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ABSTRACT

Interpenetrating polymer network (IPN) has won quit a few interests in drug delivery machine
because of modification throughout its synthesis and improvement state, which advance novel
physicochemical and mechanical properties inside the formulation. In this review, an in-depth
revision parsing which incorporates its methods of put together. Based on reviewed articles
author proposed IPN would be manufactured using Locust bean, Gelucire and sodium alginate
form and could be efficiently used in delivery of Propranol HCI, an antihypertensive drug.
Here 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. Now days, The semi IPN and cross linked 3D IPN are
having numerous modern therapeutic applications in delivery of bioactive compounds on the
form of hydrogel and nanoparticle based drug delivery system. The invention of IPN has
reaching and profound long-term implications for the pharmaceutical industry and indeed
medicine as a whole.
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INTRODUCTION
In the contemporary science of drug
discovery, polymer is broadly used and
treasured excipients within the unique
pharmaceutical formulation. 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. Graft copolymerization introduces
hydrophobicity and steric bulkiness which
significantly protect the matrix from fast
dissolution with extended release of drugs
[1, 2].When single water-loving polymer
chain permeates an exceptional community
of polymer inside 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, 4].
Interpenetrating polymer networks (IPNs)
are unique ‘‘alloys’> of crosslinked
polymers in which at least one network is
synthesized and/or crosslinked in the
presence of the other. IPNs are often created

for the purpose of conferring key attributes

of one of the components while maintaining

the critical attributes of another. In some

cases, entirely new, and sometimes
surprising properties are exhibited by the
IPN that are not observed in either of the
two single networks along [5]. In the
pharmaceutical  industry there is a
significance demand for new materials with
the high safety, effectiveness and innovative
formulation consequently much research
effort has been directed towards the
development of new function drug carriers
using natural polymers which have high
biocompatibility and biodegradability [6].
The most widely use biopolymer are
sodium alginate, locust bean gum and
gelucire [7, 8]. The polymer can be
exploited in various way according to their
different function group, wide range of
chemical

molecular weight, and

composition [9]. Tamarind seed
polysaccharide is an emerging excipient
tamarind gum TG and modified TG are
found to be appropriate for the designing of
oral, nasal, ophthalmic, colonic and topical
drug delivery systems. Moreover, they are
used in the preparation of hydrogel-based
drug delivery systems and novel drug
delivery systems such as nanoparticles [10].
The invention of IPN has reaching and
profound long-term implications for the
pharmaceutical  industry and indeed
medicine as a whole. Because of their

propensity to combine with other polymers
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to form cross linked three-dimensional
interpenetrating polymer network (IPN)
hydrogels that tend to swell in water or
biological fluids. Such IPN hydrogel
systems have been considered as a potential
candidate to deliver bioactive molecules,
particularly in controlled release
applications to deliver the drugs at, constant
rate over an extended period of time.
Therefore, formation of IPN hydrogel

appears to be a better approach [11].

IE—
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i

An elastic semi IPN from guar gum (GQG),
xanthan gum (XG) and poly(acrylic acid)
(PAA) was developed and used as a
bioadsorbent for soluble Pb(Il) and Hg(II)
from water. The IPNs were developed using
a  photo-initiated  crosslinking  cum
polymerization approach (benzophenone
was used as an initiator) with a variable
composition of the biopolymers (GG:XG
fixed at 20:80 by mass) to PAA by mass
(Biopolymers: PAA as 90:10, 80:20, 70:30

and 50:50, respectively) [3].
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Figure 1: Photographs of formed microspheres
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Figure 2: (a) A polymer blend; (b) a graft copolymer; (c) a block copolymer; (d) semi-IPN; (e) full IPN; F- cross-
linked copolymer
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Advantages of IPN
There are the following inherent advantages
due to which IPN system gained huge
popularity in the modern era of polymers.
They are as follows-

1. IPN system allow in increasing the
mechanical strength, phase stability
and biological acceptability for
every last product.

2. IPN is also like wise beneficial in
producing the synergistic effect
from the component polymer.

3. Due to the infinite zero-viscosity of
the gel, segment separation among
the component polymers is not
possible.

4. Due to permanent interlocking of
the network segment,

thermodynamic incompatibility can

be made to overcome as the reacting
ingredients are blended thoroughly
at the time of synthesis.
5. IPN additional potent to increase the
controlled release system for
handing over the drug.

6. When the blends are subjected to
stress, they hold the stages separate
[12].

Disadvantages of IPN

The main disadvantage of IPN is that, on
occasion the polymers interpenetrate to
such a quantity and the drug launched from

the matrix will become difficult. The

problem with the non-covalent system 1is

that it can also be a problem with the
covalent system due to the lack of an
effective interface [13].

Features of IPN

There are the subsequent ideal traits of IPN
which can be as follows-

In perfect IPN creep and flow is suppressed.
IPN can swell however does no longer
dissolve in solvent. IPN has excessive
tensile strength. Most ideal IPNs are
heterogeneous structures which include one
rubbery phase and one glassy segment to
supply a synergistic impact yielding. When
the blends are subjected to stress, they keep
the phases separated collectively. IPN
specially forms insoluble network. IPN
systems differ mainly because of the wide
variety and forms of cross-hyperlinks. They
show adhesive property. Hence, IPN based
totally structure have won good ability to
broaden the controlled release delivery of
drugs [14].

