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Several semi interpenetrating network (SIPN) type hydrogels were synthesized by in-situ free radi-
cal crosslink copolymerization of acrylamide and crosslinker N,N'-methylene bisacrylamide (MBA) in
aqueous solution of sodium alginate (SA).These SIPN hydrogels were characterized by FTIR, NMR SEM,
DTA-TGA, XRD, PZC and also by swelling characteristics and network parameters. Adsorption (loading)
and release of acetaminophen drug were studied with these hydrogels. Solution pH, crosslinker concen-
tration and monomer to SA weight ratio of the hydrogels were found to have a strong effect on adsorption
and in vitro release profile of the drug from the gel matrix.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Semi interpenetrating network (SIPN) hydrogel consists of two
polymers where one polymer is crosslinked in intimate presence
of the other. In SIPN one linear polymer penetrates into network of
another crosslinked polymer without any chemical bond formation
between these two polymers (Sperling, 1981). Synthesis of SIPN is
an effective way of making ‘alloy’ of multi functional crosslinked
polymers which show much better properties than its constituent
polymers (Myung et al., 2008). In recent years SIPN type hydrogels
have been widely used for several applications including adsorp-
tion of metal ions (Horia et al., 2008), dyes (Mandal & Ray, 2013),
artificial implants, dialysis membrane, controlled drug release sys-
tem (Kulkarni, Sreedhar, Mutalik, Setty, & Sa, 2010; Matricardi,
Meo, Coviello, Hennink, & Alhaique, 2013), etc.

In controlled drug release system a drug is delivered to the
target site in a manner that maximizes its efficacy, minimizes
the potential negative effects associated with overdosages, and/or
extends the release time in which sufficient dosages are delivered.
Thus, the overall objectives in the study of such techniques have
been the development of a drug-loaded formulation that delivers
the active ingredient at a rate matching the demand rate of the
human system to which it is applied. Hydrogels made from non

* Corresponding author.
E-mail address: samitcu2@yahoo.co.in (S.K. Ray).

0144-8617/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.carbpol.2013.09.004

toxic biocompatible and biodegradable natural polymers based on
polysaccharides are extensively used for controlled drug release
(Lorenzo, Fernandez, Puga, & Concheiro, 2013).

Polysaccharides are easily available in nature and several
functional hydrogels may be obtained by physical and chemical
modification of polysaccharides. Alginic acid is a natural polysac-
charide obtained from brown algae of sea weeds. This non toxic
natural polymer contains random or alternating unit of 1,4-linked-
-p-mannuronic acid (M) and a-L-guluronic acid (G) residues
arranged in the polymer chains in blocks (Peppas, Hilt, Ali, & Robert,
2006). The sodium salt of alginic acid i.e. sodium alginate is a
water soluble polymer which can be easily crosslinked with other
multivalent cations such as calcium or organic crosslinker like glu-
taraldehyde (Raghavendra, Rashmi, Mohan, Mutalik, & Kalyane,
2012). Aliginate in gel, bead, film or pellet form is widely used for
bioencapsulation of drug, proteins, cells and also as scaffolds for
cartilage, bone and soft tissue regeneration (Tgnnesen & Karlsen,
2002; Matricardi et al., 2013). However, like most of the biopoly-
mer based hydrogels, sodium alginate based hydrogels are also of
poor mechanical strength (Jeon, Lei, & Kim, 2008).

Properties of sodium alginate based hydrogel may be improved
by physical or chemical modification. Hua et al. prepared hydro-
gel by freeze thawing polyvinyl alcohol and sodium alginate blend.
This hydrogel was investigated for controlled release of diclofenac
sodium (Hua, Ma, Li, Yang, & Wang, 2010). In another study poly-
acrylamide was grafted to PVA by UV radiation and blend of
this graft polymer with sodium alginate was crosslinked with
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glutaraldehyde. From this hydrogel release of diclofenac sodium
was observed to decrease with increase in amount of PVA in the
blend (Sanli, Aya, & Isiklan, 2007). Melt extruded fiber of blend of
sodium alginate and starch was studied for controlled release of
salicylic acid. Release rate of the drug salicylic acid decreased with
increase in amount of starch in the blend (Wang, Hu, Du, & Kennedy,
2010a). IPN type hydrogel of sodium alginate and carrageenan
grafted acrylamide was reported for release of ketoprofen. Release
of this drug was found to increase from 10% in acid medium to 90%
in alkaline medium (Raghavendraetal.,2012).Kulkarnietal.(2010)
synthesized IPN of polyvinyl alcohol and sodium alginate and used
it for controlled release of prazosin hydrochloride from skin. IPN
type hydrogels were also prepared by crosslink copolymerization
of MBA and isopropyl acrylamide in presence of sodium alginate.
The thermo, pH responsive (Dumitriu, Mitchell, & Vasile, 2011) and
rheological properties (Dumitriu, Mitchell, & Vasile, 2011a) of these
mixed interpenetrating type hydrogels were reported.

It transpires from the above discussion that IPN type hydrogels
of polysaccharides such as sodium alginate have been widely used
for controlled drug release. In fact, IPNs of polysaccharides have
an ability to deliver drugs at a constant rate for prolonged period
in the body (Liu, Jiao, Wang, Zhou, & Zhang, 2008). Thus, in the
present work semi-IPN (SIPN) type hydrogels were prepared from
sodium alginate and polyacrylamide. Polyacrylamide was chosen
as the second polymer of the SIPN since network gel structure of
this polymer may be easily synthesized by free radical crosslink
copolymerization with a bi-functional comonomer such as MBA.
Further, it is biocompatible and because of its open porous struc-
ture the loaded drug may be easily transported through its network
(Risbud & Bhonde, 2000). SIPN hydrogels of sodium alginate and

polyacrylamide was studied for release of a water soluble drug
acetaminophen from water.

2. Materials and methods
2.1. Materials

Monomers i.e. acrylamide and N,N’-methylenebisacrylamide
(MBA), redox initiator pair i.e. ammonium persulfate and sodium
metabisulfite, were obtained from Merck. These chemicals
were of analytical grade and used without further purification.
Acetaminophen (structure shown in Scheme 1a) was obtained from
Cipla, Mumbai, India. Natural polymer sodium alginate (average
molecular weight 500,000 and degree of deacetylation 84%) was
also procured from Merck and used as it is without any further
purification. For all experiments double distilled water was used.

2.2. Preparation of hydrogel

SIPN hydrogels were prepared by free radical cross-link copo-
lymerization of acrylamide and crosslinker comonomer MBA in
aqueous solution of sodium alginate. The polymerization reac-
tion was carried out in a three necked glass reactor equipped
with a mechanical stirrer, reflux condenser and thermometer.
Sodium alginate was first dissolved in water followed by addition
of monomers to this viscous solution and stirring for around half an
hour. The dissolved oxygen of the reaction mixtures was removed
by purging nitrogen gas in the reaction mixtures before addition of
acrylamide and MBA. The temperature of the reaction mixtures was
raised to 40 °C with addition of required amounts of redox pair of
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Scheme 1. (a) Structure of acetaminophen drug, (b) formation of SIPN and its probable interaction with drug.
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initiator i.e. ammonium persulfate and sodium metabisulfite. The
reaction was then continued at this temperature till the reaction
mixtures gelled. The gel obtained was disintegrated in a blender,
washed with water and then isopropyl alcohol, followed by fil-
tration and finally dried to constant weight at 30°C in a vacuum
oven.

2.2.1. Yield and gel content of the hydrogel

The synthesized hydrogels were first dried to a constant weight
(Wj).at 30°C in a vacuum oven and then it was taken in water and
kept for a week with occasional shaking to remove the water sol-
uble part from the hydrogel. The water insoluble gel sample was
further dried in vacuum oven to a constant weight (W;). Yield (%)
and gel (%) was obtained as

Gel%:%xloo (1)

i

e W
Yield% = W, x 100 (2)
where Wj is total weight of monomers (acrylamide and MBA) and
sodium alginate taken for synthesis of hydrogels.

