
INTRODUCTION

Drug delivery systems (DDSs) are
regarded as a promising means to control post-
operative inflammation1, although design
improvements are needed to increase
biocompatibility and effectiveness, as well to prolong
controlled release of the drug2. Interest in
biodegradable polymers, and specifically in a DDS
matrix, has been growing. The main reason for this
is that delivery systems based on biodegradable
polymers do not require removal of the polymers
from the body at the end of the treatment period,
as they degrade into physiologically occurring
compounds that can be readily excreted from the
body3.
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ABSTRACT

The purpose of this study was to produce intelligent CMC-based superabsorbent polymers
(SAP) to be used as pH-sensitive carriers for the controlled delivery of Acetaminophen drug. Acrylamide
(AAm) monomer was graft copolymerized onto CMC backbones by a free radical polymerization
technique using ammonium persulfate (APS) as initiator and methylene bisacrylamide (MBA) as a
crosslinker. Hydrogel formation was confirmed by FTIR spectroscopy. Results from scanning electron
microscopy (SEM) observation also showed a porous structure with smooth surface morphology of
the hydrogel. the drug, Acetaminophen, was successfully loaded into the hydrogels and in vitro release
studies were performed in SGF for the initial  150 min, followed by SIF until complete dissolution.  The
release profiles of Astaminophen from the hydrogel were determined by UV–Vis absorption
measurement at lmax 266 nm.
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Hydrogels are hydrophilic polymer
networks which may absorb from 10 to 20% (within
arbitrary limit) up to thousands times their dry weight
in water4. Stimuli-responsive smart hydrogels that
can respond to environmental physical and chemical
stimuli, such as temperature5, pH 6, light, electric
field7, and magnetic field11 have attracted great
interests in recent years due to their versatile
applications such as controlled drug and gene
delivery systems, chemical-/bio-separations12, and
sensors and/or actuators . Among those smart
hydrogels, pH-responsive hydrogels have been
extensively investigated for potential use in site-
specific delivery of drugs to specific regions of the
gastrointestinal tract and have been prepared for
delivery of low molecular weight drugs.
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The target of the current study was to
exploit novel pH-sensitive collagen-based hydrogels
for the effective ephedrine controlled release system.
Drug absorption and release capacities of hydrogel
systems were also examined.

Superabsorbent can absorb tremendous
amounts of water without dissolving in water
because they contain considerable amounts of
hydrophilic groups and have a three-dimensional
structure. In fact, the network can swell in water
and hold a large amount of water while maintaining
the structure. Superabsorbent hydrogels are useful
for many applications, such as disposable pads,
sheets, and towels for surgery, adult incontinence,
and female hygiene products, even through they
were originally developed for agricultural applications
to improve the water-holding capacity of soils to
promote the germination of seeds and plant
growth10.

Considerable interest has been focused on
chemical modification by grafting synthetic polymers
onto natural polymers such as CMC, chitosan, chitin,
Na-Alginate, carrageenane and starch. Graft
copolymerization with various vinyl monomers can
be carried out with different initiator systems and
by different mechanisms. CMC is an important
derivative of cellulose and comprises carboxylate
functional groups in its structure. This natural
polymer is a hydrophilic polymer that dissolving of
this polymer in water causes a viscose solution.
Crosslinking of CMC backbones are an important
rout to preparation of CMC based hydrogels. An
others efficient approach to modify swelling
behaviour of CMC hydrogels is graft polymerization
of vinylic monomers onto CMC. Graft
copolymerization of vinyl monomers onto CMC to
preparation of hydrogels have been reported10-12. The
present work reveals graft copolymerization of acryl
amide monomer onto CMC in the presence of
methylenebisacrylamide (MBA) as a crosslinking
agent. The reaction variables affected the swelling
capacity of CMC-g-PAAM Superabsorbent
hydrogels was studied.

EXPERIMENTAL

Materials
CMC sample (DS 0.52) was purched from

Merch Co. Acrylamide (AAm, Fluka), was used after
crystallization in acetone. Potassium persulfate
(KPS, Merck) was used without purification.
Methylenebisacrylamide (MBA, Fluka), was used as
recieved. All other chemicals were of analytical
grade. The drug, Acetaminophen, was obtained from
Jaberebne Hayan Pharmaceutical Co. (Tehran, Iran).
The chemical structure of Acetaminophen is shown
in Figure 1. Double distilled water was used for the
hydrogel preparation and swelling measurements.

