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In  the  present  study,  amylopectin-g-poly(N-vinyl-2-pyrrolidone)  was  synthesized  by  UV-assisted  graft-
ing reactions.  The  effect  of concentrations  of  amylopectin,  N-vinyl-pyrrolidone  and  ammonium  persulfate
on the  % grafting  efficiency  was studied  using  3-factor,  2-level  factorial  experimental  design.  The  graft
co-polymer  was  characterized  by Fourier-transform  infrared  spectroscopy  (FT-IR),  differential  scan-
ning calorimetry  (DSC),  X-ray  diffraction  (XRD) and  scanning  electron  microscopy  (SEM)  studies.  The
concentrations  of amylopectin,  N-vinyl-2-pyrrolidone  and  ammonium  persulfate  were  found  to exert
mylopectin
-vinyl-pyrrolidone
raft co-polymer
actorial design

a significant  synergistic  effect  on grafting  efficiency.  The  optimized  batch  of  graft  co-polymer  pre-
pared  using  concentration  of amylopectin  (4%), N-vinyl-2-pyrrolidone  (2%)  and  ammonium  persulfate
(10  mmol/L)  had  83.16%  grafting  efficiency.  On  comparative  evaluation  of  films  of amylopectin-g-poly(N-
vinyl-pyrrolidone)  with  amylopectin,  the  graft  co-polymer  film  provided  a prolonged  release  following
Higuchi  square  release  kinetics.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Chemical modification of natural polymers can be achieved by
ariety of approaches such as etherification, cross-linking and graft
o-polymerization (Rana et al., 2011). Grafting is a method where
onomers are covalently bonded onto the polymer chain back-

one. Grafting of polysaccharides with synthetic polymers can be
sed to design new materials with desirable release character-

stics. Hybridization of natural polymer with synthetic polymers
mploying graft co-polymerization technique has been used as an
pproach to improve the functionality of natural polymers (Sen,
umar, Ghosh, & Pal, 2009). There are reports based on earlier stud-

es where properties of a wide range of natural polysaccharides like
hitosan (Singh, Tiwari, Tripathi, & Sanghi, 2004), guar gum (Singh,
iwari, Tripathi, & Sanghi, 2006), xanthan gum (Kumar, Singh, &
huja, 2009), tamarind and gum kongagogu (Malik & Ahuja, 2011)
ave been modified by grafting with a variety of vinyl monomers.
hus, in recent years, much attention has been paid on chemical
odification of natural macromolecules (Sand, Mishra, & Behari,
010). Various techniques of graft co-polymerization such as radi-
tion, chemical initiation, etc., have been reported in the literature
Bhattacharya & Misra, 2004).

∗ Corresponding author. Tel.: +91 1662 26351; fax: +91 1662 276240.
E-mail address: munishahuja17@yahoo.co.in (M.  Ahuja).

ttp://dx.doi.org/10.1016/j.carbpol.2014.03.007
144-8617/© 2014 Elsevier Ltd. All rights reserved.
Amylopectin (AMP), which constitutes 70–80% of starch is
a highly branched polymer comprising of �-d-glucopyranosyl
units containing 1,4-�-d-glucosidic linear linkages and 1,6-�-
d-glucosidic linkages at the branched points (Fanta & Doane,
1986; Phillips, 1980). Amylopectin being a starch derivative is
biocompatible, non-toxic, stable, biodegradable and low cost poly-
mer. Till now, amylopectin has been explored as a polymer to
prepare hydrophilic matrices, films or hydrogels for pharmaceu-
tical applications (Nabais et al., 2007). During earlier studies graft
co-polymers of amylopectin have been synthesized by grafting
polyacrylamide (Singh, Nayak, Biswal, Tripathy, & Banik, 2003).
In another study, amphoteric amylopectin has been synthesized
by hydrolyzing amphoteric-g-poly(acrylamide) followed by cation-
ization with N-(3-chloro-2-hydroxypropyl) trimethyl ammonium
chloride (CHPTAC) (Singh, Pal, Rana, & Ghorai, 2013). In another
study, graft copolymer of amylopectin and polyacrylic acid has been
evaluated as high performance flocculants (Sarkar, Mandre, Panda,
& Pal, 2013).