2.3. Characterization of the hydrogels

The synthesized hydrogels were characterized by the following
methods

2.3.1. Point zero charge (PZC) analysis

PZC of the hydrogel samples were measured by a method
reported elsewhere (Mall, Srivastava, Kumar, & Mishra, 2006). For
this 45 mL of 0.1 N KNOj solutions was taken in a 100 mL conical
flask. The pH of the solution (pH;) was adjusted from 2 to 12 by
adding 0.1 N HNOj3 or NaOH solution. Around 0.1 g hydrogel sample
was then added and the flask was securely capped. The gel loaded
solution was then kept for 48 h to reach equilibrium with occasional
shaking. The pH of the supernatant liquid was measured (pHy). The
difference between this initial and final pH (ApH =pH; — pHs) was
plotted against pH; and the point of intersection of the curve at
ApH=0 gives the value of PZC for the hydrogel.

2.3.2. FTIR spectroscopy

Fourier transform infrared (FTIR) spectra of the unfilled (drug
free) and drug incorporated hydrogels were recorded on a FTIR
spectrometer (Perkin Elmer, model-Spectrum-2, Singapore) using
KBr pellet made by mixing KBr with fine powder of the drug free
and drug loaded polymer gel samples. (10:1 mass ratio of KBr to
polymer).

2.3.3. I3CNMR spectra

13C NMR spectra of the hydrogel samples were taken on NMR
Bruker MSL 500 MHz spectrometer. The spectra of the hydrogels
were obtained after seasoning and milling to particle sizes ran-
ging from 300 to 425 mm. All measurements were done at room
temperature.

2.3.4. Scanning electron microscopy (SEM)

The morphology of the gold coated SIPN gels were observed by
using SEM (Scanning electron Microscope, model no. S3400N, VP
SEM, Type-II, made by Hitachi, Japan) with the accelerating voltage
set to 15kV.

2.3.5. Thermal analysis
Differential thermal analysis (DTA) and thermogravimetric
analysis (TGA) of the hydrogel samples were carried out in a

Mettler instrument in nitrogen atmosphere at the scanning rate
of 10°C/min in the temperature range of 25 to 600 °C.

2.3.6. X-ray diffraction (XRD)

Wide angle x-ray diffraction profile of gel samples were stud-
ied at room temperature with a diffractometer (model: X'Pert PRO,
made by PANalytical B.V., The Netherlands) using Ni-filtered Cu K
radiation (A=1.5418 A) and a scanning rate of 0.005° (26)/s). The
angle of diffraction was varied from 2° to 72°.

2.4. Study of equilibrium swelling

Swelling characteristics of the hydrogels were studied in simu-
lated gastric fluid (SGF, pH 1.5) and simulated intestine fluid (SIF,
pH 7.5)at 37 °C. Accurately weighed amounts of hydrogel (~50 mg)
were immersed in 50 mL media solution. The swollen hydrogels
were withdrawn from the solution at different time intervals (t) and
weighed (W;) after removing excess surface water with filter paper.
Each sample was weighed three times to minimize error and the
average values of these three measurements were taken. Swelling
experiments were continued till the hydrogels reach its equilib-
rium swelling value (W). The swelling ratio (SR) was determined
by using the following Eq. (3)

SR(g/g) = Vgt (3)

At swelling equilibrium W;=W,. Thus, Equilibrium swelling
ratio (ESR) was obtained from Eq. (3) by substituting W; with We.
The buffer solutions of varied pH was prepared by dissolving phos-
phoric acid, potassium phosphate (KH,PO,4), potassium hydrogen
phosphate (K;HPO4) and sodium hydroxide in distilled water. lonic
strengths of the buffer solutions were adjusted to 0.1 molar with
sodium chloride solution. The pH values were determined by a pH
meter. Swelling of the hydrogel samples were also carried out at
different ionic strengths in presence of NaCl, CaCl, and AICls,

2.4.1. Swelling kinetics

Swelling kinetics of the hydrogels were obtained by direct non-
linear fitting of swelling data (S;) of the hydrogels at different time
intervals to the following second order rate Eq.(4)(Mall et al.,2006).

_ Wezkszt _ Tot
1 +k52Wet 1 +k52Wgt

(4)

t

where, ki, is rate constant and ry is initial rate of swelling.
2.5. Diffusion kinetics through the hydrogels

For understanding the nature of diffusion of water through
hydrogels, diffusion constant (kp) and diffusional exponent (n) was
obtained from fractional water uptake (F) using the following Eq.
(5) (Ritger & Peppas, 1987).

F= % = kpt" (5)

Diffusion coefficient (D) of water through cylindrical hydrogels
of radius r was obtained from k and n using the following Eq. (6)
(Ritger & Peppas, 1987).

D:nrz(%)% (6)

2.6. Study of water retention

The hydrogel sample was first immersed in water till it reaches
its equilibrium weight (W, ). The equilibrated hydrogel samples was
then quickly taken out and weighed at different time intervals (W;)
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till constant weight at a temperature of 25 °C and relative humidity
of 85. Before each weight the wet gel sample was blotted with tissue
paper to remove excess water. Water retention % (WR) of the gel
sample was obtained as

_Wt

e

WR% x 100 (7)

2.7. Network parameter of the hydrogels

The average molecular weight between crosslinks (M) of the
hydrogel was obtained from swelling data using the following Flory
and Rehner Eq. (8) (Paul & John, 1943)

1
Vspp <¢p3 ¢Zp)
M=-—__ 7/ (8)

In(T—p)+ dp-+ 07

The molar volume of water, Vs at experimental tempera-
ture (25°C) was calculated (18.18cm3/mole) from its density
(0.99g/cm3) and molecular weight (18 g/mole), the density of
hydrogel sample, p, was calculated from its mass and volume.
The volume of the polymer sample was measured by the method
reported elsewhere (Chen, Park, & Park, 1999). For equilibrium
swelling of m,, g water/g dry hydrogel sample, polymer volume
fraction in swollen gel under equilibrium, ¢, will be

gp=(1+2my)" 9)

where, pp and p; are density of polymer and solvent (water), respec-
tively.

The polymer-solvent interaction parameter, x between water
and polymer hydrogel is obtained using the following Eq. (10) (Xue,
Champ, & Huglin, 2001).

X=2+05 (10)

Crosslink density (po:) of a hydrogel is obtained as (Sunil &
Surinderpal, 2006)

p = L (11)

Ny is Avagadro’s number (6.023 x 1023/mol). The mesh size (¢
in A°) of the swollen polymeric network is calculated from the
following Eq. (12) (Canal & Peppas, 1989)

- [ )] o

The Flory’s characteristic ratio, C, was taken from literature as
2 (Morris, Cutler, Ross-Murphy, Rees, & Price, 1981) and C-C bond
length; ‘I’ was assumed as 1.54 A (Mandal, Ray, & Bhattacharyya,
2012). My, the molecular weight of repeat unit was calculated as
the weight average of the repeat unit of sodium alginate (M, =198)
and polyacrylamide (M, =72).

2.8. Study of drug loading and entrapment efficiency of the
hydrogel

Drug loading and entrapment efficiency of the hydrogel sam-
ples were carried out by similar experiments as reported elsewhere
(Huaetal.,2010).For drugloading the hydrogel samples of specified
weight (W;) were first swollen in 100 mL water-ethanol mixture
(2% ethanol (v/v) of constant pH and ionic strength (pH 1.5 and 7.5
and ionic strength 0.1 mol/L) and containing specified amount (W,)
of acetaminophen drug. After 24 h of swelling, the drug loaded wet
hydrogel samples were carefully taken out from the aqueous buffer
solution and washed with the same solution to remove free drug

from the sample. Drug loading (DL) and entrapment efficiency of
the hydrogel sample was determined as
Wi

DL(mg/g hydrogel sample) = Wa - Wi

W, (13)

Wy - W,

0o

Entrapment efficiency(%) = x 100 (14)

where W, is weight of the drug loaded dry hydrogel sample.
2.9. Invitro drug release studies

In vitro drug release of amioacetaphen from the hydrogel sam-
ples was carried out at 35 4 0.5 °C using Indian Pharmacopoeia (IP)
Dissolution Test Apparatus Type 2 (paddle method) at a rotation
speed of 50 rpmin 100 mL of buffer (pH 1.5 & 7.5) for 7-9 h. The drug
loaded wet samples obtained from drug loading test were first dried
overnight at ambient condition followed by drying in a vacuum
oven at 50°C for another three days. The drug loaded dry samples
were then immersed in buffer solution of same composition. At
several time intervals 5 mL of the solution containing released drug
was withdrawn and at the same time 5 mL fresh solution was added
to keep the solution volume constant. The concentration of drug in
the withdrawn solution was analyzed by UV-Vis spectrophotome-
ter at 228 nm using a calibration curve constructed from a series
of acetaminophen solutions of known concentrations. All release
experiments were carried out in triplicates and the average values
were considered. The drug release % was obtained as

