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In the present study, interpenetrating polymeric network hydrogels of glipizide.were prepared using gelatin and
methacrylic acid. Methacrylic acid was polymerized using potassium persulfate: Methacrylic acid was crosslinked
with methylene bisacrylamide and gelatin was crosslinked using glutaraldehyde. Four formulations were prepared
by varying the concentrations of methacrylic acid, methylene bisacrylamide and glutaraldehyde. The amounts of
gelatin and potassium persulfate were kept constant in all the formulations. The.interpenetrating polymeric network
hydrogels were characterized by fourier transform infrared analysis, differential scanning calorimetry and evaluated
for swelling and deswelling properties, drug loading and inlvitro drug release. All the formulations showed no
interaction between drug and polymer as confirmed by fouriertransform infrared-analysis and differential scanning
calorimetric studies. The interpenetrating polymeric network hydrogels swelled only in alkaline pH and swelling
was minimal in acidic pH. It was found that as the'concentration of cross-linking agents is increased, there is a
decrease in swelling and, as the concentration of methacrylic acid is increased, there is an increase in swelling. The
release data shows that, as the concentration.of methacrylic acid was increased, swelling increased resulting in

increased release of the drug.

Interpenetrating polymer networks (IPNs) are defined as
a combingtion of two polymers in network form, at least
one of which is synthesized and/or crosslinked in'the
immediate presence of the-other. Stimuli-responsive
polymers, which can reversiblyswell or-shrink in
response to externa conditions, . such as temperature, pH,
solvent composition,-éectrical fidd and light are of great
interest, especially in biomedical and pharmaceutical
technology. Among them, pH-sensitive hydrogels that
change properties by depending upon changes in
medium pH have been extensively investigated for the
development of new drug ddivery systems. These gels
can be prepared by the incorporation of one or more
weskly acidic or basc monomers such as carboxylic acids
(acrylic acid, methacrylic acid) and primary or subgtituted
amines (N,N--dimethylaminoethyl methacrylate). Acidic
gels are considered as good candidates for oral colon
specific delivery of drugs that are susceptible to
enzymatic degradation in the upper gastrointestingl tract.
While those kinds of systems have slow equilibrium
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degree of swelling in acidic medium of stomach, their
swelling degree increases as it passes down the
gadrointesting tract due to an increase in pH. Thus, this
pH-sengitive drug delivery system protects the drug from
the acidity of somach and releases the entire drug in the
colon. Hydrogels are three- dimensional, hydrophilic,
polymeric networks capable of imbibing large amounts of
water or biologica fluids. Their mgjor disadvantage (i.e,
their reatively low mechanical strength) can be overcome
by formation of IPNs'. A pH-sensitive acrylic PN
hydrogel using N-isopropylacrylamide and N-
aminopropylmethacrylamide, crosdinked with methylene
bisacrylamide was prepared by Lorenzo, C.A. et al.
These IPN hydrogels showed pH-responsive swelling
and swelled more in pH 7.4 compared to pH 1.24
lonisable IPNs have been reported to be prepared from
poly(acrylic acid) and poly(vinyl alcohol) using
glutaraldehyde and ethylene glycol dimethacrylate as
crosdinking agents, which showed pH-sensitive swelling
properties and release®. 1PN hydrogels have also been
reported to be prepared from chitosan and poly(acrylic
acid) using glutaradehyde and methylene-bis-acrylamide
as crosslinking agents, which also showed pH-sendtive
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swelling®. There were no reports on IPN hydrogels as
pH-sendtive ddivery system for glipizide. The objective
of this study is to prepare IPN hydrogels of glipizide
employing gelatin and methacrylic acid as monomers and
glutaraldehyde and methylene bisacrylamide as
crosslinking agents. Glipizide, an effective antidiabetic,
which requires controlled release owing to its short
biologicd hdf-life of 3.4+0.7 h, was used as the drug in
this study’.

