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ABSTRACT

Inthe present work, films based on Poly(vinyl alcohol) (PVA) and compos-
ite filmsbased on PVA and Xanthan Gum (X G) were synthesized in acidic,
neutral and alkaline conditions using Epichlorohydrin as cross linker. The
effect of pH during synthesisand theratio of PVA: XG inthe compositefilm
on the equilibrium swelling ratio of the composite filmswere investigated.
The in vitro release study on the synthesized films was carried out at 7.4
pH and 37°C (+1°C) using uric acid as model drug. The swelling capabilities
of PVA/XG compositefilmswere found to be lesser than PVA films and the
equilibrium swelling ratio decreased with an increase in the XG content in
the composite films. It was observed that the films synthesized at pH<4.0
have a higher equilibrium swelling ratio as compared to those synthesized
at pH 7-7.5 and pH >9.0. The observed experimental dataon uric acid were
fitted to different kinetic modelsavailablein theliterature and based on the
minimum relative quadratic error it wasfound that the drug rel ease datawas
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well represented by first order kinetics.
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INTRODUCTION

Polymer matrix sysemsarewidely usedinora con-
trolled drug ddivery sysemshbecause of their flexibility
to obtain adesirabledrug releaseprofile, cost effec-
tiveness and broad regul atory acceptance”. Drug re-
|ease from such matricesis known to be a complex
interaction between dissol ution, diffusion and erosion
mechanismg?. Various studiesof drug rel ease mecha
nism; effect of formulation variablesontherel easeki-
neticsand swelling properties; to e ucidatethe water
and drug transport processes and to predict the result-
ing drug release kineticsfor such matrices have been
reported9,

PVA isahydrophilic polymer and has been exten-
sively used in controlled release gpplicationd™@ largely
because of their permesbility, biocompatibility and bio-
degradability. However, asthishydrogd ishighly hy-
drophilic, it rdleasesthedrugwith areaivey highrate.
To prolong drug rel easefrom such asystemn, one needs
to modify itsmacromol ecul ar structure. Thiscan be
achieved by ether cross-linking thusreducing the mac-
romolecular mesh sizeavailablefor drug diffusionor by
combiningwith other polymersto congtructively modify
the structural and swelling properties of theresulting
hydrogd .

Xanthan gum is another industrially important
exocel lular heteropol ysaccharide natural gum used as
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hydrophilic sustained release matrix materid for differ-
ent drugg®9. Itisknownfor itsexcdlent solubility and
stability under both acidic and dkalineconditions, its
stability with saltsand itsresi stance to common en-
zymestY, Because of itsrigid structureincorporation
of XGinPVA matrix shouldimpart greater strengthto
the PVA/X G hydrogelsas compared to PVA hydrogdl .

Theobjectiveof thiswork isto evaluate PVA/XG
compositesfor sustained release and to study the effect
of PVA: XGratio onthesweling and release profile of
thecomposite membranes. Sincethemethod of prepa-
ration and technol ogica parameters can influencethe
release of drugfromthepolymer matrices?, aneffortis
madeto comparethe swelling characteristicsof PVA
and PVA/X G compositefilmssynthes zed under acidic,
neutral and alkaineconditions.

EXPERIMENTAL

Materials

Poly(vinyl dcohol) with M, = 1,25,000 and Hy-
drochloric acid were obtained from S.D.Fine Chemi-
casLimited. Xanthan Gum was procured from Sigma.
Epichlorohydrin obtained fromNationd ChemicasLim-
ited wasused asacrosslinker for the synthesisof the
compositefilms. Theratio of crosslinker to polymer
waskept constant a 1 for al theformulations. Sodium
Hydroxide and n-Heptane were procured from Cen-
tral Drug House Limited and used as such. Sulphuric
acid, methanol and acetic acid (glacia) were obtained
from QualigensFine Chemicals. Uric acid wasgifted
by Eaton Pharmaceuticals, Srinagar.

