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ABSTRACT

The aim of this present study was to develop a@hsitive interpenetrating polymeric network (IFiydro gels
(HG) based on chitosan-acryl amide-grafted-polyykthe glycol (CTS-AM-PEG) followed by hydrolysiattare
cross-linked with glutaraldehyde (GA). Cefotaximan antibiotic drug was successfully loaded iest IPNHG's.
The HGs formed were characterized by Fourier tranmsfinfrared spectroscopy (FTIR) to confirm theftjreg and
cross linking response, X-ray diffraction (XRD) adifferential scanning calorimetric (DSC) to momitdrug
encapsulation in the polymer matrix. HG's gels wewaluated for swelling index, drug content, inrevitelease
performed in both acidic and basic conditions. TR& matrix in this study was able to extend thesask of
Cefotaxime rate more than 11 hours.
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INTRODUCTION

Currently biocompatible and biodegradable hydrosgéhd a wide application in the field of medicine,
pharmaceuticals, and tissues engineering [1]. filagspromoted scientists and technologists to giweerattention
to develop an effective, useful and biodegradallérdr gels from a sustainable resource [2]. Hydrb gmay be
chemically stable and degrade and ultimately digjrates and dissolve [3]. To avoid this fact a led cross
linking is needed within the hydrogels, accordingtiynuli responsive of hydro gels which swell degieg upon the
external pH [4].Many structural factors such ascatration of polymeric matrix, pKa of the ionizabjjroup,
degree of ionization, cross linking, density, hyahrilicity, influence the degree of swelling of
polymers[5].Recently more efforts have recentlyrbfused on targeted drug delivery system in aipeegion
for sustain release of drug [6].

In recent years, much attention has been givenhendevelopment of IPN from natural biodegradabld an
biocompatible polymeric materials [7, 8]. Among tbdsodegradable chitosan matrix is the best bleitd drug
system [9]. Chitosan has recently gained approwetnited States and Europe for use in bandagesotret
hemostics agent [10,11]. Chitosan are biopolymeaginy immense structural possibilities for chemieald
mechanical modification to generate novel proper{i2, 13]. Graft copolymerization has also beehieve
solubility and grafting of polar monomers on totoban has been found to give rise to improved ddlfl4, 15,
16, 17]. Besides, chitosan is linear polysacchaniae been found to be good chemical entity fortsgizing hydro
gels because of its high cross linking ability doethe presence of amino (-MHgroup[18]. The biodegradable,
biocompatibility and other unique property of ckiam have been made to use in pharmaceuticals adidina
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system. A number of methods have been used foecrthes linking of chitosan such as chemical crassnig with
glutaraldehyde [19].A good number of approachesntprove wet strength of hydro gels and IPN polyimer
network of chitosan have been reported by [20, C8fotaxime is a third-generation Cephalosporiibéstic it has
broad spectrum against Gram positive and Gram-ivegbacteria. Which has a biological half-life o8€..4 h.It is
demonstrated one can enhance the short half-li@eéitaxime by IPN s prepared in this study.

EXPERIMENTAL SECTION

Materials

Cefotaxime (USP grade), Chitosan poly (D-glucosa&ninurchased from Sigma —Aldrich products of Beigiu
acryl amide were purchased from Qualigens Mumbidlial Poly ethylene glycol 4000, hydrochloric acid,
glutaraldehyde, Glacial acetic acid and sodium byidie purchased were purchased from Sd Fine Ché&sniah
other chemicals used in this work were analytieabent grade

Instruments and technique used

FTIR analysis: IR Spectra of was carried out using KBr disc téghe using JASCO -4100, Japan to identify the
chemical structure of the IPN network. DifferentBdanning Calorimetry Furthermore to find out tla¢une of drug

in the polymeric network Differential Scanning Gatoetry (DSC) (Model DSC Q 1000 V9.4 Build 287) dyuwvas
carried out at a scanning rate of 10 °C/min. Saapritlectron Microscope (SEM) Study: The morpholand
surface topography of the prepared network was mednby SEM using model (FEI Quanta FEG 200 - High
Resolution Scanning Electron Microscope). X-rayrdition studies (XRD) Studies help to find thestaflinity of
drug in the cross-linked network was performed (BraBucker Germany, CuKradiation, Nickel filter). The XRD
patterns ofCefadroxil loaded Chitosan —PEG Hydro gel blendcPboCefadroxil loaded Chitosan —PEG Hydro gel
blend, and XRD pattern of pure drug are compared.

METHODS

Preparation of Poly ethylene glycol grafted acryl enide

Poly ethylene glycol grafted acryl amide prepaaiper reported method [19] accordingly, known amof PEG
was dissolved in water on heating at 60°65and treated with acryl amide under nitrogen apheee, to this
solution potassium per sulfate was introduced small quantity under constant stirring at a tempeea65°C  for
about 5 hr. The obtained product was precipitatechéthanol and then with water-methanol (1:1 vihe final
product was filtered and kept in a vaccum for dgyit 60°C. The resultant product to make acidic, 1 wt%itoh
of polymer blend was heated in a hot plate at@@nd stochiometric amount of sodium hydroxide added and
then mixture was stirred with magnetic stirrer @@ for 5 hr to complete the hydrolysis of the polyrbkend then
2N hydrochloric acid was added with a solution afthanol. The obtained products were precipitateshéthanol
and washed with a solution of methanol, filter amg¢uum dried at 68C and stored in an airtight desiccators for
further use.