MATERIALS AND METHODS

Glipizide was a gift sample from M/s Bal Pharma,
Bangaore. Gdlatin (Loba Chemie, Mumbai), methacrylic
acid (Aldrich, Steinheim, Germany), methylene
bisacrylamide (Sigma, Steinheim, Germany),
glutarddehyde (S. D. Fine Chem, Mumbai) and potassum
per sulfate (Ranbaxy Fine Chemicals, Mumbai) were
procured from commercia sources. Methacrylic acid was
distilled under vacuum at 70° prior to use. All other
reagents used were of anadytica grade.

Preparation of IPN hydrogels:

IPN hydrogels containing glipizide were prepared:by
using gelain and methacrylic acid. Methacrylic acid was
polymerized to poly(methacrylic acid) by free radical
polymerization process using potassum per sulfate, as-a
free radical polymerization initiator. Glutaraldehyde was
used as crosslinking agent for gelatin and methylene
bisacrylamide was used as crasslinking agent for
poly(methacrylic acid)®®. Drug was dispersed in 5% wiv
gelatin solution, which wasprevioudy. prepared by adding
gelatin to water preheated to 50°. To this, ‘at room
temperature, methacrylic acid, potassum per sulphate,
methylene bisacrylamide and“glutaral dehyde were added
and stirred for 15'min. The solution obtained was then
poured into Petri dish and kept overnight for crosdinking
at room temperature. The crosdinked hydrogel obtained
was then cut into 1x1 om? pieces and dried for 24 h a 40°
under vacuum. The dried IPN hydrogels were crushed
and passed through sieve No.60/85. The IPN hydrogels
retained on sieve N0.85 were taken for further studies.
The formulae of the prepared IPN hydrogels are listed
in Table 1.

Estimation of glipizide content of the IPN
hydrogels:

Glipizide content in the IPN hydrogels was estimated by
an UV spectrophotometric method based on the
measurement of absorbance at 276 nm in pH 7.4
phosphate bufferl®. The method was validated for
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TABLE 1: FORMULATION OF INTERPENETRATING
POLYMERIC NETWORK HYDROGELS OF GLIPIZIDE

F-ll F-lI
5.0 5.0

=

Ingredients F-
Glipizide (% w/v) 5
Gelatin (% w/v) 5
Methacrylic acid (% v/v) 2
Glutaraldehyde (% v/v) 2.
2
0

F
5
5
2
2
2

0.

U1 O Ul O
Ul U OO
Ul uUlul OO

Potassium per sulphate (% w/v)

5 5
2 5
5 2
2 2
Methylene bisacrylamide (% w/v) 0. 0.

o
N
o
N

0

N

linearity, accuracy and precision. The method obeyed
Bear's law in the concentration range 5-30 pg/ml. When a
standard drug solution was assayed repestedly (n=6), the
mean error (accuracy) and-relative standard deviation
(precison) were found-to-be 0.6% and 0.8% respectively.

Fourier transform infrared (FT-IR) spectral
analysis:

The prepared |PN/hydrogels were subjected to FT-IR
anaysis by KBr. pellet method using Fourier-Transform
Infrared (FT=IR) spectrophotometer, (Perkin Elmer,
Spectrum-100;, Jgpan). This was employed to ascertain the
compdtibility of drugs with the excipients.

Differential, scanning calorimetry:

Differential scanning caorimetry was performed on pure
sample of glipizide and its formulation using Schimadzu
DSC-50 apparatus. Differential scanning calorimetric
thermograms of 2 to 3 mg samples were recorded at a
heating rete of 5°/min in an open auminium pan over the
range of 25°-245°.

Scanning electron microscopy:

The surface morphology of IPN hydrogels kept in acidic
pH and basic pH was determined separately using a
scanning electron microscope. Hydrogel samples were
fixed on a scanning electron microscope sample holder
with a double Sded adhesive tape and coated with a layer
of gold of 150 A for 2 min using a sputter coater
(Edwards 3-150 A, England) in a vacuum of 3x10* am of
argon gas. The sample was then examined using a
scanning electron microscope (Jeol JSM T20, Tokyo,

Japan).

