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ABSTRACT

The aim of the present study was to formulate the hydrogels of hydroxyethyl methacrylate (HEMA) and acrylic acid
(AA) with two drugs namely; disopyramide phosphate (DSP) and propafenone hydrochloride (PPH) for pH sensitive
drug delivery systems. These monomers were polymerized by free radical polymerization method and crosslinked
with ethylene glycol dimethacrylate (EGDMA). The dynamic swelling and deswelling behaviors of the prepared
hydrogels were studied by changing the pH from 1.2 to 7.4, varying copolymer compositions and crosslinker
content. It was observed that with change in pH from 1.2 to 7.4, a considerable increase in swelling of about 70 %
was observed for all formulations. 1t was also found that the degree of swelling increased with an increase in acrylic
acid concentration and decreases with increase in EGDMA content. The drug loaded hydrogels were characterized
by Fourier transmission infrared (FT-IR) spectroscopy, differential scanning calorimetry (DSC) and scanning
electron microscopy (SEM). The prepared drug loaded hydrogels have been further evaluated for drug content, in
vitro drug release and stability studies. The in vitro drug release profiles of both the drugs were almost similar
indicating that release is independent of the drug used and also the formulations showed stability for about 30 days.

Keywords: Acrylic acid, drug releasgrofiles, EGDMA, pH sensitive hydrogels.

INTRODUCTION

For many decades, pharmaceutical dosage formstdifdets, capsules, creams, liquids, and injectabfesirug
carriers have mostly accomplished treatment ofeadigease. Even today, these conventional drugedglsystems
are primary pharmaceutical products, known to mtevprompt drug release. Thus, to achieve and niaimta
therapeutically effective drug concentration raiidge necessary to take these drugs several tinday aThis results
indicates that significant fluctuation of drug léveand side effects i.e., they suffer from minireghchronization
between the required time for therapeutically gféecdrug concentration and actual drug releasélerexhibited

by dosage form [1].

The oral drug delivery holds a plethora of impoceibecause of its ease of administration and pgat@mpliance.
Though the conventional oral drug delivery achielbeth local and systemic effects, there is no @brdver drug
release forms that may lead to local or systemiity [2, 3]. Moreover, the rate and extent of adpgion from
these drugs may vary depending on physico-chenpicgperties of drug and excipients and other factibes
presence or absence of food, pH of gastro intdstiaat (GIT) etc., These limitations shifted thectfis of
pharmaceutical scientists towards idealized driyety, wherein the required amount of bioactivesiaigis made
available at desired time and site of action inlibdy. The low development cost and time requicethtroduce a
novel drug delivery system, as compared to a nesmatal entity further fortifies this shift. Thesgstems allow
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maintenance of plasma concentration within therBpenange, which minimizes side effects and alsduces
frequency of administration.

One such novel approach is the administration o§dn hydrogel polymer network. Hydrogels can berfolated
sensitive to several stimuli, of which the pH sé@wsidrug delivery system are gaining importancecgly in the
oral route of administration considering the vaoiatin pH along the GIT [4] with reduced side effe and
increased patient convenience. In a medium of aptinpH and ionic strength, the pendant groups ionizeé
develop fixed charges on the gel and also sweftinge in the gel [5]. Thus swelling force increageshe gel due
to localization of fixed charges on the pendantugsand as a result, the mesh size of the netwmakges with
small change in pH.

The model drugs used in the present investigatiom disopyramide phosphate (DSP) and propafenone
hydrochloride (PPH). Disopyramide phosphate iswgydif choice for cardiac disease due to its natitovapeutic
index; a controlled release microsphere is highdgibd [6]. Propafenone hydrochloride is a well wnoanti-
arrhythemic drug and lipophilic in nature due torsthalf life [7]. Hydroxyethyl methacrylate (HEMA$ the most
widely studied system for biomedical applicatioh. AEMA gels are very resistant to high temperataeid and
alkaline hydrolysis and they have low reactivitylwamines. Since the gels of HEMA are consideredianic, pH
sensitive swelling behavior involve modified HEMégpolymerized with acrylic or methacrylic acids.nlic acid

is easily incorporated, producing anionic polyaiglgte gels whose ionization is a function of pH.

