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ABSTRACT

Interpenetrating polymer network has gained a lot of interest in drug delivery system due to its ease of modification during its synthesis and 
development state, which evolved novel physicochemical and mechanical properties within the formulation. In this work, a detailed revision was 
done which includes its methods of preparations, factors that influence their properties, basic characterization parameters, and use in drug delivery 
systems along with patented formulations.
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INTRODUCTION

In the modern science of drug discovery, the polymer is widely used 
and valuable excipients in the different pharmaceutical formulation. 
It also has a high performance in the parenteral area, controlled drug 
release, and drug targeting to specific organs. Now in recent years, 
polymer mixture or blending is used to improve the polymer properties 
to subside the poor biological properties or progress in mechanical 
strength of the polymer [1].

An interpenetrating polymer network (IPN) is defined as a combination 
of binary or additional polymers in network form with at least one is 
synthesized and/or cross-linked in the presence of another [2]. When 
single water-loving polymer chain permeates a different network of 
polymer in the absence of any chemical bonds between them, then 
semi-IPN was formed. In semi-IPN, a single cross-linked network 
constructs while in IPN, more than on cross-linked network construct, 
permeating among them [3]. IPN hydrogels are distinctively promising 
for biomedical administration. Especially to create a stage of biomimetic 
for tissue engineering, which provides collaborate benefit of a synthetic 
polymer with the bioactivity of naturally obtained biomaterials [4]. 
An IPN can be characterized from polymer blend or grafts in two ways: 
one in which IPN swells without dissolving in solvents and another 
one is where sneak and flow are suppressed. Individual polymer 
retains its individual properties, so synergic action such as strength or 
toughness is retained. There is also altered in polymer complexation, 
and graft copolymer implicate either chemical bond and/or cross-
linking (Fig. 1) [5]. The properties of natural and synthetic polymers are 
improved by graft copolymerization and give them a novel property [6]. 
The individual polymer is linked together by cross-linking but not 
chemically linked [7].

In polymer science, polymers play an important role to develop 
several innovative drug delivery system. IPN has influenced the use of 
conventional individual polymers and also diversify the applications 
which have grown rapidly. In the pharmaceutical field, primarily in 
the area of drug delivery, the advanced property of IPNs pays great 
attention. Biodegradable, biocompatible, and nontoxic polymer earns 
a special place, principally in controlled and targeted drug delivery 
applications. Biopolymers are used to form IPN beads which are used for 
test masking of bitter drugs in drug delivery system [8]. Recently, IPNs 
have found worldwide applications in medical science. Gradient homo-
IPN used as a permanent joint between the elements of the new type 
of artificial cornea in which peripheral skirt is made by polymers [9]. 
By appropriate choice of polymers and selecting a suitable crosslinking 

agent, the IPN properties can be enhanced which precisely include 
porosity, elasticity, and degree of swelling and responsive behavior [10].

KINDS OF IPN

IPN can be ordered in many different ways (Fig. 2).

Based on chemical bonding
Irretrievable chemical links are formed by the chemical bond which, in 
turn, helps in absorption of water and/or bioactive compounds without 
dissolution, and drug release permits through the diffusion process [11].

Covalent semi-IPN
When two separate polymer network forms, a single polymer network 
by cross-linking is called covalent semi-IPN.

Non-covalent semi-IPN
When only one polymer organization is cross-linked, it is called as 
non-covalent semi IPN.

Non-covalent full IPN
When the binary individual polymer is independently cross-linked; it is 
called as non-covalent full IPN.

Based on the arrangement pattern
There are different types of method for synthesis of IPNs.

Simultaneous IPN
The two different polymer, crosslinker and the initiator/activator both 
components are mixed in one single step. The process of concurrent 
IPN preparation can be done by simultaneous polymerization through 
noninterfering reaction [12].

Sequential IPN
Sequential IPN can be simply blended. The monomer of the subsequent 
polymer is responsible for swelling of the first cross-linked polymer. 
Crosslinker and the activator help to form the network between two 
polymers [13].

Latex IPN
The major problem in IPN is difficulty in molding when they are 
formed because they are thermosets. To overcome this problem, 
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latex IPN is used. Each micro IPN is a particle which is prepared 
in the form of latex. In this type of IPN networks of the single latex 
particle, the second monomer comes together and binds with the first 
cross-linking monomer of the original seed of latex with crosslinking 
agent and initiator by polymerization technique. It is also termed as an 
interpenetrating elastomeric network [14].

Gradient IPN
In this type of IPN composition/cross-link, density varies as a function 
of position in a sample. Here, the first cross-linked polymer is partially 
swollen by the monomer of a second cross-linked polymer, followed 
by rapid polymerization technique before reaching to diffusional 
equilibrium [15].

Thermoplastic IPN
These type of IPN replaces the design of chemical cross-linkers by the 
use of physical cross linkers such as thermoplastic elastomers. The 
thermoplastic IPN entail two physically cross-linked polymers which 
arise from an ionic group, glassy domains, and crystallinity. In this 
type of IPN, the materials flow at elevated temperature, behave like a 
conventional thermoset IPN where one element is a block copolymer, 
and the other one is the semi-crystalline or a glassy polymer [16,17].