N-vinyl-2-pyrrolidone, a hydrophilic, non-toxic, biocompatible
monomer (Lee, Park, & Robinson, 2000) has earlier been grafted
on guar, carboxymethyl guar (Mishra, Yadav, Mishra, & Behari,
2011) and sodium alginate (Sand et al., 2010). Its copolymers and

homopolymers have been used as an antimicrobial agent (Nud’ga
et al., 2002), main component of temporary skin covers or wound
dressing (Nho & Park, 2002) and also wrapping material (Ausman
et al., 2001) of single-walled carbon nanotubes (SWNTs).

dx.doi.org/10.1016/j.carbpol.2014.03.007
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.03.007&domain=pdf
mailto:munishahuja17@yahoo.co.in
dx.doi.org/10.1016/j.carbpol.2014.03.007
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In the present study, graft co-polymerization of N-vinyl-2-
yrrolidone on amylopectin was carried out employing UV-assisted
rafting reactions. The preparation of graft co-polymer was opti-
ized using 2-level, 3-factor full factorial experimental design. The

ptimized batch of amylopectin-g-poly(N-vinyl-2-pyrrolidone)
as characterized by Fourier-transform infrared spectroscopy

FT-IR), differential scanning calorimetry (DSC), X-ray diffraction
nalysis (XRD) and scanning electron microscopy (SEM). Metro-
idazole, an anti-amoebic drug commonly used for treatment of
eriodontal diseases, which has earlier been tested in film for-
ulations for local mucoadhesive delivery (El-Kamel, Ashri, &
lsarra, 2007), was employed as the model drug. Further, the
raft co-polymer was evaluated for pharmaceutical applications
y formulating films using metronidazole as the model drug.
ilms of amylopectin-g-poly(N-vinyl-2-pyrrolidone) were compar-
tively evaluated with the films of amylopectin for swelling and
n vitro release studies.

. Experimental

.1. Materials

Amylopectin and N-vinyl pyrrolidone were purchased from Hi-
edia Laboratories (Pvt.) Limited (Mumbai, India). Ammonium

ersulfate GR (purity 99%) was obtained from Loba Chemie Pvt.
td. (Mumbai, India). Glycerol was procured from Sisco Research
aboratory (Mumbai, India). Metronidazole was obtained as a gift
ample from Ranbaxy Research Laboratories (Gurgaon, India). All
ther chemicals used were of reagent grade and used as such.

.2. Preparation of graft co-polymer of N-vinyl-2-pyrrolidone
nd amylopectin

Graft co-polymerization of N-vinyl-2-pyrrolidone on amy-
opectin was carried out using UV-assisted graft co-polymerization
eactions (Malik, Kumar, & Ahuja, 2012). Briefly, an aqueous
olution of N-vinyl-2-pyrrolidone (1–2%, w/v) was added to amy-
opectin solution (3–4%, w/v) and dispersed by stirring, followed by
ddition of ammonium persulfate (0–10 mmol/L), a redox initiator.
he solution so obtained was irradiated by short wave UV (i.e. UV-C)
adiations in a UV chamber (TAB Machine; Mumbai, India) for 2 h
o prepare various batches of grafted amylopectin (Table 1). The
rafted copolymer was precipitated by pouring it into methanol to
emove the unreacted monomer, separated by filtration, followed
y drying in an oven at 40 ◦C to a constant weight. The grafting
fficiency (% GE) was calculated using the following equation:

rafting efficiency (%) = W1 − W0

W2
× 100 (1)

here W0 is the weight of amylopectin, W1 the weight of the graft
opolymer and W2 the weight of NVP used.

.3. Experimental design

.3.1. Full factorial design
UV-assisted graft copolymerization of NVP on amylopectin was

arried out using full factorial design. Factorial designs (FDs) are
enerally mathematical models. These are response surface exper-
mental designs in which all levels of a given factor are combined

ith all levels of every other factor in the experiment. In the present
tudy, graft copolymerization of N-vinyl-2-pyrrolidone on amy-

opectin, was optimized by two-level, three-factor, full factorial
esign. The concentrations of amylopectin, N-vinyl-2-pyrrolidone
nd ammonium persulfate were selected as the independent vari-
bles and percent grafting efficiency (%GE) was selected as the
ymers 108 (2014) 127–134

dependent variable (Table 1). Each independent variable was inves-
tigated at two  levels, high level (+1) and low level (−1). All other
variables were kept constant throughout the study. The design of
experiment and statistical analysis of the data was done employing
the Design Expert software (version 7.0.4.1, Stat-Ease Inc., Min-
neapolis, MN).