The dynamic equilibrium swelling, structural chasaization and solute transport in swollen HEMA gel
crosslinked with tripropylene glycol diacrylate watsidied at varying concentrations of crosslinkgiFbrreiraet al
[8]. Through swelling studies it was found that onngiag pH from 6.5 to 12, a large increase in swglli
occurred. Fransomet al., have studied the influence of co-polymer comipmsion non-Fickian water transport
through glassy copolymers [9]. Atat al have studied the release behavior of bioactive tageom pH-sensitive
hydrogels using controlled release systems and hgperted lowest drug release rate was observed fron-
ionized polymer networks in agreement with relatitip between ionization, swelling and drug reldaéé.

Soppimathet al and Bajpaiet al have studied the water sorption dynamics of binagolymeric hydrogel of
HEMA. The water uptake of poly(2-hydroxyethyl methdate) has been improved by co-polymerizing HEMA
with acrylamide in presence of hydrophilic polynseich as polyethylene glycol (PEG) [11-12]. Shriswatet al
have studied the water sorption dynamics of hydobph ionizable copolymer gels [13]. The diffusiohwater,
solute and protein in physiologically responsiveiogels of poly(methacrylic acid-g-ethylene glycesing a range
of compositional changes was investigated by &ell [14] and Lisa Brannon Peppeasal [15]. The drug diffusion
and binding in ionizable poly(vinyl alcohol)/poladrylic acid) (PVA/PAA) interpenetrating polymer tnerks
(IPNs) was investigated by Wrigatal [16].

Diclofenac sodium releasing pH sensitive monolitt&vices were recently synthesized by copolymedmabf
HEMA with acrylate based co-monomers. Results imic¢hat in the stomach pH, swelling degree oflacacid
containing gels is low (< 5%), while as high as59%.in the intestinal pH [17-18]n vitro swelling and release
studies of ocular pharmaceutical agents by silicomtaining hydrogels have been studied by Karlghral [19].
Release of amoxicillin from polyionic complexes afitosan and PAA was carried in order to evaluatyrper-
polymer and polymer-drug interactions [20]. RecergH responsive hydrogels of poly(N-vinyl-2-pyriddine-
polyethylene glycol diacrylate)-chitosan for oralig delivery was reported [21-24].

In the present research investigation, using Dismpyde phosphate and Propafenone HCl as drugs and
hydroxyethyl methacrylate-co-acrylic acid hydrogsl carriers, an attempt has been made to desigsepsitive
drug delivery system.

MATERIALSAND EQUIPMENTS

The drugs disopyramide phosphate and propafenodeotiyloride were obtained from Micro Labs, Bangajor
India. Hydroxy ethyl methacrylate (HEMA), ethylegh/col dimethacrylate (EGDMA), potassium persulghahd
sodium metabisulphate were purchased from Sigmddrich, USA. Acrylic acid and potassium dihydrogen
phosphate were obtained from Loba Chemie, Mumblhiother chemicals of analytical grade were obtdifrem
Ranbaxy Fine Chemicals, Mumbai, India.

The prepared hydrogels were characterized for dauger interactions by Fourier Transform Infra(@d-IR) [25,
27] and differential scanning calorimetry (DSC)uHRer Transmission Infra Red Spectroscopy (FT-IRjlgsis was
carried out by KBr pellet method using FT-IR spesteter, model 8033 Shimadzu, USA. DSC analysis was
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performed using 2010 DuPont TA instrument, Germdine dried samples were sealed into an aluminiumagpal
the dynamic DSC scans are recorded under in thpeterture range 28 - 300C, at a heating rate of 40/min.
The DSC scans recoded under argon gas purge awvardke of 80 ml/min. The drug content releasednfrihe
hydrogel was estimated by spectrophotometric metising UV-visible spectrophotometer, 1601 modelniuzu,
Japan and by automated dissolution tester USP XKIL(08L) type Il apparatus. Scanning electron nscapy
(SEM) studies have been carried out using Joel 8skument, Japan.
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Preparation of Poly(AA-co-HEMA) Hydrogels

The typical hydrogel formulations and designatiofighe prepared copolymeric hydrogels of both dysamide
phosphate and propafenone hydrochloride is talliliserablel. For all the formulations HEMA and AA were
used, where HEMA is a non-ionic monomer and AAis pH sensitive monomer.

