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Grafting cyclodextrins (CDs) onto materials is an interesting approach to provide the remarkable ability
of CDs to form an inclusion complex with various guest molecules onto other (bio)materials. Here we
show the design, synthesis and characterization of “a ready to graft 3-CD”, which is a cyclodextrinyl
methacrylate (M-3-CD), which will easily attach covalently to thiol-containing materials via a simple
Michael thiol-ene click reaction under a biologically mild condition. Reacting M-3-CD with soluble ker-
atin, human hair and a mucin layer as model biomaterials, in the presence of either tris (2-carboxyethyl)
phosphine or vitamin C, resulted in 3-CD-grafted keratin that displayed a controlled release of 8-anilino-
1-naphthalenesulfonic acid, and both B-CD-grafted-hair strands and 3-CD-grafted-mucin layers that
effectively retained curcumin. Although this was demonstrated with 3-CD on these three biomaterials,
this platform could theoretically equally be used with other CDs to give a different range of guest material
complexation, and be able to be applied to other thiol-containing materials.
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1. Introduction

Cyclodextrins (CDs), cone-shaped cyclic oligosaccharides with
a hydrophilic outer surface and internal hydrophobic cavity, are
typically produced enzymatically from starch. The ring structure
is made of six, seven or eight glucopyranose units (a-, 3-, and y-
CDs, respectively) that can entrap a diverse range of compounds
through host-guest interactions (Bekers, Uijtendaal, Beijnen, Bult,
& Underberg, 1991; Uekama & Otagiri, 1987). This host-guest com-
plexation can help protect the entrapped guest from environmental
threats, such as oxidizing agents (Pourmokhtar & Jacobson, 2005;
Reichenbach & Min, 1997) and light (Caddeo, Manconi, Valenti, Pini,
& Sinico, 2007; Chen et al., 1996), as well as increasing its apparent
aqueous solubility (Lin, Chean, Ng, Chan, & Ho, 2000; Lockwood,
O’Malley, & Mosher, 2003). Usually, a sustained release of the guest
molecule from the CD cavity is observed (Kamada et al., 2002;
Marques Fernandes, Ramos, Celta Falcao, & Baptista Veiga, 2003).
We envisioned that if CD can be directly grafted onto biological sur-
faces or biomaterials under a biological friendly condition, it would
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create an easy strategy for drug localization/retention in biological
systems. For this new way of using CDs, a CD-grafting platform
that is not only effective but also produces no toxic byproduct and
requires no toxic catalyst is needed.

Recently, a number of CD-containing polymers that combine
the advantageous properties of the polymer with the ability of CD
to form an inclusion complex with other components have been
prepared by cross-linking/polymerizing CD derivatives or graft-
ing CD moieties onto the polymer chains (Huh, Tomita, Lee, Ooya,
& Yui, 2002; Wenz, 1994). The CD-containing polymers not only
showed great potential as delivery carriers for drugs and genes
(Rajewski & Stella, 1996; Wong, Sevimli, Zareie, Davis, & Bulmus,
2010), but have also been used as the stationary phase in chromato-
graphic separations (Huang, Wu, Liu, Liu, & Zhang, 2013; Martel
et al., 2001). The ability to form an inclusion complex with various
guest molecules has also been employed as a driving force for the
self-assembling of a number of nanostructures (Bertrand, Stenzel,
Fleury, & Bernard, 2012; Kulkarni, DeFrees, Hyun, & Thompson,
2012). Indeed, CD has been grafted onto many well-designed
molecular assembles to create various stimuli-responsive func-
tions via the respective host-guest complexation (Du, Liao, Khatib,
Stoddart, & Zink, 2009; Xue et al., 2011; Yan et al., 2010). Surface
functionalization with CD has also resulted in a fairly diverse array
of advanced devices, such as medical polyester vascular prostheses
functionalized with CD that then allows the sustained-elution of
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several antibiotics (i.e. sustained drug release) (Jean-Baptiste et al.,
2014).