Fig. 1: Chemical structure of drug Acetaminophen

Preparation of hydrogel
CMC solution was prepared in a one-liter

reactor equipped with mechanical stirrer and gas
inlet. CMC was dissolved in degassed distillated
water. In general, 0.50 g of CMC was dissolved in
30.0 mL of distillated degassed water. The reactor
was placed in a water bath preset at 60 oC.  Then
0.10 g of KPS (dissolved in 5 mL water) as an initiator
was added to CMC solution and was allowed to stir
for 10 min at 60 oC. After adding KPS, variable
amounts of AAm were added to the CMC solution.
MBA as a crosslinker (0.050 g in 2 mL water) was
added to the reaction mixture after the addition of
monomer and the mixture was continuously stirred
for one hour under argon. The total volume of
reaction was 40 mL. After 60 min., the reaction
product was allowed to cool to ambient temperature
and methanol (500 mL) was added to the gelled
product. After complete dewatering for 24 h, the
product was filtered, washed with fresh methanol
(2×50 mL) and dried at 50 oC(9).

Infrared Analysis
The samples were crushed with KBr to

make pellets. Spectra were taken on an ABB Bomem
MB-100 FTIR spectrophotometer.
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Swelling Measurements
A CMC-g-PAAm sample (0.10 g) was put

into a weighed teabag and immersed in 100 mL
distilled water and allowed to soak for 2 h at room
temperature. The equilibrated swollen gel was
allowed to drain by removing the teabag from water
and hanging until no drop drained (~30 min.). The
bag was then weighed to determine the weight of
the swollen gel. The absorbency (equilibrium
swelling) was calculated using the following
equation:

Absorbency = (Ws - Wd)/Wd ...(1)

where Ws and Wd are the weights of the
swollen gel and the dry sample, respectively. So,
absorbency was calculated as grams of water per
gram of resin (g/g). The accuracy of the
measurements was ±2%.

Standard absorbance curve
The standard calibration curve of the

absorbance as a function of drug concentration was
studied at 245 nm on the UV spectrophotometer.

Fig. 2: The standard calibration curve of the absorbance as a function of Acetaminophen
concentration at 256 nm on the UV spectrophotometer at pH 1.6 (a) and pH 7.4 (b)

Standard Astaminophen (pH 1.6)

Standard Astaminophen (pH 7.4)
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Encapsulation of model drug
Loading of Acetaminophen (25% w/w,

based on the total weight of the hydrogel) was
carried out by swelling (0.1g) polymeric hydrogel
sample in phosphate buffer solution (pH 7.4) at 37oC.
After immersing the hydrogel for 24 h, it was taken
out, dried and reweighed. The increase in the weight
of the hydrogel was taken as the amount of drug
loaded, Acetaminophen encapsulation efficiency
percentage, (EE%). The resulting polymeric
hydrogels were collected, dried and stored until
further investigation13.

Spectrophotometric analysis of model drug
A UV/visible spectrophotometer

(Shimadzu, UV-2550) was used to determine the
maximum spectra of the drug. Model drug in
aqueous solution was prepared for determining the
maximum absorption wavelength. The characteristic
peak was observed. The absorbance value at the
maximum wavelength of 256 nm of the model drug
was read and the corresponding model drug
concentrations were calculated from the calibration
curve.

Determination of the amount of drug entrapped
The amount of Acetaminophen entrapped

into the hydrogels was calculated by measuring the
absorbance of the gelling medium at 256 nm. The
amount of Acetaminophen entrapped was estimated
by the difference between the initial and the final
amount of drug in gelling media. Encapsulation
efficiency percentage was expressed as the weight
of drug entrapped in the beads divided by the initial
weight of ephedrine in solution. Moreover, it is
important to notice that the drug exhibited the same
λ

max for whatever the release medium used in this
study, as the free drug in water and the presence of
dissolved polymers did not interfere with the
absorbance of the drug at this wavelength14-15.

Release studies
In vitro release studies were performed in

SGF and SIF at 37 oC. Accurately weighed amounts
of dried drug-loaded beads (ranging from 0.1 to 0.2
g) were placed in beakers containing 1 L of the
release medium at 37 oC. At periodic intervals 5 mL
of aliquots were collected from the release medium,
and the Acetaminophen concentrations were
measured using a spectrophotometer at λmax 256

nm. The percentage of cumulative amount of
released Acetaminophen, obtained from three
experiments, was calculated and plotted against
time.

RESULTS AND DISCUSSION

Synthesis and Characterization
PAAm was simultaneously grafted onto

CMC in a homogenous medium using KPS as a
radical initiator and MBA as a crosslinking agent
under an inert atmosphere.

The crosslinker, initiator and the monomer
concentration, as well as the reaction temperature
four important variables affected on swelling capacity
of hydrogel, were investigated. The mechanism of
co polymerization of AAm onto chitosan in the
presence of MBA is shown in Scheme 1. The
persulfate initiator is decomposed under heating to
generate sulfate anion-radical. The radical abstracts
hydrogen from the hydroxyl group of the
polysaccharide substrate to form alkoxy radicals on
the substrate. So, this persulfate-saccharide redox
system is resulted in active centers on the substrate
to radically initiate polymerization of AAm led to a
graft copolymer. Since a crosslinking agent, e.g.
MBA, is presented in the system, the copolymer
comprises a crosslinked structure. The
superabsorbency of this hydrogel in distilled water
and various saline solutions were investigated(8-9).