The specific monomer ratios have been taken inmvatd temperature was raised t¢®w(°C and stirred for 15
mins for pre-polymerize. Water (approx. 20ml) whssen as the common solvent in which both the mensmre
soluble. The free radical co-polymerization prockas been carried out using 0.04 M redox coupléa§sium
persulphate and sodium meta bisulphate) initiakbe calculated dose of the drug was added anédtior 5 mins
to get uniform dispersion of drug in hydrogels. Ab6.5 % of EGDMA crosslinker was added and mixedl vl he
reaction mixture was poured into petridish andvedid for 4 h. The formed copolymeric gel was remofrec the
mold and kept in desiccators for 2-3 days for catgtrying. The dried hydrogels were crushed asdgzhthrough
sieve #85/120 and used for further studies. In atons M6 M7 G6and GT7the initiator concentration and the
ratios of monomer composition (HEMA : AA (40:6@)e kept constant and vary the EGDMA content froto 1
1.5%.

Table 1. Typical formulations of disopyramide phosphate and propafenone hydrochloride loaded poly(AA-co-HEMA) hydrogels

Disopyramide phosphate formulations

Ingredients Sample Code

G1 G2 G3 G4 G5 G6 G7
DSP(mg) 4.92| 492| 492 492 492 492 492
HEMA (%) 100 80 60 40 20 40 40
AA (%) 0 20 40 60 80 60 60
SMBS (molar) 04| 04 04 04 04 o044 04
KPS (molar) 0.04f 0.04 0.04 0.04 0.04 0.p4 0j04

EGDMA (% viv) | 05| 05| 05| 05 0.5 1 1.5
Propafenone hydrochloride formulations

Ingredients Sample Code

M1 M2 M3 M4 M5 M6 M7
PPH (mg) 492 | 492 | 492| 492 497 492 492
HEMA (%) 100 | 80 60 40 20 40 40
AA (%) 0 20 40 60 80 60 60
SMBS (molar) 04| 04 04 04 04 o044 04
KPS (molar) 0.04f 0.04 0.04 0.04 0.04 0.p4 o0j04

EGDMA (% v/iv) | 05| 05| 05| 05 0.5 1 1.4

Determination of A, for drugs
The UV spectra were recorded for the [igml of Disopyramide phosphate and Propafenonedwydoride drug
stock solutions in pH 7.4 phosphate buffer solutiothe wavelength range 200 - 400 nm. The absmrgtiaximum
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was found to be 268 nm and 304 nm for disopyrarpld@sphate or propafenone hydrochloride respectiaaty
these wavelengths were utilized for quantitativalysis of drug delivery.

Swelling and De-swelling Studies

The pH dependent swelling behaviors of the poly(@cAHEMA) hydrogels have been studied in both 0.16I H
(pH 1.2) and pH 7.4 phosphate buffer. About 200ahgydrogels were placed in 20 ml of 0.1N HCI fbe ffirst 2
hr, and then the hydrogels were transferred to p#H phosphate buffer solution and change in weighs w
monitored. At every 1 hr interval, the hydrogelsrevéaken out and surface adhered water was remoyédbtting
with tissue paper and their weights were recordée. swelling studies of hydrogels were carriedtiutO hr. The
percentage of water uptake (S) was calculated éyalfowing equation;

Weight of swollen hydrogeWeight of dry hydrogel

S= Weight of dry hgdel x 100 Q)

De-swelling study is performed to confirm the pHhsiévity and also to check whether the pH senigjtivs
reversible. The swollen poly(AA-co-HEMA) hydrogdtsr 10 hr were blotted with tissue paper to remeugace
adhered water and their weights were recorded.eThese transferred to 20 ml of 0.1N HCI. The wesghiere
recorded for every 1 hr after blotting the surfaéehe hydrogels with soft tissue paper [28, 2% eTpercentage
decrease in swelling was determined using the eauatentioned above.

