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ABSTRACT

Topical advances in drug delivery have been directed towards the design of
number of drug delivery systems for treatment of various diseases. In the
present invention, we describes the development of poly(acrylamide-co-
surfactant) hydrogel for the incorporation of ranitidine drug for potential

application in anti ulcer and treatment of other conventional diseases. For
this purpose, poly(acrylamide-co-surfactant) hydrogels were prepared by

polymerizing an aqueous solution of acrylamide (AM) in the
presence of a reactive surfactant (Latemul PD 104) using ammonium

persulfate /N,N,N,N-tetramethyl ethylenediamine (APS/TMEDA) as initiat-

ing system and N,N-methylenebisacrlyamide (MBA) as a cross-linker. The
formation of hydrogels were confirmed by Fourier Transform infrared spec-

troscopy (FTIR) and scanning electron microscopic (SEM) studies. The
variation in the hydrogel networks formation by changing the concentra-
tions of synthetic parameters was verified with swelling property. The
ranitidine drug release studies were observed with this surfactant modified
hydrogel systems.  2010 Trade Science Inc. - INDIA
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INTRODUCTION

Pharmaceutical research has led to the develop-
ment of novel drug delivery systems possessing several

inherent advantages compared to conventional dosage
formulations. This promoted to design novel experimen-
tal activities in the development of smart polymeric de-
vices which are able to release drugs in a controlled

manner under different sensitive environmental condi-

tions. In this direction, particularly an intense research

is going on concerning the development of surfactant
modified hydrogels for controlled drug delivery. During

the last decade, a number of studies were focused to
understand the interaction between hydrogels and sur-
factants[1-4]. In general, hydrogels are three dimensional
network polymeric materials containing a large number
of hydrophilic groups capable of holding large amount
of water in their three-dimensional networks. They swell
many times by absorbing water and shrink on drying.
By utilizing this inherent property, the hydrogels have
been employed in wide variety of fields[5,6]. In addition
to the conventional applications, the hydrogels are ex-

tended for immobilization of enzymes as well as for drug

delivery systems[7-12].
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For drug delivery applications, hydro-, micro- and
nano-gels are constructed by introducing hydrophobic

and hydrophilic repeating units in the gels for example,
poly (N-isopropylacrylamide) gels, (PNIPAM gels).
Such hydrogel systems have paid great attention for
loading both hydrophilic and hydrophobic drugs and
allows to control the release behavior by external stimuli,
such as temperature, pH, ionic strength, electric
and magnetic field, pressure, light intensity, solvent com-

position, and so on[13-15].
Recently various biodegradable polymeric nano-

particles and gel macromolecules have been developed
and approved for cancer, ulcer, inflammatory and other
conventional disease treatment[16-18].

Additionally, a few bottom-up approaches have
been developed to obtain nano-ordered structures at
the molecular level in materials, such as polymeric mi-
celles, nanocapsules, physical nanogels, pluronic poly-
mers, and core-shell polymers by self-assembly mecha-
nisms in which hydrophobic and hydrophilic segments
spontaneously associates to form nanostructures[18-22].
However, the effective function of these micelle sys-
tems as drug delivery carriers greatly depends on their
stability, i.e., static structure of micelle. Considering the
noble dynamic process of micellular molecules that de-
termines the loading and release of drugs[19-23], it was
noticed that the surfactant molecules can influence
the hydrogel characteristics thereby promoting the drug

releasing properties of the hydrogels. For example, the
influence of a surfactant on the PNIPAM volume phase

transition was actively studied[24-30]. Most of
these studies were concerned with the interaction of

surfactant molecules with modified PNIPAM linear

chains. Generally, the surfactant molecules promotes

both inter- and intramolecular solubility thereby increas-
ing the phase transition temperature (T

c
) with the

increase of surfactant concentration. The interaction of

the surfactant hydrophobic tails with the hydrophobic
side groups or back bone of PNIPAM has been sug-
gested to answer for these results. Khokhlov et al.[31]

predicted that the interaction of a polyelectrolyte gel
with an oppositely charged surfactant results in three
effects. At lower concentration, the surfactant cannot
form micelles inside the network and the gel behavior is
similar to a solution of in low molecular-weight salts so

as to shrink slightly. At higher concentration, the surfac-

tant molecules inside the gel exceed the critical micelle
concentration (CMC) so that the micelles are
formed inside the network and the gel collapses be-

cause of decrease of the osmotic pressure exerted by
the surfactant molecules. At still higher surfactant con-
centration, no additional micelles are formed inside the
network and the network dimensions coincide with those
of the neutral network.