Nevertheless, although the grafting of CD onto polymers or
other materials can be performed via several different method-
ologies (Benito et al., 2004; Gu & Shamsi, 2011; Huh et al., 2002),
the subsequent removal of the biologically toxic chemical reagents
used in these multi-step-processes is required (Pun et al., 2004;
Sajomsang et al., 2012; Guo et al., 2005), which then prevents the
direct grafting of CD onto biological surfaces. Instead, we propose
a CD derivative that would allow an easy and direct high efficiency
grafting of CD onto biological sites in situ under a biologically
mild condition with no toxic byproduct. In this paper, we show
the design, synthesis and characterization of the methacrylate-
linked B-CD (cyclodextrinyl methacrylate; M-3-CD), which can
be easily grafted onto thiol-containing materials in an aqueous
medium under a biologically mild condition with excellent click
efficiency via a Michael thiol-ene reaction. It should be noted here
that although a methacrylate-linked CD has been reported previ-
ously, the acrylate moieties on the material was used for the radical
polymerization purpose (Hussain, Dickens, & Bowen, 2005; Saito &
Yamaguchi, 2003) or for Michael thiol-ene addition in the prepara-
tion of photoresponsive microgels (Zhang et al., 2012).

The Michael thiol-ene reaction is a metal-free and mild condi-
tioned click reaction that is accordingly already widely employed in
various biological fields (Boyer & Davis, 2009; Gu, Chen, & Stenzel,
2009; Jones et al., 2009). The reaction can proceed under a mild
base (Kumari, Malvi, Ganai, Pillai, & Sen Gupta, 2011; Wong et al.,
2010) or nucleophilic catalyst (Chan, Hoyle, & Lowe, 2009) or
even in the absence of catalyst in strongly polar solvents, such as
water (Kakwere & Perrier, 2009). That M--CD is a good choice
for biological functionalization is because a number of biomate-
rials contain proteins with cysteine residues (thiol source), thus
fitting well with our platform. We also demonstrated that thiol
moieties could be generated by reducing cystine disulfide bridges
in biomaterial (mucin protein) with either the well-known tris
(2-carboxyethyl) phosphine (TCEP) or the non-toxic vitamin C.
The use of acrylate containing polymer to attach to keratin via
thiol-ene click reaction has also been demonstrated previously
(Slavin, Khoshdel, & Haddleton, 2012). Here, as proof of concept
examples, three biomaterials (hair strands, soluble keratin and
mucin surface) were grafted with the synthesized M-3-CD, and
their drug retention ability was demonstrated using curcumin and
1-anilinonapthalene-8-sulfonic acid (1,8-ANS) as model payload
compounds.

2. Materials and methods

The B-CD (Wako, Japan), methacrylic anhydride (Sigma
Aldrich, Germany), hydroquinone (Acros Organics, Belgium), pyri-
dine (Carlo Erba, Italy), triethylamine (TEA, Carlo Erba, Italy),
tris(2-carboxyethyl) phosphine hydrochloride (TCEP-HCI, Acros
Organics), hydrolyzed keratin (MW,yg =125 kDa, Croda, UK), L(+)-
ascorbic acid (Vitamin C, Wako), 1-anilinonapthalene-8-sulfonic
acid (1,8-ANS, Sigma Aldrich), curcumin (Acros Organics) and
ethanol (Merck, Germany) were used directly after purchase.
Other chemicals were prepared prior to experiments as follow-
ing; commercial grade dichloromethane (RCI Labscan, Thailand)
was fractionally distilled; human hair samples were from the
same Thai female and were cleaned with 1% (w/v) sodium
lauryl sulfate surfactant and excess water. Cellulose tubing mem-
brane (MWCO=10322, flat width 76 mm, 17.9mL/cm volume
capacity, Sigma Aldrich) was used as the dialysis membrane
for the purification of the B-CD-grafted keratin. All 'TH NMR
spectra were obtained on a Varian Mercury NMR spectrome-
ter, operated at 400MHz for 'H nuclei (Agilent). Attenuated

