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ABSTRACT

Topical advancesin 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) asa 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

KEYWORDS

Hydrogels;
Surfactant;
Cross-inker;
Swelling kinetics;
Drugrelease.

hydrogel systems.
INTRODUCTION

Pharmaceutical research hasled to the devel op-
ment of nove drug delivery systems possessing several
inherent advantages compared to conventiona dosage
formulations. Thispromoted to design nove experimen-
tal activitiesin thedevel opment of smart polymeric de-
viceswhich are able to release drugs in a controlled
manner under different sensitive environmental condi-
tions. Inthisdirection, particularly an intense research
isgoing on concerning the devel opment of surfactant
modified hydrogels for controlled drug delivery. During
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the last decade, anumber of studieswerefocused to
understand theinteraction between hydrogel sand sur-
factantd®“. Ingeneral, hydrogdlsarethreedimensiond
network polymeric materiascontaining alarge number
of hydrophilic groups capabl e of holdinglargeamount
of water inthar three-dimensiond networks. They swell
many times by absorbing water and shrink on drying.
By utilizing thisinherent property, thehydrogel shave
been employedinwidevariety of fieldg>8. In addition
to the conventional applications, the hydrogels are ex-
tended for immobilization of enzymes as well as for drug
delivery systemd™2,
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For drug delivery applications, hydro-, micro- and
nano-gels are constructed by introducing hydrophobic
and hydrophilic repeating unitsinthegel sfor example,
poly (N-isopropylacrylamide) gels, (PNIPAM gels).
Such hydrogel systemshave paid great attention for
loading both hydrophilic and hydrophobic drugsand
alowsto control thereleasebehavior by externd stimuli,
such as temperature, pH, ionic strength, electric
and magnetic field, pressure, light intensity, solvent com-
position, and so on**1,

Recently various biodegradabl e polymeric nano-
particlesand gl macromol eculeshave been devel oped
and gpproved for cancer, ulcer, inflammatory and other
conventional diseasetreatment!1618,

Additionally, afew bottom-up approaches have
been devel oped to obtain nano-ordered structures at
themolecular level in materia's, such aspolymeric mi-
cdlles, nanocapsules, physica nanogels, pluronic poly-
mers, and core-shd | polymersby sdlf-assembly mecha
nismsin which hydrophobic and hydrophilic segments
spontaneously associ atesto form nanostructures®22,
However, the effective function of thesemicellesys-
temsasdrug delivery carriersgreatly dependsontheir
dability, i.e., static structureof micelle. Consdering the
noble dynamic processof mice lular moleculesthat de-
terminesthe loading and rel ease of drugs’*23, it was
noticed that the surfactant molecul es can influence
the hydrogel characteristics thereby promoting the drug
releasing propertiesof the hydrogels. For example, the
influence of asurfactant on the PNIPAM volume phase
transition was actively studied?-2%, Most of
these studies were concerned with the interaction of
surfactant molecules with modified PNIPAM linear
chains. Generally, the surfactant molecules promotes
both inter- andintramol ecular solubility thereby increas-
ing the phase transition temperature (T ) with the
increase of surfactant concentration. The interaction of
the surfactant hydrophobictailswith the hydrophobic
side groups or back bone of PNIPAM has been sug-
gested to answer for theseresults. Khokhlov et al 1?4
predicted that theinteraction of apolyelectrolyte gel
with an oppositely charged surfactant resultsin three
effects. At lower concentration, the surfactant cannot
form micellesingdethenetwork andthege behavior is
amilar toasolution of in low molecular-weight salts so
astoshrink dightly. At higher concentration, the surfac-
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tant moleculesinsdethegel exceedthecritical 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 till higher surfactant con-
centration, no additiona micelesareformedinsdethe
network andthenetwork dimens onscoincidewiththose
of theneutral network.

Fromtheabovestudies, it isconfirmed that the sur-
factant moleculesarein aposition toinfluencethe hy-
drogd characterigtics, sothat they may improve the drug
loading and rel ease characteristics of drugs. Inview of
this, our interest isto design modified poly (acrylamide)
based hydrogel s with a new surfactant for better drug
delivery system. The study includes optimizing the vari-
ousreaction parametersto obtain higher swelling char-
acteristicsto thehydrogelsaswell asto eva uatetheir
drug ddivery gpplication, usngamode drug (ranitidine).

