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ABSTRACT

The purpose of present study was to synthesizéupsyg-poly (N-vinyl-2-pyrollidone) using microwawassisted
synthesis. Microwave assisted graft co-polymeiisatf N-vinyl-2-pyrollidone on psyllium husk wastiopsed
using two factor, three level central composite ezkpental design. The observation obtained frominoigation
study displayed that higher concentration of ammmper sulphate and lower concentration of N-vimyrollidone
increases the grafting efficiency. The graft comyised psyllium gel was also evaluated for its nadtmwsive
properties. Mucoadhesion was determined by usindififed physical balance method and it is found tiegre is
two fold increase in mucoadhesion in case of psyHg-poly(N-vinyl-2-pyrollidone) and in vitro relsa study
showed the sustained release of drug metronidaaade a period of 20 hrs in case of psyllium-g-pNhinyl-2-
pyrollidone).
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INTRODUCTION

Natural polysaccharides including psyllium husk ahdir derivatives have been vastly used in phaeutcal
industry as biodegradable and biocompatible polgmfer a large number of applications such as bimdin
thickening, emulsifying, gelling and as controlleelease agent. Psyllium husk also known as ispaghukk
comprises of seed husksPiintago ovata Forsk (family plantaginaceae)

In recent years, various chemical modification ef/lfum has been done to explore it as safe anecefle drug

carrier in pharmaceutical industry. Polyacrylamiesed hydrogels of psyllium were prepared to sthdyrelease
dynamics of of drug [1]. Radiation cross linked/lsm and polyacrylic acid based hydrogels wereleited for

delivery of anticancer drugs to colon [2]. The aaymethylation and ethylation of psyllium arabintaty was

carried out heterogeneously with sodium mono chéoaad with ethyl iodide respectively in the preseof sodium

hydroxide [3]. More recentlysynthesis and characterization of the pspoly(AAm-co-AAc) hydrogels was done
by chemical crosslinking methods [4].

Natural polysaccharides like chitosan, guar gumth@n gum, tamarind seed polysachharides, sodigmaaé and
gum kondagogu have been modified by grafting witladety of vinyl monomers. N-vinyl-2-pyrrolidon&l{P), a
hydrophilic and non toxic bioadhesive monomer hasrbextensively used in the field of pharmacedi§ai7].
Poly vinyl pyrollidone may be used in crystallisipgpcesses [8].

In the present study grafting of psyllium husk wittVP is described. The microwave assisted graft co-
polymerisation of N-vinyl-2-pyrrolidone on psylliumusk was optimised using central composite expartai
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design. The graft co polymer was further evaludiadits mucoadhesive application and in vitro rskeay
formulating the gel using metronidazole as modagdr

MATERIALS AND METHODS

2.1 Materials

Psyllium seed husk (Sidpur Sat Isabgol factory,a@atj India) was purchased from local market. Muttazole
was obtained as gift sample from Ranbaxy LaboregoriGurgaon. India). Ammoniumpersulphate and NAv2Aa
pyrrollidone were obtained from Loba Chemie Pvtl (Mumbai, India) and used as received. Freshlysexcchick
ileum was obtained from the local butcher shop §Hitndia). All other chemicals used were of ariehitgrade and
used as obtained.

2.2 Preparation of graft co-polymer of NVP and pbyim seed husk

Grafting of NVP on psyllium husk was done by micem& using the method as reported earlier [9]. fBrie
psyllium seed husk (5%) was dispersed in N-vingy2rolidone (1-4%) followed by addition of ammonium
persulphate (0-10 m mol/l), a redox initiator. Tdgpersion was then exposed to microwave at a pofn@®% for a
period of 60 seconds. The grafted gum so obtainad precipitated with acetone and washed with acueou
methanol thrice to remove the unreacted monomerraagents if any, followed by drying in oven af@aqill
constant weight. The grafting efficiency was cadtetl according to the equation described below:

wWi-Wo
w2

Grafting Efficiency(%) = X100

Where, W is weight of gum, Wis weight of grafted co-polymer and,\W¢ weight of N-vinyl-2-pyrrolidone.

