_applications.pdf) 

Cross-linkers such as glutaraldehyde , epichlorohydr, etc 

have been widely used to obtain the cross-linked hydrogel 

network of various synthetic and natural polymers. The 

technique mainly involves the introduction of new molecules 

between the polymeric chains to produce cross-linked chains 
(Figure 6). One such example is hydrogel prepared by cross-

linking of corn starch and polyvinyl alcohol using 

glutaraldehyde as a cross-linker . The prepared hydrogel 

membrane could be used as artificial skin and at the same 

time various nutrients/healing factors and medicaments can 

be delivered to the site of action.CMC chains can also be 

cross-linked by incorporating 1, 3-diaminopropane to 

produce CMC-hydrogel suitable for drug delivery through 

the pores. Hydrogel composites based on xanthan and 

polyvinyl alcohol cross-linked with epichlorohydrin in 

another example. κ-carrageenan and acrylic acid can be 
cross-linked using 2-acrylamido-2-methylpropanesulfonic 

acid leading to the development of biodegradable hydrogels 

with proposed use for novel drug delivery systems . 

Carrageenan hydrogels are also promising for industrial 

immobilisation of enzymes. Hydrogels can also be 

synthesized from cellulose in NaOH/urea aqueous solutions 

by using epichlorohydrin as cross-linker and by heating and 

freezing methods. 

b. Grafting 

Grafting involves the polymerisation of a monomer on the 

backbone of a preformed polymer. The polymer chains are 
activated by the action of chemical reagents, or high energy 

radiation treatment. The growth of functional monomers on 

activated macroradicals leads to branching and further to 

cross-linking (Figure 7). 

 

Figure 7: Grafting of a monomer on preformed polymeric 

backbone leading to infinite branching and cross-linking. 

(Source:http://cdn.intechopen.com/pdfs/17237/InTech-

Hydrogels_methods_of_preparation_characterisation_and_applications.pdf) 

i. Chemical grafting 

In this type of grafting, macromolecular backbones are 

activated by the action of a chemical reagent. Starch grafted 
with acrylic acid by using N-vinyl-2-pyrrolidone is an 

example of this kind of process Such hydrogels show an 

excellent pH-dependent swelling behaviour and possess 

ideal characteristic to be used as drug and vitamin delivery 

device in the small intestine. 

http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F8
http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#F9
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ii. Radiation grafting 

Grafting can also be initiated by the use of high energy 

radiation such as gamma and electron beam. Said, Alla et al. 

(2004) reported the preparation of hydrogel of CMC by 

grafting CMC with acrylic acid in presence of electron beam 
irradiation, in aqueous solution. Electron beam was used to 

initiate the free radical polymerisation of acrylic acid on the 

backbone of CMC. Water radiolysis product will also be 

helpful to abstract proton form macromolecular backbones. 

Irradiation of both (CMC and monomer) will produce free 

radicals that can combine to produce hydrogel. They 

proposed the application of such acrylic acid based hydrogel 

for the recovery of metal ions like copper, nickel, cobalt, and 

lead. Also, they reported the application of hydrogels in 

dressings for temporary skin covers. 

3. Radiation cross-linking 

Radiation cross-linking is widely used technique since it 

does not involve the use of chemical additives and therefore 

retaining the biocompatibility of the biopolymer. Also, the 

modification and sterilisation can be achieved in single step 
and hence it is a cost effective process to modify 

biopolymers having their end-use specifically in biomedical 

application. The technique mainly relies on producing free 

radicals in the polymer following the exposure to the high 

energy source such as gamma ray, x-ray or electron beam. 

The action of radiation (direct or indirect) will depend on the 

polymer environment (i.e. dilute solution, concentrated 

solution, solid state).

 

Table1: Polymers and Crosslinkers Used in Composition of IPN Hydrogels 

Polymers Crosslinkers Biomedical Applications Ref 

Poly vinyl pyrollidone GA Controlled release of amoxicillin and omeprazole 56 

Poly bismethyl acryl amide GA Oral controlled release of drug 57 

Polyethylene glycol GA Oral controlled release of omeprazole 58 

Poly(N-isopropyl acrylamide) MBA Oral pH, temperature sensitive release 59 

GA-Glutaraldehyde, MBA- N,N’-methylenebisacrylamide 

PROPERTIES OF CHITOSAN 

Chitosan is a polysaccharide that is obtained by alkaline 

deacetylation of a naturally occurring polysaccharide, chitin. 