EXPERIMENTAL

Materials

Acrylamide (AM), ammonium persulfate (APS)
and N, N*-methylenebisacryl amide(MBA) were sup-
pliedby S.D.Fine Chemicals Ltd (Mumbai, India). The
surfactant (Latemul PD-104) was a kind gift from
Ryuuhel Yoshikawa, Polymer Materials & Additives
Chemica Company, Kao Corporation (Tokyo, Japan)
(http:/Amww.kao.co.jp/e/). N,N,N*,N*-tetramethyleth-
ylenediamine (TMEDA) waspurchased fromAldrich
Chemica Company Inc. (Milwaukee, WI, USA). All
the chemical swereused asrecelved. Doubledistilled
water wasused for dl thehydrogelspreparation aswell
asfortheswelling 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 9g/100 ml distilled water) and activator
(TMEDA) (1g/100 ml distilled water) solutionswere
prepared for thesynthesisof hydrogels.

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

Thesurfactant modified poly (acrylamide) hydrogds
were prepared at room temperature by redox co-po-
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Figurel: Chemical structuresof monomer, surfactant, cross-
linker and drug molecules used to prepare hydrogels and
drugloaded hydrogels

lymerizationusngAM as monomer, latemul PD-104 as
reactive surfactant co-monomer, in the presence of a
cross-linker (MBA) and an APS/ITMEDA as
redox initiating system. In typical series of reactions, 1
g of AM, different amounts of surfactant (0.1-1.0 g)
weredissolvedin2ml of distilled water in 100 ml bea-
ker. Tothissolution, 1 ml of MBA (1g/100ml), 1 ml of
APS(59/100 ml) and 1 ml of TMEDA (1g/100ml)
sol utionswere added sequentially to the reaction mix-
tureby stirring at 100 rpm on amagnetic stir plate. The
polymerization wasinitiated instantaneously and the
hydrogel swereformed within 30 min. However, to get
complete hard networksthroughout the hydrogel sthe
reactions were continued for about 8 hr. The hydrogels
werepurified by placingthemin 1liter 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
weredried and cut into small piecesfor further sudies.

Inasmilar fashion, thepolymerizationreactionswere
carried out by varying thereaction parameterssuch as
concentration of MBA,APSand TMEDA. TABLE 1
providesthedetailedinformation of variouscomponents
usedto synthes zethe hydrogels and the hydrogel codes.
Figure 1 providesthechemica structuresof themono-
mer, surfactant, cross-linker and thedrug.
Characterization of hydrogels

Transmission (%)

PAM hydrogel

T | | T
4000 3000 2000 1000
Wavenumber (cm™)

Figure2: FTIR spectrum of PAM hydrogel and surfactant
modified poly(acrylamide) hydrogel (PAM -PM 3)
(1) Fourier transform infrared spectroscopicanaly-
Sis

FTIR spectrophotometer was used to determine
the hydrogel formation, surfactant incorporationin hy-
drogel networks. To record the FTIR spectraof these
hydrogd s, thehydrogel 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 spectrawerere-
corded between 600 to 4000 cm™ on a Bruker IFS
66V FTIR spectrometer (Ettlingen, Germany) with scan-
ning speed of 2 cm™* per second. The average of 62
scanswas presented as FTIR spectra

(2) Scanning electron microscopic studies

To know the surface phenomenon and the mor-
phologica changesin hydrogel swith surfactant modifi-
cation, the hydrogel sampleswere coated with athin
layer of palladium gold aloy. These sampleswereob-
served under JEOL JSM 840A scanning electron mi-
croscope (Tokyo, Japan).

(3) Swelling studies

Theconventiona gravimetricmethod wasemployed
tocdculatetheswellingratio (S) of hydrogel 3. Typi-
caly, about 20-30 mg of hydrogel was placed in 100

ml distilled water/swelling medium. Theweight of swol-
len hydrogel wasdetermined at different timeintervals
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and the swelling experiment was continued to acon-
stant weight. The excesswater wasremoved superfi-
cidly by filter paper and then weighed accurately. By
using theswelling experimenta weightsof hydrogels,
the swdlingratiosof hydrogel swere calculated using
thefollowing equation.

Swelling (§) =[(W -W )/ (W )]

where W and W_denotes the weight of dry gel and
swollengd, respectively.

(4) Drugloading

Ranitidinehydrochlorideisa(RH) (gift ssmplefrom
Aurobindo PharmaLimited, Hyderabad, India), a hy-
drophilic drug (anti-ulcer) used totreat ulcersand gas-
troesophaged reflux disease (GERD)!*. Thisdrugwas
used as amodel drug to load into the hydrogels. To
load thedrug, RH (10 mg/25 ml phosphate buffer solu-
tion PBS, pH 7.4) solution was employed.

