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Hydrogels made from hydrophilic and three dimensional crosslinked polymers are 

discovered by Wichterle and Lim, since then they have been offered indispensible 

applications to the biomedical field including pharmaceutical sciences.  As these 

systems have similarity with biological tissues more than any other class of 

synthetic materials and due to this hydrogels succeeded in attracting the attention 

of pharmaceutical scientists to explore their use in development of drug delivery 

systems for various bioactive molecules. The soft consistency, high water content 

and low interfacial tension with biological fluids of the hydrogel materials made 

them biocompatible. The unique property of the different sized molecules has an 

ability to diffuse in and out of hydrogels permitted their use as a carrier for drug 

delivery system. Further research on these systems resulted into invention of 

variety of hydrogel forms which are having versatile applications. There is an 

ampoule scope for preparing these systems as physiological stimuli materials so as 

to get the desired benefit as and when necessary. The present concise review 

emphasized mainly on the pharmaceutical and biomedical applications along with 

other properties of this unique system.                                                                                                                             
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INTRODUCTION 

Numerous advancements have been perceived 

over the last three decades in the field of 

pharmaceutical drug delivery research. Plenty of 

advanced drug delivery formulations have come 

in pharmaceutical applications with abundant of 

benefits such as cost effective production, 

maximum therapeutic efficacy, stability and 

significant improvement in the patient 

compliances. Past 40 years has witnessed a 

greater attention which has been paid on focused 

development of controlled and sustained drug 

delivery systems. The ongoing research 

programs in advanced drug delivery systems, not 

only focus on such advanced formulations which 

can overcome the problems associated with 

conventional dosage forms, but also on their 

biocompatibility, stability and convenient use. 

Controlled drug delivery systems are one of the 

resultant products of such research activities 

possessing great applications to overcome the 

shortcomings of conventional formulations.  

 

 

Although significant progress has been made in 

this field, more advances are yet to be achieved 

for the treatment of many clinical disorders. In 

these cases, it is also imperative to modulate the 

drug delivery pattern based on the necessity to 

provide the drug constantly in the system. Such 

drug delivery systems usually do not simply 

release the drug at some predetermined rate, but 

they do so in a pattern that the pharmaceutical 

scientist desires. For instance, insulin is 

delivered only when the blood sugar levels 

elevated. [1], calcitonin directly delivered to 

upper small intestine bypassing the stomach and 

macromolecules and genetically engineered 

molecules can be delivered across tissues at 

required rate. [2] Hydrogels as advanced drug 

delivery systems are designed to release the drug 

at zero order kinetics that ensures constant drug 

release for extended period of time. Drug 

targeting to the diseased cells can also be 

achieved by using some antibodies without 

affecting the normal cells. [3, 4]  
 

Polymeric systems that modify their structure 

and in consequence their properties in response 

to changes in the physical and chemical 

characteristics of the physiological medium are 
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very promising candidates for gaining optimum 

control over the moment and rate of drug 

release. The above approaches of drug delivery 

designs can be achieved by the use of 

biocompatible, biosensitive carriers such as 

hydrogels. Hydrogels possess the unique water 

swollen and crosslinked feature, acts as 

biomedical carriers for the delivery of drugs, 

proteins, peptides and enzyme conjugates. 

Because of their network structure and 

thermodynamic property hydrogels decide the 

drug diffusion pattern by changing their 

molecular mesh size in response to external 

stimuli which makes molecular stability of the 

incorporated bioactive agents. The present 

review addresses the unique features, 

characteristics and versatile applications of 

hydrogel drug delivery system. Hydrogels are 

three-dimensional, polymeric networks with 

hydrophilic nature and capable of imbibing large 

amount of water or biological fluids. [5, 6] The 

networks consist of monomers or co-polymers 

being crosslinked and are insoluble in water. [7, 8]  

These network structures possess water holding 

capacity which is attributed to the presence of 

hydrophilic groups viz. amino, carboxyl and 

hydroxyl groups in polymer chains. The capacity 

of water retention in hydrogels depends upon 

the number of the hydrophilic groups and 

crosslinking density. The extent of water holding 

varies from 10 to 1000 times of the weight of the 

hydrogels. [9-11] The network structure of 

hydrogels may be macroporous, microporous or 

nonporous and such hydrogels release the drug 

from their pores through mechanism that 

dependent on drug diffusion coefficient, porosity 

and tortuosity of the gel network. [12-14] 

Microporous hydrogels have small pore size and 

releases the drug by molecular diffusion and 

convection release. Nonporous hydrogels are the 

mesh like structures of macromolecular 

dimension releases the drug only by diffusion 

mechanism. [15, 16]   

 

Overview of Hydrogels 

Hydrogels are described as smart or intelligent 

gels when their sol-gel transition occurs at 

conditions that can be induced in living body. 