Chitin occurs abundantly in nature as ordered crystalline 

micro fibrils forming structural components in the 

exoskeleton of arthropods or in the cell walls of fungi and 

yeast. 

Production of chitosan from these sources is inexpensive and 
easy. Chitosan is a linear co-polymer polysaccharide 

consisting of β (1–4)-linked 2-amino-2-deoxy-D-glucose (D-

glucosamine) and 2-acetamido-2-deoxy-D-glucose (N-

acetyl-D-glucosamine) units.60 

Chitosan 

 

Figure 8: Structure of Chitosan 

Chemically chitosan is poly[β-(1–4)-2-amino-2-deoxy-D-

glucopyranose]. It is an interesting polysaccharide primarily 
due to the presence of the amino functionality, which could 

be suitably modified to impart desired properties and 

distinctive biological functions including solubility and 

bioadhesivity.61 Properties of chitosan depends on a number 

of parameters such as the molecular weight, degree of 

deacetylation sequence of the amino group (D-glucosamine 

residues) and the acetamido groups (N-acetyl-D-

glucosamine) and the purity of the product. Chitosan is 

metabolized by certain human enzymes, especially 

lysozyme, and is considered biodegradable.62 

It is also biocompatible, non-immunogenic, non-

carcinogenic, nontoxic and mucoadhesive polymer, which 

makes it a suitable candidate for biomedical applications, 

such as wound management, tissue engineering and drug 

delivery vehicle.63-68 Chitosan also shows permeation 

enhancer properties and it is able to enhance the paracellular 

route of absorption, which is important for the transport of 

hydrophilic compounds such as therapeutic peptides and 
antisense oligonucleotide across the membrane.69-71 

PROPERTIES OF GLUTARALDEHYDE 

Glutaraldehyde is an organic compound with the formula 

CH2(CH2CHO)2. A pungent colorless oily liquid, 

glutaraldehyde is used to disinfect medical and dental 

equipment. It is also used for industrial water treatment and 

as a preservative. It is mainly available as an aqueous 

solution, and in these solutions the aldehyde groups are 

hydrated.72 

 

 

Figure 9: Structure of Glutaraldehyde
 

Glutaraldehyde is a colorless liquid with a pungent odor 

used to sterilize medical and dental equipment. It is also 

used for industrial water treatment and as a chemical 

preservative. However, it is toxic, causing severe eye, nose, 

throat and lung irritation, along with headaches, drowsiness 

and dizziness. 

Glutaraldehyde is an oily liquid at room temperature 

(density 1.06 g/mL), and miscible with water, alcohol, and 
benzene. It is used as a tissue fixative in electron 

http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#B109
http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#B109
http://www.intechopen.com/books/progress-in-molecular-and-environmental-bioengineering-from-analysis-and-modeling-to-technology-applications/hydrogels-methods-of-preparation-characterisation-and-applications#B109
http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Industrial_water_treatment
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microscopy. It is employed as embalming fluid, is a 

component of leather tanning solutions, and occurs as an 

intermediate in the production of certain industrial 

chemicals.  

Methods of cross linking 

Several techniques have been reported for the synthesis of 

hydrogels. The first approach involves 

copolymerization/cross linking of co-monomers using 

multifunctional co-monomer, which acts as cross linking 

agent. The polymerization reaction is initiated by chemical 

initiator. The polymerization reaction can be carried out in 

bulk, in solution, or in suspension. The second method 

involves cross linking of linear polymers by irradiation, or 

by chemical compounds.73 The monomers used in the 

preparation of the ionic polymer network contain an 

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

is completed. As a result, hydrogels synthesized contain 

weakly acidic groups like carboxylic acids, or a weakly 

basic group like substituted amines, or a strong acidic and 

basic group like sulfonic acids, and quaternary ammonium 

compounds. Some of the commonly used crosslinking 

agents include N, N'-methylenebisacrylamide, divinyl 

benzene, and ethylene glycol dimethacrylate. 