Theloading of RH into hydrogel swas conducted
by swelling equilibrium method. Typically, 50 mg of
hydrogel samplewasallowedto swell inranitidine so-
[ution (10 mg/25 ml phosphate buffer solution, PBS,
pH 7.4) for 24 hr. Then, the hydrogel was taken out
from the drug sol ution and washed with 20 ml of water
(3times) to removethe excess of drug present onthe
surface of thehydrogdl. Finally, thehydrogel wasdried
at room temperaturefor 48 h to obtain therel ease de-
vice. Drug encapsul ation efficiency was cal cul ated by
using theremaining amount of drug solution after hy-
drogel loadingwasdone. After removing the hydrogel
from thedrug solution, theremaining drug solution was
analyzed by using Elico SL164 UV Spectrophotom-
eter (The Science House, Hyderabad, India) at A,
315 nm. Theencapsulation efficiency was cal cul ated
by usingthefollowing equation.

% Drugloading <100
% Theoretica loading

% Encapsulation efficiency = [

(5) In vitrodrug release

Thein vitro drug rel easefrom drug loaded hydro-
gel formulations was investigated in PBS. These
hydrogel sweresuspendedin 5 ml PBSand transferred
into dialysistube (8 kD MWCO, 12 mm flat width,
Spectrum Lab, Houston, TX). The samplewithinthe
dialysisbagwastakeninaconica flask containing 50
ml of PBS asthe dissol ution medium on rotary shaker
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(REMI InstrumentsLimited, Vasal, India) at 100 rpm
at 37°C. The amount of drug released from the
hydrogel sto the medium was determined by withdraw-
ing 1 ml diquotsof the sampleat selected specifictime
intervals. Thevolumewithdrawn wasimmediately re-
placed with an equa volumeof pre-warmed PBS solu-
tion at 37°C. The drug released samples were ana-
lyzed by usng Elico SL164UV spectrophotometer (The
Science House, Hyderabad, India) at 2. 315 nm.,

RESULTSAND DISCUSSION

Thesurfactant modified poly(acrylamide) hydrogds
were prepared by solution redox copolymerization tech-
nique asdescribed in the experimental section. Latemul
PD-104 surfactant containsboth hydrophilic (PEO) and
hydrophobic (PBO) groups, which helpsand affects
the encapsulation of drugsaswell asthedrug release
pattern from the hydrogel networks. This surfactant
helpsto load hydrophilic and hydrophobic drugsinto
hydrogd s. Thesurfactant mol ecule containsareactive
double bond that involvesin the polymerization and
forms aco-polymer with acrylamide throughout the
hydrogel networks. Since, surfactant unitsarelinked
together with acrylamide repeating unitsinthemain
cross-linked networks, it cannot escape from the hy-
drogel. The schematic representation of thereaction
between acrylamide, surfactant and thecross-linker is
represented in Scheme 1.

Preparation of hydroges

Poly (acrylamide) (PAM) and Latemul PD-104
modified PAM hydrogels (PAM-PS1 to PAM-PSS;
PAM-PM1to PAM-PM7; PAM-PA1 to PAM-PAG;
and PAM-PT1 to PAM-PT6) were prepared by re-
dox-initiated free-radicd cross-linking polymerization
of aqueous mixtures of 1 mg of AM with different
amountsof surfactant (Latemul PD-104), cross-linker
(MBA), initiator (APS) and activator (TMEDA) for
30min(TABLE 1). Most of thehydrogel swereformed
rapidly by thefreeradical cross-linking copolymeriza-
tion within 30 min curetimefollowing conventiond re-
dox initiating mechanism%, Suchinitiationisan effi-
cient techniqueto produce hydrogelswith low soluble
contents.

FTIR spectraof hydrogels
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Scheme 1: Schematicillustration of hydrogel for mation

FTIR spectroscopy was employed to find out the
chemical repegting unitspresent in hydrogels. Figure 2
depictsthe FTIR spectrum of surfactant modified poly
(AAm) hydrogel. A broad band is observed around
3184 cm'* corresponding to hydrogen bonded N-H
stretching of acrylamide/M BA repesating units. In addi-
tion, peaks are also observed at 1646 cm* and 1605
cm* corresponding to band I and band II of amide
groups. The presence of peaksat 1115 cm* and 1093
cm! areassigned for -C-O-C- peaksof Latemul PD-
104 surfactant molecule[poly(butylenesoxide) (PBO)
and poly(ethylene oxide) (PEO) groups]. Typical
peaks are also observed at 2918 cm™*and 1449 cm'!
dueto CH, stretching and CH,, bending vibrationsof the
repeating units. Therefore, it is very clear from the FTIR
anaysistheincorporation of acrylamide(AM), surfac-
tant (Latemul PD-104), and cross-linker (MBA) units