Semi-IPN
One or more polymers are cross-linked and form this type of IPN. 
These type IPNs have a linear structure as an alternative to a network 
structure. The IPNs properties can be changed by the linear component. 
These type of IPNs are prepared by either sequential or simultaneous 
process [18-21].

Homo-IPN
In this type of IPN, both polymers have formed a network which has 
the same structure. In theoretical work, homo-IPN are used as model 
materials [22,23].

HISTORY OF IPN

Survey on patent literature reveals (Table 1) the information that the 
IPNs were investigated over and over again, at the beginning of the 
19th century. The first known person, J. W. Aylsworth who invented IPNs 
in 1914, combined the new phenol-formaldehyde compositions with 
natural rubber and sulfur at the time when he was the chief chemist of 
Thomas A. Edition working in West Orange, NJ laboratory [24].

Aylsworth also made the world’s first rubber-toughened by adding 
natural rubber and sulfur, decades before rubber-toughened styrenics 
were commercialized.

In those times, Edition had switched to the platter type from the 
cylinder-type phonograph records with new phenol formaldehyde 
material developed by Leo Baekeland. However, since the plates were 
extremely brittle, the plates were made thick by Aylsworth’s solution 
mixed in natural rubber and sulfur which develops a network structure 
while heat in gas the phenol formaldehyde composition is deeply 
cross-linked and form an interpenetrating network [25].

METHODS OF PREPARATIONS

Ionotropic gelation method
This technique is based on the interaction of an ionic polymer with 
opposite charge polymer. Sodium alginate and the polymer were 
dispersed and mixed thoroughly in distilled water and stirred for 
complete solubility. Then, the solution was poured dropwise with the Fig. 2: Different forms of interpenetrating polymer network

Table 1: Early IPN patents

Sl. No. Inventor Pat. No. Polymer 1 Polymer 2 Application
1 J. W. Aylsworth U. S. Pat.,1,111,284; 1914 Phenol- formaldehyde Natural rubber Toughen 

phonograph records
2 H. Hopff Ger. Pat., 623,351; 1935 PVC Natural rubber Plastic materials
3 J. J. P. Staudiner& H. M. Hutchinson U. S. Pat., 2,539,377; 1951 Poly  

(methyl methacrylate)
Poly  
(methyl methacrylate)

Smooth- Surfaced 
plastics

4 G. S. Solt Br. Pat. 728,5 08; 1955 Positively charged 
network

Negatively charged 
network

Ion-exchange resin

IPN: Interpenetrating polymer network, PVC: Polyvinyl chloride

Fig. 1: (a) Blend polymer, (b) grafted polymer and (c) cross-linked 
grafted polymer

a b c
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help of 23 gauze syringe needle to another aqueous media of another 
ionic polymer (Al+3, Ca+2, etc.) with continued stirring [26-29].

Emulsification cross-linking
This method is based on phase separation. This method is used widely 
to form a cross-linked polymer network. Usually, the cross-linked is 
prepared by water-in-oil (w/o) emulsion. In w/o emulsification aqueous 
polymeric solution was prepared by adding the water-soluble polymer 
form homogeneous solution by stirring. After that, this aqueous phase 
was added to the oil phase [30,31]. Recently, water-in-water (w/w) 
emulsion has been developed to form IPN. The toxicity effect of w/w 
emulsion is less compare to w/o emulsion as there is no use of an organic 
solvent as w/w emulsification technique is completely dependent on 
the aqueous environment [32,33].

Free radical polymerization
Free radical polymerization is mainly used for polymer synthesis. It is a 
technique of polymerization where a polymer is formed by consecutive 
addition of free radicals. First, the free radical site is created on the 
backbone polymer, and then the chemical compound gets attached 
through the chain extension process [34]. The effect of adventitious 
impurities is much less compared to other ionic chain-growth reaction.

First, in a round-bottom flask, the polymer was dissolved in distilled 
water. Then, it is permitted to hydrate for 4 h by continuous passing 
the nitrogen gas by heating at 80°C. Another polymer was added into 
this mixture with an initiator. This process is continued for 1 h with 
continuous application of nitrogen gas. After 1 h, the grafted copolymer 
was cooled at room temperature [35-38].

Wet granulation method
Wet granulation is a technique of mixing of dry powder with granulating 
fluid which can be removed by drying. The liquid solution which is used 
for granulation can be either aqueous based or solvent based.

The required amount of polymer is blended manually for 15 min. Then, 
the required amount of blending agent is added to prepare cohesive 
mass and the wet mass pass through # 22/24 mesh screen. The resulting 
are dried at 40°–60° C for 12 h. After completion of the drying stage, the 
dry granules were passed through #22 mesh screen. Then, magnesium 
stearate mixed with the granules and compressed into a tablet [39-42].

A detailed portrayal of IPN based drug delivery is systems listed in 
Table 2.

PHARMACEUTICAL FACTORS INFLUENCING IPN

Mechanical strength
In the field of pharmaceutical application, the mechanical property 
of IPN is an essential factor. During the life span of application, the 
integrity of the drug delivery system needs to be maintained unless 
that is designed as a biodegradable polymer. A drug delivery system 
is designed to protect sensitive therapeutic agent until it is released 
out of the system and hence the system needs to maintain its integrity. 
To achieve the desired mechanical property of the IPN, the degree of 
cross-linking is to be modified accordingly. An increase in the degree 
of cross-linking of the system results in a strong polymer network, 
but this can increase the brittleness in the structure of the system. 
Hence, an optimum degree should be achieved and maintained to 
get a comparatively strong IPN-based drug delivery system and also 
not allowing to be brittle. Another method to achieve the desired 
mechanical properties of IPN is copolymerization [62].