2.3 Experimental design

For nonlinear response central composite desig@®jGre frequently employed second order models. désign
effectively combines the advantageous featuresodf factorial design and star design [10]. In pmesent study
two factor central composite design was employedoftimization of grafting of NVP on psyllium huskhe

concentration of psyllium husk, NVP and ammonium géphate were selected as the independent varaid

grafting efficiency (%GE) was selected as the ddpenh variable (Table 1). Each independent variatdes

investigated at three levels (i.e.-1,0,+1).

2.4 Characterisation by FT-IR spectroscopy

The graft co-polymer of NVP and psyllium apdyllium -g —poly (N-vinyl-2-pyrrolidone) samplesve subjected
to FT-IR spectroscopy in a Fourier—transform irdcaispectrophotometer (Perkin - Elmer spectrum)aimge of
4000 cm'‘to 500 cn using KBr pellet method.

3.0 Evaluation of grafted psyllium as mucoadhesielymer

3.1 Formulation of gels

The gels were prepared by dispersing psyllium hargk grafted psyllium husk (2% w/v each) in agquesaistion
containing the drug metronidazole (1% wi/v) sepdyatéhen both the formulations were left overnigihhydrate to
form gels.

3.2Ex — vivo mucoadhesion study

Mucoadhesion study of Psyllium apdyllium -g —poly (N-vinyl-2-pyrrolidongels was carried out using modified
physical balance method reported earlier [11]. Brighe apparatus comprised of a physical balasoataining
glass plates and the beaker on each pan. One gkies was attached to the base of the stage, enwhd was
attached to the pan of the balance. Fresh chicknilemembrane was used for mucoadhesive testingh fetgsk
ileum was glued to the upper side of the lowerepkatd another was glued to the lower side of theeuplate by
using adhesive (Quick fix®). The weighed gel (Iwgs placed on the chick ileum glued to the uppae sif the
lower plate. Then, the upper plate was placed thetower plate and 50 g preload force (or conpaessure) was
applied for 5 min (preload time). After removal tbe preload force, the water was dropped in tobeeker drop
wise till the plates were detached from each otlibe weight of the water (g) required for the detaent of the
glass plates was considered as the mucoadhesimdbthe applied gel.

3.3In vitro release studies

In vitro release studies of the drug metronidahalee been carried out by placing accurately weigjeaquivalent
to 10 mg of the drug in the center of a hollow rgitical dialysis membrane. This membrane was tb&tefl and
hermetically sealed from both ends which were tihto the paddle of dissolution apparatus [12$sDlution was
carried out in USP type Il dissolution apparatuBI(F 0O8L, Electrolab, India) and dissolution medi{@%0ml) was
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Mcllvaine buffer pH 6.6. The entire system was keap87.0 + 0.5°C with continuous stirring at 50 t@ampling of

5 ml was done at time intervals of Omin, 15min, 8n®0min, 2hr, 4hr, 6hr, and 10hr, 20hr, 24hr. Thedia
volume was maintained by adding equal volumes esHrmedia, and the concentration of MTZ was medsure
spectrophotometrically (Cary 5000, varian Austiadie320 nm.

RESULTS AND DISCUSSION
4.1 FT-IR spectroscopy

Fig.1 a & b exhibits the FT-IR spectrum of Psyllisnd of psyllium -g —poly (N-vinyl-2-pyrrolidonefithe
frequency region from 4000 to 500 cm-1.

2000 1800 1600 1400 1200 1000 800 0 60 4000 40000 w00 320 280 240 2000 1800 100 1200 1000
em1 em1

Figure 1(a) FTIR spectra of psyllium (b) psyllium g —poly (N-vinyl-2-pyrrolidone)

The spectra of Psyllium shows a broad absorptiom lza 3401cm-1 which can be attributed to —OH cliiaty of
alcohols. A peak appearing at 2926 cm-1 is due@bl stretching of alkanes, while the peak at 10%0lcascribed

to C-O-C stretch of ether. The peaks appearing98t 814 and 613 cm-1 may be due to polymer backbone
bendings. The IR spectra of psyllium -g —poly (Nw2-pyrrolidone) shows a characteristic peak @+O
stretching vibration at 1652 ¢hof cyclic amide (lactam), a peak appearing at 188t shows the stretchinof
tertiary amine that confirms the grafting of N-vik@ypyrrolidone.