Synthesisof compositefilms

A 10% w/v agueous sol ution of PVA was prepared
by dissolving PVA in deionised water at 90°C for 6
hoursin hot air oven. A homogeneous sol ution was
obtained by stirring on amagnetic stirrer and then al-
lowed to cool to room temperature. A 1% w/v aque-
ous solution of X G in deionised water was prepared
using amagnetic stirrer. Thesetwo solutionswerethen
mixedtoyield PVA: XG weight ratiosof 95:5, 90:10,
85:15and 80:20 (TABLE 1). Crosslinked pure PVA
and PVA/XG blendswere synthesised using Epichlo-
rohydrin (EPC) ascrosslinker in the presence of so-

L

dium hydroxide. Inal theblendstheratio of amount of
crosslinker to polymer wastaken as 1. The presence
of hydroxyl bondsin PVA and XG enablescrosslink-
ing with EPC leading to the formation of ether bonds
under dkalineconditions(pH >9.0). Ontheother hand,
ester bondsareformedif thecrosslinkingiscarried out
under acidic conditionswith pH<4.0 and amixture of
ester and ether bonds are formed in the cross linked
sructureif thereactioniscarried out under neutral con-
ditionswith pH between 7 and 7.5. In order to study
theeffect of typeof crosslinkinginthe compositefilms
ontheequilibrium swelling, thefilmswere synthesi zed
under acidic, neutral and alkaline conditions. 10%
sulphuric acid, 10% acetic acid and 1.0N sodium hy-
droxide solutionswere used to maintainthedesired pH
during synthess Theformulationswerethentransferred
to petri plates and the reaction was alowed to com-
plete at room temperatureleading to the formation of
thinfilms. The sampleswerethen removed fromthe
petri platesand immersed in an excessof distilled wa
ter in order to removethe unreacted polymer or cross
linking agent. Thesampleswerethen dried a room tem-
perature and finally under vacuum at 40+1°C to con-
stant massand stored in desiccatorstill further use.

TABLE 1 : Composition and sample designation in the

preparation of poly (vinyl alcohol) and xanthan gum
composites

Sample Code Ratio of PVA:XG (w/w)
A 100:0
B 95:5
C 90:10
D 85:15
E 80:20

Swelling measur ements

To study theeffect of pH on swelling behaviour of
the synthesized compositefilms, sampleswere placed
in buffer solution of pH 3.2, pH 7.4 and pH 9.2 at
37£1°C. The swelling studies were carried out using
an el ectronic balance (Saritorius) with an accuracy of
+0.0001 g. Pre-weighed dry films of PVA and PVA/
XGwereimmersedin 100 ml of theswelling medium at
37+1°C. After specific intervals of time the films were
removed from the medium, the surface adhered liquid
dropswere wiped with bl otting paper and theincrease
in weight was measured. The measurements were
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continued until theweight of theswollen hydrogel s at-
tained acongtant va ue. Theequilibrium degreeof swell-
ing S, after hydrogeshasswollentoequilibriuminthe
swellingmediawasca culated using equation 1:

Wey =W,

Seq (%)= x100 )

Herew, istheweight of initial dry ssmpleandw, is
thewe ght of the swollen sampleat equilibrium. Anav-
erage of threemeasurementswastaken for theswelling
Sudies.

Loadingof uricacid

Thesustained release propertiesof PVA, PVA/XG
filmswereevauated with Uric acid asmodel drug. A
stock solution of thedrug was prepared by dissolving
knownweight of thedrugindistilled water. Calibration
curves were prepared by measuring the absorbance
(Hitachi 330 UV visiblespectrophotometer) for known
concentrationsof uric acid solutionsat 294 nm. The
initial concentration of the druginthe stock solution
was cd culated from thecdibration curve by measuring
theabsorbance of the stock solution. Synthesized films
of PVA and PVA/X G were then soaked in the stock
solution for 24 hoursfor swelling. The swelled films
loaded with thedrug werethen dried and stored in des-
iccatorstill further use. Theamount of drugloadedin
thesamples (M) was calcul ated asthe differencein
the concentration of theswelling medium beforeadding
thefilmsand after 24 hoursof swelling of thefilminthe
medium.

In Vitro release studies

Theinvitro dissolution studiesof theloaded PVA,
PVA/XG filmswerecarriedinabuffer of pH 7.4 and at
atemperature of 37+1°C. Samples were withdrawn
fromthebuffer solution at predetermined timeintervas
and replaced with equal volumes of fresh dissolution
medium maintained at the desired temperature. These
aliquotswere suitably diluted and the absorbancewas
measured a 294 nm. Theamount of drug released was
estimated from thecdibration curve. Themeasurements
werecarried until nearly theentireamount of drugloaded
onthefilmwasre eased into thedissolution buffer. The
percentage cumul ative drug rel eased was cal cul ated
usingequation 2:

—== Fyl] Paper

% cumulative | amount of drugr eleased 100
drugreleased | amount of drugloaded @

Theresultsobtained are an average of threereadings.