2.4. Characterization of amylopectin and
amylopectin-g-poly(N-vinyl-2-pyrrolidone) graft copolymer

The graft co-polymer of N-vinyl-2-pyrrolidone and amylopectin
was characterized by FT-IR spectroscopy, differential scanning
calorimetry, X-ray diffraction, and scanning electron microscopy.

2.4.1. Fourier transform infra-red spectroscopy (FT-IR)
Grafting of N-vinyl-2-pyrrolidone on amylopectin was con-

firmed by subjecting the samples to FT-IR spectroscopy in Fourier-
Transform infrared spectrophotometer (IR Affinity, Shimadzu,
Japan). Samples were analyzed in the range of 4000–400 cm−1 as
KBr pellets.

2.4.2. Differential scanning calorimetry (DSC)
Differential scanning calorimetric thermograms of amylopectin

and grafted amylopectin were recorded in differential scanning
calorimeter (Q10, TA Systems, USA). About 2 mg  of dried samples
were crimped and heated in standard aluminum pan over a tem-
perature range of 40–350 ◦C at a rate of 10 ◦C/min with nitrogen
purge of 50 ml/min.

2.4.3. X-ray diffraction analysis (XRD)
The powder X-ray diffraction pattern of amylopectin and grafted

amylopectin was studied in X-ray diffractometer (Miniflex 2,
Rigaku, Japan) with Nickel filtered Cu-K alpha radiation; at a volt-
age of 30 kV and current of 15 mA.  Samples were scanned in the
angular range of 0–70◦ diffraction angle (2�) range with a scanning
speed of 0.05 min−1.

2.4.4. Scanning electron microscopy
The morphological features of amylopectin and grafted amy-

lopectin were observed with SEM. The photomicrographs were
recorded using scanning electron microscope (Hitachi, S-3400N,
Japan). The specimens were mounted on the specimen stubs con-
taining double adhesive carbon tape and coated with gold. These
were recorded at an accelerating voltage of 10 kV at different mag-
nifications.

2.5. Preparation of films of amylopectin and
amylopectin-g-poly(N-vinyl-2-pyrrolidone)

Graft copolymer of amylopectin and NVP was explored for phar-
maceutical applications by preparing films using metronidazole
as the model drug. The films of amylopectin-g-poly(N-vinyl-
2-pyrrolidone) and amylopectin containing metronidazole were
prepared by solvent casting method. Briefly, an aqueous disper-
sion of amylopectin or amylopectin-g-poly(N-vinyl-2-pyrrolidone)
(4%, w/v) was  prepared by heating to 90 ◦C for 15 min  (Rindlav-
Westling, Stading, Hermansson, & Gatenholm, 1998). To this,

metronidazole (0.05%, w/v) and glycerol (1%, w/v) as a plasticizer
were added with the aid of stirring. The homogeneous dispersion
was then poured on petriplates, cooled and dried in an oven at 40 ◦C
for 24 h.
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Table  1
Three factor, 2-level full factorial design for the synthesis of amylopectin-g-poly(N-vinyl-2-pyrrolidone).

Run Conc. of amylopectin (A) (%, w/v) Conc. of NVP (B) (%, w/v) Conc. of APS (C) (mmol/L) %GE  (Y)

1 4 (+1) 1 (−1) 0 (−1) 19.75
2  3 (−1) 2 (+1) 10 (+1) 47.37
3  3 (−1) 1 (−1) 10 (+1) 2.90
4  4 (+1) 2 (+1) 0 (−1) 15.05
5  3 (−1) 1 (−1) 0 (−1) 0.9
6  4 (+1) 2 (+1) 10 (+1) 91.52
7  4 (+1) 1 (−1) 10 (+1) 23.91
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PS, ammonium persulfate; GE, grafting efficiency; NVP, N-vinyl pyrrolidone. Value

.6. Characterization of films of amylopectin and
mylopectin-g-poly(N-vinyl-2-pyrrolidone)

The films of amylopectin and amylopectin-g-poly(N-vinyl-2-
yrrolidone) were characterized by scanning electron microscopy
SEM), swelling and in vitro release studies.

