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Abstract: Poly(acrylamide-co-acrylic acid) copolymeric hydrogel nanoparticles(HN) were prepared by precipitation
polymerization technique using potassium per sulphate(PS) as reaction initiator and N, N - methylene-bis-acrylamide (MBA)
as crosslinking agent.The prepared HN were characterized by FTIR and copolymerization was confirmed. From the swelling
studies of the HN , it was found that the prepared copolymer showed comparatively higher swelling in rat caecal medium
which is having higher pH. Among the formulations, formulation A1 showed comparatively higher swelling in all the
biological media. Degradation studies of HN in simulated physiological isotonic solution indicated slow rate of degradation
for extended period of time which is useful for controlled delivery of drug. HN produced were of submicron size and of low
polydispersity, which indicated a relatively narrow particle size distribution that is suitable for targeting the entrapped drug to
specific site.
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Introduction:
Now -a-days hydrogels have become popular carriers for
drug delivery applications due to their biocompatibility
and resemblance to biological tissues 1–6.  From  a
structural point of view, hydrogels are three-dimensional
hydrophilic polymer networks that swell in water or
biological fluids without dissolving as a result of
chemical or physical crosslinks7. Hydrogels can be used
to target the release of a drug or protein to a specific area
of the body 8–12 and simultaneously control the release
kinetics due to their three-dimensional structure 13–15.
Hydrogel-based devices belong to the group of the
swelling-controlled drug delivery systems 16. When the
polymer network comes in contact with aqueous
solutions, the thermodynamic compatibility of the
polymer chains and water causes the polymer to swell.
As water penetrates inside the glassy network, the glass

transition temperature of the polymer decreases and the
hydrogel becomes rubbery. The drug trapped inside the
hydrogel dissolves with the imbibed water and starts
diffusing out of the network. There are three driving
forces that contribute to this phenomenon: a penetrant
concentration gradient, a polymer stress gradient and
osmotic forces. In the case of nonswelling controlled
delivery systems, the relaxation rate of the polymer is
very slow in comparison to the water transport inside the
hydrogel. Then, the transport mechanism in this type of
systems follows Fickian diffusion. When the
macromolecular chain relaxation is the dominating
driving force, Case II transport is observed. However, in
many swelling-controlled delivery systems, anomalous
transport mechanism has been observed, characterized by
an intermediate Fickian diffusion and Case II transport.
Hydrogels may also exhibit ionic characteristics. In ionic
hydrogels, positive or negative charges are created due to
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the pendant ionizable groups in the polymer
chains.Depending on the pH and ionic strength of the
surrounding environment, swelling or collapse of the
hydrogel may occur 17–19. Certain pH-responsive
hydrogels can also exhibit complexation properties.
Complexation hydrogels have been previously studied as
very promising controlled release devices for drugs and
proteins 20–30. These hydrogels are characterized by the

association of chemical groups belonging to different
polymer chains. Hydrogen bonding, among others, is one
of the interactions responsible for these chemical
associations between macromolecular chains 31–33.The
present study aims at developing hydrogel nanoparticles
of  synthesized poly(acrylic acid-co-acrylamide) and
finding its suitability for drug delivery studies.

Scheme1.  Synthesis of Poly(acrylic acid-co-acrylamide) copolymer

Material and Methods:
Acrylamide (Am) and Glutaraldehyde were

purchased from S.D. fine chem. Ltd., Mumbai, India,
acrylic acid (AA) from Himedia laboratories Ltd.,
Mumbai, potassium persulfate (PS) and sodium dodecyl
sulfate from Loba chemie, Mumbai. N,  N  - methylene-
bis-acrylamide  (MBA)  3  %  crystal  extra  pure  AR  was
purchased from Sisco research laboratories Pvt. Ltd.,
Mumbai. All other reagents used were of analytical
grade.

Synthesis of P(AA-co-Am) hydrogel
nanoparticles

P(AA-co-Am) hydrogel nanoparticles were prepared
by precipitation polymerization34. AA and Am were
charged into the reaction vessel at different monomer
feed (wt.%) ratios followed by addition of  sodium
dodecyl sulfate (0.02 % w/v) and MBA (0.01mol dm-3) in
distilled water (50 ml) at room temperature, were purged
with nitrogen and stirred for 30 min, and then heated to
70 0C. PS (0.16g) in 20 ml water was added to initiate
polymerization. The reaction was maintained at 600C
under nitrogen for 6 h. After cooling to room
temperature, the resultant nanoparticles were dialyzed for
1 week to remove surfactant and unreacted molecules.
The dialysis water was changed three times every day.
The cut off molecular weight of the dialysis membrane
was 13,000.The dialyzed particle dispersion was
condensed by evaporation of water and dried to get
hydrogel nanoparticles.