Drug Content

The drug, DSP (150 mg- equivalent weight) and PRty 225 mg- equivalent weight) were extracted fribw
hydrogels using water as comment solvent. Bothaetgrwere suitably diluted and drug contents wetienated by
UV spectrophotometric method at 268 nm and 304amDEP and PPH respectively.

In vitro drug release and stability studies

In vitro drug release from the poly(AA-co-HEMA) hydrogelavie been carried out in triplicate at 871°C in a
USP Il rotating paddle dissolution apparatus aitation speed of 50 rpm. The dissolution media mammtained at
37 + 0.5C and stirred at 100 rpm. Drug release from thentdations were determined by withdrawal of 10 ml
samples using guarded pipette at 30 min internvaigHe first 4 h and 1 h interval for the remainidh. Drug
content was estimated after appropriate dilutidifiedE of ageing on drug release studies were dchroigt for the
selected batches of the formulations. The seldotgdulations were stored at %5and 60% RH in desiccators for a
period of 4 weeks. Each batch formulation of 100wag taken on®] 2" 3 and 4" week and was subjectedito
vitro drug release studies.

RESULTSAND DISCUSSION

Differential Scanning Calorimetric (DSC) Studies

To understand the compatible state of the drugcapolymer hydrogel carriers, DSC studies have lvaeried out
on pure DSP, PPH, DSP loaded hydrogel formulati@d)(and PPH loaded hydrogel formulation (M5). The
obtained DSC thermograms are shown in Figures-{bjayhe melting point range of pure drug, DSP wasilies
the range 211.6 - 216°& with a sharp endothermic peak at 21°%€8 Similarly the melting range of the pure PPH
was lies in the range 171.4 - 177@ and exhibits a sharp endothermic peak at 1%3.4t was observed that
presence of the endothermic peak of DSP at 243 formulation, G5 and PPH at 172@ in formulation, M5
indicated that the presence of DSP and PPH drtlggihydrogels respectivelyhe melting points of the drugs were
in good agreement with the DSC data reported eleenf30].

FTIR Studies

FT-IR spectra were obtained for poly(AA-co-HEMA)drpgel, DSP and its hydrogel formulation G5 and RiPd
its hydrogel formulation M5 (Figures 2 (a)-(c)). IRTspectra showed that the characteristics bangsud DSP
drug were not altered after successful encapsulatithout any change in their position, indicating chemical
interaction between DSP and poly(acrylic acid-cdE2MA). The characteristi¢dR absorption peaks of the G5
formulation (Fig. 2(b)) were noticed at, 3479 tis due to amide stretching, 3295 tim due to N-H stretching,
1643 cnit is due to -CONHistretching, 1598 cifis due to benzene and pyrimidine ring vibration 848 cntis
due to HPQ, stretching.
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Figure 2. FTIR spectra of (a) Hydrogel of poly (acrylic acid- co-hydroxy ethylmethacrylate) (20/80), (b) pure DSP and for mulation, G5
and (c) pure PPH and formulation, M5

FT-IR spectra were obtained for PPH and PPH lodgeldogel are presented in Figure 2(c). FTIR spestiaved
that the characteristics bands of pure drug PPH wert altered after successful encapsulation, atisig no
chemical interaction between PPH and poly(acrylgid-@o-hydroxy ethyl methacrylate). The charactaris
absorption peaks of IR spectra of PPH formulatisese noticed at 3420 chis due to hydrogen bonded -OH
stretching, 3317 cthisdue to secondary amine stretching, 2972 isvdue to aliphatic C - H stretching, 1662tm
is due to keto group stretching, 1593 tis due to aromatic ring, C - @retchingand 1030 ciis due to C - O
group stretching.A comparison and interpretation of this region risgood agreement with the reported data
elsewhere [31].