Preparation of drug loaded polymer blend

About 1 g of polymer and required amount of drugengissolved in 2% acetic acid solution resultinlygon were
mixed with liquid paraffin added slowly by gentledting and stirred with a magnetic stirrer on apiate. Until a
complete dispersion of the drug in the polymer sofuwas obtained [18]. A portion of drug loadedypeer
solution was added drop wise in to a solution offrarol. The obtained IPN network formed were rendofrem
methanol and were repeatedly washed with distillater to remove any un-reacted materials. In c@&now, the
drug release characteristic of different formulatieith varying drug concentration and chitosan witilymeric
blend concentration were prepared and studied €THbI

Table 1 Different formulation with varying drug concentration

Formulation Code Drugloading (%) | Encapsulation efftiency (%) | Mean Patrticle size*
CS-100 100 86.9+0.8 76+0.5
CS-PEG-100 100 85.06+0.1 103+0.4
CS-g cc-polymer 101 10C 89.2840.« 134+0.1
CS-grafted co-polymer100(H 100 93.01+0.9 163+0.4

*(mean+ SD)
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Characterization of drug loaded polymer blend

Thesynthesized polymeric blend was evaluated for thieyisical properties like water content, surfacegoid SEM
analysis. The formation of grafted blend was conéid by FTIR spectral analysis, X-ray diffractionRR) and
differential scanning calorimetric (DSC) to monitrug encapsulation in the polymer matrix.

Water content and swelling ratio of the drug loadedolymer blend

All the prepared IPN network in the form of beadsrevtested by placing each in 30mL of distilled evaand
incubated at an appropriate time interval (30 més)tbeads were taken out and excess water wasedrnfrom the
polymeric blend using filter paper and blend wereighied immediately using Electronic weighing batarod
accuracy 0.00001mg (SHIMADZU Japan). The swellingl®'s was expressed as swelling ratio using equati

S= (\M.'Wo)/wo
Where, W is the weight of the sample at time ty W the weight of dry sample

Determination of drug content

The concentration of drug in all the formulation smdetermined by UV-visible-NIR Spectrophotometed 67
(JASCO, USA). Formulation of a sample was weighedueately and quantatively transferred in to a h@l0
volumetric flask and diluted up to the mark usingtitled water. This mixture was stirred for oveght to allow the
total release of the drug from the IPN polymericdwoek. After filtration the filtrate was assayed ing
spectrophotometer at the wavelength of maximum rélasce at 253nm. Assay was performed in triplicates
drug content (DC, %) anehcapsulation efficiency (EE, %) were calculateddnation 2 and 3

DC = (MA/MM)L00 ....ciiiniit et et et et et e et e e e e e (1)
where Md is mass of drug in the microsphere andibithe mass of microsphere.
EE = (DL/TL)100 ...t e e e, 2)
where ) is actual drug loading and Tis theoretical drug loading.

In vitro release study

Thein vitro drug release studies were performed using (USElpaihgle stage digital) apparatuses) using 900 mL
of phosphate buffer (pH 2 and pH 7.4) as dissatutieedium. The release rate was studied for all fibstions at
fixed time intervals. Aliquots were withdrawn petically and drug was assayed using a spectrophdézme

Statistical analysis
Statistical analysis was performed using Origin Scientific graphing and analysis software. All thsts were run
triplicate and the drug release data analyzed leyvesy ANOVA with statistical significance setzak 0.05

RESULTS AND DISCUSSION

FT-IR Studies for drug —polymer compatibility

This study was carried out to confirm the graftofgacryl amide as well as hydro gel. In additioi]R spectra of
alone PEG, PEG-grafted copolymer and PEG-graftegoblymer (Hydrolyzed) were shown in Figure 1. A lioa
band appearing at 3435¢ncorresponds to associated —OH stretching vibratirthe hydroxyl group of grafted
copolymer. A new peak appeared at 3251@nd the related peak at 1630tmorresponds to —NH bending
vibrations of the primary amides of acryl amiderefatively high intense peak at 292¢mwhich is characteristic to
aliphatic —CH stretching vibrations in the graftapolymer, confirms the completion of reactionthe spectra of
hydrolyzed PEG-grafted copolymer, the shoulder pdiakppeared but two new peaks appeared arouncct800
and 1450cr} which are due to antisymmetric vibrations of -CO@idups.
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Figure 1: FTIR spectra a) Hydrolyzed poly ethyleneg-acryl amide (Green) b) Poly ethylene glycol-g-agtamide (red) c) Poly ethylene
glycol (violet).
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Figure 2: FTIR spectra of A) chitosan blend with hydrolyzed poly ethylene-g-acryl amide, B) Cross linéd chitosan, C) Chitosan blend
with poly ethylene, D) Chitosan blend with poly etllene-g-acryl amide, E) pure chitosan