Hydrogels are formed by loosely held cross-

linked three dimensional polymeric networks, 

which swell in water without dissolving in it. The 

most characteristic property of hydrogels is that 

they swell in the presence of water and shrink in 

the absence of water. In dried form, the swollen 

networks of the hydrogels collapse due to the 

high surface tension of the water thus swelling 

and shrinking, hydrogels preserve overall shape 

and integrity. Maintenance of three dimensional 

structures of hydrogels and physical or chemical 

crosslinking of polymer chains are essential. It is 

tricky to change the shape of the chemical gels 

due to the chemical bonds present in the 

polymer chains. On the other hand the shapes of 

chemical gels can be manipulated in which the 

polymer chains of the physical gels linked 

through non-covalent bonds such as Van der 

Waal interactions, ionic interactions, hydrogen 

bonding, or hydrophobic interactions. [17]  

 

Types of Polymers Used In Hydrogels 

Hydrogels based on natural polymers such as 

starch, chitosan and alginate attracted of 

researchers interest because of their unique 

advantages like abundance, non toxicity, 

biocompatibility, and biodegradability.  Cellulose 

is one of the abundant natural polysaccharide, 

which is usually used as the hydrogel owing to its 

excellent biocompatibility, and biodegradability. 

Cellulose is insoluble in water however 

substituted cellulose derivatives such as 

methylcellulose and hydroxy propylmethyl 

cellulose possess water solubility. [18] Numerous 

synthetic methods have been reported including 

chemical crosslinking, graft copolymerization 

and atom transfer radical polymerization for the 

preparation of hydrogels containing cellulose 

derivatives. Among the aforementioned methods, 

graft copolymerization of vinyl monomers onto 

cellulose or its derivatives has been studied 

extensively and is usually carried out by various 

chemical initiators or by irradiation. An 

alternative approach for graft reaction has also 

been developed, which involves the introduction 

of carbon-carbon bonds onto cellulose. Vinyl 

monomers are readily grafted onto the vinyl 

derivatives of cellulose by solution 

polymerization. [19] 
 

Chitosan is another natural polysaccharide 

extensively used as a polyelectrolyte complex 

forming agent in the preparation 

thermoreversible hydrogels without addition of 

crosslinking agent. Polyethylene grafted chitosan 

shows improved solubility in water and the 

gelation was found to be possible in 

physiological pH values and also used for 

controlled drug release in vitro. [20] Chitosan 

based hydrogels have been also investigated as 

potential cell carriers for tissue engineering 

applications. Dextran an important 

polysaccharide usually converted into 

enzymatically biodegradable by reaction with 
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maleic anhydride and resultant hydrogel made 

from such dextran is partially biodegradable and 

pH sensitive. [21] Xyloglucon is a cytocompatible 

polysaccharide exhibited thermally responsive 

behavior when more than 35% of its galactose 

residues are removed. [22] Xyloglucon gels have 

been used as a drug delivery carrier for various 

applications. [23] Gelatin a biodegradable and 

biocompatible biopolymer protein present in 

nature with thermoreversible properties. An 

aqueous gelatin solution solidifies at 

temperature below 25 ºC due to the formation of 

triple helices and rigid three dimensional 

networks and when temperature raised to 30 ºC 

the conformation changes from a helix to the 

more flexible coil rendering the gel to form liquid 

again. [24] Gelatin when combined with other 

polymers shows thermal gelation close to the 

body temperature thus useful in biomedical 

applications.  [25] 
 

Gellan gum is another polymer commercially 

obtained from broth cultures of aerobic bacteria. 

A concentrated water solution of gellan gum is 

warmed up initially to induce the gellan gelation. 