Large scale production
Large scale production is a challengeable task for IPNs drug delivery. 
IPNs are usually investigated for laboratory scale for improved 
performance rather than large scale. The difficulty in large scale 
is to maintain the concentration and composition of polymers. 
Hence, it is an ongoing process to scale up IPNs production process. 
There are quite a lot of factors such as improving the selectivity 

and non-compromising biocompatibility, stability, use of proper 
engineering configurations, optimizing polymer modification 
techniques and using cost-effective materials and methods which can 
affect the scale-up technique.

Sterilization
In the past decade, intensive research on the field of IPNs for drug 
delivery applications has been done [63]. For uses in drug delivery 
and medical application, sterilization capability is needed. IPNs 
based devices (such as drug delivery vehicles, and implants) are 
prepared, are sterilized, and disinfected (depending upon necessity) 
before medical use as per good manufacturing practice condition. 
The sterilization method should not effect on cross-linking or 
any structural variations or lead to chain scission or alteration in 
mechanical properties of IPNs.

Dry or moist heat, chemicals (ethylene oxide), or radiation are 
used as a traditional method for sterilization [64]. The most widely 
employed method is steam sterilization by autoclaving at 121°C., 
but it has limitation for its use in most of the polymeric materials, 
as it has a possibility of inducing melting and/or hydrolysis 
of the polymer matrix. For its effective treatment at ambient 
temperature, chemical sterilization with ethylene oxide gas is used 
for hydrolytically unstable polymers. The biocompatibility of the 
biopolymer is retained as chemical additives are not used in the 
radiation cross-linking.

CHARACTERIZATION OF IPN

Different characterization procedures were cited in pieces of literature 
for evaluation of IPN microbeads as well as microsphere formulations. 
Some of them are:

Particle size analysis
By the help of a digital microscope or optical microscope, the particles 
size can be determined. In an optical microscope, the eyepiece 
micrometer is calibrated using the stage micrometer. This process is 
tedious and mainly used during laboratory scale up [65].

Fourier-transform infrared analysis
It is an analytical technique, which is used to identify the functional 
group in structure and intermolecular interaction of organic, polymeric 
and in some cases inorganic materials. The samples were crushing 
with potassium bromide. Then under hydraulic pressure of 600 kg, 
the samples were converted into pellets and they were scanned in the 
range of 500 and 4000 cm−1 [10].

Drug entrapment efficiency
The quantity of drug absorbed into IPN particles is estimated by drug 
entrapment efficiency. The required amount of IPN particles was pasted 
in mortar and pestle and dissolved in 50 ml solution of phosphate 
buffer (pH 6.8). At 50°C, the solution was heated for producing desired 
drug extraction. The drug extracted is calculated by suitable analytical 
spectroscopy method [66,67].

Percentage of yield
It is calculated by the ratio of the total amount of the prepared 
microspheres and the initial weight of polymer and drug which is taken 
as the theoretical value [68].

The total amount of microspheres 100
Intial amount of polymer an

Percentage of yie
d Drug.

ld 
 

× 
 

=

X-ray diffraction analysis
Many forms of polymers are there such as crystalline, semi-crystalline, 
amorphous, or crystalline. XRD is performed to evaluate the sample of 
different polymer which provides solid state of structural information 
such as degree of crystallinity. Moreover, scanning is also performed up 
to 2θ range of 0–50°C using CuKα radiation source [69,70].
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Swelling index
pH-sensitive response of IPN microbeads is proven by swelling 
index. Weighed required amount of microbeads was allowable to 
swell in 25 ml buffer solution of pH 1.2, pH 7.4 at 37°C. The pH of the 
encompassing solution is customized between 1.2 and 7.4 pH. In a 
predetermined time, microbeads are isolated from buffer solution, and 
adhered solution on the surface of the microbeads is removed lightly. 
The comparison in weight is measured before and after swelling [71].

Weight of wet microbeads Weight of dry microbeads 
Weight of

Swelling Inde
 dry micro ds

x
bea

−
=

Thermo gravimetric analysis (TGA) analysis
TGA is used to measure the mass of the microbeads over time as 
temperature changes. TGA of IPN microbeads is performed with TGA 

instrument. The study is carried out in an inert atmosphere (Nitrogen) 
and a heating rate of 10°C/min from 25°C to 600°C [72,73].

Differential Scanning Calorimetry (DSC) analysis
DSC is a very powerful thermal analysis technique which is used to 
evaluate polymer material properties such as thermal stability, melting 
point, purity, crystallization, specific heat capacity, and oxidation 
behavior. This study is performed in the presence of a nitrogen 
atmosphere and heating rate 10°C/min from 25°C to 400°C [74,75].

Scanning electron microscope (SEM) analysis
The use of an electron microscope, which produces a picture of a 
sample by scanning the surface with targeted beams of electrons, is 
done using a SEM. The sample is coated with platinum using sputter 
coater and focused under a microscope at room temperature and detect 
the photograph at voltage 10–40 kV [76,77].