B-CD OH
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Scheme 1. Grafting of methacryloyl moieties onto 3-CD.

total reflectance-Fourier transform infrared (ATR-FTIR) spectra
were recorded in the mid-infrared region (4000-650cm~1) using
a Nicolet 6700 FT-IR spectrometer (Thermo Electron Corpora-
tion). Electrospray ionization (positive ion mode)-mass spectra
(EMS*-MS) were acquired using a microTOF-Q Il 10335 mass spec-
trometer (Bruker quadrupole-time-of-flight analyzer), equipped
with an atmospheric pressure ionization source operating in the
nebulizer assisted electrospray (positive ion) mode. Fluorescence
spectra were obtained from a Varian Cary Eclipse spectrofluorome-
ter (Agilent, Santa Clara, CA, USA) with the excitation and emission
monochrometer band pass set at 5nm and 3 nm, respectively,
using a 1.0cm? quartz fluorescence cell. Confocal laser fluores-
cence microscope (CLFM) used to capture the fluorescence signals
of curcumin in the hair samples and mucosa plates was a Nikon
Digital Eclipse C1-Si instrument equipped with Plan Apochromat
VC 100x, BDLaser (408 nm, Melles Griot, Carlsbad, CA, USA), a
Nikon TE2000-U microscope, a 32-channel-PMT-spectral-detector
and Nikon-C1-Si software.

2.1. Synthesis and characterization of B-cyclodextrinyl
methacrylate (M-$-CD) (Scheme 1)

Prior to the reaction, a solution of 3-CD (1.0 g, 0.88 mmol) and
hydroquinone (0.010g, 0.091 mmol) were prepared in pyridine
(20 mL). Subsequently, methacrylic anhydride (390 p.L, 2.64 mmol)
was added into the acquired mixture gently. The reaction was
incubated at 50°C for 24 h prior to the removal of pyridine via
a low pressure distillation. The mixture of M-3-CD and unmodi-
fied 3-CD was obtained as some white powder by reprecipitation
in dichloromethane (40mL) and then subjected to 'H NMR and
ATR-FT-IR analysis. Similar reactions but using different amounts
of methacrylic anhydride (130 and 260 L) were also carried out.
The numbers of methacryloyl moieties on the CD rings of the prod-
ucts were estimated from their ESI+ mass spectrum.

H NMR (D,0, 400 MHz, § ppm): 5.79 and 6.18 (CH,=C in
methacryloyl, s),5.09 (C(1)H of 3-CD, d, = 3.5Hz), 3.98 (C(3)H of 3-
CD, t,J=9.5Hz), 3.89-3.86 (C(5,6)H of 3-CD, m), 3.72-3.47 (C(2,4)H
of 3-CD, m) and 1.96 (CH3 in methacryloy], s).

ATR-FTIR (cm~1): 3289 (O—H stretching), 2923 (C—H stretching),
1712 (C=O0 stretching of ester), 1586 (C=C stretching) and 1151
(C—0 stretching).

ESI*-MS (m/z): CD, calcd. for M-Na* 1157.974, found 1157.4; CD-
mono-methacrylate, calcd. for M-Na* 1225.974, found 1225.4; CD-
di-methacrylate, calcd. for M:-Na* 1293.974, found 1293.4; CD-tri-
methacrylate, calcd. for M-H,0-Na* 1379.974, found 1379.5.

2.2. Inclusion property of M-B-CD

To investigate the inclusion ability of the M-[3-CD, comparing
to unmodified B-CD, fluorescence spectroscopy was performed
using 1,8-ANS as the model guest molecule. In the reaction,
1,8-ANS (3 x 107> M) was incubated with M-B-CD (10-%M) for
40min at room temperature (RT). Subsequently, fluorescence
spectrophotometric monitoring was performed with excitation
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Scheme 2. Grafting of 3-CD moieties onto soluble keratin or hair strand via a thiol-
ene click reaction using M-B-CD reagent.

wavelength at 370nm and the emission collected from 400 to
700nm at 21+2°C.