For identification of the hydrogel, infrared
spectroscopy was used. Figure 3 shows the IR
spectroscopy of CMC-g-PAAm hydrogel. The
superabsorbent hydrogel product comprises a CMC
backbone with side chains that carry carboxamide
functional groups that are evidenced by peaks at
1660 cm-1. In fact, In the spectrum of the hydrogel
(Fig. 3-b), new peaks are appeared at 3206 and
1660 cm-1 that may be attributed to amide NH
stretching, asymmetric and symmetric amide NH
bending, respectively.

In vitro release behavior of hydrogels
In order to simulate the possible effect of

pH on drug release rate, a swelling study was
conducted in simulated gastric fluid (pH 1.2) and
simulated intestinal fluid (pH 7.4) at physiological
temperature of 37 °C (Fig. 4). At pH 7.4, the hydrogel
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Scheme 1: General mechanism for CAN-initiated graft copolymerization of acrylamide onto CMC

swells due to anion-anion repulsive electrostatic
forces, while at pH 1.2, it shrinks within a few
minutes due to protonation of the carboxylate
anions. This swelling behavior of the hydrogels
makes them as suitable candidate for designing
drug delivery systems.

The most challenging task in the
development of drug pharmaceuticals is to deal with
instabilities of drugs in the harsh environment of
the stomach. Drug encapsulation processes that
require the use of organic solvents or heating might
potentially physically modify or denature the
therapeutic proteins. Encapsulation processes that
require chemical bond formation among the
encapsulation reagents might unintentionally
chemically modify the therapeutic proteins. However,
our drug loading process was desirable as the
encapsulation of Acetaminophen was performed
avoiding any organic solvent, high temperature,
unfavorable pH and other harsh environmental
conditions. The conditions were benign sufficiently
as the resulting hydrogel physically entrapped the
ephedrine drug. Fig. 5 shows the Acetaminophen
release profile of the test hydrogels at pH 1.2 and

subsequently at pH 7.4. The amount of
Acetaminophen released at pH 1.2 was low; only
about 15% Acetaminophen was released from the
test hydrogel, whereas that released at pH 7.4
increased significantly (56%). The favorable
Acetaminophen release performance could be
attributed to the pH-sensitivity of the hydrogel.
Swelling of such hydrogel in the stomach was
minimal and thus the drug release was also minimal.
Due to increase in pH, the extent of swelling
increased as the hydrogel passed down the
intestinal tract, the hydrogel swelled and the
controlled release of Acetaminophen was
affected(15).

Fig. 5 shows the schematic of actuation at
a distance and resultant squeezing effect for the
pH-responsive CMC-based system. Because of the
high matrix porosity of the hydrogel, the capillary
forces could reinforce the diffusion of solvent into
the hydrogel; thereby the Acetaminophen release
from the hydrogel matrix occurred mainly due to
the diffusion of the drug though the pores of the
swelled matrix in the intestinal pH(9).
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Fig. 3: FTIR spectra of pure CMC(a) and homopolymer-free CMC-g-PAAm copolymer (b)

Fig. 4: Effect of pH of solution on swelling of CMC-g-polyacrylamide hydrogel

Fig. 5: Acetaminophen release profile in pH 1.2 and subsequently in pH 7.4 at 37oC
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Fig. 6: Schematic showing the effect of ON–OFF cycles of pH on swelling behavior.
It shows the pH triggered collapse and resultant burst release due to squeezing effect

Fig. 6: In vitro cumulative release of Acetaminophen from the
hydrogel with different crosslinker content at pH 7.4 and 37oC

The dependence of the extent of
crosslinking on in vitro release was also displayed
in Fig. 6. It is observed that release rates depend
upon the amount of MBA used as crosslinking agent.
The cumulative drug release of Acetaminophen
from the hydrogels was decreased with increasing
MBA content. This could be due to the fact that at
higher crosslinking, free volume of the matrix will
decrease, thereby hindering the transport of drug
molecules through the matrix16-17.

CONCLUSION

The grafting of acrylamide onto CMC was
carried out using CAN as an efficient initiator in the
presence of methylenebisacrylamide (MBA) as a

crosslinking agent. The characteristic absorbing
peaks in the FTIR spectra have proven That CMC
participates in graft copolymerization with AAm.
Acetaminophen drug was encapsulated as a model
drug and in vitro release studies were carried out in
SGF and SIF. These studies indicated that the model
drug encapsulation efficiency was increased with
increasing the concentration of Acetaminophen. We
have also evidenced that the release of
Acetaminophen from these systems was influenced
not only by the pH of swelling medium, but also by
crosslinking content. The release value of
Acetaminophen from hydrogels at pH 7.4 was higher
than that at pH 1.2 . Moreover, the drug release
from the hydrogels was decreased with increasing
MBA content.
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