RESULTSAND DISCUSSION

Swelling studies

Theswdling behaviour of PVA and PVA/XGfilms
synthesized under acidic, neutral and akaline condi-
tionswasinvestigated by carrying out swelling mea-
surementsin an aqueous buffer of pH 3.2, pH 7.4 and
pH 9.2 at 37+1°C. The equilibrium degree of swelling
S, (%) calculated for samplesA, B, C, D and E syn-
thesized under varied pH isgiveninfigure 1.

Itisapparent that the equilibrium degree of swell-
ing of thesefilmscan be controlled by varyingthe XG
contentinthePVA/X G film. Filmscontaining XG hada
lesser equiilibrium degree of sellingascomparedto PVA
hydrogel sand thisgoes on decreasing with anincreas-
ing XG content in the composite. Crossinking of XG
may haveledto adecreaseinthe macromolecular mesh
size of themembranesresulting inlower equilibrium
degreeof swelling. XG havingadoublehelical struc-
tureresistsswelling and imparts stability to the mem-
branes. The pH conditions during the synthesis of the
compositesa so had asignificant effect onthe swelling
profileof thesamples. Samplessynthesized under acidic
conditions (pH <4) and inthepH range 7to 7.5, hav-
ing ester linkagesand amixture of ether and ester link-
ageswerefound to degrade after 48 hours confirming
that ester bonds are degradable. The compositesthat
were synthesized under alkaline conditions (pH >9)
exhibited ahigher strength and asteadily increasing
swdlingprofiletill S, Thegtability ismainly attributed
totheformation of ether bondsduring crosdinking. The
equilibrium degree of swelling alsoincreased within-
creasing pH of theswelling buffer.

Drug release studies

Drug loaded films of PVA and PVA/XG synthe-
sized under akaline conditionswere used to study the
release profile. When the drug loaded films camein
contact with asolvent, relaxation of thepolymer chains
takes placeleading to swelling. The entrapped drug
passesthrough the swollen polymeric matrix dueto the
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Figurel: Equilibrium degreeof swdlingfor (a) SampleA (b) SampleB, (c) SampleC, (d) SampleD, (€)Sample E synthesized
under varying pH conditions(pH<4, pH 7-7.5and pH >9) asafunction of pH of the swelling medium

concentration gradient into the swelling medium. The
amount of drug released dependson therate of swell-
ing. Inthe present work, therelease of Uric acidfrom
the synthesized filmsat pH 7.4 and at atemperature of

37+1°C was studied. The percentage cumulative drug
rel eased was cal cul ated using equation 2. A plot of drug
releaserate, defined astheratio of amount of drug re-
leased at any timeto the actual amount of drug loaded
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onthefilm, asafunction of timeisshowninfigure2.
Fromthegraphsitisclear that withtheaddition of XG
to PVA thedrug releaserate decreases. Variationinthe
amount of XGto PVA alowsfor acontrolled release
of theloaded drug from thefilmssuggesting that PVA/
X G blends can be used for sustained rel ease. Higher
amount of XG intheblend leadsto acomplex structure
with high crosdinking density. Theuricacid molecules
get trapped into the cyclodextrin like structure of XG
Because of the presence of two phenolicgroupsinuric
acidthereisapossibility of hydrogenbondingwith XG
hencethere ease of the moleculeisretarded.
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Figure2: Percentagedrugreeaserateof uricacid at pH 7.4
asafunction of timefor the synthesized samples

In order to study the rel ease kinetics, the dataob-
tained frominvitro drug rel ease studieswerefitted to
different kineticmodels.