From the above studies, it is confirmed that the sur-
factant molecules are in a position to influence the hy-
drogel characteristics, so that they may improve the drug

loading and release characteristics of drugs. In view of
this, our interest is to design modified poly (acrylamide)
based hydrogels with a new surfactant for better drug

delivery system. The study includes optimizing the vari-

ous reaction parameters to obtain higher swelling char-
acteristics to the hydrogels as well as to evaluate their
drug delivery application, using a model drug (ranitidine).

EXPERIMENTAL

Materials

Acrylamide (AM), ammonium persulfate (APS)

and N, N1-methylenebisacryl amide (MBA) were sup-

plied by S.D.Fine Chemicals Ltd (Mumbai, India). The

surfactant (Latemul PD-104) was a kind gift from
Ryuuhei Yoshikawa, Polymer Materials & Additives
Chemical Company, Kao Corporation (Tokyo, Japan)

(http://www.kao.co.jp/e/). N,N,N1,N1-tetramethyleth-
ylenediamine (TMEDA) was purchased from Aldrich
Chemical Company Inc. (Milwaukee, WI, USA). All

the chemicals were used as received. Double distilled
water was used for all the hydrogels preparation as well
as for the swelling studies.

Monomer, cross-linker, and initiator solutions

Monomer (AM) (1 g/2 ml distilled water), cross-

linker (MBA) (1 g/100 ml distilled water), initiator
(APS) (5 g/100 ml distilled water) and activator

(TMEDA) (1 g/100 ml distilled water) solutions were
prepared for the synthesis of hydrogels.

(a) Preparation of surfactant modified poly(acryla-
miade) hydrogels

The surfactant modified poly (acrylamide) hydrogels
were prepared at room temperature by redox co-po-
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lymerization using AM as monomer, latemul PD-104 as

reactive surfactant co-monomer, in the presence of a

cross-linker (MBA) and an APS/TMEDA as
redox initiating system. In typical series of reactions, 1

g of AM, different amounts of surfactant (0.1-1.0 g)
were dissolved in 2 ml of distilled water in 100 ml bea-

ker. To this solution, 1 ml of MBA (1 g/100 ml), 1 ml of
APS (5 g/100 ml) and 1 ml of TMEDA (1 g/100 ml)
solutions were added sequentially to the reaction mix-
ture by stirring at 100 rpm on a magnetic stir plate. The

polymerization was initiated instantaneously and the

hydrogels were formed within 30 min. However, to get
complete hard networks throughout the hydrogels the
reactions were continued for about 8 hr. The hydrogels

were purified by placing them in 1 liter beaker contain-
ing 500 ml DI water (re-filled fresh water for every 8 hr
for a week) to extract the un-reacted monomer,
the cross-linker, the surfactant, the initiator and

the activator from the hydrogels. Finally, the hydrogels

were dried and cut into small pieces for further studies.
In a similar fashion, the polymerization reactions were

carried out by varying the reaction parameters such as
concentration of MBA, APS and TMEDA. TABLE 1

provides the detailed information of various components
used to synthesize the hydrogels and the hydrogel codes.

Figure 1 provides the chemical structures of the mono-
mer, surfactant, cross-linker and the drug.
Characterization of hydrogels

(1) Fourier transform infrared spectroscopic analy-
sis

FTIR spectrophotometer was used to determine
the hydrogel formation, surfactant incorporation in hy-
drogel networks. To record the FTIR spectra of these
hydrogels, the hydrogel samples (crushed powder) were
completely dried in an oven (Baheti Enterprises,
Hyderabad, India) at 60C for 6 hr and were grinded
with KBr to make pellets. The FTIR spectra were re-
corded between 600 to 4000 cm-1 on a Bruker IFS
66V FTIR spectrometer (Ettlingen, Germany) with scan-
ning speed of 2 cm-1 per second. The average of 62
scans was presented as FTIR spectra.