Table 2: IPN-based drug delivery

Sl. no. Polymers Drug Therapeutic use Carrier system Application Ref.
1 Locust bean gum, sodium alginate Capecitabine Anticancer drug Microbeads Extended-release drug 

delivery
[28]

2 Sodium carboxymethyl cellulose, 
sodium carboxymethyl xanthan

Diclofenac sodium Anti-inflammatory 
drug

Hydrogel Controlled release [32]

3 Polyacrylamide, xanthan, sodium 
carboxymethyl cellulose

Ketoprofen Anti-inflammatory 
drug

Hydrogel beads Gastroprotective drug 
delivery system

[36]

4 Tamarind seed polysaccharide, 
sodium alginate

Propranolol HCl Antihypertensive 
drug

Hydrogel tablet Controlled release [39]

5 Polyacrylamide, sodium alginate Diltiazem- HCl Anti-arrhythmias Matrix tablet Sustained release [40]
6 Polyacrylamide, gum ghatti, sodium 

alginate
Ketoprofen Anti-inflammatory 

drug
Microbeads Gastroprotective drug 

delivery system
[43]

7 Polyvinyl alcohol, 
poly[2-(dimethylamino) ethyl 
methacrylate]

Riboflavin Riboflavin 
deficiency

Hydrogel Controlled drug release [44]

8 Sodium alginate, tamarind seed Diltiazem 
hydrochloride

Anti-arithmetic 
drug

Microbeads Controlled drug delivery [45]

9 Polyacrylamide, sodium alginate Ketoprofen Anti-inflammatory 
drug

Hydrogel beads Gastroprotective drug 
delivery system

[46]

10 Polyvinyl alcohol, pullulan Pirfenidone Idiopathic 
pulmonary fibrosis

Microspheres Controlled release [47]

11 Polyacrylamide-g-Guar gum, chitosan Ciprofloxacin Antibiotic drug Hydrogel 
microspheres

Extended-release [48]

12 Sodium carboxymethyl of locust 
bean gum, polyvinyl alcohol

Buflomedil 
hydrochloride

Peripheral arterial 
disease

Microspheres Controlled drug delivery [49]

13 Locust bean gum, sodium 
carboxymethyl cellulose

Diclofenac sodium Anti-inflammatory 
drug

Microbeads Enhance drug release [50]

14 Glutamic acid, chitosan Chlorpheniramine 
maleate

Anti-Histaminic Microsphere Controlled release [51]

15 Sodium carboxymethyl cellulose, egg 
albumin

Simvastatin Lipid-Lowering 
agent

Hydrogel Controlled release [52]

16 Chitosan, polyacrylic acid, 
polyvinyl pyrrolidine, and N, 
N’-methylenebisacrylamide

Clarithromycin Antibiotic Hydrogel Stomach-specific drug 
delivery

[53]

17 Chitosan, acrylamide, and polyvinyl 
alcohol

Cefadroxil Antibiotic Microgels Controlled release [54]

18 Sodium alginate, polyvinyl alcohol Prazosin 
hydrochloride

Anti-hypertension 
drug

Hydrogel Controlled release [55]

19 Sodium alginate, polyvinyl alcohol Diclofenac sodium Anti-inflammatory 
drug

Hydrogel Controlled release [56]

20 Polyacrylamide, carrageenan, and 
sodium alginate

Ketoprofen Anti-inflammatory 
drug

Microbeads Targeting drug delivery [57]

21 Carboxymethyl xanthan and sodium 
alginate

Ibuprofen Anti-inflammatory 
drug

Hydrogel Sustained release [58]

22 Chitosan, guar gum, acrylamide 5- Fluorouracil Anti-metabolic 
drug

Microspheres Controlled release [59]

23 Gum tragacanth, polyacrylic acid, 
acrylamide and methyl methacrylate

Pantoprazole 
sodium

Anti-ulcerative 
drug

Hydrogel Controlled release [60]

24 Locust bean gum and Sodium alginate Nimesulide Anti-inflammatory 
drug

Hydrogel beads Controlled release [61]

List of some IPN application in drug delivery system. IPN: Interpenetrating polymer network
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Atomic force microscope (AFM) analysis
AFM is also known as scanning force microscope. It is composed of 
scanning probe microscopy with the resolution on order of a fraction 
of micro millimeter which gives high resolution compared to optical 
diffraction. The frequency resonance of the probe is 250 kHz [78].

Texture analysis

Texture analysis or tensile analysis is performed to measure the 
responsive behavior such as bio adhesiveness within the developed 
IPNs as viscosity, hydrogen bonding capacity, and concentration of 
polymer as well as different other environmental factors have a notable 
effect on the adhesion force required for an IPN to be responsive as a 
bioadhesive [79,80].