.6.1. Swelling studies
Swelling properties of films were evaluated by determining

heir degree of swelling. Each film was cut into square pieces of
2 cm × 2 cm), weighed (W0) and immersed in phosphate buffer of
H 1.2 and 6.8 in petri dishes (Perioli et al., 2004). At different time

ntervals, the films were carefully taken out and wiped with filter
aper to remove the excess of surface water and weighed (Wt). The

 swelling was calculated as follows:

welling (%) = Wt − W0

W0
× 100 (2)

here W0 is the initial weight of sample and Wt is weight at time
t’.

.6.2. In vitro release study
The in vitro release of metronidazole from the prepared films

as carried out in duplicate using USP type II apparatus (TDT-
8L, Electrolab, Mumbai, India). The films were cut into a square
f 3 cm × 3 cm (area of 9 cm2) and adhered to glass slide with the
id of cyanoacrylate glue (Okamoto, Taguchi, Iida, & Danjo, 2001).
he glass slides were then placed in the dissolution vessel filled
ith 200 ml  of dissolution medium in such a way that the film
as exposed to release media. The dissolution media comprised

f phosphate buffer (pH 6.8) at 37.0 ± 0.5 ◦C and 50 rpm (Malik
t al., 2012). An aliquot of 5 ml  sample was withdrawn and replaced
ith another 5 ml  of fresh dissolution media at various time inter-

als. The contents of metronidazole in withdrawn samples were
etermined by measuring absorbance at 320 nm in a UV–vis spec-
rophotometer (Cary 5000, Varian Australia).

. Results and discussion

.1. Synthesis and characterization of
mylopectin-g-poly(N-vinyl-2-pyrrolidone)

Modification of properties of amylopectin was  carried out by the
raft polymerization of N-vinyl-2-pyrrolidone onto amylopectin
sing UV irradiation. Conventionally, graft co-polymerization
f vinyl monomers onto natural polymers has been carried
ut using free-radical initiator-induced polymerization reactions.
mylopectin is a large molecule with pendant OH groups and
, 4-�-D-glucosidic linear linkages and 1,6-�-d-glucosidic link-

ges at the branched points. UV irradiation may  result in cleavage
f pendant O H bonds of amylopectin molecule to form amy-
opectin macroradicals. The persulfate free radicals may  also
bstract hydrogen atom from amylopectin molecule to form these
0 (−1) 5.97

arenthesis indicate coded values.

macroradicals. These free radicals further react with N-vinyl-2-
pyrrolidone monomer to form N-vinyl-2-pyrrolidone free radicals,
resulting in a series of free radical initiated chain reactions
which ultimately terminate in formation of graft copolymer and
homopolymer as shown below:

Chain initiation

S2O8
2− → 2SO4

•−

AMOH + R
• UV−→AMO

• + RH

where R
•

is SO4
•− and AMOH is amylopectin polysaccharide.

AMO
• + N → AMON

•

R
• + N → RN

•

where N is N-vinyl-2-pyrrolidone.
Chain propagation

AMON
• + N → AMON

•
1

AMON1
• + N → AMON

•
2

AMON
•
n−1 + N → AMON

•
n

RN
• + N → RN

•
1

RN
•
1 + N → RN

•
2

RN
•
n−1 + N → RN

•
n

Chain termination

AMON•
n + AMON•

n → graft co-polymer

AMON
•
n + RN

•
n → graft co-polymer

RN
•
n + RN

•
m → homopolymer

The graft copolymer of amylopectin and NVP was character-
ized by FT-IR, DSC, X-ray diffractometry, and scanning electron
microscopy (SEM). Fig. 1(a) represents the FTIR spectra of
amylopectin and amylopectin-g-poly(N-vinyl pyrrolidone) in the
frequency region of 4000–400 cm−1. The spectra of amylopectin
exhibits a characteristic broad peak at 3356 cm−1 and 3333 cm−1

attributed to OH stretching band of hydroxyl group along with
inter and intra-molecular H-bonding. Peak at 2932 cm−1 can be
ascribed to C H stretching of alkanes. C H bending was  confirmed
by peaks at 926 cm−1, 856 cm−1 and 764 cm−1. The FT-IR spectra
of amylopectin-g-poly(N-vinyl-2-pyrrolidone) showed variation in