(2) Scanning electron microscopic studies

To know the surface phenomenon and the mor-
phological changes in hydrogels with surfactant modifi-
cation, the hydrogel samples were coated with a thin
layer of palladium gold alloy. These samples were ob-
served under JEOL JSM 840A scanning electron mi-
croscope (Tokyo, Japan).

(3) Swelling studies

The conventional gravimetric method was employed
to calculate the swelling ratio (S) of hydrogels[32]. Typi-
cally, about 20�30 mg of hydrogel was placed in 100

ml distilled water/swelling medium. The weight of swol-
len hydrogel was determined at different time intervals

Figure 2 : FTIR spectrum of PAM hydrogel and surfactant
modified poly(acrylamide) hydrogel (PAM-PM3)
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and the swelling experiment was continued to a con-
stant weight. The excess water was removed superfi-
cially by filter paper and then weighed accurately. By
using the swelling experimental weights of hydrogels,
the swelling ratios of hydrogels were calculated using
the following equation.
Swelling (S) = [(W

s
 � W

d
) / (W

d
)]

where W
d
 and W

s
 denotes the weight of dry gel and

swollen gel, respectively.

(4) Drug loading

Ranitidine hydrochloride is a (RH) (gift sample from
Aurobindo Pharma Limited, Hyderabad, India), a hy-

drophilic drug (anti-ulcer) used to treat ulcers and gas-
troesophageal reflux disease (GERD)[33]. This drug was
used as a model drug to load into the hydrogels. To

load the drug, RH (10 mg/25 ml phosphate buffer solu-
tion PBS, pH 7.4) solution was employed.

The loading of RH into hydrogels was conducted
by swelling equilibrium method. Typically, 50 mg of
hydrogel sample was allowed to swell in ranitidine so-
lution (10 mg/25 ml phosphate buffer solution, PBS,
pH 7.4) for 24 hr. Then, the hydrogel was taken out
from the drug solution and washed with 20 ml of water
(3 times) to remove the excess of drug present on the
surface of the hydrogel. Finally, the hydrogel was dried
at room temperature for 48 h to obtain the release de-
vice. Drug encapsulation efficiency was calculated by
using the remaining amount of drug solution after hy-
drogel loading was done. After removing the hydrogel
from the drug solution, the remaining drug solution was

analyzed by using Elico SL164 UV Spectrophotom-

eter (The Science House, Hyderabad, India) at 
max

315 nm. The encapsulation efficiency was calculated
by using the following equation.

100
loadinglTheoretica%

loadingDrug%
efficiencyionEncapsulat% 












(5) In vitro drug release

The in vitro drug release from drug loaded hydro-
gel formulations was investigated in PBS. These
hydrogels were suspended in 5 ml PBS and transferred
into dialysis tube (8 kD MWCO, 12 mm flat width,
Spectrum Lab, Houston, TX). The sample within the
dialysis bag was taken in a conical flask containing 50
ml of PBS as the dissolution medium on rotary shaker

(REMI Instruments Limited, Vasai, India) at 100 rpm
at 37C. The amount of drug released from the

hydrogels to the medium was determined by withdraw-

ing 1 ml aliquots of the sample at selected specific time
intervals. The volume withdrawn was immediately re-
placed with an equal volume of pre-warmed PBS solu-
tion at 37C. The drug released samples were ana-
lyzed by using Elico SL164UV spectrophotometer (The
Science House, Hyderabad, India) at 

max
 315 nm.

RESULTS AND DISCUSSION

The surfactant modified poly(acrylamide) hydrogels
were prepared by solution redox copolymerization tech-
nique as described in the experimental section. Latemul
PD-104 surfactant contains both hydrophilic (PEO) and
hydrophobic (PBO) groups, which helps and affects
the encapsulation of drugs as well as the drug release
pattern from the hydrogel networks. This surfactant
helps to load hydrophilic and hydrophobic drugs into
hydrogels. The surfactant molecule contains a reactive
double bond that involves in the polymerization and
forms a co-polymer with acrylamide throughout the
hydrogel networks. Since, surfactant units are linked
together with acrylamide repeating units in the main
cross-linked networks, it cannot escape from the hy-
drogel. The schematic representation of the reaction
between acrylamide, surfactant and the cross-linker is
represented in Scheme 1.