Wa=Wr

r

Drugrelease% = 100 (15)

where W; is amount of drug released in the solution
3. Results and discussion
3.1. Synthesis of IPN hydrogels

Semi IPN hydrogels are synthesized by crosslink copolymeri-
zation of acrylamide and MBA in presence of sodium alginate by
free radical polymerization. These hydrogels are semi interpene-
trating since acrylamide is only crosslinked by MBA in presence of
sodium alginate. In this free radical polymerization the bifunctional
monomer MBA undergoes copolymerization with mono functional
acrylamide and thus chemical bond (crosslink) is formed between
two acrylamide moieties through MBA to form the crosslink copol-
ymer hydrogel (Scheme 1b). During the polymerization reaction in
aqueous medium, acrylamide and MBA monomer generates free
radicals by reaction with redox initiator. Radicals are also gen-
erated on sodium alginate and it also takes part in propagation
reactions of the polymerization (Wang & Wang, 2010). Thus, semi-
interpenetrating network (SIPN) type polymer hydrogel is formed
from growing radicals of monomers and sodium alginate macro-
radicals as shown in Scheme 1b.

3.1.1. Effect of reaction variables on gel content and gel time

Effect of wt% of sodium alginate, crosslinker (MBA), total
monomer and initiator concentration in water on gel content (%),
yield (%) and gel time are shown in Fig. 1a-d respectively. For study-
ing effect of one parameter, other parameters were kept constant.
From Fig. 1a it is observed that gel time, yield% and gel% increases
with increase in wt% of alginate in the hydrogel. As the amount
of alginate increases it becomes increasingly difficult for the same
amount of crosslinker (MBA) to crosslink acrylamide in the semi-
IPN. Thus, gel time increases. Further, sodium alginate takes part
in the polymerization reaction as macromolecule radicals (Wang
& Wang, 2010) and thus yield or gel% is observed to increase with
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Fig. 1. Effectof(a)sodium alginate, (b) total monomer concentration, (c) crosslinker
concentration and (d) initiator concentration on yield%, gel% and gel time.

increase in amount of sodium alginate in the hydrogel. However,
sodium alginate is a high molecular weight polymer. Above 6 wt%
alginate solution viscosity increases significantly and hence extent
of polymerization reaction deceases with decrease in yield or gel%
as observed in Fig. 1a. From Fig. 1b it is observed that with increase
in crosslinker concentration gel time decreases while yield or gel%
increases. With increase in crosslinker gel% time decreases since
network (gel) in the polymer is formed at a much faster rate in
presence of increased amount of MBA crosslinker. Similarly, yield
or gel% increases due to increase in rate of polymerization in pres-
ence of increased amount of reactant (crosslinker). However, above
2 wt% crosslinker, yield or gel% decreases because of formation of
network at an early stage of polymerization (Tomar, Gupta, Singhal,
& Nagpal, 2007; Bhattacharyya, Ray, & Mandal, 2013). From Fig. 1c
itis observed that with increase in total monomer concentration in
water (TMC) yield or gel% increases. Increase in gel or yield % may
be ascribed to availability of large number of active primary radicals
at higher TMC (Odian, 1991). It is also observed from Fig. 1c that
gel time decreases with TMC which may be due to increased reac-
tionrate at higher monomer concentration in water (Bhattacharyya
etal.,2013).FromFig. 1ditis observed that above 0.25 wt% initiator,
yield or gel% and gel time decrease with increase in initiator con-
centration. Increase in initiator concentration also increases rate of
polymerization and polymer of shorter chain length (lower molec-
ular weight) is formed. Thus, gelling occurs at an early stage of
polymerization resulting in shorter gel time and less gel% (Mall
et al., 2006). The initiation of free radical from initiator is too low
at 0.25 wt% initiator. Hence, yield or gel% increases from 0.25 to
0.5 wt% initiator in polymerization mixtures.

3.2. Characterization of the hydrogel

3.2.1. PZC analysis

Adsorption (loading) of drug on hydrogel depends on electro-
staticinteraction between functional groups of the drug and surface
functionality of the hydrogels. However, charge characteristics of
surface functionality of the hydrogels change with initial pH (pH of
water without hydrogel or drug, pH;) of water. Functional groups

of the hydrogel surface deprotonates with increasing pH; and thus
pH of water changes in presence of hydrogel and drug. The differ-
ence between final pH (pH¢) and initial pH (pH;) of the solution
(pH¢-pH;) is plotted against initial pH; in Fig. 2a for SIPN hydrogel.
Point of zero charge pH (pHpyzc ) of water is obtained as pH; for which
pH¢-pH; is zero. Depending on the pH of the solution hydrogel sur-
faces will be positively charged for pH; < pHpzc, negatively charged
for pH; > pHpzc or neutral for pH; = pHpzc (Wang et al., 2008). From
Fig. 2a it is observed that pHPZC of the SIPN in water is 4.3 which
is increased to 5.5 for drug loaded SIPN. In fact, the drug decreased
negative charge of the hydrogel because of electrostatic interaction
between NH groups of drug with COO- functional groups of hydro-
gels and thus pHpyc shifts to a higher value for drug loaded SIPN.
Adsorption of the drug will be favored at solution pH > pHpz¢ (Mall
et al., 2006).

3.2.2. FTIR Spectroscopy

FTIR spectra of sodium alginate, polyacrylamide, drug loaded
SIPN, drug free SIPN and only drug (acetaminophen) is shown in
Fig. 2b(i-v), respectively. Sodium alginate (Fig. 2b(i)) shows a broad
peak at 3351 cm~! for its hydrogen bonded OH group. Asymmet-
ric and symmetric stretching of-COO group of alginate is observed
at 1638 and 1408 cm™!, respectively (Kulkarni et al., 2010). Sodium
alginate also shows a characteristic peak at 1022 cm~! correspond-
ing to C-0 stretching vibration of its polysaccharide structure. The
peak at 862 cm~! corresponds to vibration of its Na-0 bond. The
FTIR spectrum of polyacrylamide is shown in Fig. 2b(ii). The absorp-
tion bands at 3326 and 3168 cm~! correspond to its N-H stretching
vibration while 1610cm~! corresponds to its N-H bending (Zhou
& Wu, 2011). The absorption band at 1655 and 1348 cm~! are due
to its carbonyl and C-N stretching, respectively (Xie et al., 2009).
All of these peaks are shifted in SIPN and drug loaded SIPN indi-
cating electrostatic interaction among functional groups of sodium
alginate, polyacrylamide and drug in SIPN and drug loaded SIPN.
Accordingly, the peak due to doublet N-H stretching vibration of
polyacrylamide at 3326 cm~! (Fig. 2b(ii)) and the peak due to OH
stretching vibration of sodium alginate at 3351 cm™! (Fig. 2b(i))
is overlapped at 3317cm™! in SIPN (Fig. 2b(iv)) (Mandal, Basu,
& Sa, 2010). Similarly, 1656cm~! peak of SIPN is due to over-
lapping of COO~ of sodium alginate (1638cm~1!) and primary
amide C=0 absorption band of polyacrylamide (1655 cm~1). N-H
stretching vibration of polyacrylamide at 1348 cm~! (Fig. 2b(ii))
is also shifted to 1302cm~! in SIPN. The drug acetaminophen
shows its characteristic -NH, -OH and C-O stretching bands at
3326, 3162 and 1655 cm™!, respectively (Pachuaua & Mazumder,
2012) as observed in Fig. 2b(v). Other peaks of this drug i.e.
1564, 1259, 837cm~! correspond to its -NH in plane bending,
C-0 stretching and p-disubstituted aromatic ring, respectively
(Pachuaua & Mazumder, 2012). The NH and OH peaks of drug is
overlapped with NH and OH peaks of SIPN to 3351 and 3186 cm™!
in drug loaded SIPN as shown in Fig. 2b(iii). Similarly, its car-
bonyl peak is also overlapped with carbonyl peaks of SIPN to
1656cm~! while its absorption peaks at 1259 and 837 cm™lis
shifted to 1280 and 839 cm~! in the drug loaded SIPN as observed in
Fig. 2b(iii).

