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ABSTRACT
Hydrogels are crosslinked polymeric materials that absorb and retain large amount of water or biological
fluids. They are water-insoluble because of the crosslinks that chemically joined the three-dimensional
network structure while their hydrophilicity is due to the presence of hydrophilic functional groups such as
carbonyl, hydroxyl and amide across the polymeric chain. In this research, polyacrylic acid hydrogel was
prepared via free-radical polymerization using potassium persulphate (KPS) and N,N-methylenebisacrylamide
(MBA) as an initiator and crosslinker respectively. The synthesized hydrogel was characterized by Fourier
transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and differential scanning
calorimetry (DSC). The swelling capacity of the hydrogel was evaluated in solution of various pH (1-12) at
25oC. The disappearance of peak at 1637cm-1 due to vinyl C=C stretching in the final product indicated the
successful formation of the hydrogel. The hydrogel exhibits a good swelling capacity ranging from 118-4536%
depending on the pH of the media with higher % swelling obtained in basic media. Diphenylhydramine
hydrochloride (DPH) drug was loaded into polymeric hydrogel via post-loading method, the concentration of
DPH loaded and released was measured using UV-Visible spectrophotometer at 229.91 nm where 98% DPH
loading was achieved. The in-vitro drug release of the DPH loaded hydrogel was studied in two different
media SGF (simulated gastric fluid pH 1.2) and SIF (simulated intestinal fluid pH 7.4) at 37oC for 48 hrs. The
results obtained showed that 60% of DPH was released in SGF and 83% in SIF at the end of 48 hrs. Also, the
prepared hydrogel was found to be pH sensitive and have excellent fluid absorption and retention ability hence
the hydrogel has promising application as drug carrier in controlled drug release due to the efficiency it
exhibited in DPH loading and release both in SGF and SIF.
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Introduction
Hydrogels are three-dimensional crosslinked
polymeric matrices that are capable of absorbing
large amount of water or biological fluids. These
polymeric materials are smart enough to respond
the fluctuations of environmental stimuli (pH,

temperature, ionic strength, electric field,
presence of enzyme etc), and swell or shrink
accordingly, in the swollen state, they are soft and
rubbery, resembling the living tissue exhibiting
excellent biocompatibility (Das, 2013). The
ability of hydrogels to absorb signiﬁcant amount
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of water is attributed to the presence of
hydrophilic groups on the back bone of the
polymeric chains such as –NH2, –OH, –COOH, –
SO3H (Ullah et al., 2015), while the resistant of
hydrogel to the dissolution in the surrounding
Page | 3290 medium is due to the crosslinking between the
polymer chains. Also, these hydrophilic groups
are responsible for the formation of non-covalent
bonds (secondary interactions) of hydrogel with
different biological tissues such as mucous
membranes and epithelial tissues. Cross-linking in
hydrogel may be physical or chemical which
prevents hydrogel from dissolution despite
absorption
of
ample
amounts
of
water/physiological ﬂuids (Bhattarai et al., 2010;
Ahmed, 2015). Poly (acrylic acid) (PAA) is a
commercially available and pH sensitive synthetic
polymer having anionic/acidic (–COOH) pendant
groups on the polymer chains (Sohail et al.,
2014). It is used for biomedical applications as pH
sensitive hydrogel based drug delivery system
(Lim et al., 2015).
The importance of hydrogels in drug delivery
system over the conventional method include
reduction of side effects, patience compliance
improvement, drug efficacy enhancement,
financial cost reduction, protection of active
constituents with very short half live (Sushmit,
2014). Drug delivery systems based on hydrogels
involve encapsulation of the drug into the
polymeric hydrogel and because of their excellent
biocompatible property they respond to their
environmental stimuli such as pH, ionic strength,
temperature and release their content at
predetermined rates over a period of time into the
blood stream (Das, 2013). The aim of this
research is to synthesise poly acrylic acid
hydrogel and study it’s drug loading and release
efficiency in simulated gastric fluid (pH 1.2) and
simulated intestinal fluid (pH 7.4) using
Diphenylhydramine hydrochloride (DPH) as
model drug.
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Materials and methods
Materials
Acrylic Acid (99%, Xilong Chemicals),
Potassium
Persulphate
(98%,
Kermel
Chemicals),
N,N-methylenebisacrylamide
(MBA) (97%, BDH Chemicals), Hydrochloric
Acid (98%, Sigma-Aldrich), Ethanol (98%,
Qualikem) and Sodium Hydroxide (98%, Loba
Chemie), All other reagents are of analytical
grade and were used without further purification.
Methods
Preparation of Poly (Acrylic Acid) Hydrogel
Acrylic acid monomer (5ml, 0.07 mole) was
placed into a three-neck round-bottomed flask,
equipped with a magnetic stirrer and a reflux
condenser. The solution was stirred for 10 mins
on a water-bath under nitrogen atmosphere at
50oC followed by addition of MBA (0.5g, 0.003
mole) as cross-linking agent and allowed to stir
for 15mins, followed by addition of potassium
persulphate (0.5g, 0.002mole) as an initiator, and
the temperature was raised to 80°C ± 2°C, the
polymerization was allowed to proceed for 2hrs
under nitrogen atmosphere. The resulting gel was
washed thoroughly with distilled water followed
by washing with ethanol to remove any residual
monomer and dried at 50-60°C in an oven
(Ahmed et al., 2016).
Fourier Transforms Infrared Spectroscopy
(FTIR)
The spectrum of the prepared hydrogel was
recorded on a CARRY 630 FTIR Agilent
Technologies was recorded at 25ºC and the
spectrum was acquired from 4000–650 cm–1.
Determination of Percentage Swelling
The percentage swelling of Poly acrylic acid
hydrogel was determined by immersing a known
weight of dry drug-free hydrogel in various
buffer solutions (pH 1-12) at 25oC for 24 hrs.
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After excess water on the surface was removed
using filter paper, the final weight of the swollen
hydrogel was measured. The % swelling was
calculated using equation below;
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Where;
W1 = initial weight of hydrogel
W2 = final weight of hydrogel