intensity and shifting of the peaks that appeared due to OH stretch-
ing indicating the participation of hydroxyl groups in chemical
reaction. It shows a characteristic peak for C O stretching vibration
at 1620 cm−1 of cyclic amide (lactam), another peak at 1366 cm−1
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Fig. 1. (a) FT-IR spectra, (b) X-ray diffraction pattern and (c) therma

ue to stretching of tertiary amine group which confirms the graft-
ng of N-vinyl-2-pyrrolidone. Spectra shows an absorption band
t 3433 cm−1 due to OH stretching, a peak at 1080 cm−1 owing to
CO stretching of alcohol and another peak appearing at 2921 cm−1

ue to CH stretch of alkane group.
Fig. 1(b) represents the X-ray diffraction of amylopectin and

mylopectin-g-poly(N-vinyl-2-pyrrolidone). The diffractogram of
mylopectin shows characteristic peaks appearing at 15.12◦,
7.03◦ and 22.97◦ (2�)  respectively. The diffraction pattern of
mylopectin-g-poly(N-vinyl-2-pyrrolidone) shows a diffractogram
n which the peaks are attenuated indicating the amorphous nature
f graft copolymer.

Fig. 1(c) compares the thermal curves of amylopectin and
mylopectin-g-poly(N-vinyl-2-pyrrolidone). The thermogram of
mylopectin shows a broad endotherm at 97.54 ◦C followed by
xotherm at 278.45 ◦C. The thermal curve of amylopectin-g-

oly(N-vinyl-2-pyrrolidone) shows two endotherms at 98.80 ◦C
nd 240.36 ◦C followed by exotherm at 278.06 ◦C. Thus, appear-
nce of endothermic peaks in the thermogram of graft copolymer
ndicates the modification of amylopectin.
es of amylopectin and amylopectin-g-poly(N-vinyl-2-pyrrolidone).

Fig. 2 exhibits the scanning electron micrographs showing the
shape and surface morphology of amylopectin and amylopectin-g-
poly(N-vinyl-2-pyrrolidone). Amylopectin particles are polyhedral
in shape (Fig. 2a) with surface bearing granular crystalline struc-
tures (Fig. 2b) while amylopectin-g-poly(N-vinyl-2-pyrrolidone)
particles are cuboidal in shape (Fig. 2c) with relatively smooth
surface (Fig. 2d). Thus, it can be observed that the grafting of amy-
lopectin with NVP makes its surface smoother.

3.2. Effect of grafting conditions on grafting parameters

The concentration of amylopectin, concentration of N-vinyl
pyrrolidone and the ammonium persulfate were selected as for-
mulation variables, while % grafting efficiency (%GE) was  chosen as
the response variable for the optimization study. The optimization
was carried out using three-factor, two level, full factorial exper-

imental design. The results (Table 1) of grafting efficiency (%) of
various batches of graft copolymer prepared using the experimen-
tal designs were subjected to factorial analysis using Design Expert
software (Version 7.1.6, Stat-Ease, Inc., Minneapolis). On analysis,
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Fig. 2. Scanning electron micrographs showing (a) shape, (b) surface of amylo

t was found that the response generated in the experiment on sub-
ecting to square root transformation provided significant factorial

odel.
The factorial model describing the correlation between the

ndependent variables and % grafting efficiency of graft co-
olymerization can be represented as:

qrt Y (%) = 4.34 + 1.35 × A + 1.35 × B + 1.42

× C − 0.32 × A × B + 1.12 × B × C (3)

The results revealed that the grafting efficiency (%) was
nfluenced significantly by the synergistic linear contribution of
oncentration of amylopectin (A), N-vinyl-2-pyrrolidone (B) and
mmonium persulfate (C). The grafting efficiency was significantly
ffected by the synergistic interaction effects of BC while interac-
ion effects of AB affected the grafting efficiency antagonistically.

The ANOVA analysis of the model revealed the model to be
ignificant (P < 0.05). Further, the higher value of R2 (0.9927) indi-
ated a good correlation between the experimental and predicted
esponse. In addition, the predicted R2 value (0.8825) is in reason-
bly good agreement with adjusted R2 value (0.9743), resulting in
eliable model. Moreover, the higher value of adequate precision
20.887) indicates an adequate signal. The relatively lower value
f coefficient of variance (10.47%) indicates better precision and

eliability of the experiments carried out.