3.2.3. 13C NMR spectra

13C NMR spectra of polyacrylamide and SIPN hydrogel are
shown in Fig. 2c(i) and (ii), respectively. In 13C NMR of
polyacrylamide (Fig. 2c(i)) peaks are observed at 177.56 and
39.54ppm corresponding to carbon of its amide (CONH;) and
sp3 hybridized CH,-CH, linkage, respectively (Dorkoosh et al.,
2000). The sp2 hybridized carbon-carbon (CH,=CH;) peaks of
acrylamide monomer at 130 and 133 ppm are absent in poly-
acrylamide confirming its polymerization to repeating units
containing CH,-CH, linkage with NMR peak at 39.54 ppm (Das,
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Fig. 2. (a) PZC analysis; (b) i—sodium alginate, ii—polyacrylamide, iii—drug loaded SIPN, iv—SIPN, v—acetaminophen drug; (c) NMR of i—polyacrylamide and ii—SIPN; (d)
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Panda, & Pal, 2012). The NMR peaks of SIPN are observed at
176.35, 115.43, 70.45 and 38.88ppm as shown in Fig. 2c(ii).
The peak at 176.35 is the result of overlapping of carboxylate
peak of sodium alginate at 176 (carbon 6 of both mannuronic
and gluronic acid unit of alginate, M6, G6) and carbon of
amide of polyacrylamide at 177.56 (Chhatbar, Meena, Prasad,
& Siddhanta, 2009). The peak at 11543 ppm was for the
anomeric carbon 1 of G1 and M1 of sodium alginate (Chan,
Whitney, & Ronald, 2009) while the peak at 70.45ppm is
due to carbon 3 of mannuronic acid of the ring of algi-
nate (M3) (Chhatbar et al., 2009). SIPN also shows a peak at
38.88 ppm corresponding to CH,-CH, of repeating unit of the
polymer.

3.2.4. X-ray diffraction (XRD)

Synthesis of SIPN from sodium alginate and polyacrylamide
results in loss of crystallinity of sodium alginate as evident from
Fig. 2d. XRD of sodium alginate, SIPN, acetaminophen (drug) and
SIPN hydrogel loaded with drug is shown in Fig. 2d. From Fig. 2d it
is observed that sodium alginate shows several crystalline peaks at
2600f19.4°,21°,32°,34°,42.4°,45.4° and 48.8° as also reported else-
where (Chhatbar et al., 2009; Dong, Dong, Cao, Han, & Ding, 2011).
The crystallinity of sodium alginate is due to hydrogen bonding
among its hydroxyl groups. SIPN is formed by in situ polymer-
ization of acrylamide in presence of sodium alginate and because
of chemical bond formation between alginate and acrylamide,
crystallinity is reduced in its SIPN (Mandal & Ray, 2013). This
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reduction in crystallinity is evident in XRD of SIPN in Fig. 2d which
shows only one characteristic peak at 26 of 23.6°. It also signi-
fies close electrostatic interaction between acrylamide unit and
alginate in SIPN. From Fig. 2d it is also observed that the drug
acetaminophen shows several crystalline peaks at 260 0f 12.4°,14.2°,
15.9°,18.5°, 20.7°, 24.7°, 26.9°, 37.2° and 33° as also reported else-
where (Wang et al., 2011). Because of close interaction between
drug and SIPN hydrogels all of these peaks are shifted in drug loaded
SIPN. Accordingly, the drug loaded SIPN showed crystalline peaks at
20 0f11.9°,18.2°,19.4°,28.5°, 23°,24°,43.9°, and 35.8° as observed
in Fig. 2d.

3.2.5. Scanning electron microscopy (SEM)

SEM of SIPN hydrogel and SIPN loaded with drug is shown in
Fig. 2e(i) and (ii), respectively. The SEM of SIPN was carried out
at high magnification (x1000). It is observed from SEM of SIPN
(Fig. 2e(i)) that alginate and polyacrylamide shows good compat-
ibility in SIPN. Further, introduction of alginate facilitates surface
and network structure of the IPN gel (Wang & Wang, 2010) which
is desirable for good absorption properties. SEM of drug filled SIPN
was done at lower (x500) magnification to understand distribution
of drug in SIPN. From Fig. 2e(ii) it is observed that drug molecules
are uniformly distributed in the SIPN hydrogel.

3.2.6. DTA and TGA

3.2.6.1. DTA. DTA of sodium alginate, polyacrylamide, SIPN and
drug loaded SIPN are shown in Fig. 2f(i). From Fig. 2f{(i) it is observed
that polyacrylamide shows an endothermic peak at around 100°C
indicating loss of weakly bound water molecules from the gel
network and two exothermic peaks at around 241 and 370°C
corresponding to its thermal degradation as also reported else-
where (Zhou & Wu, 2011). The endothermic peak of sodium
alginate at around 86 °C due to water loss (Pongjanyakul, Priprem,
& Puttipipatkhachorn, 2005) is shifted to 94 °C in SIPN as observed
in Fig. 2f(i). Similarly, one exothermic peak of sodium alginate at
162 °C corresponding to its recrystallization and two exothermic
peaks at 228 and 257 °C corresponding to its degradation (Pereira
et al., 2013) is shifted to 298 and 332 °C, respectively in the SIPN.
Drug loaded SIPN is observed to show a similar DTA profile like
SIPN.

3.2.6.2. TGA. From TGA of polyacrylamide, sodium alginate, SIPN,
and drug loaded SIPN (Fig. 2f(ii)) it is observed that the poly-
mers showed several weight loss regions with onset of maximum
weight loss at melting temperatures. The weight losses of the
hydrogels in different temperature regions are associated with
splitting of the main chain and thermal decomposition of the poly-
mer. Accordingly, sodium alginate is observed to show three steps
of degradation. About 40% of alginate degrades in the tempera-
ture range of 80-225°C. This may be due to breaking of segments
of mannuronic acid and glucuronic acid (Sand, Yadav, Mishra, &
Behari, 2010). However, major degradation occurs in the second
stage in the temperature range of 230-275°C. The degradation in
second and third stage (280-600°C) accounts for braking of main
polymer chains. Similarly, degradation of polyacrylamide up to
around 100°C (~1.5%) is due to loss of moisture while its main
polymer chain degrade at 230-260°C. More extensive degrada-
tion occurs in the third stage beginning at around 360 °C (Solpan,
Torun, & Guven, 2008). However, polyacrylamide is observed to
show higher thermal resistance than alginate and the temperature
for half life (t;,) of alginate and polyacrylamide are observed to
be 237 and 362 °C, respectively. The SIPN shows intermediate ther-
mal degradation profile between polyacrylamide and alginate with
ty of 335°C. Incorporation of lower melting acetaminophen drug
(Chong, Yunus, Choong, Abdullah, & Spotar, 2011) reduces thermal

resistance of the drug loaded SIPN and it is observed to show a
lower ty; (325°C) than SIPN.