Classification of IPN

Based on chemical bonding

Covalent semi IPN- A covalent semi IPN
carries two separate polymer systems which
can be cross linked to form single polymer
network.

Non-covalent semi IPN- A non-covalent
semi IPN is one in which simplest one of
the polymer systems is cross connected.
Covalent semi IPN

Novel (IPN)

Semi (IPN)
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Sequential (IPN)

Simultaneous interpenetrating polymer
network (SIPN)

Latex (IPN)

Gradient (IPN)

Thermoplastic (IPN)

IPN based Drug Delivery System

IPN based drug delivery structure are used
to supply the drug at a selected charge for
preferred time fare with low fluctuation.
Now a days, there are many approaches
which can be being used for improving the
transport of healing substance like films,
hydrogels, tablets, capsules, microspheres,
sheets, sponges, matrix, transdermal
patches, nanoparticles etc. Some of the
important IPN based totally drug shipping
structure are discussed here [15]. In many
animal models, after implantation of
transfected cells, a lengthy-term period
expression of the overseas gene has not
been completed [16]. Environmentally
sensitive hydrogels can be created from
hydrophilic, stimuli-responsive polymer
networks that can alternate the volume in
response to an outside signal such as a trade
in temperature or chemical environment.
These materials are appealing and candidate
for various biomedical applications and
artificial muscles [17].

Ionotropic gelation method

This method is based on the interaction of
an ionic polymer with opposite charge

polymer. Sodium alginate and the polymer

were dispersed and blended thoroughly in
distilled water and stirred for entire
solubility [18]. Then, the answer becomes
poured dropwise with the assist of 23 gauze
syringe needle to some other aqueous media
of another ionic polymer (Al+3, Ca+2, etc.)
with persisted stirring [19].

Emulsification cross-linking

This approach is primarily based on
segment separation. This method is used
broadly to form a cross-connected polymer
community. Usually, the cross-linked is
prepared by means of water-in-oil (w/0)
emulsion [2]. In w/o emulsification aqueous
polymeric solution changed into prepared
by adding the water-soluble polymer shape
homogeneous answer by means of stirring.
After that, this aqueous phase became
brought to the oil section. Recently, water-
(W/w)
developed to shape IPN. The toxicity

in-water emulsion has been
impact of w/w emulsion is much less
evaluating to w/o emulsion as there is no
need of an organic solvent as w/w
emulsification method is completely
depending on the aqueous environment [9,
20].

Wet granulation method

Wet granulation is a technique of mixing of
dry powder with granulating fluid which
may be removed by way of drying. The
liquid solution that is used for granulation

may be either aqueous based totally or

solvent primarily based. The required
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amount of polymer is blended manually for
15 min. Then, the required amount of
mixing agent is delivered to put together
cohesive mass and the moist mass passive
through # 22/24 mesh screen. The resulting
is dried at 40°-60° C for 12 h. After
finishing touch of the drying level, the dry
granules had been passed through #22 mesh
screen. Then, magnesium stearate mixed
with the granules and compressed right into
a tablet [21, 22].

Pharmaceutical factors influencing
Mechanical strength

In the field of pharmaceutical utility, the
mechanical belonging of IPN is a crucial
factor. During the life span of application,
the integrity of the drug transport gadget
desire to be maintained unless that is
designed as a biodegradable polymer. A
drug delivery system is designed to shield
sensitive healing agent until its miles
launched out of the system and

consequently the machine desire to
maintain its integrity [23]. To achieve the
desired mechanical assets of the IPN, the
degree of cross-linking is to be modified
accordingly. A boom inside the degree of
cross-linking of the device results in a
sturdy polymer network, but this may boom
the brittleness within the structure of the
system. Hence, an optimum degree should
be achieved and maintained to get a

comparatively strong IPN-primarily based

drug shipping system and also now not

permitting to be brittle. Another technique
to achieve the preferred mechanical
properties of IPN is copolymerization [24].
Large scale production

Large scale production is a challengeable
project for IPNs drug transport. IPNs are
usually investigated for laboratory scale for
improved performance instead than big
scale. The problem in big scale is to keep
the awareness the concentration and
composition of polymers. Hence, it is an
ongoing technique to scale up IPNs
production process. There are pretty a lot of
factors such as improving the selectivity
and non-compromising biocompatibility,
stability, wuse of right engineering

configurations, optimizing polymer
modification techniques and using cost-
effective substance and methods which can
affect the scale-up method [25].
Sterilization

In the past decade, intensive studies on the
field of IPNs for drug transport package has
been done. The most widely employed
technique is steam sterilization by
autoclaving at 121°C., but it has challenge
for its use in maximum of the polymeric
materials, as it has a possibility of inducing
melting and/or hydrolysis of the polymer
matrixe [26]. For its powerful treatment at
ambient temperature, chemical sterilization
with ethylene oxide gas is wused for
hydrolytically unstable polymers. The

biocompatibility of the biopolymer is
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retained as chemical additives are not used
in the radiation cross-linking [27, 28].
Characterization of IPN

Different characterization methods were
cited in pieces of literature for evaluation of
IPN microbeads as well as microsphere
formulations [29, 30]. Some of them are :
Particle length evaluation

By the help of a virtual microscope or
optical microscope, the debris size can be
determined. In an optical microscope, the
eyepiece micrometre is calibrated using the
degree micrometre. This process is tedious
and in particular used throughout laboratory
scale up [31].