CONCLUSION

In multicomponent polymer literature, the prospect of IPN is one of 
the oldest as well as the newest and fast-growing field. In polymer 
science, IPN and semi-IPN technologies have been studied for more 
than 60 years. IPN has not solely used as a biomaterial in tissue 
engineering and drug delivery, however, conjointly used in different 
fields of science such as fuel cells, star cells, and food packaging and also 
used for development of an industrial application for new materials and 
consumer products. With the help of IPN concept, we can prepare a very 
small domain size of materials with dual phase formulation. IPN has 
many merits such as swelling capacity, mechanical strength, specificity, 
oxygen permeability, nutrient, and durability in the body. This can be a 
result of the presence of cross-links in each polymer that reduces creep 
and flow, permitting comparatively of stable materials with a vast area 
of the module to be prepared.

AUTHOR’S CONTRIBUTIONS

All the authors contributed equally.

CONFLICTS OF INTEREST

None.

REFERENCES

1. Gupta N, Srivastava AK. Interpenetrating polymer networks: A review 
on synthesis and properties. Polym Int 1994;35:109-18.

2. Matricardi P, Di Meo C, Coviello T, Hennink WE, Alhaique F. 
Interpenetrating polymer networks polysaccharide hydrogels for drug 
delivery and tissue engineering. Adv Drug Deliv Rev 2013;65:1172-87.

3. Suo H, Zhang D, Yin J, Qian J, Wu ZL, Fu J. Interpenetrating polymer 
network hydrogels composed of chitosan and photocrosslinkable 
gelatin with enhanced mechanical properties for tissue engineering. 
Mater Sci Eng 2018;92:612-20.

4. Madaghiele M, Marotta F, Demitri C, Montagna F, Maffezzoli A, 
Sannino A, et al. Development of semi- and grafted interpenetrating 
polymer networks based on poly(ethylene glycol) diacrylate and 
collagen. J Appl Biomater Funct Mater 2014;12:183-92.

5. Alang MB, Barminas JT, Aliyu BA, Osemeahon SA. Synthesis and 
optimization of polyacrylamide and gum arabic graft copolymer. Int J 
Biol Chem Sci 2011;5:1694-702.

6. Kulkarni RV, Sa B. Novel pH-sensitive interpenetrating network 
hydrogel beads of carboxymethylcellulose-(polyacrylamide-grafted-
alginate) for controlled release of ketoprofen: Preparation and 
characterization. Curr Drug Deliv 2008;5:256-64.

7. Lumelsky Y, Zoldan J, Levenberg S, Silverstein MS. Porous 
polycaprolactone polystyrene semi-interpenetrating polymer networks 
synthesized within high internal phase emulsions. Macromolecules 
2008;41:1469-74.

8. Rajesh AM, Popat KM. Taste masking of ofloxacin and formation of 
interpenetrating polymer network beads for sustained release. J Pharm 
Anal 2017;7:244-51.

9. Chirila TV, Vijayasekaran S, Horne R, Chen YC, Dalton PD, 
Constable IJ, et al. Interpenetrating polymer network (IPN) as a 
permanent joint between the elements of a new type of artificial cornea. 
J Biomed Mater Res 1994;28:745-53.

10. Ekici S, Saraydin D. Interpenetrating polymeric network hydrogels for 

potential gastrointestinal drug release. Polym Int 2007;56:1371-7.
11. Shivashankar M, Mandal BK. A review on interpenetrating polymer 

network. Int J Pharm Pharm Sci 2012;4 Suppl 5:1-7.
12. Tang D, Zhang X, Liu L, Qiang L. Simultaneous and gradient IPN of 

polyurethane/vinyl ester resin: Morphology and mechanical properties. 
J Nanomater 2009;25:1-6.

13. Patri M, Reddy CV, Narasimhan C, Samui AB. Sequential 
interpenetrating polymer network based on styrene butadiene rubber 
and polyalkyl methacrylates. J Appl Polym Sci 2007;103:1120-6.

14. Sperling LH, Chiu TW, Hartman CP, Thomas DA. Latex Interpenetrating 
polymer networks. Int J Polym Mater 1972;1:331-41.

15. Lipatov YS, Karabanova LV. Gradient interpenetrating polymer 
networks. J Mater Sci 1995;30:1095-104.

16. Ohlsson B, Hassander H, Törnell B. Blends and thermoplastic 
interpenetrating polymer networks of polypropylene and polystyrene-
block-poly (ethylene-stat-butylene)-block-polystyrene triblock 
copolymer. 1: Morphology and structure-related properties. Polym Eng 
Sci 1996;36:501-10.

17. Siegfried DL, Thomas DA, Sperling LH. Thermoplastic interpenetrating 
polymer networks of a triblock copolymer elastomer and an lonomeric 
plastic. II. Mechanical behavior. Polym Eng Sci 1981;21:39-46.

18. Karabanova LV, Mikhalovsky SV, Lloyd AW, Boiteux G, Sergeeva LM, 
Novikova TI, et al. Gradient semi-interpenetrating polymer networks 
based on polyurethane and poly (vinyl pyrrolidone). J Mater Chem 
2005;15:499-507.

19. Sun XF, Feng Y, Shi X, Wang Y. Preparation and property of xylan/poly 
(methacrylic acid) semi-interpenetrating network hydrogel. Int J Polym 
Sci 2016;1:1-8.

20. Fu RQ, Woo JJ, Seo SJ, Lee JS, Moon SH. Covalent organic/inorganic 
hybrid proton-conductive membrane with semi-interpenetrating 
polymer network: Preparation and characterizations. J Power Sources 
2008;179:458-66.