3.3. Study of swelling properties of the hydrogels

Drug release properties of hydrogels strongly depend on its
swelling characteristics (Wang, Xie, Zhang, Zhang, & Wang, 2010b).
The results of swelling ratios of the hydrogels synthesized with
0.25, 0.5,1 and 2 wt% initiator concentration (designated as 10.25,
10.50, 1.0 and 2.0, respectively), 1, 2 and 3wt% MBA concen-
tration (designated as MBA1, MBA2 and MBA3, respectively), 15,
20 and 25wt% total monomer concentration in water (desig-
nated as TMC15, TMC20 and TMC25, respectively), 0, 2, 4, 6 and
8 wt% sodium alginate (designated as SAO, SA2, SA4, SA6 and SAS8,
respectively) are shown in Fig. 3a-d, respectively. All of these
swelling experiments were carried out at a pH of 7.6 in water.
Swelling ratios of SA6 hydrogel synthesized with optimized reac-
tion parameters (6 wt% alginate, 2 wt% crosslinker, 1 wt% initiator
at 25wt% TMC) is also shown in Fig. 3e at pH 1.5, 5.5 and 7.6
(designated as pH 1.5, pH 5.5 and pH 7.6, respectively). From
Fig. 3a it is observed that swelling ratio increases with increase
in initiator concentration from 0.25 to 2 wt%. With increase in
initiator concentration molecular weight of the gel decreases
with more chain ends which leads to imperfection in gel net-
work and thus increased swelling. In the present work optimum
initiator concentration was found to be 1.0 wt%. Above this ini-
tiator concentration gel strength is not acceptable due to gel
imperfection while below this concentration polymerization or
gel time was too high. Swelling ratio of the hydrogels is also
observed to increase with decrease in MBA concentration, increase
in total monomer concentration (TMC) and increase in alginate
concentration as observed in Fig. 3b-d respectively. This may be
ascribed to lower crosslinking, increased reactivity and increased
hydrophilicity, respectively of the hydrogels. From Fig. 3d it is
also observed that with increase in sodium alginate wt% in the
hydrogel from SAO to SAG6, swelling ratio increases. This may be
attributed to increase in electrostatic repulsive force in the network
because of negatively charged carboxylate functional groups (COO~
Na*) of alginate. Thus, water absorption properties of the hydrogels
improve. However, further increase of alginate (above 6 wt%, SA8)
decreases swelling properties of the gels which may be due to fill-
ing up of the void spaces of the network chains by alginate (Murthy,
Murali, Sreeramulu, & Mohana, 2006). From Fig. 3e it is observed
that at higher pH swelling ratio increases which may be due to ion-
ization of hydrophilic COOH groups of the hydrogels. The swelling
data of the hydrogels were also found to show good non linear fit-
ting to second order rate equation (Eq. (4)) as shown in Table 1. The
calculated ESR, initial rate of swelling (), rate constant (ks;) and
statistical parameters such as R?, x2 and F of these fittings are also
shown in Table 1. It is observed that regression coefficient R? of
these fittings are close to unity (0.9513 to 0.9967) while chi square
(x?) of these fittings are very low (0.4-0.007) and F values are very
high (361-4503) which confirms close fitting of the swelling data
to second order rate equation (Mandal & Ray, 2013). Further, cal-
culated ESR of the hydrogels is also observed to be very close to
its experimental ESR. The diffusion of water through the hydro-
gels was evaluated in terms of diffusion constant (kp), diffusion
exponent (n) and diffusion coefficient (D) of the hydrogels. These
parameters were obtained by non linear fitting of swelling data to
Eq.(5)and also using Eq. (6) as shown in inset of Fig. 3a—e for varied
initiator concentration, MBA concentration, TMC, alginate% and pH,
respectively. The experimental swelling data shows good fitting as
evident from these figures. The values of kp, n, D and the statistical
parameters RZ, x2 and F of these fitting are shown in Table 1. The
value of kp and n signifies Case-I diffusion which may be attributed
to extensive swelling of the hydrogels. Thus, relaxation of polymer
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chain dominates diffusion of water from the network. The values
of statistical parameters viz. R? (0.9932-0.9926), x2 (0.006-0.0002)
and F (338-7086) for these regressions also confirm close fitting to

Eq. (5).

3.3.1. Salinity and swelling

The ESR of the hydrogels decreases with increasing ionic
strength of the solution in presence of salt as observed in Fig. 3f.
The hydrogels of the present work containing carboxylate groups
are anionic in nature and thus swelling of the hydrogel decreases by
charge screening effect (Zhang, Wu, Li, & Wang, 2005) of the addi-
tional cations of the salt. Swelling of the hydrogels also decreases
with increase in cationic charge in the following order trivalent
AlCl3 <bivalent CaCl, <monovalent NaCl as observed in the same

figure. This may be ascribed to the degree of crosslinking of the
hydrogels through binding of the cations with its functional COO-
groups which decreases from trivalent to monovalent cation (Zhang
et al., 2005).

3.3.2. Deswelling kinetics of the hydrogels

Drug release properties depend strongly on response rate of
the hydrogels which may be evaluated by deswelling of the
swollen hydrogels. Deswelling of the hydrogels with varied sodium
alginate and crosslinker (MBA) contents were studied from its
equilibrated swelled state in water at 25°C. The results of the
deswelling study are shown in Fig. 4a and b for hydrogels with
varied alginate and MBA content, respectively. From Fig. 4a it
is observed that deswelling time and rate depends on alginate
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Table 1
Swelling diffusion and network parameters of the hydrogels.

Polymer ksz x 103 /g x 102 ESRexpt/ESRca (8/8) r2[x* x 10%[F kp x 102/n/D x 105 r2[x% x 10®|F M x 1073/p. x 10718/¢
MBA1 0.14/2.7 12.51/13.79 0.9513/40/906 3.0/0.50/10.5 0.9851/0.12/2817 15.5/0.51/1058
MBA2 0.09/3.0 11.85/11.03 0.9824/21/2504 2.1/0.52/9.45 0.9923/0.054/7086 8.45/3.24/811
MBA3 3.0/55 452/425 0.9587/5.7/1306 12.1/0.30/1.38 0.9711/0.16/2383 0.82/9.95/188
10.25 4.8/4.0 4.25/4.67 0.9967/0.7/4503 7.0/0.34/2.21 0.9515/0.51/338 13.3/0.68/946
10.50 2.2/5.0 7.79/6.74 0.9687/47/590 9.9/0.34/4.64 0.9433/0.66/448 11.3/2.31/901
11.0 0.09/3.0 11.85/11.03 0.9825/21/2504 2.1/0.52/9.45 0.9918/0.054/7086 8.45/3.24/811
12.0 1.8/2.6 12.47/12.09 0.9657/22/361 3.1/0.49/13 0.9823/0.1/1115 0.84/9.67/189
SAO 7.0/1.6 1.99/3.29 0.9567/1.2/889 8.9/0.35/2.17 0.9432/0.6/609 0.02/5.51/25
SA2 3.6/1.7 6.24/7.23 0.9883/0.8/1806 2.0/0.48/5.99 0.9859/0.16/1997 2.14/4.58/338
SA4 0.28/1.9 8.11/8.24 0.9567/20/753 10.4/0.32/8.02 0.9718/0.2/1323 7.17/4.12/674
SAG 0.09/3.0 11.85/11.03 0.9824/21/2504 2.1/0.52/9.45 0.9934/0.054/7086 8.45/3.24/811
SA8 0.0007/3.1 5.71/6.48 0.9763/9.3/903 10.1/0.32/2.46 0.9854/0.165/1885 0.92/9.8/194
TMC15 0.3/2.1 8.93/6.92 0.9854/9/2139 10.6/0.32/1.4 0.9512/0.37/1445 2.17/5.2/336
TMC20 0.28/3.2 10.81/8.99 0.9289/47/676 2.2/0.54/6.6 0.9921/0.061/7086 6.47/4.1/637
TMC25 0.09/3.0 11.85/11.03 0.9823/21.7/2504 2.1/0.52/9.45 0.9926/0.054/7086 8.45/3.24/811
pH 1.5 0.08/0.1 5.59/4.49 0.9645/7.2/950 0.93/0.66/8.7 0.9843/0.2/1760 0.82/9.37/189
pH55 0.27/0.2 8.31/7.56 0.9754/15.8/1784 4.3/0.44/7.58 0.9923/0.025/4844 6.47/8.1/637
pH7.6 0.09/3.0 11.85/11.03 0.9827/21/2504 2.1/0.52/9.45 0.9915/0.054/7086 8.45/3.24/811

ks2 (g gel/g water. minute), ro (g water/g gel. minute), kp (s=1), n (—), D (cm?/s).

content of the hydrogels. As the amount of sodium alginate
increases in the hydrogel from SAO (polyacrylamide hydrogel with
0% alginate) to SA8, deswelling rate increases up to SA6. During
deswelling process a dense skin layer is formed on the surface
of the hydrogels in contact with water by rapid shrinkage due
to hydrophobic interaction between various hydrophobic groups
on its surface (Marandi, Sharifnia, & Hosseinzadeh, 2006; Chen

et al., 2010). This skin dense layer prevents water from diffus-
ing out of the gel network. Thus, crosslinked polyacrylamide gel
shows the lowest deswelling rate. The introduction of hydrophilic
sodium alginate (containing hydrophilic -OH and COOH groups)
inhibits the formation of skin layer and act as a water releasing
channel in the IPN network structures. Thus, the IPN hydrogels
show faster deswelling rate with increasing amount of alginate.
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Fig. 4. Effect of (a) sodium alginate and (b) MBA on deswelling, (c) Swelling-deswelling at varied pH.