When the temperature decreased, the chains 

undergo a conformational transition from 

random coils to double helices. Double helices 

further rearrange to form ordered junction zones 

(sol-gel transition) and thus giving a 

thermoreversible hydrogel. Much stronger 

physical thermo-reversible hydrogels are 

obtained by the addition of mono and divalent 

cations to gel solutions. The physical gelation 

ability of this polysaccharide makes it as suitable 

structuring and gelling agent in foods and 

toothpastes and binder, as a sustained release 

matrix. Aqueous solutions of gellan are used as in 

situ gelling systems, mainly for ophthalmic 

preparations and oral drug delivery. Physical 

gellan hydrogels prepared using mono or 

divalent cations are used for the preparation of 

tablets, beads or microspheres. Interpenetrating 

polymer networks or co-cross linked polymer 

networks based on gellan and other 

polysaccharide systems have also been 

developed as drug delivery matrices. [26] 

 

Properties of hydrogels       

Crosslinking Ratio 

Dynamic swelling ability of hydrogels mainly 

depends on crosslinking ratio of polymers and 

incorporation of more crosslinking agent 

enhances the crosslinking ratio. Highly 

crosslinked hydrogels swell less due to the 

presence of tighter structure when compared to 

lower crosslinked hydrogels which is attributed 

to hinder in the mobility of polymer chain. 

Swelling ratio of the hydrogels depends on 

chemical structure of the polymer. Swelling ratio 

of hydrogels with hydrophilic group is higher 

compared to those with hydrophobic groups 

thus minimizing their exposure to water 

molecule. Swelling of stimuli sensitive hydrogels 

depends on specific stimuli such as pH and 

glucose concentration.  
 

 Mechanical Properties 

Mechanical properties of hydrogels play crucial 

role in drug delivery applications. A drug 

delivery system designed to protect sensitive 

therapeutic agents such as proteins, must 

maintain its integrity so as to protect them till 

the drug released from the system. The desired 

mechanical propriety of the hydrogels can be 

achieved by changing the degree of crosslinking 

and by utilizing copolymerization process by 

incorporating a co-monomer that contribute to 

hydrogen bond formation. 
 

 Cytotoxicity of Hydrogels 

The leaching of untreated monomers, oligomers 

and initiators present in the hydrogels leads to 

toxicity during applications and hence it is vital 

task to understand the toxicological effects of 

various monomers used. In some cases, the 

relationship between chemical structure and 

toxicity of monomers has been studied 

extensively. [27] This problem of toxicity can be 

solved by various measures including 

modification of polymerization process and 

extensive washing of the resulting hydrogels.  

The use of initiators in the formation of 

hydrogels leads to the toxicity due to residual 

initiators and this can be avoided by preparing 

the hydrogels through gamma irradiation 

technique. [28-32] Toxicity of the hydrogels can be 

evaluated by cell culture methods and are known 

as cytotoxicity tests and the evaluation methods 

of toxicity studies include extract dilution, direct 

contact and agar diffusion.        

 

Types of Hydrogels     

Based on the nature of side groups on the 

polymers, the hydrogels can be grouped as 

neutral or ionic. Mechanical and structural 

characteristics of hydrogels classify hydrogels as 

affine or phantom networks. Additionally, 

hydrogels can also be categorized based on the 

methods of preparation as homopolymer or 

copolymer networks. Finally, they can be 

classified on the basis of physical structure of the 

networks as amorphous, semi-crystalline, 
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hydrogen bonded supermolecular structures and 

hydrocolloidal aggregates. [33-37] Hydrogels may 

also be known as stimuli based as they show 

swelling behavior which depends upon the 

external environments and the drug diffusion is 

mainly based in turn on swelling behavior. The 

polymers employed in the preparation of stimuli 

responsive hydrogels are physiologically 

responsive, where polymer complexes can be 

broken or the networks can be swollen as a 

result of the change in external environments. 

Some of the factors which affect the swelling of 

stimuli responsive hydrogels include pH, ionic 

strength, temperature and electromagnetic 

radiation. [38] 

 

Stimuli sensitive Hydrogels 

Numerous polymers possess gel-sol-gel phase 

change property which may be responsible for 

diffusion of the drug from the gel system that 

triggers the drug release in response to external 

stimuli. Hydrogels provide such sensor 

properties can undergo reversible volume phase 

transitions or sol-gel phase transition upon 

change in the environmental conditions. This 

kind of intelligent or smart property of polymers 

play an important role in the drug delivery since 

they may dictate not only where a drug is 

delivered but also when and which interval it is 

to be released. [39] Stimuli that induce responses 

of the hydrogels include physical stimuli such as 

temperature; electric fields, light, pressure, 

sound, magnetic fields; chemical stimuli like pH, 

ions and biological/biochemical stimuli include 

bio-molecules. The functions of stimuli 

responsive gels can be roughly classified into 

three categories viz. mechanical motion, mass 

transport and conversion and transmission of 

information. [40] They can be used in controlled 

drug delivery system.  