Preparation of DPH Calibration Curve
The stock solution of DPH was prepared by
dissolving 25mg of DPH in 100ml of distilled
water. Serial The calibration solutions of DPH
with concentrations in the range of 5.0-40.0
µg/ml was obtained by appropriate dilution of
the stock solution. The absorbance of these
solutions were measured at 229.91 nm using UVvisible spectrophotometre.
DPH Loading in to Hydrogel
The loading of the drug (DPH) into the prepared
hydrogel was carried out via post loading
method; 1g of hydrogel was immersed in 200ml
of solution containing 1mg/ml of DPH. After 24
hrs, the hydrogel loaded with drug was removed
and dried. The residual DPH solution was kept
for further analysis.
Determination of Amount of DPH Loaded
The amount of drug loaded into the hydrogel was
determined, after swelling the hydrogel in a
solution containing known concentration of drug,
the residual DPH solution was collected and
analyzed using UV-Visible spectrophotometer
(Perkin Elmer) at 229.91nm. The difference
between the initial amount of drug in the original
solution and the amount of drug in the residual
solution was taken to obtain the amount of drug
loaded.

Nig. J. Pure & Appl. Sci. Vol. 32 (Issue 1, 2019)
In-Vitro DPH Release
The in-vitro drug release was carried out by
placing 1g of each drug loaded hydrogel into
100ml of aqueous buffer solution (SGF: pH 1.2
and SIF: pH 7.4) in a 150ml rubber-bottles at
37°C ± 0.5°C. The samples were shaken using
Innova 4000 Incubator Shaker with reciprocating
motion of 100rpm. At periodic intervals, 5ml
aliquot of samples were removed from the
release medium and then replaced with fresh
enzymes-free SGF and SIF. The absorbances of
the removed samples were measured using UVSpectrophotometer at a wavelength of 229.91nm.
The percentage drug release was calculated using
the equation by Sadeghi, (2011).
Percentage drug released = R2/R1× 100
Where: R2= ﬁnal amount of drug released at time t
R1= initial amount of drug loaded
Scanning Electron Microscopy (SEM)
The morphology of poly acrylic acid hydrogel
before and after loading of DPH drug were
evaluated by scanning the surface of the samples
with focused beam of electrons using scanning
electron microscope Phenom proX model.
Differential Scanning Calorimetry (DSC)
Thermal stability of poly acrylic acid hydrogel
was determined using differential scanning
calorimetre (DSC 1 Star System-Mettler Toledo
Instrument). The sample was placed on the
aluminum crucible pressed and sealed. This was
followed by cycles of heating and cooling, wide
temperature scan in heat, cool, heat cycles
generated by up to 120 thermocouples arranged
in several layers.