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 [32]. 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
[8].

Drug entrapment performance

The amount 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 technique [5, 33].

Percentage of yield

It is calculated by the ratio of the total
amount of the organized microspheres and
the preliminary weight of polymer and drug
which is taken as the theoretical value
Propranolol is a beta-blocker. Beta-blockers
have an effect on the coronary heart and
circulation (blood drift through arteries and
veins) [32, 34].

Propranolol HCIl, an antihypertensive
drug:

Propranolol is used to treat
tremors, angina (chest

pain), hypertension (high blood pressure),
heart rhythm disorders, and other heart or
circulatory conditions. It is also used to
treat or prevent heart attack, and to reduce
the severity and frequency of migraine
headaches™. Hemangeol (propranolol oral
liquid 4.28 milligrams) is given to toddlers
who are at least 5 antique to treat a genetic
condition called infantile haemangiomas.
Haemangiomas are caused by blood vessels
grouping together in an abnormal way.
These blood vessels form benign (non-
cancerous) growths that can develop into
ulcers or red marks on the skin [36]. The
pure drug propranolol HCl showed rapid
and complete dissolution within 60 min,
while drug release from resinate was

extended for 2.5 h and that from IPN tablets
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was still slower and drug release prolonged
over 18 h. The crosslinking time of granules
affected the release of drug from IPN
matrix [21].

Polymers discussed in IPN formuations
are :

Locust bean gum powder

It is extract from the seeds of the carob tree,
that is local to the Mediterranean region and
nearly 75% have been produced by way of
Portugal, Italy, Spain and Morocco in
2016. The seeds contained in the long pods
that grow on the tree are used to make this
gum. First, the pods are kibbled to spilt the
seed from the pulp. Then, the seeds have
their skins removed by an acid treatment;
the deskinned seed is then cut up and gently
milled. This causes the brittle germ to
interrupt up at a same time as no longer
affecting the extra robust endosperm |[7].
The two are separated by sieving’s. The
separated endosperm can then be milled
through a curler operation to produce the
final locust bean gum powder [37].
Gelucire 39/01

It 1s a defensive provider for API sensitive
to oxidation, humidity or light. It is a lipid
for use in modified release dosage
bureaucracy (lipid matrix in capsules,
floating granules) [4, 38]. It is used as a
lipid binder in soften strategies where the
physicochemical homes and plasticity of
the lipid

agglomerate provides high

resistance to fracture. It is beneficial for

flash soften and chewable tablets. It is used
as consistency agent (thickener) for topical
formulations. It has HLB value 1 and
melting point of 39 °C. Hydrogels were
prepared by freeze-drying an aqueous
dispersion of the polymer in the presence or
absence of either a model
macromolecule fluorescein isothiocyanate-
dextran, and/or amphiphilic
derivatives, gelucire 50/13 or vitamin E, d-
a-tocopherol polyethylene glycol succinate
[39]. It can be formulated by melt
granulation or melt extrusion techniques for
capsule filling, tabletting, sachets etc [40,
41].

Sodium Alginate

Sodium  Alginate is an  herbal
polysaccharide product extracted from
brown seaweed that grows in cold water
regions. It is soluble in cold and warm
water with robust agitation and many
thicken and bind. In presence of calcium,
sodium alginate forms a gel without the
need of heat. In modernist cuisine, sodium
alginate is mostly used with calcium salts to
produce small caviar-like and large spheres
with liquid inside that burst in the mouth.
Sodium Alginate is likewise used within the
meals industry to increase viscosity and as
an emulsifier. It is also utilized in
indigestion pills and it has no discernible
flavour [19, 21]. Combination of
biopolymers sodium alginate and locust

bean gum has been used to prepare an
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interpenetrating polymeric network of an
anticancer drug Capecitabine by ionotropic
gelation method [42].

COCLUSION

In multi-component polymer literature, the
IPN capability is one of the oldest in
addition to the most modern and rapidly
evolving field. In polymer know-how
technology, IPN and semi-IPN technologies
have been studied for more than 60 years.
However, IPN has not been fully used as
biomaterial in tissue engineering and drug
delivery, used together in various fields of
science such as fuel cells, superstar cages
and packing dishes, and is used to improve
the industrial use of new substances and
consumer products. With the IPN concept,
we can produce a very small domain length
of a dual-phase substance. IPN has many
benefits along with swelling ability,
mechanical strength, specificity, oxygen
permeability, nutrients, and strength in the
body. This may be the result of the presence
of cross compounds in each polymer that
reduce the creep and flow and streams and
flows and allow a relatively large amount of
material with a larger module space.
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