 

 Temperature sensitive hydrogels  

Temperature sensitive hydrogels are probably 

extensively explored stimuli sensitive polymers 

in drug delivery research as these hydrogels are 

able to swell or de-swell by the influence of 

change in the temperature of the surrounding 

fluid. They are two of types, negatively and 

positively thermosensitive reversible gels. 

Negative thermosensitive hydrogels have a lower 

critical solution temperature below which the 

polymers swell in the solution due to the 

hydrogen bonding between polymers and water 

molecules and above it they contract due to the 

domination of entropy. When hydrogen bonds 

are broken by thermal agitation, aggregation 

takes place eventually resulting in shrinkage of 

the thermosensitive hydrogels with increasing 

temperature. [41] A positive temperature sensitive 

hydrogels have an upper critical solution 

temperature and below it they contract. Certain 

interpenetrating polymer network hydrogels 

swell at high temperature and shrink at low 

temperature. [42] In general, these hydrogels 

made from hydrophobic polymers which show 

variable networks in response to temperature 

thus modulate the drug release. The 

aforementioned thermosensitive gels are 

specific, controllable, biodegradable and 

biocompatible modulated drug delivery devices. 

The drugs from anticancer, antidiabetic, 

hormones or proteins and peptides category are 

widely explored for such devices. Sometimes the 

gels are formed in situ and are particularly used 

for tissue targeting to the inflamed or diseased 

areas. [43, 44] Drugs like insulin, heparin, and 

indomethacin have been delivered using such 

types of hydrogels. [45] 

 

Electric signal sensitive hydrogels 

Electric current can also be used as an 

environmental signal to induce responses of 

hydrogels such type of hydrogels are usually 

made of poly electrolytes. Electro sensitive 

hydrogels undergo shrinking or swelling in the 

presence of an applied electric field. For instance 

matrices of chitosan were utilized as electrically 

modulated drug delivery system. [46] In 

electrification studies, release time profiles for 

neutral, anionic and cationic drug molecules 

from hydrated chitosan gels were monitored in 

response to different milliamperages of current 

as function of time. This concept was best 

utilized as potential matrices for the electrically 

controlled delivery of proteins and peptides. [47] 

When microspherical hydrogel particles placed 

in water without any salt, an applied electrical 

field causes shrinkage of the hydrogels due to 

electro osmosis and electrophoresis from the 

hydrogel to the cathode. [48] 

 

Photosensitive hydrogels 

Light sensitive hydrogels have potential 

applications in the biomedical field specially in 

optical switches, display units and ophthalmic 

drug delivery devices. These hydrogels may 

possess special advantages in the modulated 

drug delivery field over others because light 

stimulus is imposed instantly and drug will be 

delivered in specific amounts with high accuracy 

as the sensitivity of hydrogels is rate limited by 

thermal diffusion. Due to the advantages 
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mentioned earlier and instantaneous delivery 

capacity of these hydrogels attracted the 

attention of both engineering and biochemical 

fields. Photosensitive artificial muscles can be 

developed using light sensitive hydrogels or 

cartilage tissue engineering uses in situ forming 

gels, where the gel may undergo transdermal 

photo polymerization after subcutaneous 

injection were found to be applicable for drug 

release devices. [49] A novel tissue adhesive 

technology based on photo crosslinkable gelatin 

was developed that allows in situ drug 

incorporated gelatinous gel formation on 

diseased tissue and releases the drug in 

sustained manner. [50] The same concept was also 

utilized for barriers and local drug delivery in the 

control of wound healing. [51] 

  

pH sensitive hydrogels 

pH sensitive hydrogels have been extensively 

used in the development of oral controlled 

release formulations. The acidic pH of stomach 

elicits pH dependent behavior of polyelectrolyte 

hydrogels as they swell minimum in a neutral 

pH. Polymers used in pH sensitive hydrogels 

contain pendent acidic or basic groups that 

either accept or release protons in response to 

change in surrounding pH. This property has 

been used to prevent release of drugs which 

possess foul and bitter taste in the neutral pH. 

Hydrogels made of poly anions crosslinked with 

azoaromatic crosslinkers were developed for 

colon specific drug delivery due to the low 

swelling capacity in stomach and more swelling 

in increased pH of intestinal tract which is 

attributed to ionization of carboxylic groups. 