Preparation of rat caecal medium (RCM)
Male rats, weighting 200–250 g maintained on a

normal diet, were lightly anesthetized under ether and
then sacrificed by decapitation. Central Animal House
facility, Jayadev College of

 Pharmaceutical Sciences, India approved the
study. The caecum was exteriorized, ligated at two ends
(2.0 cm distances), cut loose, and immediately removed
from  the  rat  body.  The  formed  caecal  bag  was  then
opened, its content weighted, pooled, and suspended  in
two volumes of  cold  bicarbonate - buffering saline (
BBS,  pH  7.0: NaHCO3, 110 mM; Na2HPO4·12H2O, 20
mM; NaCl, 8.0 mM; KCl, 6.0 mM; CaCl2·2H2O, 0.5
mM; MgCl2·6H2O,  0.4  mM  )  to  give  a  final  caecal
dilution of 33% (w/v). The suspension was filtered
through 400-mesh grit twice to remove debris.
Supernatants were then centrifuged at 15,000×g for 30
min in order to obtain a clear supernatant containing
extracellular enzymes35.

Swelling behavior of P(AA-co-Am) hydrogel
nanoparticles

The equilibrium swelling of the P(AA-co-Am)
HN  were  determined  by  swelling  the  dried  HN  in
Simulated Gastric Fluid (SGF), Simulated Intestinal Fluid
(SIF) and Rat Caecal Medium (RCM)  until equilibrium
was attained. The swollen weights of the HN were
determined by blotting every hour until equilibrium was
attained.
The swelling behavior was computed by calculating the
percentage swelling (%S).
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   %S = [(Mt – Mo) / Mo) x 100
Where, Mt and Mo are the masses of the swollen and the
dry samples respectively.

Fourier Transform Infrared (FTIR)
FTIR studies of P(AA-co-Am) HN were carried

out at room temperature by FTIR spectrophotometer
(FTIR, Paragon-500) using KBr pellet. All the spectra
were recorded in the range of 500-4000 cm -1.

Degradation Study
      The degradation of P(AA-co-Am) HN was studied on
weight loss basis with about 1.5 g weight, over a period
of 60 days 36. They were conditioned to minimum weight
at  37  ±  1 0C in an oven containing desiccant prior to
being immersed into 100 ml of a simulated physiological
isotonic solution (0.154 M NaCl aqueous solution at pH
7.4). The specimens were removed at regular intervals of
3, 7, 14, 30 and 60 days, being taken out of the solution,
blotted on filter paper to remove surface solution and
dried in an oven at 50 0C to  constant  weight  in  order  to
determine eventual weight loss, taking an average of two
readings.

Transmission Electron Microscopy (TEM)
The HN were examined by transmission electron

microscopy (CM12 Philips, Eindhoven, Netherlands).
Samples were stained with 2% phospho tungistic acid for
10 minutes, immobilized on copper grids and dried
overnight for viewing.

Size distribution of hydrogel nanoparticles
        The size distribution of HN before and after loading
5-FU was determined using photon correlation
spectroscopy (PCS) (PCS System, Malvern Instruments
Ltd.). The analysis was performed at a scattering angle of
90 0 and at a temperature of 25 0C using samples
appropriately diluted with filtered water. For each
sample, the mean diameter ± standard deviation of six
determinations was calculated. Values reported (Table 1)
are the mean diameter ± standard deviation of two
replicate samples.

Results and discussion

Swelling behavior studies
  Hydrogel is the combination of the chains and as the
prepared polymer is made up of
 P(AA-co-Am), the acidic group bound to their polymer
chains, from where the H+ comes off and combines with
OH- to form H2O. The charge is compensated by cations
that enter the gel together with another OH-, thus charge
neutrality is maintained. The increased cation
concentration gives rise to an osmotic pressure that

causes the gel to swell/de swell. An equilibrium ionic gel
occurs when the elastic restoring force of the network
balances the osmotic forces. The Hydrogel formed by the
homogenous copolymer of AA and Am with MBA as
crosslinker where the acidic group bound to the polymer
chains are carboxyl groups which made the gels pH
sensitive. The swelling behavior of the copolymer in
physiological solutions were studied and it was found
that the prepared copolymer showed comparatively
higher swelling in rat caecal medium which is having
higher pH as shown in Figure 1.Among the formulations,
formulation A1 showed comparatively higher swelling in
all the biological media.