Preparation of hydrogels

Poly (acrylamide) (PAM) and Latemul PD-104
modified PAM hydrogels (PAM-PS1 to PAM-PS8;
PAM-PM1 to PAM-PM7; PAM-PA1 to PAM-PA6;
and PAM-PT1 to PAM-PT6) were prepared by re-
dox-initiated free-radical cross-linking polymerization
of aqueous mixtures of 1 mg of AM with different
amounts of surfactant (Latemul PD-104), cross-linker
(MBA), initiator (APS) and activator (TMEDA) for
30 min (TABLE 1). Most of the hydrogels were formed
rapidly by the free radical cross-linking copolymeriza-
tion within 30 min cure time following conventional re-
dox initiating mechanism[30-32]. Such initiation is an effi-
cient technique to produce hydrogels with low soluble
contents.
FTIR spectra of hydrogels
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FTIR spectroscopy was employed to find out the
chemical repeating units present in hydrogels. Figure 2
depicts the FTIR spectrum of surfactant modified poly
(AAm) hydrogel. A broad band is observed around
3184 cm-1 corresponding to hydrogen bonded N-H

stretching of acrylamide/MBA repeating units. In addi-
tion, peaks are also observed at 1646 cm-1 and 1605
cm-1 corresponding to band ² and band ²² of amide

groups. The presence of peaks at 1115 cm-1 and 1093
cm-1 are assigned for -C-O-C- peaks of Latemul PD-
104 surfactant molecule [poly(butylenes oxide) (PBO)
and poly(ethylene oxide) (PEO) groups]. Typical
peaks are also observed at 2918 cm-1 and 1449 cm-1

due to CH
2 
stretching and CH

2
 bending vibrations of the

repeating units. Therefore, it is very clear from the FTIR

analysis the incorporation of acrylamide (AM), surfac-
tant (Latemul PD-104), and cross-linker (MBA) units

throughout the hydrogel networks.

SEM analysis of hydrogels

The representative SEM images of poly (acrylami-
de) (PAM) and surfactant modified poly(acrylamide)

hydrogels are shown in figure 3. The SEM images (Fig-

ure 3 (b-d) demonstrates that the addition of surfactant
molecules to the polymerization medium have changed

their morphologies. A similar dominant morphological
variation was observed by Mohan et al.[34] for poly(N-
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Scheme 1 : Schematic illustration of hydrogel formation

TABLE 1 : Composition of monomers, surfactant, cross-
linker, and initiator/activators used to prepare hydrogels

Hydrogel 
code 

Acrylamide 
(g) 

Latemul 
PD-104 (g) 

MBA 
(mM) 

APS 
(mM) 

TMEDA
(mM) 