—= Py Paper

TABLE 1: Composition of monomers, surfactant, cross-
linker, and initiator /activator sused to preparehydrogels

Hydrogel Acrylamide Latemul MBA APS TMEDA

code ()] PD-104 (9) (mM) (mM) (mM)

Latemul PD-104 Variation

PAM 10 NIL 0.648 2.18 0.86
PAM-PS1 10 0.1 0.648 2.18 0.86
PAM-PS2 10 0.2 0.648 2.18 0.86
PAM-PS3 10 0.3 0.648 2.18 0.86
PAM-Ps4 10 0.4 0.648 2.18 0.86
PAM-PS5 10 0.5 0.648 2.18 0.86
PAM-PS6 10 0.6 0.648 2.18 0.86
PAM-PS7 10 0.8 0.648 2.18 0.86
PAM-PS8 10 10 0.648 2.18 0.86

MBA Variation
PAM-M1 10 0.3 0.12 2.18 0.86
PAM-M2 10 0.3 0.259 2.18 0.86
PAM-M3 10 0.3 0.389 2.18 0.86
PAM-M4 10 0.3 0.518 2.18 0.86
PAM-M5 10 0.3 0.778 2.18 0.86
PAM-M6 10 0.3 0.908 2.18 0.86
PAM-M7 10 0.3 1.03 2.18 0.86
APS Variation
PAM-PA1 10 0.3 0.648 1.09 0.86
PAM-PA2 10 0.3 0.648 1.53 0.86
PAM-PA3 10 0.3 0.648 1.75 0.86
PAM-PA4 10 0.3 0.648 2.63 0.86
PAM-PA5 10 0.3 0.648 3.06 0.86
PAM-PA6 10 0.3 0.648 35 0.86
TMEDA Variation

PAM-PT1 10 0.3 0.648 2.18 0.43
PAM-PT1 10 0.3 0.648 2.18 0.6
PAM-PT1 10 0.3 0.648 2.18 0.688
PAM-PT1 10 0.3 0.648 2.18 1.03
PAM-PT1 10 0.3 0.648 2.18 12
PAM-PT1 1.0 0.3 0.648 218 1.37

throughout the hydrogel networks.
SEM analysisof hydrogels

Therepresentative SEM imagesof poly (acrylami-
de) (PAM) and surfactant modified poly(acrylamide)
hydrogelsareshowninfigure 3. The SEM images (Fig-
ure 3 (b-d) demonstratesthat theaddition of surfactant
molecules to the polymerization medium have changed
their morphol ogies. A smilar dominant morphologica
variation was observed by Mohan et al .*¥ for poly(N-
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Figure3: Scanning electron microscopeimagesof (a) PAM hydrogd, (b) PAM-PS(c) PAM-PS3and (d) PAM-PS5 hydrogels
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Figure4: Swelling behaviour of varioushydrogel formulations(a) L atemul PD-104 variation (b) M BA variation, (c) APS
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isopropylacrylamide) based hydrogel networks by al-
tering theamount and type of surfactant inthe polymer-
ization media. In our study, PAM hydrogel showed a
plain surfacemorphol ogy throughout thegd (Figure3a).
By increase of the surfactant content (Latemul PD-104)
inthe polymerization medialeads to change in the mor-
phol ogy dueto incorporation of surfactant moleculesin
thehydrogels. In detail, with lower amount of surfac-
tant (100 mg), the hydrogel (PAM-PS1) wasformed
containingfew small clumpson thesurface (Figure 3b);
with further increase of surfactant content (300 mg),
thegd (PAM-PS3) wasformed by distributing the sur-
factant molecules uniformly throughout the hydrogel
(Figure 3c); and with higher amount of surfactant mol-
ecules (500 mg), thehydrogel (PAM-PS5) wasformed
by aggregation of larger clustersthroughout the hydro-

od.

Inthisway, the cross-linked co-polymerization has
resulted hydrogd sforming rich domainsof macroscopic
networksof highly cross-linked interconnected surfac-
tant chainsand/or lightly cross-linked networked chains
domainsin other places. As per the present experimen-
tal data, 300 mg of surfactant isoptimal to receivea
perfect uniform distribution of surfactant molecu-
les throughout the hydrogels and therefore this amount
wasfixed to prepareanumber of combinationsof hy-
drogd systems(TABLE 1).