Morphological Behaviors

SEM analysis was performed to study the morpholddiehaviors of swollen hydrogels in water, solosiat pH
1.2 and 7.4. The SEM photomicrographs of swolletrbgels at neutral, pH 1.2 and pH 7.4 are showFignres 3
(a)-(c) respectively. It was observed that the hgdts in water were coarse and when compared With.p and pH
7.4 buffer solution the surface image of hydrogélews more swollen with respect to pH 7.4 bufféutsan than in
1.2 pH solution. This could be attributed to ther@ased swelling of the hydrogel in alkaline pHfaoming its pH
sensitivity [32].

SRY K2 E0R 18k DL

Figure 3. SEM photomicrographs of swollen poly(AA-co-HEMA) hydrogel particles (a) in neutral medium, (b) at 1.2 pH and (c) at 7.4
pH

Drug Content in Poly(AA-co-HEMA) Hydrogel

The measured percent of drug content in poly(AA-EMA) formulations were lies in the range 19.25 - 20.33 %
and 19.3 - 20.4 % for DSP and PPH systems respéctDrug content was found to be almost sameoih IDSP
and PPH loaded hydrogel formulations which arel&bd in Table 2. Although a slight change in thegdamount
was observed in the hydrogels indicating thatghsiariations in the ratios between the drug aardier used. This
result clearly indicates that the drug is uniformigtributed in all hydrogel formulations [33-34].
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Table 2. Content Uniformity Data of DSP and PPH loaded Poly(AA-co-HEMA) Hydrogels

Disopyramide phosphate based formulations
Formulation Code Gl G2 G3 G4 G5 G6 G7
Average meaifmg) + S.D| 19.6+0.52 19.2+0.25 19.7+0.88 19.2+0{529.2+0.52 | 19.6+0.§ 19.4+0.9
Propafenone hydrochloride based formulations
Formulation Code M1 M2 M3 M4 M5 M6 M7
Average meaifmg) + S.D| 19.6+0.42 19.8+0.4D 19.840.2 19.7+0]1 0.42 0.50| 19.3+0.5 20.4+0.44

Swelling Studies of Poly(AA-co-HEMA) Hydrogels

The effect of monomer compositions in the copolynand crosslinker content on the swelling behasgiarti
hydrogels has been studied. The swelling studids/dfogels (without drugs, designated as S1, S2S83S5, S6
and S7) were carried out for first 2 h in acidic 1N HCI) to mimic the stomach conditions. Foe thext 8 h,
swelling was determined in basic pH (pH 7.4, phasptbuffer) to mimic the intestinal conditions. Thiets of
percentage swelling of hydrogels as a functionroétare shown in Figures 4 (a)-(b).

The Figures 4 (a)-(b) indicate that with changelihfrom 1.2 to 7.4, a drastical increase in swgllivas observed
for all hydrogel formulations. This is due to tlomization of carboxylic groups at higher pH rang6é][ From S1 to
S5 formulations, the acrylic acid concentratiorr@ases from 0% to 100%. The concentration of EGDigiiains
constant at 0.5% in all the above formulations.

Swelling behaviors of hydrogels strongly dependshenextent of crosslinking. As the EGDMA contentricreased
from 0.5% to 1.5 %, the percentage swelling wasidoto decrease from 420.3 % to 281.4%. This istdube fact
that increase in crosslink content increases tHgnmic structure stability which is due to morenmer of
crosslink points in the polymeric cage [37]. At lemcross-linking density, the network is loose pagkwith a
greater hydrodynamic free volume, so that the chaam accommodate more of the solvent moleculestiresin

higher swelling. This clearly indicates that thesslinker content have a remarkable effect onwedling behavior
of the drug loaded hydrogel [38].

500 (@ 500 ()
1 [ 7 H74
S1 pH 7.4/ e P
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Figure 4. The effect of (a) monomer content and (b) crosslinker content on swelling behaviour s of poly(AA-co-HEMA) hydrogels

Deswelling Studies

Hydrogels swell differently at different pH medidence, their pH dependent deswelling behaviors were
investigated. The prepared hydrogels were allowesirell for 10 h by placing in pH 7.4 phosphateféusolution

and deswelling behavior is monitored by transfertime gels into 0.1N HCI solution for 8 h [39 , 4B]gure 5). At
every one hour the hydrogels were taken out froenkthffer solution, surface water was blotted are weights
were recorded. The effect of monomer (AA) contentlee deswelling behaviors of hydrogels is showRigures 5

(a). From the figure it was noticed that as inseeén AA content the deswelling behaviour of hydisgis
increases. The trend of deswelling behaviors ofdryels is same as swelling behaviors.