2.3. B-CD-grafted keratin (Scheme 2)

An aqueous solution of hydrolyzed keratin (2 mL, 20% w/v) was
mixed with a TCEP-HCI solution (10 mg in 500 L water) for 2 h at
RT. Then, M-3-CD (60 mg, dissolved in 5mL hot water) and TEA
(4 drops) were added to the mixture and the mixture was left
overnight at RT before being excessively dialyzed against deionized
water. The obtained yellowish solution was freeze-dried (obtain-
ing 263 mg product, ~ 60-70% yield) and the dry product was
subjected to 'H NMR analysis. To evaluate the drug retention prop-
erty, the 1,8-ANS aqueous solution (2.95 x 10~> M) was stirred with
the test material (0.17 mg/mL native 3-CD, 1.7 mg/mL keratin and
1.9 mg/mL B-CD-grafted keratin) for 30 min and kept to equilibrate
for another 10 min at RT before being subjected to fluorescence
emission monitoring over the temperature range of 20-70°C (scan
rate of 10°C/min) using a thermal controlled fluorescence spec-
trophotometer set at an excitation wavelength of 370 nm and the
emission scanned from 400 to 650 nm.

2.4. B-CD-grafted human hair (Scheme 2)

Strands of thoroughly washed human hair were soaked in TCEP-
HCl solution (20 mg in 1.0 mL water) for 2 h at RT. Then, M-3-CD
(60 mg, dissolved in 5 mL hot water) and TEA (4 drops) were added
to the mixture and left overnight at RT. The obtained (3-CD-clicked
hair strands were washed under running water. Similar process
was carried out using unmodified B-CD in place of the M-3-CD
(to obtain control hair sample). The treated hair strands were then
subjected to curcumin retention study.

The treated hair strands were incubated with curcumin (10 mL,
300ppm) in 5% (v/v) EtOH for 1h at RT. Then the hair samples
were washed with 10% (v/v) EtOH in water. Subsequently, confo-
cal laser scanning fluorescence microscopic (CLSM) analysis was
performed with excitation wavelength at 405 nm and fluorescence
detection at 410-600 nm. The obtained spectrum of each pixel was
unmixed into curcumin and human hair auto-fluorescence compo-
nents using chemometric analysis based on the spectral database
constructed from the fluorescence spectra of pure curcumin and
the original hair sample. Images were then constructed using the
obtained unmixed signals.

2.5. B-CD-grafted mucin (Scheme 3)
Before the synthesis, mucin was covalently grafted onto glass

slides (1.8cm x 1.8cm) as previously described (Tachaprutinun,
Pan-In, & Wanichwecharungruang, 2013). Subsequently, M-3-CD
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Scheme 3. Synthesis of the 3-CD-grafted mucosa plate.

was incubated with the obtained mucin-grafted slides in a pres-
ence of 1) vitamin C (150 mg in 5 mL water) or 2) TCEP (100 mg in
5 mL water)/TEA (2% w/v), for 1-3 h. Subsequently, without wash-
ing, the plate was immersed into the M-3-CD solution (60 mg in
5 mL water) and let stand at RT for 1-3 h before being rinsed under
running water. Finally, the retention of curcumin was evaluated
using CLSM as previously described for the detection of curcumin
on hair strands (Section 2.4).

3. Results and discussions
3.1. Synthesis of M-B-CD

Methacrylate moieties were successfully grafted onto 3-CD via
esterification at the primary hydroxyl groups of the 3-CD using
methacrylic anhydride (MA), with pyridine as both a catalyst
and solvent and hydroquinone as a radical scavenger to prevent
the polymerization of methacrylate moieties (Saito & Yamaguchi,
2003). Varying the molar ratio of 3-CD:methacrylic anhydride
revealed that a 1:2 ratio gave the highest yield (66.7%) of mono-
methacrylate-linked (3-CDs (Table S1 in electronic Supplementary
data or SD).