Swelling studies:

The pH dependent swelling property of IPN hydrogels
was studied both in 0.1 N hydrochloric acid solution and
pH 7.4 phosphate buffert. IPN hydrogels (200 mg) were
placed in 20 ml of 0.1 N hydrochloric acid solution for the
first two hours. After two hours, the IPN hydrogels were
transferred from 0.1 N hydrochloric acid solution to pH
7.4 phosphate buffer solution and was studied for its
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swelling property for further eight hours. The weights of
the IPN hydrogels were recorded every hour after
blotting the excess surface liquid. The percentage
swelling (S) was determined by the formula, S=(weight of
swollen hydrogd-weight of dry hydroge)x100/Weight of
dry hydrogedl.

Drug release study:

In vitro drug release from the IPN hydrogels was carried
out in triplicate at 37+0.1° in a USP XXII dissolution
goparatus type Il (Sx basket dissolution tester-USP XXII,
TDT-08L, Electrolab, Mumbai) at a rotation speed of 50
rpm as prescribed for glipizide tablets in USP XXIVZ, A
sample of IPN hydroges equivaent to 20 mg of glipizide
was used in each test. Drug release from the 1PN
hydrogdls was sudied in 900 ml of dissolution medium (2
hin 0.1 N hydrochloric acid solution and 10 h in pH 7.4
phosphate buffer). Samples of dissolution fluid were
withdrawn through a filter (0.45 pm) at every hour and
were assayed at 276 nm for glipizide content using a
Shimadzu UV-1601 double beam spectrophotometer. The
release data obtained was fitted into korsmeyer-peppas
equation, log¥R=logK+nlogt, where R is the amount of
drug released in given time t, K is the release rate

-
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Fig. 1: Fourier transform infrared spectra of IPN hydrogels.
FT-IR spectra of glipizide (a) and its hydrogel formulation (b)
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constant and n is the time exponent. A graph of log%R
v/s logt was plotted. The intercept on Y-axis gave the
value of K, the release rate constant and the dope gave
the value of n, the time exponent. To determine the
release mechanism, the parameters n and k were used.

RESULTS AND DISCUSSION

Gelatin has amino groups which are cross-linked by
glutaraldehyde to give imine linkages. Methacrylic acid
is the pH sensitive monomer used. Methacrylic acid is
converted to poly(methacrylic acid) by free radical
polymerization process using potassum per sulfate, as
free radical polymetization initiator. Free radical
polymerization is a-process.in which there is generation
of free radicds,‘and the generated free radicas act as a
catalyst for.the polymerization of the monomer.
Methylene bisacrylamide is used as chemical cross-
linker~for poly(methacrylic acid). Methylene
bisacrylamide undergoes addition reaction with
poly(methacrylic acid) and the addition reaction is
responsible for_eross-linking.

From the ET-IR spectra (fig. 1), it is observed that smilar
characteristic peaks appear with minor differences at
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Fig. 2: Differential scanning calorimetric thermogram.
DSC thermograms of glipizide (a) and IPN hydrogel formulation
(b)
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Fig. 3: SEM photograph of interpenetrating polymeric network
hydrogels.

SEM of IPN hydrogel in acidic pH recorded at 500X
magnification showing non-porous surface

Fig. 4: SEM photograph of interpenetrating polymeric network
hydrogels.

SEM of IPN hydrogel in basic~pH recorded. at 800X
magnification showing_porous surface

frequencies, 3250.50 cnm{(N-H-dretching), 2935.0 cn(C-H
stretching of methylene group), 1689.0 cm?*(C=0),
1650.0 cm(-CONH-), 1445.0 cm’(subdtituted cydohexane),
1160.0 cnr(sulphate group) and 610.0 cnr*(disubstituted
benzene) for glipizide and the prepared formulation.
Hence, it appears that there is no chemical interaction
between the drug and polymers used in the preparation
of IPN hydrogels.

From the differentiad scanning calorimetry thermograms
(fig. 2), it was observed that a sharp endothermic pesk a
208.93° was seen for glipizide (corresponding to its
melting point) as well as for its formulation. Since the
peaks are identical, it proves that there is no chemical
interaction between the drug and the polymers employed
in the preparation of IPN hydrogels.
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Fig. 5: Percentage swelling of interpenetrating polymeric
network hydrogels.