Latemul PD-104 Variation 

PAM 1.0 NIL 0.648 2.18 0.86 

PAM-PS1 1.0 0.1 0.648 2.18 0.86 

PAM-PS2 1.0 0.2 0.648 2.18 0.86 

PAM-PS3 1.0 0.3 0.648 2.18 0.86 

PAM-PS4 1.0 0.4 0.648 2.18 0.86 

PAM-PS5 1.0 0.5 0.648 2.18 0.86 

PAM-PS6 1.0 0.6 0.648 2.18 0.86 

PAM-PS7 1.0 0.8 0.648 2.18 0.86 

PAM-PS8 1.0 1.0 0.648 2.18 0.86 

MBA Variation 

PAM-M1 1.0 0.3 0.12 2.18 0.86 

PAM-M2 1.0 0.3 0.259 2.18 0.86 

PAM-M3 1.0 0.3 0.389 2.18 0.86 

PAM-M4 1.0 0.3 0.518 2.18 0.86 

PAM-M5 1.0 0.3 0.778 2.18 0.86 

PAM-M6 1.0 0.3 0.908 2.18 0.86 

PAM-M7 1.0 0.3 1.03 2.18 0.86 

APS Variation 

PAM-PA1 1.0 0.3 0.648 1.09 0.86 

PAM-PA2 1.0 0.3 0.648 1.53 0.86 

PAM-PA3 1.0 0.3 0.648 1.75 0.86 

PAM-PA4 1.0 0.3 0.648 2.63 0.86 

PAM-PA5 1.0 0.3 0.648 3.06 0.86 

PAM-PA6 1.0 0.3 0.648 3.5 0.86 

TMEDA Variation 

PAM-PT1 1.0 0.3 0.648 2.18 0.43 

PAM-PT1 1.0 0.3 0.648 2.18 0.6 

PAM-PT1 1.0 0.3 0.648 2.18 0.688 

PAM-PT1 1.0 0.3 0.648 2.18 1.03 

PAM-PT1 1.0 0.3 0.648 2.18 1.2 

PAM-PT1 1.0 0.3 0.648 2.18 1.37 
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isopropylacrylamide) based hydrogel networks by al-

tering the amount and type of surfactant in the polymer-
ization media. In our study, PAM hydrogel showed a
plain surface morphology throughout the gel (Figure 3a).
By increase of the surfactant content (Latemul PD-104)
in the polymerization media leads to change in the mor-

phology due to incorporation of surfactant molecules in
the hydrogels. In detail, with lower amount of surfac-

tant (100 mg), the hydrogel (PAM-PS1) was formed
containing few small clumps on the surface (Figure 3b);
with further increase of surfactant content (300 mg),

the gel (PAM-PS3) was formed by distributing the sur-
factant molecules uniformly throughout the hydrogel

(Figure 3c); and with higher amount of surfactant mol-

ecules (500 mg), the hydrogel (PAM-PS5) was formed
by aggregation of larger clusters throughout the hydro-

gel.
In this way, the cross-linked co-polymerization has

resulted hydrogels forming rich domains of macroscopic
networks of highly cross-linked interconnected surfac-
tant chains and/or lightly cross-linked networked chains
domains in other places. As per the present experimen-
tal data, 300 mg of surfactant is optimal to receive a
perfect uniform distribution of surfactant molecu-
les throughout the hydrogels and therefore this amount

was fixed to prepare a number of combinations of hy-
drogel systems (TABLE 1).

Influence of reaction parameters on hydrogel char-
acteristics

The synthesis of hydrogels by cross-linking co-po-
lymerization technique involves use of number of com-
ponents including different monomers, cross-linkers,
and initiator/activator. In general, the concentration of

components not only decides the reaction kinetics but
also influence the overall characteristic of the hydrogel
networks. Therefore, we have studied the variation of

the components influence on the resulting hydrogels
swelling characteristic which is the most important in-
herent property of hydrogel system.

Surfactant

The effect of surfactant content (0.1-1.0 g) in the
feed mixture of the hydrogel on the swelling capacity
was investigated (Figure 4a). The swelling capacity has
decreased slightly with increase of surfactant amount
from 0.1 g (S = 7.53 g/g) to 1.0 g (S = 6.67 g/g). In
fact, there is no much change in their swelling capacity
among all surfactant modified poly (acrylamide)
hydrogels. The blank hydrogel (PAM hydrogel) has
showed an absorbance of 7.24 g/g. Even less amounts
of surfactant (<0.1 g) have similar swelling behavior.
Cross-linker

The effect of cross-linker concentration (0.13 mM

Figure 3 : Scanning electron microscope images of (a) PAM hydrogel, (b) PAM-PS (c) PAM-PS3 and (d) PAM-PS5 hydrogels

Figure 4 : Swelling behaviour of various hydrogel formulations (a) Latemul PD-104 variation (b) MBA variation, (c) APS
variation, and (d) TMEDA variation
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TABLE 2 : Ranitidine hydrochloride release kinetics param-
eters of different drug loaded hydrogel formulations