These hydrogels can only be degraded in the 

colon by azoreductase enzyme produced by the 

microbial flora of the colon. [52, 53] The 

polyelectrolytes with large number of ionizable 

groups are used as polymers in such hydrogel 

preparation. As the external pH increases the 

swelling of hydrogel also increases in the case of 

weakly acidic groups, but decreases in polymer 

contains weakly basic groups. These hydrogels 

swell in water depending upon pH prevalent in 

the external environment. pH sensitive hydrogels 

have been used to encapsulate proteins in 

acrylamide polymer crosslinked with 

bisacrylamide acetal. At pH of around 5, the pore 

size of the acetal crosslinked hydrogels increases 

leading to release of protein, but at neutral pH 

these groups remain intact and protein do not 

diffuse out easily. [54, 55] 

 

 

 Ion sensitive hydrogels  

Some of the polysaccharides employed as 

polymers to produce ion sensitive hydrogels may 

undergo phase transition in presence of various 

ions. [56, 57] Carrageenan form gels with some 

cations whereas Gellan undergoes in situ gelling 

in presence of mono and divalent cations. Low 

methoxy pectins form gel in presence divalent 

calcium cations and alginic acid undergoes 

gelation in presence of divalent and polyvalent 

cations due to the interactions with guluronic 

acid blocks in alginate chains. The phase 

transition behavior of positively charged 

hydrogels is sensitive to concentration of sodium 

iodide at the critical concentration which induces 

hydrogels to collapse state phase. [58] This unique 

phase transition behavior could be applicable for 

the formation of ion sensitive biosensors. 

 

Pressure sensitive hydrogels 

Some of the hydrogels may undergo pressure 

induced volume phase transition based on 

uncharged hydrogel theory of thermodynamic 

calculations. As per this theory hydrogels 

collapse at low pressure and expand at high 

pressure. The poly (N-isopropyl acrylamide) 

hydrogels swells under static pressure when the 

temperature closes to its critical solution 

temperature. [59] The pressure sensitivity 

appeared to be a common characteristic of 

temperature sensitive gels and it can be 

concluded that the pressure sensitivity is due to 

an increase in their low critical solution 

temperature value with pressure. [60] 

 

 Glucose-sensitive hydrogels 

Modulation of insulin drug delivery is the real 

challenge in the area of development of self 

regulated insulin delivery systems. Design of 

delivery device of any other drugs is quite simple 

as compared to the delivery device of insulin, as 

insulin has to be delivered in a precise amount at 

the exact time of need. Thus, it is required to 

develop modulated insulin delivery system 

which possesses the glucose sensing ability and 

an automatic close-off mechanism. The release 

and close-off of drug release mechanisms are 

regulated automatically based on the 

concentration of glucose present in the biological 

systems. Many researchers have attempted to 

develop modulated insulin delivery system in 

order to release the drug in response to the 

blood glucose concentration. Many hydrogels 

systems have been developed for modulating 

insulin delivery based on glucose sensor built in 
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system and are categorized into mainly three 

types.  

  

Glucose oxidase loaded hydrogels  

Glucose oxidase is the most widely used enzyme 

in glucose sensing. Combining this enzyme as a 

glucose sensor along with basic pH sensitive 

nature of the polymer, the system can be 

effectively used to regulate insulin release by 

sensing glucose. Primarily, this enzyme oxidizes 

glucose present in biological system and gives 

gluconic acid which leads to change in pH of 

environment. The aforementioned principle 

offers a wide scope for the selection of use 

different types of pH sensitive hydrogels which 

swell in the lower pH due to ionization and forms 

a hydrogel membrane facilitates release of 

insulin. [61, 62] 

 

Lectine loaded hydrogels 

Lectines are glucose binding proteins, which 

interact with glycoproteins and glycolipides on 

the cell surface that subsequently induce cell 

agglutination, cell adhesion and hormone like 

action. This unique property of lectine can be 

exploited for the fabrication of glucose sensitive 

drug delivery system. Therefore, researchers 

have reported glucose binding properties of 

concanavalin A (Con A, obtained from jack bean 

plant), a lectine possessing four binding sites. In 

this system insulin molecules are attached to a 

carrier through a specific interactions and this 

attachment can be interrupted by glucose itself. 
[63] 

 