Macromolecules

I nfluenceof reaction parameter son hydrogd char-
acteristics

The synthesisof hydrogel sby cross-linking co-po-
lymerization techniqueinvolvesuseof number of com-
ponentsincluding different monomers, cross-linkers,
and initiator/activator. Ingenera, the concentration of
components not only decidesthe reaction kinetics but
dsoinfluencetheoveradl characteristic of thehydrogel
networks. Therefore, wehave studied the variation of
the componentsinfluence on the resulting hydrogels
swelling characteristicwhich isthemost important in-
herent property of hydrogel system.

Surfactant

Theeffect of surfactant content (0.1-1.0g) inthe
feed mixture of thehydrogel onthe swelling capacity
wasinvestigated (Figure4a). Theswelling capacity has
decreased dightly with increase of surfactant amount
from0.1g(S=7.53g/g)to 1.0g (S=6.67 g/g). In
fact, thereisno much changeintheir swelling capacity
among all surfactant modified poly (acrylamide)
hydrogels. The blank hydrogel (PAM hydrogel) has
showed an absorbance of 7.24 g/g. Evenlessamounts
of surfactant (<0.1 g) havesimilar swelling behavior.
Cross-linker

Theeffect of cross-linker concentration (0.13 mM
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to 1.03mM) onthe swelling characteristicsof hydrogel
systemswas studied. Hydrogel synthesis parameters
arefixed at AM (1 g), surfactant (0.3 g), APS (2.18
mM) and TMEDA (0.86mM) and varied the MBA
concentration. Theresultsare presented in Figure4 (b).
The swelling capacity of the hydrogel sdecreased dras-
ticaly withincrease of MBA concentrationfrom 0.129
mM (13.93 g/g) to 1.03mM (6.39 g/g). Thisisdueto
thefact that higher concentrations of cross-linker re-
sultsin highly crosslinked network hydrogel swhich
decreasestheintermol ecul ar spacesthroughout the hy-
drogd networks, and thereby restricting thewater pen-
etration. Therefore, thesehighly cross-linked hydrogels
exhibitslower swelling capacity.

I nitiator /activator

Inthe caseof hydrogel sformed by variation of ini-
tiator, thehydrogd sexhibited animproved swelingwith
increase of initiator (APS) concentration (Figure 4c).
Indetail, the hydrogel s prepared with 0.109 mM APS
resultswith swelling of 8.34 g/g. Thisswelling capacity
improved continuously upto 9.38 g/g when 3.5 mM
APSwasused. Thisisdueto theformation of larger
amountsof freeradicasduringthereactionwithanin-
crease of APS concentration thereby resultinginless
cross-linked gel network (lower density cross-linked
networks), which ultimately increases the swelling
behaviour. In contrast, an increase of TMEDA con-
centration (0.43mM to 1.37 mM) in hydrogel synthe-
sisleadsto continuousfall inthe swelling capacity of
hydrogels(9.04 g/gto 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 hydrochl oride portions
of drug with SO,NH, groupsin addition to the amide
groupsof poly(acrylamide) chains. The % of encapsu-
lation has clearly shown anincrease pattern by thein-
corporation of surfactant moleculesinto the hydrogel
networks (76+4.8%) compared to poly(acrylamide)
hydrogel (65+3.2%). However, with increase of sur-
factant amount | eadsto decreasein encapsul ation effi-
ciency: PAM-PS1 (76+4.5%) > PAM-PS5 (71 £4.8)
> PAM-PS8 (68+6.5%) > PAM (65+3.2%). A clear

—== Py Paper

TABLE 2: Ranitidinehydrochloridereleasekineticsparam-
etersof different drugloaded hydrogel for mulations

Formulation Er!cgpwlation K Corr.el.ation
code efficiency (EE) coefficient r
PAM 65+ 3.2 0.278 0.209 0.9294

PAM-PS1 76+45 0.148 0.294 0.9221
PAM-PS5 71+ 48 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+29 0.263 0.215 0.8877
PAM-PM6 59+1.6 0.294 0.200 0.8898

decreasein encapsul ation efficiency wasa so observed
iInMBA cross-linked hydrogels. Thereasonishighly
cross-linked networksrestrict the penetration of drug
moleculesintothehydrogd networks. Therefore, overdl
encapsulation efficiency dependson the swelling be-
havior of hydrogels.