Percentage swelling of IPN_hydrogel formulations F-I (e), F-11
(=), F-111 (A) and F-1V (m)
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Fig. 6: In vitro release of glipizide from interpenetrating
polymeric network hydrogels.

Release profiles of glipizide from IPN hydrogel formulations
F-1 (o), F-11 (=), F-111 (A) and F-1V (m)

The surface morphology of 1PN hydrogels exposed to
acidic pH (0.1 N hydrochloric acid solution) showed no
surface pores as there is minimal percentage swelling (fig.
3). This explains why gdlipizide release is minimd in the
first two hours of dissolution in 0.1 N hydrochloric acid
solution. The surface morphology of IPN hydrogels
exposed to basic pH (pH 7.4 phosphate buffer) revealed
highly porous nature (fig. 4), compared to surface of IPN
hydrogels kept in 0.1 N hydrochloric acid solution. The
pores are formed due to ionization of the carboxyl
groups of methacrylic acid and eectrostatic repulsion of
the ionized groups. Hence, percentage swelling is higher
in basic pH and glipizide is easly released through large,
open channd like structures.

The swelling studies for IPN hydrogels (without drug)
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were carried out in both acidic pH and basic pH mediato
check its pH sensitivity. The results of the swelling
gudies are shown in fig. 5. The results indicate that with
an increase in pH from acidic to basic, a considerable
increase in swelling was observed for al the four 1PN
hydrogel formulations. The presence of methacrylic acid
increases the swelling of the polymer in basic solutions
and collapses in acidic solutions. This increase in
percentage swelling is due to the dissociation of the
carboxyl groups of methacrylic acid, thereby increasing
the osmotic pressure inside the IPN hydrogels resulting
in increased swelling. This is due to the electrostatic
repulsion between carboxylic acid polymers side chain
and ions present in the buffer solution. At high pH
values, the carboxylate side chains are repelled by the
ions in the solution and minimize the charge concentretion
by expanding. Swelling mainly depends upon the extent
of crosdinking. At lower crosdink dendty, the network is
loose with a greater hydrodynamic free volume, so that
the chains can accommodate more of the solvent
molecules resulting in higher swelling.

The results of the drug release study are shown in fig. 6.
Glipizide release was seen only in pH 7.4 phosphate
buffer and was found to be dependent .on  the
concentration of methacrylic acid, glutaraldehyde and
methylene bisacrylamide used. The drug release in“0.1
N hydrochloric acid solution was found, torbe low. (less
than 2%) in all the cases. This can be attributed.to the
fact that the swelling of the IPN. hydrogels.in.acidic pH
is low. In pH 7.4 phosphate buffer, the release was found
to increase with time, since; in akaline pH, the 1PN
hydrogels show higher {percentage of swelling. At the
end of 12 h, the percent release’of glipizide varied
greatly from 65.21% to 97.5% for the four formulations.
Among dl the formulations,FI11 showed dmost complete
release over a period of 12 h. The order of increasing
release of glipizide observed with various IPN hydrogel
formulations was F-lI<F-IV<F-I<F-III. This release of
drug was found to be directly proportiona to the extent
of swelling. Higher the percentage swelling more is the
drug release. The best fit model was found to be
korsmeyer-peppas modd. Since the vaue of n, the time
exponent, calculated from korsmeyer-peppas equation
was found to be greater than 1 in al the drug release

profiles, the release mechanism is assumed to be super
case-l1 transport, wherein multiple release mechanisms
exig®.

Thus, IPN hydrogels of glipizide could be prepared
using gelatin and methacrylic acid as monomers, and
glutaraldehyde and methylene bisacrylamide as cross
linking agents. The prepared IPN hydrogels showed
swelling only in akaline pH. Formulation F-111 showed
sustained release over a period of 12 h. Thus, 1PN
hydrogels of glipizide are suitable for ora controlled
release.
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