Phase reversible hydrogels 

Sol-gel-sol phase transformation of hydrogels 

can be possible depending upon the nature of 

external environment with respect to glucose 

concentration and sol-gel reversible phase 

transformation demands glucose responsive 

crosslinking. Hydrogels which show sol-gel-sol 

phase transformation usually contains Con A 

which exists as tetramer at ambient pH. Each 

subunit represents the glucose binding site and 

specific interaction with glucose creates a 

platform to crosslink with polymer chains. The 

reversible nature thus resulted is attributed the 

noncovelent interactions between Con A and 

glucose. Once the external glucose penetrate 

hydrogels and diffuse into it, the free glucose 

molecules thus diffused compete with the 

glucose-polymer and resulting in exchange of 

glucose molecules with polymer attached glucose 

molecules. Hydrogels with phase transfer 

attribute show a great influence on insulin 

release, a varying diffusion of insulin in sol phase 

and gel has been reported and release of insulin 

can be managed by glucose concentration of the 

external environment. Con A is not compulsory 

for the preparation of phase reversible 

hydrogels. One of the phase reversible hydrogel 

has been generated using polymers which 

possessed phenylboronic acid groups in 

combination with polyol polymers. A complex 

formed between pendant pheylboronic acid 

group and hydroxyl groups of polyol polymer 

during gel formation. [64] Upon interaction with 

glucose, the hydroxyl groups of glucose compete 

with hydroxyl groups of polyol polymers for the 

borate crosslinking. Apparently, as the 

concentration of increases, crosslinking density 

decreases resulting in swelling of the gel thus 

facilitating the release more insulin and also gel 

converts into sol. 

 

Protein Sensitive hydrogels  

Some hydrogel based drug delivery devices 

developed as specific protein responsive systems 

which are highly desirable and useful in certain 

biomedical applications because of their high 

potential for tissue engineering and drug 

delivery systems. These systems can be 

categorized into two types. 

 

Enzyme sensitive hydrogels  

A concept of using specific enzymes which digest 

certain biodegradable Polymers, has been 

explored for the development of targeted or site 

specific drug delivery system. Enzyme sensitive 

hydrogels can be prepared from biodegradable 

polymers which can be digested by specific 

enzyme. Few specific enzymes were used as 

signals to diagnose and monitor several 

physiological changes in specific organs thus can 

be utilized for the development of site specific 

drug delivery. For instance, microbial enzymes 

specifically present in the colon can be used as 

signals for site specific delivery of the drug to the 

colon. [65] 

 

Antigen sensitive hydrogels 

Antigen and antibodies bind with each other at 

specific recognized sites through multiple non 

covalent bonds. The specific antigen recognition 

function of an antibody can provide the basis for 

constructing sensors with multiple uses for 

immunoassays. For release of antibiotics at the 

site and time of infection, poly (vinyl-alcohol) 

based hydrogels loaded with grafted gentamycin 

can be enzymatically degraded by thrombin. [66] 

This type of approach can be applied to occlusive 
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wound dressings and infection prone catheters. 

This system has sufficient specificity as an 

infection responsive controlled drug delivery 

system.  

 

Molecular imprinting of hydrogels 

Molecular imprinting is a technique to create 

biomimetic polymers possessing molecular 

cavities for molecular recognition. [67] Some 

proteins such as enzymes and antibodies can 

recognize specific substrate based upon the 

correct fit of guest molecules in their cavities 

through non covalent bonding. In molecular 

imprinting, some functionalized monomers are 

pre arranged around a print molecule through a 

non covalent bonding and then polymerized. [68] 

After this the print molecule is removed from the 

resultant polymer, resulting in a molecular cavity 

and thus recognizes the print molecule. In this 

approach most of the time a large amount of 

crosslinker is necessary to fix the structure of the 

molecular cavity in order to memorize the print 

molecule. [69] 

 

Nanohydrogels 

Some of the natural polymers yield hydrogels by 

self aggregation in water after sonication for 

appropriate time at desired conditions. The size 

of the resultant hydrogels can be controlled by 

varying the process conditions. These hydrogels 

can be prepared by using natural 

polysaccharides like dextran, pullulan, or 

cholesterol containing polysaccharides. The 

dimensions of such hydrogels are usually in the 

range of 20-30 nm and are used for cell targeting 

as they release the entrapped drug through pH 

stimulated response. Drugs like adriamycin has 

been delivered to tumor cells and delivery 

system showed pH dependent release and the 

highest release were reported below pH 6.8. [70] 

These nanoparticles of hydrogels have been used 

for controlled release of proteins like lysozyme, 

albumin and immunoglobulin.  

 

Applications of hydrogels 

Pharmaceutical Applications of hydrogels                           

Efficient therapy of any illness not only depends 

upon the dose, mode of administration but also 

depends upon the accuracy and promptness of a 

drug delivery system. A Number of strategies 

have been proposed to achieve drug delivery 

system for efficient therapy and among them, 

hydrogels have attracted considerable attention. 