In vitrodrug release

Therel ease of rantidine hydrochloride (RH) from
the hydrogelswasinvestigated in PBS at 37°C. The
drug release was determined at predetermined inter-
valsupto 60 hr. The cumulative percentage rel ease of
RH isshowninfigure5 & 6. Thedrug releasefrom
hydrogelsisacomplex processwhichisdueto diffu-
sion processfollowed by degradation, and dependson
molecular weight ratio of copolymer, protected layer
stability, and drug physico-chemical properties. In our
case, it isexpected dueto diffusion processviaswell-
ing/de-swelling approach. Theinitid reeeseof RH from
theformulationsis considered dueto quick release of
deposited or weakly bounded drug moleculeson the
surface of hydrogels. Thisbehavior ismorein PAM
hydrogel s compared to surfactant modified hydrogels
(Figure5& 6).

Thedrug rel ease pattern isdiffering between each
hydrogel formulation. For example, PAM-PSL1 exhib-
ited slower release compared to PAM and PAM-S5
and PAM-S8 (Figure 5). From this data, we can as-
sumethat PAM-S1 containing surfactant molecules
hol ds drug molecules and rel eases dowly compared to
other surfactant modified hydrogels, i.e., PAM-S5and
PAM-S8. Similarly, MBA cross-linker variationinthe
formulationsdsoinfluencesthedrug rel ease (Figure6).
Lower crosslinker employed hydrogels having low
crosslinking networksalowed moredrug moleculesto
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Figure5: Effect of variation of surfactant on drugrelease
from different hydrogels

link with surfactant moleculesand cauises| ower amount
of release with time (PAM-PM1). Whereas higher
amount employed hydrogel s contain dense networks
whichalow limited number of drug moleculestointer-
act with amide or surfactant functiona groupsfor ef-
fectivelinking and more moleculesarejust physically
entrapped. These entrapped drug moleculeswere eas-
ily released from hydrogel networkswhich canbeseen
in the case of PAM-PM4 and PAM-PM6 similar to
PAM hydrogel (Figure6).

Drug releasekineticswasanayzed by plotting the
cumulativereleasedatavs. timeandfitting the datato
exponentia equation of thetype ™ asgiven below.

M(X}

Here, M /M, representsthefractiona drug release
at timet, k isaconstant characteristic of thedrug-poly-
mer systemand nisan empirica parameter character-
izing therelease mechanism. Using theleast square pro-
cedure, thevalues areestimated for nand k toal the
sevenformulaionsandthesevaduesaregiveninTABLE
2.1f n=0.5, thedrug diffusesand rel eases out of the
polymer matrix followingaFickian diffusion. If n=1,
compl etely non-Fickian or Casell releasekineticsoc-
curs. Theintermediary va uesranging between 0.5 and
1.0 areattributed to anoma oustypediffusivetransport
mechanismi®,

Thevaluesof k and n have shown adependence
on theextent of cross-linking, % monomer content of
thegd matrix. Thevauesof nfor the surfactant modi-
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Figure6: Effect of variation of cross-linking agent on drug
releasefromdifferent hydrogels

fied hydrogelsby varying theamount of surfactant in
the hydrogels, PAM-PS1, PAM-PS5 and PAM-PS8
ranged from 0.294t0 0.242. For thecross-linking varia:
tion the n values are ranged from 0.2246 to 0.2005
(TABLE?2).

From thisstudy, formulation PAM-PS1 and PAM-
PM 1 has dower drug rel ease characteri stics compared
tod| other formulationsincluding PAM hydrogd. There-
fore, thesehydroge formul ationsmay be useful for con-
trolled and prolonged rel ease applications. Sincethese
hydrogels are made by a biocompatible poly
(acrylamide) asamajor component and therefore can
be applied for drug delivery applications. However, to
improvethebiodegradability it requiresemployingafully
degradable cross-linker which enhancesits degrada
tion.

CONCLUSIONS

The present investigationinvol vesthe devel opment
of nove surfactant modified poly (acrylamide) hydro-
gel systemsthat can be employed for the ddivery of
hydrophilic drugs. A systematic eval uation was per-
formed for different compositionsof hydrogel sthrough
their swelling behavior. Themorphologica and chemi-
cd sructuresof sysemswereconfirmedby usng FTIR
and SEM analysis. Thedrug rel ease studiesindicated
that the drug can be released for alonger time with
slow release. Therefore, this surfactant modified
hydrogels can be used as drug delivery systems for
ranitidinedrug for thetreatment of ulcer.
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