Results
The synthesized hydrogel was characterized by
Fourier transform infrared spectroscopy (FTIR),
scanning electron microscopy (SEM) and
differential scanning calorimetry (DSC). The
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swelling capacity of the hydrogel was evaluated
in solution of various pH (1-12) at 25oC. The
disappearance of peak at 1637cm-1 due to vinyl
C=C stretching in the final product indicated the
successful formation of the hydrogel. The

hydrogel exhibits a swelling capacity ranging
from 118-4536%. The concentration of DPH
loaded and released was measured using UVVisible spectrophotometer at 229.91 nm where
98% DPH loading was achieved.
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FIG 1: FTIR Spectrum of Poly AA Hydrogel
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FIG 2: Percentage swelling of poly acrylic acid hydrogel
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FIG 3: DPH Percentage release of poly acrylic acid hydrogel in SGF and SIF

Plate 1: SEM plate of poly AA
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Plate 2: SEM Plate of DPH Loaded PolyAA

Fig 4: DSC graph of poly Acrylic Acid hydrogel
Discussion
The FTIR spectrum of poly acrylic acid hydrogel
is shown in figure 1, the peak at 3350cm-1 can be
ascribed to OH stretching of hydroxyl group,
peak at 2933cm-1 due to sp3 C-H stretching, sharp
peak at 1700cm–1 is due to the C=O stretching of
carboxyl group in acrylic acid, stretching
vibration at 1160cm-1 due C-O while the
dissappearance of vinyl C=C stretching at
1637cm-1 confirms successful polymerisation of
acrylic acid monomer and the formation of the
hydrogel. The percentage swelling of the
prepared hydrogel at various pH (1-12) is shown
in figure 2. The swelling studies show that, the

prepared hydrogel is sensitive to changes in pH.
A maximum percentage swelling was observed
in basic media while a lower percentage swelling
was exhibited by the hydrogel in acidic media.
This is due to the fact that most of the
carboxylate groups are protonated and this lead
to the decreased repulsion of anionic groups
which subsequently result in the decreased
swelling rate, with the increase in pH of the
media, the carboxyl groups convert to COONa
groups with neutralization by NaOH in solution,
then it ionizes depending on the pH of the
medium, this was in accordance with the findings
by Sadeghi (2011). Furthermore, this can also be
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attributed to the diffusion of the network and
volume phase transition when a hydrogel is
brought into contact with water or a buffer
solution, resulting in the expansion of the
hydrogel. Diffusion involves the migration of
Page | 3295 fluid into the hydrogel or dynamically formed
spaces between the hydrogel chains. Similarly
the results of percentage swelling obtained in this
work agrees with the report by Eid, (2001) who
attributed the swelling of the hydrogel to be as a
result of large segmental motion that leads to the
formation of an increased space in the chain
structure which ultimately results in the
increased of the hydrogel chains. The swelling
behavior was followed by the degree of swelling,
until equilibrium was reached. The swelling
equilibrium occurs when the values of the
osmotic force driving the solvent into the
network and that of the elastic force of the
stretched sub-chains become equal. The
equilibrium water content of a pH sensitive
hydrogel is a function of the cross-link ratio and
the network structure, i.e. its hydrophilicity,
which in turn depends on the degree of ionization
of the functional groups.
After 24 hrs of swelling the hydrogel in
Diphenylhydramine hydrochloride (DPH) drug
solution,
UV-visible
spectrophotometry
confirmed that 98% of the drug was loaded into
the prepared hydrogel. Figure 3 shows the invitro release profile of diphenylhydramine
hydrochloride drug from poly acrylic acid
hydrogel in enzyme-free simulated gastric and
intestinal fluids. At end of 48hrs the release was
60% in SGF and 83% in SIF respectively, the
lower release in SGF compared to the SIF can be
attributed to the pH sensitivity of the prepared
hydrogel. The higher percentage drug release
obtained in SIF agrees with the findings of
Shantha and Harding (2002) who reported 93%
and 99% drug release in SGF and SIF
respectively.
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The surface morphology of poly acrylic acid
hydrogel before and after diphenylhydramine
hydrochloride drug loading is shown in plate 1
and 2 respectively. The surface morphology
before loading of DPH in to poly acrylic acid
hydrogel appeared to be smooth while after
loading the micrograph was found to be rough.
Figure 4 shows the DSC thermogram of poly
acrylic acid hydrogel with sharp exothermic
transition around 87oC and a second broad
exothermic transition at around 255oC. This
suggests that the prepared hydrogel has
satisfactory thermal stability that is required in
drug release applications.
Conclusion
Poly acrylic acid hydrogel was successfully
prepared, the hydrogel was found to be pH
sensitive and have excellent fluid absorption and
retention ability as evident from the swelling
studies that was carried out at various pH. The
prepared hydrogel also has high thermal stability
and good surface morphology as confirmed by
DSC and SEM analysis. The hydrogel exhibited
greater
efficiency in diphenylhydramine
hydrochloride drug loading and release both in
simulated gastric fluid and simulated intestinal
fluid which suggests the suitability of poly
acrylic acid hydrogel in controlled drug delivery.
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