Solution polymerization/cross linking: 

In solution, co-polymerization/cross linking reactions, and 

ionic or neutral monomers are mixed with the 

multifunctional cross linking agent. The polymerization is 
initiated thermally, by UV-light, or by redox initiator 

system. The presence of solvent serves as heat sink, and 

minimizes temperature control problems. The prepared 

hydrogels need to be washed with distilled water to remove 

the unreacted monomers, crosslinking agent, and the 

initiator. The best example is preparation of poly(2-

hydroxyethyl methacrylate)74hydrogels from hydroxyethyl 

methacrylate, using ethylene glycol dimethacrylate as 

crosslinking agent. Using the above method, a great variety 

of hydrogels have been synthesized.75 The hydrogels can be 

made pH- sensitive or temperature-sensitive, by 
incorporating methacrylic acid,76 or N-

isopropylacrylamide77as monomers. 

Suspension polymerization: 

This method is employed to prepare spherical hydrogel 

microparticles with size range of 1 µm to 1mm. In 

suspension polymerization, the monomer solution is 

dispersed in the non-solvent forming fine droplets, which are 

stabilized by the addition of stabilizer. The polymerization is 

initiated by thermal decomposition of free radicals. The 

prepared microparticles then washed to remove unreacted 

monomers, cross linking agent, and initiator. Hydrogel 
microparticles of poly(vinyl alcohol) and poly(hydroxy ethyl 

methacrylate) have been prepared by this method. 

Polymerization by irradiation: 

High energy radiation like gamma and electron beam, have 

been used to prepare the hydrogels of unsaturated 

compounds. The irradiation of aqueous polymer solution 

results in the formation of radicals on the polymer chains. 

Also, radiolysis of water molecules results in the formation 

hydroxyl radicals, which also attack the polymer chains, 

resulting in the formation of macroradicals. Recombination 

of the macroradicals on different chains results in the 

formation of covalent bonds, and finally a crosslinked 

structure is formed.78 During radiation, polymerization 

macroradicals can interact with oxygen, and as a result, 

radiation is performed in an inert atmosphere using nitrogen 
or argon gas. Examples of polymers crosslinked by radiation 

method include poly(vinyl alcohol)79, poly (ethylene 

glycol),80,81,82 poly(acrylic acid).83 The major advantage over 

chemical initiation is the production of relatively pure, 

residue-freehydrogels. 

Chemically crosslinked hydrogels: 

Polymers containing functional groups like -OH, -COOH, -

NH 2 , are soluble in water. The presence of these functional 

groups on the polymer chain, can be used to prepare 

hydrogels by forming covalent linkages between the 

polymer chains and complementary reactivity, such as 
amine-carboxylic acid, isocyanate-OH/NH 2 or by Schiff 

base formation.84  

Gluteraldehyde can be used as a crosslinking agent to 

prepare hydrogels of polymers containing -OH groups like 

poly(vinyl alcohol).85 Also, polymers containing amine 

groups (albumin, gelatin, polysaccharides)86,87,88,89 can be 

crosslinked using glutaraldehyde. 

Polymers that are water soluble, can be converted to 

hydrogels, using bis or higher functional crosslinking agents 

like divinylsulfone90 and 1,6-hexanedibromide. The 

crosslinking agents react with the functional groups present 

on the polymer, via addition reaction. These crosslinking 
agents are highly toxic, and hence unreacted agents have to 

be extracted. Moreover the reaction has to be carried out in 

organic solvent, as water can react with the crosslinking 

agent. The drugs have to be loaded after the hydrogels are 

formed, as a result the release will be typically first order. 

Crosslinking between polymers through hydrogen bond 

formation occur as in the case of poly(methacrylic acid) and 

poly(ethylene glycol). The hydrogen bond formation takes 

place between the oxygen of poly(ethylene glycol) and 

carboxylic acid group of poly(methacrylic acid). Carriers 

consisting of networks of poly(methacrylic acid-g-ethylene 
glycol) showed pH dependent swelling due to the reversible 

formation of interpolymer complex, stabilized by hydrogen 

bonding between the etheric groups of the grafted 

poly(ethylene glycol), and the carboxylic acid protons of the 

poly(methacrylic acid). 