21. Bashir S, Teo YY, Naeem S, Ramesh S, Ramesh K. PH responsive 
N-succinyl chitosan/Poly (acrylamide-co-acrylic acid) hydrogels and 
in vitro release of 5-fluorouracil. PLoS One 2017;12:1-24.

22. Dragan ES. Design and applications of interpenetrating polymer 
network hydrogels. A review. Chem Eng J 2014;243:572-90.

23. Siegfried DL, Thomas DA, Sperling LH. Aspects of relative network 
continuity and physical crosslinks via an analysis of polystyrene/
polystyrene homo-interpenetrating polymer network literature. In: 
Polymer Alloys II. Berlin: Springer; 1980. p. 167-84.

24. Sperling LH, Hu R. Interpenetrating polymer networks. In: Utracki LA, 
Wilkie CA, editors. Polymer Blends Handbook. 2nd ed.,. Ch. 6 Springer 
Reference; 2014. p. 677-724.

25. Sperling LH, JCitorAn Overview of Interpenetrating Networks in 
Polymeric Materials Encyclopedia. Vol. 5. Boca Raton, FL: CRC 
Press; 1996.

26. Su X, Chen B. Tough, resilient and pH-sensitive interpenetrating 
polyacrylamide/alginate/montmorillonite nanocomposite hydrogels. 
Carbohydr Polym 2018;197:497-507.

27. Ahirrao SP, Gide PS, Shrivastav B, Sharma P. Research and reviews. J 
Pharm Nanotechnol 2013;2:1-6.

28. Upadhyay M, Adena SK, Vardhan H, Pandey S, Mishra B. 
Development and optimization of locust bean gum and sodium alginate 
interpenetrating polymeric network of capecitabine. Drug Dev Ind 
Pharm 2018;44:511-21.

29. Upadhyay M, Adena SK, Vardhan H, Yadav SK, Mishra B. 
Development of biopolymers based interpenetrating polymeric network 
of capecitabine: A drug delivery vehicle to extend the release of the 
model drug. Int J Biol Macromol 2018;115:907-19.

30. Banerjee S, Chaurasia G, Pal D, Ghosh AK, Ghosh A, Kaity S. 
Investigation on crosslinking density for development of novel 
interpenetrating polymer network (IPN) based formulation. J Sci Ind 
Res 2010;69:777-84.

31. Kaity S, Ghosh A. Facile preparation of acrylamide grafted locust 
bean gum-poly (vinyl alcohol) interpenetrating polymer network 
microspheres for controlled oral drug delivery. J Drug Deliv Sci 
Technol 2016;33:1-2.

32. Bhattacharya SS, Shukla S, Banerjee S, Chowdhury P, Chakraborty P, 
Ghosh A. Tailored IPN hydrogel bead of sodium carboxymethyl cellulose 
and sodium carboxymethyl xanthan gum for controlled delivery of 
diclofenac sodium. Polym Plast Technol Eng 2013;52:795-805.

33. Rokhade AP, Shelke NB, Patil SA, Aminabhavi TM. Novel 
interpenetrating polymer network microspheres of chitosan and 
methylcellulose for controlled release of theophylline. Carbohydr 
Polym 2007;69:678-87.

34. Mishra S, Rani GU, Sen G. Microwave initiated synthesis and application 



10

Asian J Pharm Clin Res, Vol 12, Issue 6, 2019, 5-11
 Pramanik and Chakraborty 

of polyacrylic acid grafted carboxymethyl cellulose. Carbohydr Polym 
2012;87:2255-62.

35. Peniche C, Argüelles-Monal W, Davidenko N, Sastre R, Gallardo A, 
San Román J, et al. Self-curing membranes of chitosan/PAA IPNs 
obtained by radical polymerization: Preparation, characterization and 
interpolymer complexation. Biomaterials 1999;20:1869-78.

36. Kulkarni RV, Sa B. Evaluation of pH-sensitivity and drug release 
characteristics of (polyacrylamide-grafted-xanthan)-carboxymethyl 
cellulose-based pH-sensitive interpenetrating network hydrogel beads. 
Drug Dev Ind Pharm 2008;34:1406-14.

37. Nita LE, Chiriac AP, Rusu AG, Bercea M, Diaconu A, Tudorachi N, 
et al. Interpenetrating polymer network systems based on 
poly(dimethylaminoethyl methacrylate) and a copolymer containing 
pendant spiroacetal moieties. Mater Sci Eng C Mater Biol Appl 
2018;87:22-31.

38. Hu X, Feng L, Wei W, Xie A, Wang S, Zhang J, et al. Synthesis and 
characterization of a novel semi-IPN hydrogel based on salecan and 
poly(N,N-dimethylacrylamide-co-2-hydroxyethyl methacrylate). 
Carbohydr Polym 2014;105:135-44.

39. Kulkarni RV, Baraskar VV, Alange VV, Naikawadi AA, Sa B. Controlled 
release of an antihypertensive drug through interpenetrating polymer 
network hydrogel tablets of tamarind seed polysaccharide and sodium 
alginate. J Macromol Sci Part B 2013;52:1636-50.