676 H.S. Samanta, S.K. Ray / Carbohydrate Polymers 99 (2014) 666-678

Table 2
Drug release data of the hydrogels.

Polymer Drug loading (mg/100 mg beads) Entrapment efficiency (%) Kip x 10%/n R?[x? x 103|F

SAO 17.45 55.21 9.0/047 0.9865/1.0/4864
SA2 23.04 68.30 5.6/0.57 0.9856/2.0/4357
SA4 25.55 77.42 2.26/0.73 0.9990/0.08/49292
SA6 27.93 81.58 1.8/0.77 0.9983/0.14/26083
SA8 16.99 63.77 4.09/0.62 0.9942/0.48/9210
MBA1 32.69 50.75 7.0/0.48 0.9966/0.23/19592
MBA2 27.93 81.58 1.7/0.77 0.9983/0.15/26083
MBA3 24.02 72.55 1.7/0.77 0.9984/0.15/26374
pH1.5 20.46 79.60 11/0.43 0.9560/3.9/1495
pH7.5 27.93 81.58 1.7/0.77 0.9984/0.14/26083

However, above 6 wt% alginate, deswelling rate decreases which
may be due to poorer compatibility between alginate and poly-
acrylamide. Thus, in the drug release study SIPN containing 6 wt%
alginate (SA6) was considered. From Fig. 4b it is also observed that
deswelling rate decreases with increase in % of crosslinker which
may be attributed to the formation of tighter network at higher
crosslinker?.

3.3.3. Oscillatory swelling-deswelling study

The result of reversible swelling-deswelling of the hydrogels
under oscillatory pH of 7.5 and 1.5 is shown in Fig. 4c. It is observed
that swelling-deswelling reversibility under oscillatory pH change
also depends on alginate content of the hydrogels. Reversible pH
response is observed to improve with increase in alginate con-
tent and the SIPN containing 6 wt% alginate showed the best pH
reversibility. With increase in alginate content number of car-
boxylic (COOH) groups in the SIPN increases. The carboxylic groups
ionize at higher pH (7.5) and thus osmotic pressure inside the
gel matrix increases resulting in increased swelling of the gels.
Similarly, for deswelling in acidic pH (1.5) hydrogen ions (H+)
diffuses into the gel matrix and neutralizes its carboxylic groups
with collapsing and deswelling of gels. Alginate also improves
mechanical strength of the hydrogels as evident from pH reversibil-
ity of the IPN with 4 (SA4) and 6 wt% (SA6) alginate after many
cycles of higher and lower pH. IPN with lower concentration of
alginate (SA2) or polyacrylamide gel (SAO) is observed to show
poor pH reversibility because of lower mechanical strength and
less number of hydrophilic functional groups (Raghavendra et al.,
2012).

3.4. Network parameters

Various network parameters such as average molecular weight
between crosslink (M), crosslink density (o.) and mesh size (¢)
of the hydrogels were obtained using Eq. (8)-(12) based on
swelling data of these hydrogels in double distilled water at
pH of 7.6. These network parameters were also obtained for
SA6 hydrogel at varied pH of 1.5, 5.5 and 7.5. All of these
are given in Table 1. From Table 1 it is observed that M and
¢ decreases while p. increases with increase in crosslinker
concentration from MBA1 to MBA3. This is because num-
ber of networks increases in the gel matrix with increase
in crosslinker concentration. Molecular weight of the hydro-
gel decreases with increase in initiator concentration (Odian,
1991). Thus, both M and ¢ decreases while p. increases from
10.25 to 12.0. M and ¢ of the hydrogels are also observed to
increase with increase in alginate wt% from SAO to SA6. This
may be due to the formation of more branched multiple side
chains in the hydrogels (Wang & Wang, 2010). However, as
the alginate wt% increases further, increased viscosity of the
polymerization solution decreases initiation efficiency of algi-

nate (Wang & Wang, 2010) and thus M and ¢ decreases in

SA8. Similarly, with increase in TMC or pH, M and ¢ increases while
pc decreases.

3.5. Invitro drug release study

Drug loading and entrapment efficiency of the hydrogels used

for drug release study is shown in Table 2. It is observed that like
swelling ratio drug loading or drug entrapment also increases with
increase in alginate wt%, decrease in crosslinker concentration and
also increase in solution pH i.e. from SGF (pH 1.5) to SIF (pH 7.5).
Cumulative release profile of acetaminophen drug from the SIPN
hydrogels at varied crosslinker concentration, pH and alginate wt%
is shown in Fig. 5a—c, respectively. From all of these figures it is
observed that the hydrogels show an initial burst release of the
drug followed by a sustained rate of release. The initial burst release
may be attributed to the release of drug associated with surface
of the hydrogels. The concentration gradient of the drug between
hydrogel surface and release medium (water) is the driving force for
diffusion of drug from the gel network. Initial rapid release of drug
is due to high concentration gradient of drug between these two
phases (Patil, Dordick, & Rethwisch, 1996). It is also observed that
drug release trend is similar to swelling characteristic of the hydro-
gels i.e. with decreasing crosslinking concentration or increasing
alginate wt% drug release rate increases. Similarly, like swelling
ratio, at higher pH release rate of drug is also faster as observed
in Fig. 5c. Initially the concentration profile of drug between sur-
face of the hydrogels and water is high which causes its rapid
release. It is also observed from Fig. 5 that after around 300 min
(5h) change in release rate is marginal. This is because entrapment
of the remaining drug in the gel network prevented further release
at low concentration gradient (Zhang, Wu, & Chu, 2004). Similar
release profiles were reported for release of model protein and drug
from various IPN type hydrogels (Kulkarni et al., 2010; Matricardi
etal., 2013; Raghavendraetal.,2012; Wang et al.,2010a; Patil et al.,
1996). First 60% of the release data were also fitted to the follow-
ing Korsmeyer-Peppas model Eq. (16) (Korsmeyer, Gurny, Doelkar,
Buri, & Peppas, 1983)
Fp = gt = Kipt" (16)
where Wp; and Wp, are amount of drug released at time t and
infinity, respectively, Kip is a constant corresponding to structural
and geometrical character of the dosage form and the diffusion
exponent n signifies mechanism of drug release. The values of
Kgp and n of the hydrogels used for drug release study is shown
in Table 2 along with the values of statistical parameters i.e. R2,
%2 and F. It is observed that the values of ‘n’ ranges from 0.35 to
0.77 which signifies diffusion controlled drug release of the hydro-
gels. The values of R? are observed to be close to unity (0.9856 to
0.9984) while low x2 (0.14 to 2 x 10-3) and high F (4357-49292)
values are observed for these fittings which also confirm close fit-
ting of the drug release profile to Korsmeyer-Peppas model by the
hydrogels.
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4. Conclusion

Several semi-interpenetrating network type (SIPN) hydrogels
were synthesized by in-situ crosslink copolymerization of acryla-
mide and MBA in presence of sodium alginate at varied initiator,
MBA, alginate wt% and total monomer concentration in water.
These hydrogels were characterized by PZC, FTIR, NMR, XRD, SEM
and DTA-TGA. These characterizations confirmed pH sensitivity,
crosslinking and interpenetration of the SIPN hydrogels. Swelling
data of the hydrogels showed close non-linear fitting to sec-
ond order rate equation. Drug release data were also found to
show close fitting to Korsmeyer—-Peppas model. Molecular weight
between two crosslink, crosslink density and mesh size of the
hydrogels were also evaluated. The pH reversibility of the hydro-
gels increased with increase in alginate wt%. However, above 6 wt%
alginate swelling and pH reversibility decreased. Hydrogels syn-
thesized with 6 wt% sodium alginate, 1 wt% initiator, 2 wt% MBA
at a TMC of 25% (termed as SA6) was observed to show optimum
swelling as well as drug entrapment and drug release profile at pH
of 7.5.

Acknowledgment
The first author is grateful to Center For Nanoscience and Tech-

nology, University of Calcutta for providing fellowship. Authors are
also grateful to Council of scientific and industrial research (CSIR)

and Department of Science and Technology (DST), Govt. of India for
their financial support to purchase UV-Vis spectrophotometer and
FTIR spectrophotometer used for the present work.

References

Bhattacharyya, R,, Ray, S. K., & Mandal, B. (2013). A systematic method of synthesiz-
ing composite superabsorbent hydrogels from crosslink copolymer for removal
of textile dyes from water. Journal of Industrial and Engineering Chemistry, 19,
1191-1203.