Effect of crosslinker content on the deswelling deburs of the hydrogel formulations has been smidby
increasing the EGDMA content from 0.5% to 1.5% (fF@5(b)). The rate of deswelling behavior was ceduas
increase in crosslink density of the polymeric stinte. It can also be noticed that the duratioeveélling behavior
was 10 h and but it is shorter for deswelling stadiB h).
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Figure5. The effect of (a) monomer content and (b) crosslinker content on deswelling behaviours of poly(AA-co-HEMA) hydrogels

In vitro Release Studies

Thein vitro release studies were carried out for all the foatiohs (G1 to G7 and M1 to M7) in both acidic and
basic media. The release studies were carriednotitel simulated gastric fluid (SGF) for first 2th, mimic the
acidic conditions prevailing in the stomach. Foe thext 8 h, the release studies were carried osinmlated
intestinal fluid (SIF), mimicking the alkaline catidns of the intestine. Thi vitro release data for the hydrogels
of DSP and PPH formulations are shown in Figura)gl§) and Figure 7 (a)-(b) respectively. The re¢eprofiles of
the drugs from their formulations were almost samiwith initial burst occurring in the acidic sahr showing
slightly higher drug release content from PPH laabgdrogels than in the DSP loaded formulationsidéeit can
be stated that release is independent on the naitdreig used.

Effect of pH on the drug release profiles of polptdo-HEMA) hydrogels have been carried out by chagdhe

pH of the solution from acidic (pH 1.2, HCI solutjoto slight basic (pH 7.4 phosphate buffer). Fa initial 2 h

i.e., in the SGF, the percentage drug release stawdfto be low (on comparing to a conventionalegkfior about
only 15% of the complete drug for all the formutais; this can be attributed to the fact that thédrdigel swells less
in the acidic medium thereby showing very lessaséeprofile . When the dissolution medium was chdrtg SIF

i.e., at pH 7.4, the release was found to increasz function of time.

Variations in the monomer composition also havegaiicant effect on the drug release rate from kiyelrogel
formulations. This effect has been studied by vayyihe ratio of acrylic acid and HEMA in the fornaet of
hydrogels. For all the formulations from M1 to MBdafrom G1 to G5t was noticed that the percentage release of
the drug increases to about 85% with increase liyliacacid concentration in the poly(AA-co-HEMA) Hyogel
formulations.

The effect of crosslinker, EGDMA content on the gimelease behavior of the hydrogel formulations besn
studied (Figure 6(b)). As the EGDMA content incechérom 0.5% to 1.5%he percentage drug release were found
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to decrease from 100% (G5) to 85% in G6 and 77% ihrespectively in DSP loaded hydrogel formulations
Similarly in PPH loaded hydrogel formulations witihcrease in EGDMA content, the percentage drugasele
showed a decrease from 98% (M5) to 88% in M6 arth 80 M7 respectively. The effect is due to the @aged
crosslink density in the polymeric structure leadiio sustained drug release. This result cleartijcates that
crosslinked hydrogels can be preferred tool forcnetrolled drug release.
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Figure6. In-vitro DSP release profilesfrom poly(AA-co-HEMA) hydrogel; (a) effect of monomer (AA) content and (b) effect of
corsslinker content
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Figure7. (a) In-vitro PPH release profiles from poly(AA-co-HEMA) (a) effect of monomer (AA) content and (b) effect of crosdinker
content

Mathematical Model Fitting of Obtained Drug Release Data Using pcp-Disso-V2.08 Software