The FTIR spectrum of plain chitosan showed two pemound 901cthand 1210cm corresponding to saccharine

structure (Figure 2). The observed sharp peak85 tn' and 1501cil are assigned to -GHjroup. A broad band
appearing around 1100¢hindicates the C-O stretching vibration of chitasAnother band appearing around at
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3480cnt is due to amine N-H symmetric stretching vibratidmew peak appeared at 1600tdue to imine bonds
(-C-N) as a result of cross linking reaction betwesmino groups in chitosan and aldehydic grouphe t
glutaraldehyde (Figure 2). In spectra (c), blenfigtotosan with poly ethylene glycol, ether linkagbserved at
1150cnt, In spectra (d), two distinguishing peaks at 1420@nd 1575ci} In spectra (e), chitosan hydrolyzed
complex observed around 1575-15900cdue to -NH.

XRD studies

XRD helps to find out the crystallinity of the dradter the encapsulation in the cross linked hyglrb Cefatoxime
has shown characteristics intense peaks &arid 30 due to the crystalline nature of the drug, howepesks for
the plain drug were not seen for the drug loadextaspheres complex due to the encapsulation of idrtige IPN
network, and same applied to the placebo microgshénus indicates that encapsulated drug is aroagpin nature
are shown in Figure.3
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Figure 3: XRD diffraction of (a) pure drug (b) Drug Figure 4: DSC Curve of A) Cefatoxime, B) Cefatoxime
loaded Chitosan grafted PEG hydro gel Cefatoxime containing hydro gel C) placebo hydro gel.
(c) Placebo Chitosan arafted PEG microsnhe

DSC Studies

DSC thermograms of chitosan, formulated microsgharel pure drug are shown in Figure 4. The theramgrof
chitosan showed a broad peak at 309vhich was attributed to loss of water due to evafion of absorbed water
and no degradation was observed for chitosan imibgrams, which would normally occur at 2%7 Cefatoxime
thermograms showed a broad beak at Z58hich corresponds to its melting point which ssially in the range of
255 — 256°C. This peak was absent in the thermograms fodthg-loaded chitosan microspheres, however, a peak
appeared at 23€.

SEM studies

Surface morphology of polymeric complex was studiedier a scanning electron microscope (SEM). Thdrdy
gels are spherical and polymeric materials are seemnd the hydro gels. Blending of hydro gels wattlymeric
materials has no effect on surface properties (Eigi.

Water content and swelling ratio of the drug loadedpolymer blend

Chitosan hydro gel is ionized hydro gel accordirnitigir swelling nature purely depends on chemitralcture and
pH of the medium. The amount of cross linking agatded to the polymeric matrix at equilibrium irases in
concentration of functional group present in théymeric net work and decrease in the extent of iaking
observedThe strength and water preservation efficiencyyarh gel is depends on amount of cross linking agen
used because the chitosan molecules can bedraref in to polymeric network structure by theitidd of cross
linking agent so water molecules can be presermethis net work. If amount of cross linking is lessis will
greatly affecting the strength as well water preston efficiency of hydro gel was low. If excessiamount of
cross linking agent was used resulting in the de@eof network volume for water preservation efficy. The
amount of cross linking should be moderate to ggtdst water preservation efficiency. In this rémwelling was
performed in triplicate and in all the studies, shendard deviation was found to be 2.88%.
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Figure 5: SEM Picture of drug loaded hydro gel

Drug content uninformative

The drug content uniformity among the differentded polymeric net work was observed in the rangg606% to
93%, The result indicate that the process emplayetis work to prepare hydro gel is capable ofduwing hydro
gel with uniform drug contents with minimum var@t Thus the results showed that all the formuhatiaving
drug content uniformity within the acceptable range

In Vitrodrug release

Cefatoxime release from the polymeric complex wealumted by USP dissolution study. In both pH medfiag

release was found to be much faster in the capéaof chitosan than the polymeric matrix in pH 2eTrelease of
drug is almost complete within 8-12 h in pH 2 wlaerén pH 7.4 release of drug is about 40% withangame time
period (Figure 6). This may be due to blendingiffedent polymer with chitosan and release ratblehded micro
gels get much delayed in comparison with plainadaih. Thus drug release depends upon the nattine pblymer
matrix as well pH media.
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Figure 6: In vitro drug release profile of % cumulative drug release Vs time for different drug formulation at pH 7.4 and pH 2.0.
CONCLUSION

The hydrophilic nature of polyacrylamide modifiedly ethylene glycol was used to synthesis the migets

blended with chitosan. The blend micro gels shofagdrable controlled releases i.e., release ratemare than 11
h. This blended micro gels could be used for cdietiorelease of Cefatoxime.further research worlesrant its

practical applications in vivo.
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