Canal, T., & Peppas, N. A. (1989). Correlation between mesh size and equilib-
rium degree of swelling of polymeric networks. Journal of Biomedical Materials
Research, 23(10), 1183-1193.

Chan, A. W., Whitney, R. A., & Ronald, ]. N. (2009). Semisynthesis of a controlled
stimuli-responsive alginate hydrogel. Biomacromolecules, 10, 609-616.

Chen, ], Liu, M,, Liu, H,, Ma, L, Gao, C, Zhu, S., & Zhang, S. (2010). Synthesis
and properties of thermo- and pH-sensitive poly (diallyldimethylammonium
chloride)/poly(N,N’ diethylacrylamide)semi-IPN hydrogel. Chemical Engineering
Journal, 159, 247-256.

Chen, J., Park, H., & Park, K. (1999). Synthesis of super porous hydrogels: Hydrogels
with fast swelling and superabsorbent properties. Journal of Biomedical Materials
Research, 44, 53-62.

Chhatbar, M., Meena, R., Prasad, K., & Siddhanta, A. K. (2009). Microwave assisted
rapid method for hydrolysis of sodium alginate for M/G ratio determination.
Carbohydrate Polymers, 76, 650-656.

Chong, G. H., Yunus, R., Choong, T. S. Y., Abdullah, N., & Spotar, S. Y. (2011). Sim-
ple guidelines for a self-built laboratory-scale supercritical anti-solvent system.
Journal of Supercritical Fluids, 60, 69-74.

Das, R, Panda, A. B, & Pal, S. (2012). Synthesis and characterization of a novel
polymeric hydrogel based on hydroxypropyl methyl cellulose grafted with poly-
acrylamide. Cellulose, 19, 933-945.


http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0005
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0010
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0015
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0020
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0025
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0030
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0035
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0040

678 H.S. Samanta, S.K. Ray / Carbohydrate Polymers 99 (2014) 666-678

Dumitriu, R. P., Mitchell, G. R., & Vasile, C. (2011). Multi-responsive hydrogels
based on N-isopropylacrylamide and sodium alginate. Polymer International, 60,
222-233.

Dumitriu, R. P., Mitchell, G. R, & Vasile, C. (2011a). Rheological and thermal
behaviour of poly(N isopropylacrylamide)/alginate smart polymeric networks.
Polymer International, 60, 1398-1407.

Dong,Y.,Dong, W.,Cao,Y.,Han, Z,,&Ding, Z.(2011). Preparation and catalytic activity
of Fe alginate gel beads for oxidative degradation of azo dyes under visible light
irradiation. Catalysis Today, 175, 346-355.

Dorkoosh, F. A, Brussee, ]., Verhoef, J. C,, Borchard, G., Rafiee-Tehrania, M., &
Junginger, H. E. (2000). Preparation and NMR characterization of superporous
hydrogels (SPH) and SPH composites. Polymer, 41, 8213-8220.

Horia, M., Nizam, E. D., Manal, F., Abou, T., Wahab, A., & El-Naggar, M. (2008).
Metal sorption and swelling characters of acrylic acid and sodium alginate based
hydrogels synthesized by gamma irradiation. Nuclear Instruments and Methods in
Physics Research B: Beam Interactions with Materials and Atoms, 266, 2607-2613.

Hua, S., Ma, H,, Li, X, Yang, H.,, & Wang, A. (2010). pH-sensitive sodium algi-
nate/poly(vinyl alcohol) hydrogel beads prepared by combined Ca2* crosslinking
and freeze-thawing cycles for controlled release of diclofenac sodium. Interna-
tional Journal of Biological Macromolecules, 46, 517-523.

Jeon, Y. S, Lei, J., & Kim, J. H. (2008). Dye adsorption characteristics of algi-
nate/polyaspartate hydrogels. Journal of Industrial and Engineering Chemistry, 14,
726-731.

Korsmeyer, R. W., Gurny, R., Doelkar, E., Buri, P., & Peppas, N. A. (1983). Mecha-
nisms of solute release from porous hydrophilic polymers. International Journal
of Pharmaceutics, 15, 23-25.

Kulkarni, R. V., Sreedhar, V., Mutalik, S., Setty, C. M., & Sa, B. (2010). Interpenetrat-
ing network hydrogel membranes of sodium alginate andpoly(vinyl alcohol) for
controlled release of prazosin hydrochloride through skin. International Journal
of Biological Macromolecules, 47, 520-527.

Liy, Z.,Jiao,Y.,Wang, Y., Zhou, C., & Zhang, Z. (2008). Polysaccharides-based nanopar-
ticles as drug delivery systems. Advanced Drug Delivery Reviews, 60, 1650-1662.

Lorenzo, C. A, Fernandez, B. B, Puga, A. M., & Concheiro, A. (2013). Crosslinked
ionic polysaccharides for stimuli-sensitive drug delivery. Advanced Drug Delivery
Reviews, http://dx.doi.org/10.1016/j.addr.2013.04.016

Mall, I. D., Srivastava, V. C., Kumar, G. V. A., & Mishra, I. M. (2006). Characteriza-
tion and utilization of mesoporous fertilizer plant waste carbon for adsorptive
removal of dyes from aqueous solution. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 278, 175-187.

Mandal, S., Basu, S. K., & Sa, B. (2010). Ca®* ion cross-linked interpenetrating net-
work matrix tablets of polyacrylamide-grafted-sodium alginate and sodium
alginate for sustained release of diltiazem hydrochloride. Carbohydrate Polymers,
82, 867-873.

Mandal, B., Ray, S. K., & Bhattacharyya, R. (2012). Synthesis of full and semi
interpenetrating hydrogel from polyvinyl alcohol and poly (acrylic acid-co-
hydroxyethylmethacrylate) copolymer: Study of swelling behavior, network
parameters, and dye uptake properties. Journal of Applied Polymer Science, 124,
2250-2268.

Mandal, B., & Ray, S. K. (2013). Synthesis of interpenetrating network hydrogel from
poly(acrylic acid-co-hydroxyethyl methacrylate) and sodium alginate: Model-
ing and kinetics study for removal of synthetic dyes from water. Carbohydrate
Polymers, 98, 257-269.

Marandi, G. B., Sharifnia, N., & Hosseinzadeh, H. (2006). Synthesis of an
alginate-poly(sodium acrylate-co-acrylamide) superabsorbent hydrogel with
low salt sensitivity and high pH sensitivity. Journal of Applied Polymer Science,
101, 2927-2937.

Matricardi, P., Meo, C. D. Coviello, T. Hennink, W. E., & Alhaique, F.
(2013). Interpenetrating polymer networks polysaccharide hydrogels for
drug delivery and tissue engineering. Advanced Drug Delivery Reviews,
http://dx.doi.org/10.1016/j.addr.2013.04.002

Morris, E. R,, Cutler, A. N., Ross-Murphy, S. B., Rees, D. A., & Price, . (1981). Concen-
tration and shear rate dependence of viscosity in random coil polysaccharide
solutions. Carbohydrate Polymers, 1, 5-21.

Murthy, P. S. K., Murali, M. Y., Sreeramuly, J., & Mohana, R. K. (2006). Semi-IPNs
of starch and poly(acrylamide-co-sodium methacrylate): Preparation, swelling
and diffusion characteristics evaluation. Reactive & Functional Polymers, 66,
1482-1493.

Myung, D., Waters, D., Wiseman, M., Duhamel, P. E.,Noolandi, ]., Ta, C. N., et al. (2008).
Progress in the development of interpenetrating polymer network hydrogels.
Polymers for Advanced Technologies, 19, 647-657.

Odian, G. (1991). Radical chain polymerization. In Principle of polymerization (3rd
ed., pp. 198-334). Singapore: John Wiley & Sons Inc.

Pachuaua, L., & Mazumder, B. (2012). Albizia procera gum as an excipient for oral
controlled release matrix tablet. Carbohydrate Polymers, 90, 289-295.

Patil, N. S., Dordick, J. S., & Rethwisch, D. G. (1996). Macroporous poly(sucrose
acrylate) hydrogel for controlled release of macromolecules. Biomaterials, 17,
2343-2350.

Paul, R., & John, J. (1943). Statistical mechanics of cross-linked polymer networks I
Rubber like elasticity. Journal of Chemical Physics, 11, 512-517.