Theinvitro release studies data for both DSP loaded and P&tddbformulations was quantified using PCP-Disso-
v2.08 Software. This software was used to deterrtiigepercentage release of drug and also to deterthie
release mechanism. Parameters like ‘n’ the timeeapt and ‘K’ the release rate constant were caiedl which
are tabulated in Table 3. The value of n determiftetch Korsmeyer-Peppas equation was in the ran§el @,
which indicates that the drug release from the bgels follows non-Fickian or anomalous mechanisshagation
controlled) and Super case |l transport respegtivel

Table 3. nand K Values of DSP and PPH loaded Poly(AA-co-HEM A) Hydrogel For mulations obtained from Best Fit of Peppas Model

Sample codeg Gl G2 G G4 G5 Gp G7 G8
n 0.9 0.8 09| 0.9 1.9 0.9 1.1 1.9
K 1.1 1.4 1.2 1.9 20 172 215 1.86
Samplecodes M1| M2 M3 M4 M5, M6 M7 M8
n 098| 092 12| 104 09 097 1.1 1.p6
K 13 | 142] 11| 11 23 20p 198 21

Stability studies

Stability studies of the DSP and PPH loaded fortiaria namely, G5 and M5 were subjected to agein25at,
60% RH for about 30 days. After ageing G5 and MBnidations were evaluated for drug content at ragul
intervals of time (for a period of 4 weeks) andglaontent results obtained are presented in Tablhd results
obtained indicate that there was no significantngeain drug content of the hydrogels after ageBesed on the
result it can be concluded that the formulationtaoing DSP and PPH were stable.

Table 4. Stability Studies of the Drug Content from Formulations G5 and M5

Formulation Time (week) mean + SD
0 1 2 4
G5 20.33+0.18| 20.19+0.28 20.11+0.09 20.09320.
M5 20.40+0.12| 20.35+0.19 20.31+0.15 20.28980.3
CONCLUSION

FT-IR studies indicated that there is no interacbetween the polymers and drugs in both formutatiand the key
characteristic peaks of the drugs were not altefe@dm the DSC thermograms, it was evident that the
decomposition temperatures of both the drugs aed thydrogel formulations are closer; hence no ifigant
interactions exist between drug and polymers. Bselts obtained from the drug content studiescatds that the
drugs are uniformly distributed in all the hydrofmimulations.

From the results of swelling studies, it was obsédrithat with change in pH from 1.2 to 7.4, an exoepl increase
in swelling was observed for all hydrogel formubais, confirming the pH sensitivity of the hydrogédite swelling
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behavior strongly depends on the monomer concémrand crosslinker content. The results obtaineanf
deswelling studies indicate that upon changingrtteglium from basic to acidic, there is a decreasswialling,
confirming the reversibility of the system.

Thein vitro drug releasgrofiles of both the drugs were almost similar aodcluded that release is independent of
the nature of drug used. The release profiles wependent on the change in pH, crosslinker cortedtratio of
monomers used in the hydrogels. Drug release ftarhydrogels followed non-Fickian or anomalous naectm
(relaxation controlled) and super case Il transpespectively. Based on the drug relegesaults it can be concluded
that the formulations G5 and M5 are optimized hgete.

REFERENCES

[1] B. D. Anderson, W.W. Chu, R.Bntl. J. Pharmaceutics., 1988, 43(3): 261.

[2] Shin Hyun, Bae Soo, Lee Myunigtl. J. Pharmaceutics., 2006, 320: 64.

[3] A. Naik, Y. Kalia, R. GuyBiomaterials., 2000, 3(9):5321.

[4] Hatefi B. Amsden.J. Controlled Release., 2002; 80: 9.

[5] C. Matschke, U. Isele, P. Van Hoogevest, ef.alontrolled Release., 2002; 85:1.

[6] J.E. Brown, D.G. ShandClin. Pharmacokin., 1982, 7: 125.

[7] E. Brode, H. Mueller-Peltzer, M. Hollmankleth. Fund. Exptl. Clin. Pharmacol. 1988; 10: 717.
[8] L. Ferreira, M.M.Vidal, M.H. GilIntl. J. Pharmaceutics., 2000, 194: 169.

[9] Nancy M. Franson, Nicholas A. PeppasAppl. Polym. Sci., 1983, 28: 1299.