Physically crosslinked hydrogels: 

Most of the covalent crosslinking agents are known to be 

toxic, even in small traces. A method to overcome this 

problem and to avoid a purification step, is to prepare 

hydrogels by reversible ionic crosslinking. Chitosan, a 

polycationic polymer can react with positively charged 
components, either ions or molecules, forming a network 

through ionic bridges between the polymeric chains. Among 

anionic molecules, phosphate bearing groups, particularly 

sodium tripolyphosphate is widely studied. Ionic 

crosslinking is a simple and mild procedure. In contrast to 

covalent crosslinking, no auxiliary molecules such as 

catalysts are required.91 Chitosan is also known to form 

polyelectrolyte complex with poly(acrylic acid). The 

polyelectrolyte complex undergoes slow erosion, which 

gives a more biodegradable material than covalently 

crosslinked hydrogels.92,93
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CHARACTERIZATION OF HYDROGELS: 

Morphological characterization 

Hydrogels are characterized for morphology which is 

analyzed by equipment like stereomicroscope. Also the 

texture of these biomaterials is analyzed by SEM (Scanning 
Electron Microscope) to ensure that hydrogels, especially of 

starch, retain their granular structures. 

Fourier Transform Infrared Spectroscopy(FTIR)  

analysis 

FTIR  spectra of hydrogel are recorded using FTIR 

spectrophotometer to determine their structure and 

intermolecular interactions. Thoroughly ground IPN samples 

are mixed with dried KBr and discs are be prepared by 

compression under vacuum. Spectra are recorded with a 

resolution of 1 cm-1. 

Swelling Studies of IPN hydrogel 

The swelling studies of IPN hydrogel are studied by placing 

a known weight of hydrogels in 0.1 N HCl at 370 C. During 

swelling the gels are removed every 1 hr interval and their 

surface are dried and filter paper weight are recorded. The 

swelling process are characterized by following relationship: 

Swelling ratio% = Ws-Wd/Wd * 100, 

where 

Ws- Weight of swollen hydrogels 

Wd- weight of dry hydrogels 

Improving the delivery of hydrogels: 

The goal of drug delivery is to maintain the drug 

concentration in the body (plasma) within therapeutic limits 
for long periods of time. However, the high water content of 

most hydrogels results in relatively rapid release of drugs 

from the gel matrix, particularly in the case of hydrophilic 

drugs for which hydrogel delivery is typically applied. In 

this context, a range of strategies have been explored to 

reduce the release rate of drug from hydrogels either by 

enhancing the interactions between the drug and the 

hydrogel matrix and/or by increasing the diffusive barrier to 

drug release from the hydrogel. Both physical (charge 

interaction between polymer and the ionic drug) and 

chemical (by covalent linking of drug to polymer by using 
cleavable linkers)94 means have been employed to enhance 

the interaction between a loaded drug and the hydrogel 

matrix to extend the duration of drug release. 

Another approach is to control the diffusion of drugs out of 

hydrogel matrices by modifying the microstructure of the 

hydrogel. For modifying the microstructure of hydrogels, 

interpenetrating polymer network (IPN) 95 and semi 

interpenetrating polymer network (semi IPN)96 have been 
used in preference to homopolymers with high concentration 

of cross-linking agent.  

A relatively improved method has been the incorporation of 

particulate systems (microspheres, liposomes, micro 

emulsions, micelles, microgel etc.) into the hydrogel matrix 

to form composite or ‘‘plum pudding’’ hydrogel networks. 

CONCLUSION: 

Preparation of hydrogel-based drug product involves either 

cross-linking of linear polymers or simultaneous 

polymerization of monofunctional monomers and cross-

linking with polyfunctional monomers. Further, the 
mechanical strength of poorly cross-linked hydrogels can be 

adequately enhanced by various methods. Polymers from 

natural, synthetic or semi-synthetic sources can be used for 

synthesizing hydrogels. In comparison to other synthetic 

biomaterials, hydrogels resemble living tissues closely in 

their physical properties because of their relatively high 

water content and soft and rubbery consistency. Hydrogels 

show minimal tendency to adsorb proteins from body fluids 

because of their low interfacial tension. Further, the ability 

of molecules of different sizes to diffuse into (drug loading) 

and out of (drug release) hydrogels allows the possible use 

of dry or swollen polymeric networks as drug delivery 
systems for oral, nasal, buccal, rectal, vaginal, ocular and 

parenteral routes of administration. 

FUTURE PROSPECTIVE: 

The hydrogels prepared are stomach specific but many 

opportunities remain to be explored for better use of 

biomaterials. There is no doubt that many applications can 

benefit the design of target release drug delivery. Every drug 

delivery design responds differently to stimuli and can prove 

to be beneficial. Despite many advances, numerous 

challenges and opportunities remain for making an impact in 

the field of hydrogels. 
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