Fig. 3(a and b) depicts the combined effect of different vari-
bles on grafting efficiency. It can be observed from Fig. 3(a) that
ncreasing the concentration of amylopectin and NVP results in an
 and (c) shape and (d) surface of amylopectin-g-poly(N-vinyl-2-pyrrolidone).

increase in grafting efficiency which may  be ascribed to availability
of greater amount of polymer matrix and vinyl monomers result-
ing in formation of greater amount of graft copolymer. Fig. 3(b)
portrays the combined effect of concentration of NVP and ammo-
nium persulfate on %GE. It is evident from the plot that at lower
levels of NVP, concentration of APS has no effect on %GE but at
higher levels of NVP increasing the concentration of APS results in
an increase in %GE. This insignificant effect of APS at lower lev-
els of NVP may  be attributed to the formation of lesser vinyl radical
due to inadequate vinyl monomer. However, on increasing the con-
centration of vinyl monomer, more free vinyl radicals are formed
with increase in APS concentration leading to an increase in grafting
efficiency.

A numerical optimization tool of design expert software, using
the desirability approach was used to prepare the graft copoly-
mer  with the desired grafting. The optimization of independent
variables was done with the goal of maximizing the %GE. The
optimization tool provided us with a series of solutions. The solu-
tion with the highest desirability was  selected for optimization
study. The optimal calculated parameters were concentration of
amylopectin (A) 4% (w/v), concentration of NVP (B) 2% (w/v) and
concentration of APS 10 mmol/L. To validate the design model, opti-
mal  reaction and two additional checkpoint reactions in the design
space were carried out. Table 2 details the test conditions of opti-
mal  and random checkpoints, their experimental and predicted

values along with the calculated % prediction error. The lower val-
ues (−7.99 to 2.38) of % prediction error indicate robustness of
the design model. The optimized batch of grafted copolymer has
maximum %GE of 83.16.
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.3. Amylopectin and
mylopectin-g-poly(N-vinyl-2-pyrrolidone) films

The optimized batch of amylopectin-g-poly(N-vinyl-2-
yrrolidone) was used to formulate films of metronidazole and
ompared with the films of amylopectin. The casted films were

haracterized by scanning electron microscopy (SEM) and further
valuated for swelling properties and in vitro release behavior.
ig. 4(a and b) exhibits the scanning electron micrographs showing
he surface morphology of metronidazole loaded amylopectin and

able 2
he experimental and predicted values for response Y along with percentage prediction e

Checkpoints conditions 

A (%, w/v) B (%, w/v) C (mmol/L) 

1a 4 2 10 

2  3.5 2 10 

3  3.5 1.5 5 

a Optimum combination of a, amylopectin; b, NVP; c, ammonium persulfate.
lopectin and NVP, (b) NVP and ammonium persulfate on the % grafting efficiency

amylopectin-g-poly(N-vinyl-2-pyrrolidone) films. The surface of
amylopectin films showed presence of crystalline structures while
amylopectin-g-poly(N-vinyl-2-pyrrolidone) films showed porous
and rougher surface.

The films were subjected to swelling studies at different pH val-
ues to ascertain whether grafting of NVP on amylopectin results

in modification of the release properties of amylopectin. It can be
observed from the results (Table 3) that grafting of NVP on amy-
lopectin diminishes its swelling rate and extent. Further the films of
amylopectin-g-poly(N-vinyl-2-pyrrolidone) kept at pH 1.2 and 6.8

rror observed for the optimum test conditions and random checkpoints.

% Grafting efficiency (Y)

Observed Predicted Error (%)

83.16 85.64 −2.98
60.45 65.28 −7.99
18.85 18.40 +2.38
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Fig. 4. Scanning electron micrographs of (a) amylopectin and (b) amylopectin-g-poly(N-vinyl-2-pyrrolidone) film.

Table 3
Swelling of amylopectin and amylopectin-g-poly(N-vinyl-2-pyrrolidone) films at different pH.