Peppas, N. A, Hilt, J. Z, Ali, K., & Robert, L. (2006). Hydrogels in biology and
medicine: From molecular principles to bionanotechnology. Advanced Materials,
18, 1345-1360.

Pereira, R., Carvalho, A., Vaz, D. C,, Gil, M. H., Mendesa, A., & Bartolo, P. (2013). Devel-
opment of novel alginate based hydrogel films for wound healing Applications.
International Journal of Biological Macromolecules, 52, 221-230.

Pongjanyakul, T., Priprem, A., & Puttipipatkhachorn, S. (2005). Investigation of novel
alginate-magnesium aluminum silicate microcomposite films for modified-
release tablets. Journal of Controlled Release, 107, 343-356.

Raghavendra, V. K., Rashmi, B., Mohan, G. K., Mutalik, S., & Kalyane, N. V. (2012).
pH-responsive interpenetrating network hydrogel beads of poly(acrylamide)-
g-carrageenan and sodium alginate for intestinal targeted drug delivery:
Synthesis, in vitro and in vivo evaluation. Journal of Colloid and Interface Science,
367,509-517.

Risbud, M. V., & Bhonde, R. R. (2000). Polyacrylamide-chitosan hydrogels: In vitro
biocompatibility and sustained antibiotic release studies. Drug Delivery, 7,
69-75.

Ritger, P. L., & Peppas, N. A.(1987). A simple equation for description of solute release
I Fickian and non-Fickian release from non-swellable devices in the form of slabs,
spheres, cylinders or discs. Journal of Controlled Release, 5, 23-36.

Sand, A.,Yadav, M., Mishra, D. K., & Behari, K.(2010). Modification of alginate by graft-
ing of N-vinyl-2-pyrrolidone and studies of physicochemical properties in terms
of swelling capacity, metal-ion uptake and flocculation. Carbohydrate Polymers,
80, 1147-1154.

Solpan, D., Torun, M., & Guven, O. (2008). The usability of (sodium algi-
nate/acrylamide) semi-interpenetrating polymer networks on removal of some
textile dyes. Journal of Applied Polymer Science, 108, 3787-3795.

Tomar, R. S, Gupta, I, Singhal, R, & Nagpal, A. K. (2007). Synthesis of poly
(acrylamide-co-acrylic acid) based superabsorbent hydrogels: Study of network
parameters and swelling behaviour. Polymer-Plastics Technology and Engineering,
46, 481.

Tennesen, H. H., & Karlsen, J. (2002). Alginate in drug delivery systems. Drug Devel-
opment and Industrial Pharmacy, 28(6), 621-630.

Sanli, O., Aya, N., & Isiklan, N. (2007). Release characteristics of diclofenac
sodium from poly(vinylalcohol)/sodium alginate and poly(vinyl alcohol)-
grafted poly(acrylamide)/sodium alginate blend beads. European jJournal of
Pharmaceutics and Biopharmaceutics, 65, 204-214.

Sperling, L. H. (1981). Interpenetrating polymer networks and related materials. New
York: Plenum.

Sunil, K. B., & Surinderpal, S. (2006). Analysis of swelling behaviour of
poly(methacrylamide-co-methacrylic acid) hydrogels and effect of synthesis
conditions on water uptake. Reactive Functional Polymer, 66, 431-440.

Wang, I. C, Lee, M. ], Seo, D. Y., Lee, H. E., Choi, Y., Kim, W. S,, Kim, C. S., Jeong,
M. Y., & Guang, J. C. (2011). Polymorph transformation in paracetamol moni-
tored by in-line NIR spectroscopy during a cooling crystallization process. AAPS
Pharmaceutical Science & Technology, 12(2), 1-7.

Wang, Q.,Hy, X, Du, Y., & Kennedy, J. F. (2010). Alginate/starch blend fibers and their
properties for drug controlled release. Carbohydrate Polymers, 82, 842-847.
Wang, Q., Xie, X. L., Zhang, X. W,, Zhang, J. P., & Wang, A. Q. (2010). Prepa-
ration and swelling properties of pH-sensitive composite hydrogel beads
based on chitosan-g-poly (acrylic acid)/vermiculite and sodium alginate for
diclofenac controlled release. International Journal of Biological Macromolecules,

46, 356-362.

Wang, W, & Wang, A. (2010). Synthesis and swelling properties of pH-
sensitive semi-IPN superabsorbent hydrogels based on sodium alginate-g-
poly(sodium acrylate) and polyvinylpyrrolidone. Carbohydrate Polymers, 80,
1028-1036.

Wang, X. F.,, Sun, X. W., Liu, W. X,, Gong, B. Y., & Gao, N. B. (2008). Chitosan hydrogel
beads for fulvic acid adsorption: Behaviors and mechanisms. Chemical Engineer-
ing Journal, 142, 239-247.

Xie, C.X., Feng, Y.].,Cao, W.P., Teng, H. K, Li, ]. F., & Lu, Z. Y. (2009). Novel biodegrad-
able flocculating agents prepared by grafting polyacrylamide to konjac. Journal
of Applied Polymer Science, 111, 2527-2536.

Xue, W., Champ, S., & Huglin, M. B. (2001). Network and swelling parameters of
chemically crosslinked thermoreversible hydrogels. Polymer, 42, 3665.

Zhang, X. Z., Wu, D. Q., & Chu, D. Q. (2004). Synthesis, characterization and con-
trolled drug release of thermosensitive IPN-PNIPAAm hydrogels. Biomaterials,
25,3793-3805.

Zhang, Y. X., Wu, F, Li, M., & Wang, E. (2005). pH switching on-off semi-IPN
hydrogel based on cross-linked poly(acrylamide-co-acrylic acid) and linear
polyallyamine. Polymer, 46, 7695-7700.

Zhou, C., & Wu, Q. (2011). A novel polyacrylamide nanocomposite hydrogel rein-
forced with natural chitosan nanofibers. Colloids and Surfaces B: Biointerfaces,
84, 155-162.


http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0045
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0050
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0055
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0060
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0065
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0070
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0075
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0080
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0085
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0090
dx.doi.org/10.1016/j.addr.2013.04.016
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0100
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0105
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0110
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0115
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0120
dx.doi.org/10.1016/j.addr.2013.04.002
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0130
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0135
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0140
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0145
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0150
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0155
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0160
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0165
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0170
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0175
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0180
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0185
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0190
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0195
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0200
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0205
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0210
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0215
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0220
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0225
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0230
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0235
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0240
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0245
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0250
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0255
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0260
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0265
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0270
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275
http://refhub.elsevier.com/S0144-8617(13)00894-1/sbref0275

	Synthesis, characterization, swelling and drug release behavior of semi-interpenetrating network hydrogels of sodium algin...
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Preparation of hydrogel
	2.2.1 Yield and gel content of the hydrogel

	2.3 Characterization of the hydrogels
	2.3.1 Point zero charge (PZC) analysis
	2.3.2 FTIR spectroscopy
	2.3.3 13CNMR spectra
	2.3.4 Scanning electron microscopy (SEM)
	2.3.5 Thermal analysis
	2.3.6 X-ray diffraction (XRD)

	2.4 Study of equilibrium swelling
	2.4.1 Swelling kinetics

	2.5 Diffusion kinetics through the hydrogels
	2.6 Study of water retention
	2.7 Network parameter of the hydrogels
	2.8 Study of drug loading and entrapment efficiency of the hydrogel
	2.9 In vitro drug release studies

	3 Results and discussion
	3.1 Synthesis of IPN hydrogels
	3.1.1 Effect of reaction variables on gel content and gel time

	3.2 Characterization of the hydrogel
	3.2.1 PZC analysis
	3.2.2 FTIR Spectroscopy
	3.2.3 13C NMR spectra
	3.2.4 X-ray diffraction (XRD)
	3.2.5 Scanning electron microscopy (SEM)
	3.2.6 DTA and TGA
	3.2.6.1 DTA
	3.2.6.2 TGA


	3.3 Study of swelling properties of the hydrogels
	3.3.1 Salinity and swelling
	3.3.2 Deswelling kinetics of the hydrogels
	3.3.3 Oscillatory swelling-deswelling study

	3.4 Network parameters
	3.5 In vitro drug release study

	4 Conclusion
	Acknowledgment
	References