40. Mandal S, Basu SK, Sa B. Ca2+ ion cross-linked interpenetrating 
network matrix tablets of polyacrylamide-grafted-sodium alginate 
and sodium alginate for sustained release of diltiazem hydrochloride. 
Carbohydr Polym 2010;82:867-73.

41. Kulkarni RV, Baraskar VV, Setty CM, Sa B. Interpenetrating polymer 
network matrices of sodium alginate and carrageenan for controlled 
drug delivery application. Fiber Polym 2011;12:352-8.

42. Maity S, Sa B. Development and evaluation of Ca (+ 2) ion cross-
linked carboxymethyl xanthan gum tablet prepared by wet granulation 
technique. AAPS PharmSciTech 2014;15:920-7.

43. Boppana R, Krishna Mohan G, Nayak U, Mutalik S, Sa B, Kulkarni RV, 
et al. Novel pH-sensitive IPNs of polyacrylamide-g-gum ghatti and 
sodium alginate for gastro-protective drug delivery. Int J Biol Macromol 
2015;75:133-43.

44. Wu W, Liu J, Cao S, Tan H, Li J, Xu F, et al. Drug release behaviors 
of a pH sensitive semi-interpenetrating polymer network hydrogel 
composed of poly(vinyl alcohol) and star poly 2-(dimethylamino)ethyl 
methacrylate. Int J Pharm 2011;416:104-9.

45. Kulkarni RV, Mutalik S, Mangond BS, Nayak UY. Novel interpenetrated 
polymer network microbeads of natural polysaccharides for modified 
release of water soluble drug: In vitro and in vivo evaluation. J Pharm 
Pharmacol 2012;64:530-40.

46. Kulkarni RV, Sa B. Polyacrylamide-grafted-alginate-based pH-sensitive 
hydrogel beads for delivery of ketoprofen to the intestine: In vitro and 
in vivo evaluation. J Biomater Sci Polym Ed 2009;20:235-51.

47. Soni SR, Ghosh A. Exploring pullulan-poly (vinyl alcohol) 
interpenetrating network microspheres as controlled release drug 
delivery device. Carbohydr Polym 2017;174:812-22.

48. Kajjari PB, Manjeshwar LS, Aminabhavi TM. Novel interpenetrating 
polymer network hydrogel microspheres of chitosan and poly 
(acrylamide)-grafted-guar gum for controlled release of ciprofloxacin. 
Ind Eng Chem Res 2011;50:13280-7.

49. Kaity S, Ghosh A. Carboxymethylation of locust bean gum: Application 
in interpenetrating polymer network microspheres for controlled drug 
delivery. Ind Eng Chem Res 2013;52:10033-45.

50. Bhattacharya SS, Ghosh AK, Banerjee S, Chattopadhyay P, 
Ghosh A. Al3+ ion cross-linked interpenetrating polymeric network 
microbeads from tailored natural polysaccharides. Int J Biol Macromol 
2012;51:1173-84.

51. Kumari K, Kundu PP. Studies on in vitro release of CPM from semi-
interpenetrating polymer network (IPN) composed of chitosan and 
glutamic acid. Bull Mater Sci 2008;31:159-67.

52. Boppana R, Kulkarni RV, Mutalik SS, Setty CM, Sa B. Interpenetrating 
network hydrogel beads of carboxymethylcellulose and egg albumin 
for controlled release of lipid lowering drug. J Microencapsul 
2010;27:337-44.

53. Kumar GA, Wadood SA, Datta MS, Ramchand D. Interpenetrating 
polymeric network hydrogel for stomach-specific drug delivery of 
clarithromycin: Preparation and evaluation. Asian J Pharm 2014;4:179-84.

54. Rao KK, Naidu BV, Subha MC, Sairam M, Aminabhavi TM. Novel 
chitosan-based pH-sensitive interpenetrating network microgels for the 
controlled release of cefadroxil. Carbohydr Polym 2006;66:333-44.

55. Kulkarni RV, Sreedhar V, Mutalik S, Setty CM, Sa B. Interpenetrating 
network hydrogel membranes of sodium alginate and poly (vinyl 

alcohol) for controlled release of prazosin hydrochloride through skin. 
Int J Biol Macromol 2010;47:520-7.

56. Hua S, Ma H, Li X, Yang H, Wang A. PH-sensitive sodium alginate/poly 
(vinyl alcohol) hydrogel beads prepared by combined ca2+ crosslinking 
and freeze-thawing cycles for controlled release of diclofenac sodium. 
Int J Biol Macromol 2010;46:517-23.

57. Kulkarni RV, Boppana R, Mohan GK, Mutalik S, Kalyane NV. 
PH-responsive interpenetrating network hydrogel beads of poly 
(acrylamide)-g-carrageenan and sodium alginate for intestinal targeted 
drug delivery: Synthesis, in vitro and in vivo evaluation. J Colloid 
Interface Sci 2012;367:509-17.

58. Ray R, Maity S, Mandal S, Chatterjee TK, Sa B. Studies on the 
release of ibuprofen from Al3+ ion cross-linked homopolymeric and 
interpenetrating network hydrogel beads of carboxymethyl xanthan and 
sodium alginate. Adv Polym Tech 2011;30:1-1.

59. Sekhar EC, Rao KK, Raju RR. Chitosan/guargum-g-acrylamide semi 
IPN microspheres for controlled release studies of 5-Fluorouracil. J 
Appl Pharm Sci 2011;1:199-204.