Time (min) % Swellinga

Amylopectin film Amylopectin-g-poly(N-vinyl-2-pyrrolidone) film

pH 1.2 pH 6.8 pH 1.2 pH 6.8

15 22.20 ± 0.98 20.80 ± 0.56 10.20 ± 0.21 15.20 ± 0.25
30  39.62 ± 0.67 35.60 ± 0.28 21.20 ± 0.42 22.40 ± 0.28
60  61.18 ± 1.72 50.80 ± 0.84 19.28 ± 0.39 37.40 ± 0.09

120  90.35 ± 0.07 66.40 ± 1.27 28.69 ± 0.17 44.60 ± 1.13
180  34.79 ± 0.21 83.72 ± 0.28 55.56 ± 1.21 52.20 ± 0.56
240  −14.32 ± 0.50 33.41 ± 0.42 58.95 ± 0.63 59.00 ± 1.41
300  −67.19 ± 1.13 15.59 ± 0.07 21.20 ± 0.28 69.40 ± 0.56
360  – −28.39 ± 0.26 −32.50 ± 0.21 46.20 ± 0.28

1 ± 0.

s
fi
t
2
T
m
F
t
fi
t
s

F
g

420  – −79.6

a Values are mean ± SD (n = 3).

tarted eroding at 4 and 5 h respectively compared to amylopectin
lms which began eroding after 2 and 3 h respectively. Thus,
he slower swelling and erosion of amylopectin-g-poly(N-vinyl-
-pyrrolidone) indicated its usefulness to sustain the release rate.
hus, amylopectin-g-poly(N-vinyl-2-pyrrolidone) films containing
etronidazole were formulated for sustained release applications.

ig. 5 shows the in vitro release profile of metronidazole from

he amylopectin and amylopectin-g-poly(N-vinyl-2-pyrrolidone)
lms. It can be observed that amylopectin films release almost all
he drug in 5 h while amylopectin-g-poly(N-vinyl-2-pyrrolidone)
howed a prolonged release over 7 h.

ig. 5. In vitro release profile of metronidazole from amylopectin and amylopectin-
-poly(N-vinyl-2-pyrrolidone) films.
14 −75.84 ± 0.62 −7.80 ± 0.10

To further investigate the mechanism of drug release, the
data was subjected to modeling and release kinetics. The
respective values of R2 and K for various kinetic models for amy-
lopectin films were 0.803 and 0.2006% h−1(zero-order), 0.8477
and 0.0133 h−1(first-order), 0.9538 and 4.808% h−0.5 (Higuchi
square root), while the corresponding values of R2 and K
for amylopectin-g-poly(N-vinyl pyrrolidone) films were 0.913
and 0.1025% h−1(zero-order), 0.9171 and 0.0039 h−1(first-order),
0.9599 and 4.2471% h−0.5 (Higuchi square root). The results thus
reveal that the release of drug from films fitted best into Higuchi
square kinetics (Costa & Sousa, 2001). Further, the value of ‘n’
the release exponent of Korsmeyer–Peppas for amylopectin and
amylopectin-g-poly(N-vinyl pyrrolidone) films was found to be
0.695 and 0.671 respectively, indicating (0.45 ≤ n ≤ 0.89) that the
films released the drug by combination of diffusion through the
matrix and matrix erosion (Siepmann & Peppas, 2001). The release
rate of the drug from film matrices depends upon a number of
factors such as concentration of drug, polymer and plasticizer. By
varying the concentration of different formulation variables one
can achieve the desired release rate.

4. Conclusion

The graft co-polymerization of N-vinyl-2-pyrrolidone on amy-
lopectin was optimized using 2-level, 3-factor full factorial
experimental design. The results revealed that the concen-

trations of amylopectin, NVP and ammonium persulfate had
a significant synergistic effect on the grafting efficiency. The
graft co-polymer was further characterized by FT-IR, DSC,
XRD, and SEM analysis that confirmed the formation of
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mylopectin-g-poly(N-vinyl-2-pyrrolidone). In addition, the graft
o-polymer was evaluated for modification of release rate employ-
ng films of metronidazole. The study revealed a prolonged release
f metronidazole from graft copolymer films as compared with
mylopectin. Thus on the basis of results of the present study it
an be concluded that grafting of N-vinyl-2-pyrrolidone on amy-
opectin prolongs the drug release However, further systematically
esigned optimization studies are needed to further comment on
his. Thus, UV assisted graft co-polymerization can be used as
n efficient tool to modify the release properties of amylopectin
y grafting of NVP on amylopectin. The promising prolonged
elease properties of amylopectin-g-poly(N-vinyl-2-pyrrolidone)
arrants its further exploration in formulation of pharmaceutical
osage forms.
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