Higuchi’s model™*? described therelease of drugs
frominsoluble matrix asasquareroot of time, (equa-
tion3)

M, 1/2
—t =kt ©)

whereM  istheamount of drug released at timet, M
istheamount of drug rel eased at timewhen nearly the
entireamount of drug loaded on thefilmshasbeenre-
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leased and k is kinetic constant. Korsmeyer et al.l®
derived asimplerelationship which described drug re-
leasefrom the pol ymeric system expressed as:

Mt n
Y @

wherek isthereleaserate constant and nistherelease
exponent. Peppas and Sahlin*¥ considered therel ax-
ation mechanismaongwiththediffusond releasefrom
the matrices and proposed equation 5 to explain the
rel ease kineticsfrom polymeric matrices.
&=kltn+k2t2n (5)
wherek, and k,represent therel ative contributions of
thefickian and relaxation mechanismsrespectively and
tistime. Hixson and Crowel ™ proposed equation 6
to describetherdeaserate of thedrug from polymeric
matricesas

T =[1- (k)]

o0

(6)

wherek iskinetic constant and t isthetime. Shah et

a ¥ suggested afirst order kineticsto characterizethe

rel ease propertiesof hydrophilic matricesexpressed as
M t

M_w = (1— e_kt) (7)

wherek isakinetic constant and tistime. Catellani et
al . suggested equation 8 to predict thedrug rel ease
from polymeric matri ces.

Mt
M_w=klt1/2+k2t (8)

wherek, and k, represent therel ative contributions of
fickian and relaxation mechanismsandtistime.
Thekinetic parameters, corrd ation coefficient (R?)
andtheminimumrdativequadraiceror (MRQE) (equa
tion 9) wasca cul ated for each of thesemodels(TABLE
2). Based onthe M RQE va uethedrug releasekinetics

TABLE 2: Kinetic parameters, correlation coefficient and minimum relativequadraticerror for thereleaseof uricacid

from synthesized compositesof PVA/XG

Higuchi M odel Korsmeyer M odel Catellani M odel Peppas and Sahlin M odel Hixson-Crowell First Order Model

Sample (Equation 3) (Equation 4) (Equation 8) (Equation 5) M odel (Equation 6) (Equation 7)
k R’ MRQE k n R> MRQE ki ko R’ MRQE ki &k m R?® MRQE k R> MRQE k R? MRQE
A 0401 0.21 0534 0.742 0.148 0.932 0.173 0.899 -0.185 0.881 0.421 1.047 -0.271 0.338 0.965 0.147 0.131 0.116 3.844 2.333 0.993 0.032
B 0.385 0.404 0.513 0.677 0.179 0.946 0.175 0.813 -0.159 0.922 0.441 0.914 -0.212 0.359 0.924 0.137 0.128 0.339 3.450 1.865 0.970 0.069
(] 0.344 0.765 0.3898 0.520 0.269 0.964 0.206 0.603 -0.096 0.965 2.069 0.631 -0.103 0.412 0.953 7.32 0.117 0.697 2.228 0.916 0.858 0.186
E 0.409 -0.035 0.5829 0.797 0.115 0.916 0.182 0.962 -0.206 0.798 0.499 1.176 -0.342 0.315 0.950 0.162 0.133 -0.172 4.000 2.949 0.993 0.042
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of thisformulationiswell represented by thefirst order
model (equation 7) suggested by Shah et d .15,

2
M experimental — M predicted )

©

M experimental

MRQE = S

Here N isthe number of datapoints.
CONCLUSION

Anaysisof theswelling and drug rel easebehaviour
of PVA and PVA/X G films suggeststhat combination
of XG and PVA adlowsaretarded release of drugfrom
the PVA/XG films. At the super molecular level, the
meacromol eculesof Xanthan adopt adoublehdica sruc-
ture stabilised by inter and intramolecular hydrogen
bondswhich dlow for thed ow release of theentrapped
drug moleculesinthepresent caseuricacid. Theswell-
ing behaviour of PVA/X G filmswasfound to beafunc-
tion of pH during formulation, XG content and the pH
of theswelling medium. Blends synthesized under alka-
lineconditionswerefound to be more stablethat those
synthesized under acidic or neutral conditions. Anin-
creaseinthe X G content lowersthe equilibrium degree
of swellingfor PVA/XGfilms. PVA/XG blendscan be
used as pH-sensitive systemsfor targeted drug deliv-
ery. Thedrug release behaviour of PVA/XG filmscan
be controlled by variationinthe percentageof XGin
the PVA/XGfilms. Therdeaseof uricacid from PVA/
XG blendswasfoundtofollow first order kinetics.
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