Formulation 
code 

Encapsulation 
efficiency (EE) k n Correlation 

coefficient r 
PAM 65 ± 3.2 0.278 0.209 0.9294 

PAM-PS1 76 ± 4.5 0.148 0.294 0.9221 

PAM-PS5 71 ± 4.8 0.202 0.275 0.9674 

PAM-PS8 68 ± 6.5 0.235 0.242 0.9285 

PAM-PM1 65 ± 4.6 0.231 0.221 0.9682 

PAM-PM4 63 ± 2.9 0.263 0.215 0.8877 

PAM-PM6 59 ± 1.6 0.294 0.200 0.8898 

to 1.03 mM) on the swelling characteristics of hydrogel
systems was studied. Hydrogel synthesis parameters
are fixed at AM (1 g), surfactant (0.3 g), APS (2.18
mM) and TMEDA (0.86mM) and varied the MBA
concentration. The results are presented in Figure 4 (b).
The swelling capacity of the hydrogels decreased dras-
tically with increase of MBA concentration from 0.129
mM (13.93 g/g) to 1.03 mM (6.39 g/g). This is due to
the fact that higher concentrations of cross-linker re-
sults in highly crosslinked network hydrogels which
decreases the intermolecular spaces throughout the hy-
drogel networks, and thereby restricting the water pen-
etration. Therefore, these highly cross-linked hydrogels
exhibits lower swelling capacity.

Initiator/activator

In the case of hydrogels formed by variation of ini-
tiator, the hydrogels exhibited an improved swelling with
increase of initiator (APS) concentration (Figure 4c).
In detail, the hydrogels prepared with 0.109 mM APS
results with swelling of 8.34 g/g. This swelling capacity
improved continuously upto 9.38 g/g when 3.5 mM
APS was used. This is due to the formation of larger
amounts of free radicals during the reaction with an in-
crease of APS concentration thereby resulting in less
cross-linked gel network (lower density cross-linked
networks), which ultimately increases the swelling
behaviour. In contrast, an increase of TMEDA con-
centration (0.43 mM to 1.37 mM) in hydrogel synthe-
sis leads to continuous fall in the swelling capacity of
hydrogels (9.04 g/g to 7.22 g/g) (Figure 4d).

Encapsulation efficiency

Encapsulation efficiency of Ranitidine hydrochlo-
ride (RH) in surfactant modified poly (acrylamide) hy-
drogels are presented in TABLE 2. The loading is
caused by interaction between hydrochloride portions
of drug with SO

3
NH

4
 groups in addition to the amide

groups of poly(acrylamide) chains. The % of encapsu-
lation has clearly shown an increase pattern by the in-
corporation of surfactant molecules into the hydrogel
networks (76±4.8%) compared to poly(acrylamide)

hydrogel (65±3.2%). However, with increase of sur-

factant amount leads to decrease in encapsulation effi-
ciency: PAM-PS1 (76±4.5%) > PAM-PS5 (71 ± 4.8)

> PAM-PS8 (68±6.5%) > PAM (65±3.2%). A clear

decrease in encapsulation efficiency was also observed
in MBA cross-linked hydrogels. The reason is highly
cross-linked networks restrict the penetration of drug
molecules into the hydrogel networks. Therefore, overall
encapsulation efficiency depends on the swelling be-
havior of hydrogels.

In vitro drug release

The release of rantidine hydrochloride (RH) from
the hydrogels was investigated in PBS at 37C. The
drug release was determined at predetermined inter-
vals upto 60 hr. The cumulative percentage release of
RH is shown in figure 5 & 6. The drug release from
hydrogels is a complex process which is due to diffu-
sion process followed by degradation, and depends on
molecular weight ratio of copolymer, protected layer
stability, and drug physico-chemical properties. In our
case, it is expected due to diffusion process via swell-
ing/de-swelling approach. The initial release of RH from
the formulations is considered due to quick release of
deposited or weakly bounded drug molecules on the
surface of hydrogels. This behavior is more in PAM
hydrogels compared to surfactant modified hydrogels
(Figure 5 & 6).

The drug release pattern is differing between each
hydrogel formulation. For example, PAM-PS1 exhib-
ited slower release compared to PAM and PAM-S5
and PAM-S8 (Figure 5). From this data, we can as-
sume that PAM-S1 containing surfactant molecules
holds drug molecules and releases slowly compared to
other surfactant modified hydrogels, i.e., PAM-S5 and
PAM-S8. Similarly, MBA cross-linker variation in the
formulations also influences the drug release (Figure 6).
Lower cross linker employed hydrogels having low
cross linking networks allowed more drug molecules to
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link with surfactant molecules and causes lower amount
of release with time (PAM-PM1). Whereas higher
amount employed hydrogels contain dense networks
which allow limited number of drug molecules to inter-
act with amide or surfactant functional groups for ef-
fective linking and more molecules are just physically
entrapped. These entrapped drug molecules were eas-
ily released from hydrogel networks which can be seen
in the case of PAM-PM4 and PAM-PM6 similar to
PAM hydrogel (Figure 6).