Extensive researches have emphasized on 

applications of hydrogels in controlled drug 

delivery. Hydrogel based delivery systems are 

widely used for oral, ocular, rectal and parentral 

applications and also as excellent bioadhesive 

and targetable devices of therapeutic agents. In 

oral applications, drug loaded hydrogels can 

deliver drugs to mouth, stomach, small intestine 

and colon and bioadhessive nature can also be 

exploited for the release of drugs in controlled 

manner at desired site. Hydrogel based 

ointments may be employed for topical 

treatment of some diseases in the oral cavity and 

such hydrogels offer an excellent way to carry 

the liposomes. Specific utility of hydrogels have 

been mentioned for the drugs which need zero 

order release in a pulsatile fashion which is 

exemplified by delivery of insulin. Insulin 

delivery can be modulated by utilizing smart 

hydrogels which release insulin in response to 

the concentration of glucose in the surrounding 

environment. Microspherical hydrogels derived 

from sodium alginate demonstrated wonderful 

capacity to encapsulate the insulin producing 

cells. In numerous delivery applications, 

hydrogels remained a perfect choice to deliver 

drugs in topical applications due to their 

moisturizing property and such property has 

been extended to deliver synthetic 

corticosteroids for the treatment of 

inflammatory diseases instead of conventional 

creams. [71] Topical hydrogel based antifungal 

formulations of clotrimazole has been developed 

for vaginitis with a better absorption than 

conventional cream formulations. [72] Hydrogels 

made from polymers such as xyloglucan are 

utilized to incorporate pilocarpine and timolol as 

sustained drug delivery devices for ocular drug 

delivery. Drugs like diclofenac and phenaramine 

maleate have been effectively delivered through 

hydrogels for ocular conditions. [73, 74] In situ 

gelling system of alginate with high glucoronic 

acid has been used for ophthalmic delivery of 

pilocarpine for the pressure reducing effect 

which. It has shown significantly extended 

duration. [75] The hydrogel system has proved its 

efficient applications in nasal drug delivery 

system. The formulations containing 

polyvinylacetal diethylaminoacetate hydrogel 

with chlorpheniramine maleate were 

investigated for instillation into the nose and 

hydrogel formed on the mucous membrane 

provided controlled drug release. [76]  

 

Patil et al. (2011, 2011, and 2012) have 

developed innovative hydrogel beads of 

lovastatin with gellan gum alone and in 

combination with chitosan by ionotropic 

gellation technique. The natural polymer based 
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beads were characterized and evaluated for 

various physicochemical properties. The drug 

release from ionically cross linked gellan beads 

was rapid and chitosan based beads showed 

considerably prolonged drug release. DSC and 

SEM results revealed that the drug is in the 

amorphous status and uniformly dispersed in the 

polymer matrix and the beads were found to be 

spherical in shape with smooth surface 

possessing inward dent and shrinkage and also 

give a hint of presence of minute pores. The 

authors also have developed prolonged release 

drug delivery system of stavudine by ionotropic 

gelation and polyelectrolyte complexation 

technique. Cross linking reinforced chitosan-

gellan and chitosan-alginate complex beads were 

prepared by gelation of anionic gellan gum as 

primary polymer, with oppositely charged 

counter ions to form beads which were further 

complexed with chitosan as a polyelectrolyte. 

Effects of this polymer on release profile of drug 

were studied. The reaction of chitosan-gellan and 

chitosan-alginate complex dominates the 

formation of skin layer on the surface of beads. 

The final formulations were subjected to in vitro 

evaluation and several characterization studies. 

Batches with gellan gum and alginate alone 

followed Higuchi model and while chitosan-

gellan and chitosan-alginate showed zero order 

release [77-79].  