4.2 Effect of grafting conditions on grafting parasters

The concentration of NVP and APS were selecteddeapendent variables for the optimization studyijevbercent
grafting efficiency was selected as dependent blrian this study pyrollidone on psyllium husk weerried out
using two factor, three level central compositeagitpental design.

Table 1: Central composite design using process \iables with grafting efficiency

Conc. Of APS | Conc. Of NVP | % GE

RUN | molil) X, | (% wiv) Xo Y
1 10 4 25
2 0 4 8.25
3 5 1 60
4 10 1 60
5 0 1 20
6 0 25 10
7 5 25 34
8 5 25 38
9 5 25 34
10 5 4 20
11 5 25 40
12 5 25 38
13 10 25 40

Fig 2 shows combined effect of NVP & APS on peragatfting efficiency of NVP on psyllium. It can lobserved
from the plot that concentration of APS has prormagheffect than NVP at lower levels of NVPO concatin.
Increasing the concentration of APS at lower ledEINVP results in greater degree of grafting whidn be
attributed to the formation of more amount of N\eef readicals. Thereby yielding greater graftinficieincy.
However, on increasing the amount of NVP theredsrelase in grafting efficiency which appears talbe to the
formation of less number of NVP free radicals.
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Figure 2: 3 D response surface plot showing combideeffect of conc. of APS and NVP on grafting effieincy

Thus lower level of NVP and higher level of APS dav the formation of graft co polymer with greatgafting
efficiency. Polynomial equation expressing the tiefeship between the concentration of APS, NVP graiting
efficiency can be described as:

Y(%) = 34.029 + 90527% 12.995 %- 0.775%X,- 0.469%>+ 1.446X%

The ANOVA test was applied to the model to estimtaignificance. The ANOVA analysis of the modabwed
the model to be significant (P<0.05) and value db&ng 0.9631 with non-significant ‘lack of fit'. Bhadequate
precision 20.406 (greater than 4.0) indicate adegsignal.

4.3 Mucoadhesion Study

It was observed from the mucoadhesive study choig by using modified physical balance method the force
required for the detachment of chicken intestin@ntbranes from psyllium -g —poly (N—vinyl-2-pyrrabide)
(0.284N)was more than double than psyllium gel (0.117N).

4.4 In vitro release
Fig. 3 displays then vitro release profile of metronidazole from various @etmulations. The release of
metronidazole was found to be retarded for a pesfdD hrs.
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Figure 3: in vitro release of metronidazole from pgllium and psyllium -g —poly (N—-vinyl-2-pyrrolidone)
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The release of metronidazole loaded gels werdlfittéo various kinetic models to estimate theieasle kinetics
and mechanism of release (Table 2).

TABLE 2. Modeling and release kinetics of metronidaole gel formulations

Formulation Zero order Firstorder Higuchi Korsemeyer-Peppas
R2 R2 R2 R2 n

Psyllium gel 0.628 0.880 0.927 0.897 0.145

psy-g—poly (NVP) gel  0.722 -1.92 0.992 0.930 0..688

The results of release rate data for all the gehédation fitted best into higuchi release kinstiEurther, the value
of ‘n’, the release exponent of Korsemeyer and Peppasi@guindicates that the release of MTZ from psiyti-g
—poly (N-vinyl-2-pyrrolidone) (n>0.5) occurs by cbimation of polymer relaxation and diffusion thréuthe
polymeric matrix [12].

CONCLUSION

Modification of psyllium was carried out by microwa assisted grafting with (N-vinyl-2-pyrrolidonehda is
evaluated for bioadhesive delivery of metronidaz@gnthesis of psyllium — g - (N-vinyl-2-pyrroliden was
carried out using microwave assisted and optimiasithg 2 factor, three level central composite eixpental
design. The results of optimisatio study revealkdt tincreasing concentration of APS increases tadtng
efficiency. The optimized calculated parametersenesncentration of NVP (1.04%) and APS (9.25m rpolle
optimized batch has grafting efficiency of 60%. €@mparative evaluation of metronidazole loadedlipsy — g -
(N—vinyl-2-pyrrolidone) with the psyllium gel, thgels of graft co polymer showed greater bioadhesiod
prolonged release of drug in 24 hr. in conclusipayllium — g - (N-vinyl-2-pyrrolidone) can be posed
bioadhesive material for drug delivery.
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