[10] Atul R. Khare, Nicholas A. Peppak.Biomater. Sci. Polymer Edn., 1993, 43: 275.

[11] K.S. Soppimath, A.R. Kulkarni, T.M. AminbhaviMicro encap., 2001, 18: 397 .

[12] A.K. Bajpai, Mudita Shrivastava). Biomater. Sci. Polymer Edn., 2002, 13: 12.

[13] A.K. Bajpai, Mudita Shrivastaval. Scientific and Industrial Research., 2001, 60: 131.

[14] Cristi L. Bell, Nikolaos A. PeppaBiomaterials.,1996, 17: 1203.

[15] Lisa Brannon Peppas, Nicholas A. Pepjismaterials., 1990, 11: 635.

[16] Nicholas A. Peppas, Shelia L. WrigEiyr. J. Pharmaceu. and Biopharmaceu., 1998, 46: 15.
[17] Jin Woo Lee, So Yeon Kim, Seong Soo Kim, etlaRppl. Polym. Sci., 1999, 73: 113.

[18] Hasan Basan, Menems Tevfik Orbbytl. J. Pharmaceutics., 2000, 245: 191.

[19] C.C.S Karlgard, N.S Wong, L.W Jones, etlaitl. J. Pharmaceutics., 2003, 257:141.

[20] M. Paloma, D.L. Torre, Y. Enobakhare, et Blgmaterials., 2003, 24:1499.

[21]G. Di Colo, S. Falchi, Y. Zambit@. Controlled Release., 2002, 80: 119.

[22]K.L. Shantha, K. Hardingntl. J. Pharmaceutics., 2002, 207: 65.

[23] A.K. Bajpai, Mudita Shrivastavd. Macromol. Sci. Pure Appl. Chem., 2001, A38 (11): 1123.
[24] H.A. Carrasco, A.V. Vicuna, C. Molina et,dhtl. J. Cardiol., 1985, 9: 425.

[25] Cyrus R. Kumana, Vivian S. Rambihar etil.J. Clin Pharmacol., 1982, 14: 529.

[26] E. Ruel-Garie py , A. Chenite, C. Chaput, letlatl. J. Pharmaceutics., 2000; 20: 89.

[27] A. Yeung, D. Shanks, H. Parwana, et@an. J. Cardiol., 2010, 26: 290.

[28] Lokendrakumar C Bengani, Anuj ChauhBromaterials., 2013, 34(11): 2814.

[29] P.K. Sharma, S.R. Bhatimtl. J. Pharm., 2004, 278: 361.

[30] Afifa Bathool, D. Vishakante Gowda, Mohamm@dKhan,Asian J. Pharm. 2012, 6:107.

[31] D.V. Gowda, A.S Aravind Ram, Vikas Kumar Gupga al.,NDDS, 2012, 2: 12.

[32] Nabanita Saha, Aamarjargal Saarai, Niladri Raiyal.J. Biomaterials and Nanobiotechnology., 2011, 2: 85.
[33] J. DuBose, C. Cutshall, A.Metteds,Biomed. Mater. Res. 2005, 74A:104.

[34] S.K. Baveja, K.V. Ranga Radndian J. Pharm. Sci., 1988, 50: 89.

[35] Erdener Karada, Dursun Sarafdymer Bulletin., 2002, 48: 299.

[36] Jagadish N. Hiremath, B.Vishalaksider Pharma Chemica., 2012, 4(3): 946.

[37] Prashant B. Sutar, Rakesh K. Mishra, Kuna| Biaal.,J. Mater <ci: Mater. Med. 2008, 19: 2247
[38] Y. Muralimohan, K. Sudhakar, P.S. Keshavamyr#t al. Intl. J. Polym. Mater., 2006, 55:513
[39] Monika Schonhoff, Vincent Ball, Andreas R. Bah et al.,Colloids and Surfaces A: Physiochem. Eng.
Aspects., 2007, 303: 14.

[40] Murat Sen, Olgun Guvelur. Polym. J., 2008, 38: 751.

45
www.scholar sresear chlibrary.com