Drug release kinetics was analyzed by plotting the
cumulative release data vs. time and fitting the data to
exponential equation of the type [35] as given below.

nt kt
M

M

















Here, M
t
/M

8
 represents the fractional drug release

at time t, k is a constant characteristic of the drug-poly-
mer system and n is an empirical parameter character-
izing the release mechanism. Using the least square pro-
cedure, the values are estimated for n and k to all the
seven formulations and these values are given in TABLE
2. If n = 0.5, the drug diffuses and releases out of the
polymer matrix following a Fickian diffusion. If n = 1,
completely non-Fickian or Case II release kinetics oc-
curs. The intermediary values ranging between 0.5 and
1.0 are attributed to anomalous type diffusive transport
mechanism[36].

The values of k and n have shown a dependence
on the extent of cross-linking, % monomer content of
the gel matrix. The values of n for the surfactant modi-

fied hydrogels by varying the amount of surfactant in
the hydrogels, PAM-PS1, PAM-PS5 and PAM-PS8
ranged from 0.294 to 0.242. For the cross-linking varia-
tion the n values are ranged from 0.2246 to 0.2005
(TABLE 2).

From this study, formulation PAM-PS1 and PAM-
PM1 has slower drug release characteristics compared
to all other formulations including PAM hydrogel. There-
fore, these hydrogel formulations may be useful for con-
trolled and prolonged release applications. Since these
hydrogels are made by a biocompatible poly
(acrylamide) as a major component and therefore can
be applied for drug delivery applications. However, to
improve the biodegradability it requires employing a fully
degradable cross-linker which enhances its degrada-
tion.

CONCLUSIONS

The present investigation involves the development
of novel surfactant modified poly (acrylamide) hydro-
gel systems that can be employed for the delivery of
hydrophilic drugs. A systematic evaluation was per-
formed for different compositions of hydrogels through
their swelling behavior. The morphological and chemi-
cal structures of systems were confirmed by using FTIR
and SEM analysis. The drug release studies indicated
that the drug can be released for a longer time with
slow release. Therefore, this surfactant modified
hydrogels can be used as drug delivery systems for
ranitidine drug for the treatment of ulcer.

Figure 5 : Effect of variation of surfactant on drug release
from different hydrogels

Figure 6 : Effect of variation of cross-linking agent on drug
release from different hydrogels



K.Mohana Raju et al. 127

Full Paper
MMAIJ, 6(2) 2010

An Indian Journal
MacromoleculesMacromolecules

ACKNOWLEDGEMENTS

The authors(KMR & KVP) thank the Defence
Research & Development Organization and The Min-
istry of Defence, Government of India, New Delhi for
the partial financial support.The Author SR also thank
the U.G.C-SAP, New Delhi fo the partial financial
support.Authors also thank Ryuuhei Yoshikawa, Poly-
mer Materials and Additives Chemical Company, Kao
Corporation (Tokyo, Japan) (http://www.kao.co.jp/e/
) for a gift sample, surfactant (Latemul PD-104).

REFERENCES

[1] D.J.Cooke, J.A.K.Blondel, J.Lu, R.K.Thomas,
Y.Wang, B.Han, H.Yan, J.Penfold; Langmuir,
19, 1990 (1998).

[2] E.D.Goddard, K.P.Ananthabadmanabham(Eds);

Interactions of  surfactants with polymer and pro-

teins, CRC Press: Boca Raton, FL, (1993).
[3] A.Creeth, E.Staples, L.Thompson, L.Tucker,

J.Penfold; J.Chem.Soc.Faraday Trans, 92, 589
(1996).

[4] J.R.Lu, J.Blondel, D.J.Cooke, R.K.Thomas,
J.Penfold; Prog.Colloid.Polym.Sci., 100, 311
(1996).

[5] S.Matsuzawa; �Vinyl Alcohol Polymers in Hand-

book of Thermoplastics�, Mercel Dekker, New

York, (1997).
[6] POVAL Committee (Eds); The World of

PVA, Kobunshi Kankoukai: Kyoto, 7 (1992)
I.Kaetsu (Eds); Drug Delivery System, CMC, To-
kyo, (1986).