 

Biomedical Applications of hydrogels 

Apart from pharmaceutical applications, 

hydrogels have vastly been utilized for versatile 

nature. The biomedical field stands next to 

pharmaceutical field in exploring the use of this 

system for various biomedical purposes ranging 

from diagnostic devices [80] to artificial muscles. 
[81] Hydrogel system is effectively used in the 

preparation of ophthalmic utensils such as 

contact lenses and intraocular lenses. Soft 

contact lenses made up of hydrogels possess 

excellent high oxygen permeability and also have 

ability to fold thus allows the surgeons to opt for 

much smaller surgical incisions. In surgical 

dressing, hydrogels are commonly applied as 

wound dressing materials as they are flexible, 

durable, non antigenic and are permeable to 

water vapors and metabolites [82]. Hydrogels can 

also be used in the treatment of cartilage defects, 

for this purpose a modified polysaccharide that 

occurs in cartilage has been used in formation of 

hydrogels. [83] Hydrogels are also used in the 

development of artificial muscles, smart 

hydrogels can function like human muscle tissue 

by transforming electrochemical stimuli into 

mechanical work. Methyl cellulose hydrogels 

have been employed to deliver allergens in skin 

testing. Hydrogels are often coated on the 

urinary catheter surfaces not only to provide 

smooth slippery surface but also to prevent 

bacterial colonization and improve 

biocompatibility. [84, 85] Hydrogels found to 

exhibit applications even as a wound healing 

materials. Honey hydrogels have been used for 

prompt wound healing by crosslinking the honey 

into a hydrogel matrix is more acceptable and 

peeled with a transparent system. [86] The 

hydrogel of gelatin and polyvinyl alcohol with 

blood coagulant reported to show better 

adhesive property than corresponding gel or 

ointment in controlling blood coagulation. [87] 

Hydrogels have also been designed for 

augmenting vocal cords and prevention of scar 

formation after surgery. [88] Hydrogels play an 

indispensable role in formation of layers on the 

inner surface of injured arteries to reduce 

thrombosis and initial thickening which can be 

prevented by inhibiting contact between blood 

and subendothelial tissue with a hydrogel layer. 

A unique swelling behavior of certain hydrogel 

system was rightly employed in stabilization of 

bone implants. [89] The potential applications of 

hydrogels have been explored in family planning 

sterilization. The fallopian tubes of the rabbits 

can be blocked by placing in situ gel forming 

hydrogels through transcervical catheterization 

and conception can be prevented. The 

structurally rigid and biocompatible hydrogels 

can be efficiently used in the tubular sterilization. 

Some prostaglandin analog hormones can be 

delivered in the form of hydrogel rods to 

mechanically dilate the cervix for the first 

trimester-induced abortion. [90, 91]  

 

Miscellaneous applications of hydrogels  

Hydrogel system can also be utilized in many 

other areas other than pharmaceutical and 

biomedical fields. In cosmetic field, silicon 

elastomer shells were filled with hydroxyl propyl 

cellulose polysaccharide gel and such shells were 

implanted in breast to accentuate them for 

aesthetic purpose. [92] Many hydrogels have been 

utilized for industrial applications as absorbents 

for effluents like methylene blue dye. [93]  Other 

example of hydrogels is the absorption of dioxin 

by the DNA of Salmon milt hydrogel beads to 

prevent the health hazards like carcinogenicity, 

immunotoxicity or endocrine disruption caused 

by dioxin. Hydrogels are utilized to prevent the 

contamination of electrolysis products by 

making them to bridge metallic electrodes and 
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biological system. [94]  The reversible swell and 

shrink nature of the smart hydrogels in the 

solution environment can be explored to prepare 

purification devices. [95] 

 

CONCLUSIONS 

Past few decades has witnessed a revolutionary 

advancement in the area of development of novel 

drug delivery system. With this advancement, 

many existing drug molecules have been revived 

of their therapeutic benefits. The introduction of 

hydrogel drug delivery systems has further 

strengthened the relationship between 

therapeutic need and drug delivery.  After having 

an elaborative glance on the above review with 

no other second thought one can conclude that 

the hydrogels are ‘smart; and ‘intelligent’ drug 

delivery devices which offered exciting 

applications. Due to the fascinating properties of 

stimuli responsiveness, hydrogels can be 

efficiently used as the effective drug delivery 

devices in some special cases. With their 

biocompatible and biodegradable nature, 

hydrogels have widely been used in the field of 

nanobiotechnology. Hydrogels are also having 

marvelous applications in the field of tissue 

engineering and biomedical as well. In the 

research field of novel hydrogel drug delivery, 

many aspects have been addressed properly to 

avail the right utility of this system for the 

betterment of mankind. Still there is urgent need 

in some other aspects of this system especially in 

the grafting of hydrogel polymers, understanding 

the critical swelling and relaxation behavior of 

the novel anionic and cationic polymers and 

characterization of this system to tailor their 

properties to fit in specific purposes.  Further, 

the in vitro, in vivo correlation in the 

performance of the polymeric networks for 

improved therapeutic efficacy will determine 

their future success and open newer arenas in 

drug delivery.  
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