FTIR of P(AA-co-Am) hydrogel nanoparticles
The FTIR spectra of Polyacrylamide had peaks

at 3365.73, 1654.55, 1451.21, 1325.44 and 634.31 cm-1

(Figure 2). The spectrum of the P(AA-co-Am) HN
showed peaks at 3401.41, 2756.22, 1702.51, 1247.41 and
634.50 cm-1. The band for Polyacrylic acid occurred at
1715.11 cm-1. The band at 1702.51 cm-1 in P(AA-co-Am)
HN was due to the carbonyl component of the carboxylic
acid group of  polyacrylic acid. The carbonyl absorption
bands of the remaining amide groups overlapped with the
carboxylic absorption bands. The broad absorption bands
from 3401.41cm-1 to 2956.22 cm-1 in P(AA-co-Am) HN
were assigned to the –OH from the carboxylic group.

Degradation study
  Now-a-days investigators have focused on controlling

degradation behavior of hydrogels, as well as on
enhancing their biological interactions with body
components, in order to design and tailor appropriate
vehicles for drug delivery. Controlling degradation
behavior has been one of critical issues in general
biomaterials research, and has been widely investigated
to date. In general, especially for drug delivery
applications, biomaterials need to be cleared from the
body once they complete their roles in the body, and
degradable materials could be ideal for this purpose. The
degradation studies of the prepared HN were studied on
the basis of % wt. loss in simulated physiological isotonic
solution (0.154M NaCl aqueous solution at pH 7.4) at
regular intervals of 3, 7, 14, 30 and 60 days. From the
degradation study of P(AA-co-Am) HN, over a period of
60 days (Figure 3), it was found that with increase in the
immersion  time,  the  weight  loss   increased  to  become
stabilized after about 30 days and extended up to 60 days.
The degradation period of the prepared HN reflected its
strength, which might be due to effective cross-linking of
molecules. The slow and continual degradation behavior
of cross-linked HN might be attributed to the attachment
points that only allow complete disintegration of the
cross-linking molecules once all attachment points are
lost.

Size distribution of hydrogel nanoparticles
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The size distribution of HN was determined using
photon correlation spectroscopy (PCS) as shown in Table
1.  The  sample  was  illuminated  by  a  laser  beam  and  the
particles undergoing Brownian motion were detected.
Light scattering by these particles was received by a
fibre-optic cable placed at a particular angle and the
fluctuations in scattering intensity were analyzed .The
polydispersity (PI) is an important parameter that gives
an idea about the reliability of the data obtained with PCS
analysis. PI is a dimensionless number extrapolated from
values of 0.010 for monodispersed polystyrene standard
latex particles upto values around 0.5-0.7. Values greater
than 0.7 are characteristic of samples with a very  broad
size distribution. The particle size distribution data shows
that HN produced were of submicron size and of low
polydispersity (Table 1), which indicated a relatively

narrow particle size distribution that is suitable for
targeting the entrapped drug to specific site.

Conclusion:
From the above study it can be concluded that in future
studies, drug can be entrapped and released from the
submicron hydrogel nanoparticles (A1) due to its good
swelling, bio degradability and size distribution
properties.
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Table 1. Particle size distribution study of hydrogel nanoparticle by Photon
               correlation spectroscopy.

Batch
Monomer
feed(wt.%)
  AA :Am

Concentration
of MBA
( mol dm-3)

Temperature
(0C)

Exposure
  time
(hour)

 Empty HN size ±S.D
(nm) (Polydispersity)

A1 25:75 0.01 60 6 18.31±0.65(0.11±0.02)

B1 50:50 0.01 60 6 24.6±1.31(0.12±0.07)

C1 75:25 0.01 60 6 38.4±1.16(0.09±0.02)

D1 90:10 0.01 60 6 54.1±1.9(0.07±0.03)

Figure 1. Swelling studies of Poly(acrylic acid-co-acrylamide) hydrogel
nanoparticles in biological medium.
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Figure2. FT-IR spectra of (a) Poly(acrylic acid), (b) Poly acrylamide,
               (c) Poly(acrylic acid-co-acrylamide) hydrogel nanoparticles

Figure 3. Degradation study of Poly(acrylic acid-co-acrylamide) hydrogel
                 nanoparticles in physiological isotonic solution

Figure 4. TEM image of Poly(acrylic acid-co-acrylamide) hydrogel nanoparticle
                (A1) at  120 Kv.
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