[7] H.Sezaki, (Ed.); �Drug Delivery System�,

Nankoudou, Tokyo, (1986).
[8] M.Hashida; �Drug Delivery System�, Kagaku

Doujin, Tokyo, (1995).
[9] K.Park, W.S.W.Shalaby, H.Park; Biodegradable

Hydrogels for Drug Delivery, Technomic Publish-
ing Co, Inc.: Lancaster, Pennsylvania, (1993).

[10] T.Yamaoka, Y.Tabata, Y.Ikada; Polym.Preprints,

39, 3176 (1990).
[11] B.Nagel, A.Warsinke, M.Katterle; Langmuir, 24,

4238 (2008).
[12] S.V.Vinogradov; Curr.Pharm.Des., 12, 4703-4712

(2006).

[13] H.G.Schild; Prog.Polym.Sci., 17, 163-249 (1992).
[14] M.O.Zakir, Rzaev, S.Dincer, E.Piskin; Prog.

Polym.Sci., 32, 534-595 (2007).
[15] E.Allemann, J.C.Leroux, R.Gurny; Adv.Drug De-

livery Rev., 34, 171-189 (1998).
[16] L.Brannon-Peppas, J.O.Blanchette;  Adv. Drug

Delivery Rev., 56, 1649-1659 (2004).
[17] V.P.Torchilin; Adv.Drug Delivery Rev., 58, 1532-

1555 (2006).
[18] K.S.Soppimath, T.M.Aminabhavi, A.R.Kulkarni,

W.E. Rudzinski;  J.J.Control Release, 70, 1-20
(2001).

[19] N.Nasongkla, E.Bey, J.Ren, H.Ai, C.Khemtong,
J.S.Guthi, S.F.Chin, A.D.Sherry, D.A.Boothman,
J.Gao; Nano Lett., 6, 2427-2430 (2006).

[20] Y.Murali Mohan, M.K.Reddy, V.Labhaset-
war; �Nanogels: Chemistry to Drug Delivery�,

In: Biomedical Applications of Nanotechnology,

V.Labhasetwar, D.L.Leslie-Pelecky, Editors; New
Jersey, John Wiley & Sons, Inc., 131-171 (2007).

[21] H.Otsuka, Y.Nagasaki, K.Kataoka; Adv.Drug De-

livery Rev., 55, 403-419 (2003).
[22] J.Panyam, V.Labhasetwar; Advanced Drug Deliv-

ery Reviews, (2003).
[23] H.G.Schild, D.A.Tirrell; Langmuir, 7, 665 (1991).
[24] F.M.Winnik, H.Ringsdorf, J.Venzmer; Langmuir, 7,

912 (1991).
[25] K.Tam, S.Ragaram, R.Pelton; Langmuir, 10, 418

(1994).
[26] E . K o k u f u t a ,  Y. Q . Z h a n g ,  T . Ta n a k a ,  

A.Mamada; Macromolecules, 26, 1053 (1993).
[27] T.G.Park, A.S.Hoffman; J.Appl.Polym.Sci., 52, 85

(1994).
[28] H.Yu, D.W.Grainger; Macromolecules, 27, 4554

(1994).
[29] K.Kubota, S.Fujishige, I.Ando; J.Phys.Chem., 94,

5154 (1990).
[30] G.J.Shugar, J.A.Dean; The Chemist�s Ready Hand-

book, McGraw-Hill, New York, 28-114 (1990).
[31] Y.Murali Mohan, P.S.K.Murthy, J.Sreeramulu,

K.M.Raju; J.Appl.Polym.Sci., 98, 302 (2005).
[32] S.Arora, J.Ali, A.Ahuja, R.K.Khar, S.Baboota;

AAPS Pharm.Sci.Tech.E, 6, 372-390 (2005).
[33] Y.Murali Mohan, K.E.Geckeler; React Funct

Polym., 67, 144-155 (2007).
[34] R.C.Korsmeyer, N.A.Peppas; J.Membr.Sci., 9, 211

(1981).
[35] P.L.Ritger, N.A.Peppas; J.Control.Rel., 5, 37

(1987).