60. Sharma S, Kumar V. Enzymatically synthesized pH-responsive IPN 
for in situ release of pantoprazole sodium. Int J Pharm Pharm Sci 
2019;11:98-103.

61. Madhavi C, Babu PK, Maruthi Y, Parandhama A, Reddy OS, Rao KC, 
et al. Sodium alginate locust bean gum IPN hydrogel beads for the 
controlled delivery of nimesulide-anti-inflammatory drug. Int J Pharm 
Pharm Sci 2017;9:245-52.

62. Lohani A, Singh G, Bhattacharya SS, Verma A. Interpenetrating 
polymer networks as innovative drug delivery systems. J Drug Deliv 
2014:1.

63. Dorpema JW. Risk assessment of medical devices: Evaluation 
of microbiological and toxicological safety. Radiat Phys Chem 
1995;46:605-9.

64. Nair PD. Currently practised sterilization methods some inadvertent 
consequences. J Biomater Appl 1995;10:121-35.

65. Kurkuri MD, Aminabhavi TM. Poly (vinyl alcohol) and poly (acrylic 
acid) sequential interpenetrating network pH-sensitive microspheres 
for the delivery of diclofenac sodium to the intestine. J Control Release 
2004;96:9-20.

66. Menon TV, Sajeeth CI. Formulation and evaluation of sustained release 
sodium alginate microbeads of carvedilol. Int J Pharm Tech Res 
2013;5:746-53.

67. Kumar JR, Haritha N, Umadevi SK. Formulation and evaluation of 
HPMC/sodium alginate/carbopol based pioglitazone beads. Res J 
Pharm Biol Chem Sci 2012;18:815-23.

68. Kaity S, Isaac J, Ghosh A. Interpenetrating polymer network of locust 
bean gum-poly (vinyl alcohol) for controlled release drug delivery. 
Carbohydr Polym 2013;94:456-67.

69. Banerjee S, Siddiqui L, Bhattacharya SS, Kaity S, Ghosh A, 
Chattopadhyay P, et al. Interpenetrating polymer network (IPN) 
hydrogel microspheres for oral controlled release application. Int J Biol 
Macromol 2012;50:198-206.

70. Vashishth S, Kumar V, Rehani V, Kalra GS. Synthesis and 
characterization of gum tragacanth, acrylic acid methacrylic acid based 
interpenetrating polymer network: Its application for controlled release 
of agrochemicals. J Chin Adv Mater Soc 2018;6:222-33.

71. Gil ES, Hudson SM. Effect of silk fibroin interpenetrating networks 
on swelling/deswelling kinetics and rheological properties of poly 
(N-isopropylacrylamide) hydrogels. Biomacromolecules 2007;8:258-64.

72. Mishra S, Sen G, Rani GU, Sinha S. Microwave assisted synthesis 
of polyacrylamide grafted agar (Ag-g-PAM) and its application as 
flocculant for wastewater treatment. Int J Biol Macromol 2011;49:591-8.

73. Jia Q, Zheng M, Shen R, Chen H. Synthesis, characterization and 
properties of organoclay-modified polyurethane/epoxy interpenetrating 
polymer network nanocomposites. Polym Int 2006;55:257-64.

74. Lee SJ, Kim SS, Lee YM. Interpenetrating polymer network hydrogels 
based on poly (ethylene glycol) macromer and chitosan. Carbohydr 
Polym 2000;41:197-205.

75. Giri TK, Choudhary C, Alexander A, Ajazuddin, Badwaik H, 
Tripathy M, et al. Sustained release of diltiazem hydrochloride from 
cross-linked biodegradable IPN hydrogel beads of pectin and modified 
xanthan gum. Indian J Pharm Sci 2013;75:619-27.

76. Eldin MM, Omer AM, Wassel MA, Tamer TM. Novel smart pH sensitive 
chitosan grafted alginate hydrogel microcapsules for oral protein delivery: I. 
Preparation and characterization. Int J Pharm Pharm Sci 2015;7:320-6.

77. Mishra S, Sen G. Microwave initiated synthesis of 
polymethylmethacrylate grafted guar (GG-g-PMMA), characterizations 
and applications. Int J Biol Macromol 2011;48:688-94.

78. Vancaeyzeele C, Fichet O, Boileau S, Teyssié D. Polyisobutene poly 



11

Asian J Pharm Clin Res, Vol 12, Issue 6, 2019, 5-11
 Pramanik and Chakraborty 

(methylmethacrylate) interpenetrating polymer networks: Synthesis 
and characterization. Polymer 2006;47:2046-60.

79. Chakraborty P, Parcha V, Chakraborty DD, Ghosh A. Comparative 
study on the predictability of statistical models (RSM and ANN) on the 
behavior of optimized buccoadhesive wafers containing loratadine and 

their in vivo assessment. Drug Deliv 2016;23:1016-27.
80. Jones DS, McLaughlin DW, McCoy CP, Gorman SP. Physicochemical 

characterisation and biological evaluation of hydrogel-poly (epsilon-
caprolactone) interpenetrating polymer networks as novel urinary 
biomaterials. Biomaterials 2005;26:1761-70.