The obtained M-[3-CD, a white powder that consisted of mono-,
di- and tri-methacrylate-linked 3-CDs, could be dissolved in hot
water. Successful esterification was verified through ATR-FT-IR
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Fig. 1. Fluorescence spectra of 3.00 x 10~> M 1,8-ANS alone or with 10~ M 3-CD or
10-4M M-B-CD in water.

analysis of the product, which showed new peaks at 1712 and
1586 cm! assigned to the ester and vinyl functionalities, respec-
tively (Fig. S1, SD). The 'H NMR spectrum of the product also
showed the singlet signal of the methacryloyl moiety (CH,=C) at
5.79 and 6.18 ppm, the singlet signal of the methacryloyl termi-
nal methyl group at 1.90 ppm and [3-CD protons at 5.04 (C(1)H),
3.93-3.78 (C(3,5,6)H) and 3.63-3.52 (C(2,4)H)) ppm (Fig. S2, SD).
ESI*-MS of the product showed peaks at 1157.4 (Na+CD), 1225.4
(Na+CD-mono-methacrylate), 1293.4 (Na+CD-di-methacrylate)
and 1379.4 (Na + CD-tri-methacrylate + H,O) with an intensity ratio
of approximately 0.100:0.667:0.167:0.0667, indicating an average
number of methacryloyl moiety on each ring of 1.20 (Fig. S3, SD).

3.2. Inclusion ability of M-B-CD

The obtained M-[3-CD was tested for its inclusion ability using
1,8-ANS as a model guest molecule. The choice of 1,8-ANS was
based upon the fact that it has previously been used as a flu-
orescence probe for exploring hydrophobic regions, including in
the cavity of B-CD where it showed a strong fluorescence in
the hydrophobic environment of the CD cavity but not in water
(Wagner & Fitzpatrick, 2000).

As expected, with no 3-CD the aqueous solution of 1,8-ANS gave
a weak fluorescence as it was quenched by the surrounding water
molecules. However, a stronger fluorescence was observed in the
presence of either 3-CD or M-3-CD (Fig. 1), which indicated that
they both could effectively form an inclusion complex with 1,8-
ANS. The fact that the fluorescence signal of 1,8-ANS in the presence
of 3-CD was comparable to that in the presence of M-[3-CD (at the
same molar concentration) indicates that functionalization of 3-
CD with methacrylate did not significantly affect its complexation
ability with 1,8-ANS.

3.3. M-B-CD-grafted keratin

The click-ability of the synthesized M-3-CD via a thiol-ene reac-
tion was first evaluated on keratin, a protein with a large amount
of cysteine residues. Keratin is a biocompatible natural polymer
with applications in cosmetics, wound dressing and tissue engi-
neering (Tachibana, Furuta, Takeshima, Tanabe, & Yamauchi, 2002).
Endowment of this protein with an additional drug retention prop-
erty, such as grafting with 3-CD moieties, should open up more
advanced applications for this natural polymer.

Most of the cysteine residues in keratin normally exist as disul-
fide bridges (cystine) and so prior to the click reaction the cystine
disulfide bridges were reduced into cysteine residues by tris(2-
carboxyethyl) phosphine (TCEP), an oxidizing agent. The thiol
containing protein was subsequently clicked with M-3-CD with-
out removing the TCEP (Scheme 2). The nucleophilic TCEP acted
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Fig. 2. Relative fluorescence intensity of 2.95 x 10-> M 1,8-ANS in the presence of
excess M-B-CD, B-CD-grafted keratin and keratin at various temperatures. Rela-
tive fluorescence intensities are shown as the means+1 SD, obtained from three
independent experiments.

as a catalyst for the thiol-ene reaction. Because the TCEP used in
this reaction was in an acidic form (TCEP-HCI), triethylamine (TEA)
was added to minimize the by-products that would otherwise be
formed under acidic conditions (Li et al., 2010). In addition, TEA
helps facilitate the thiol-ene reaction through proton abstraction
from thiols.

Successful grafting of M-B-CD onto keratin was confirmed
through the appearance of all the proton peaks of the CD rings (1.90
and 3.5-4.0 ppm) and the absence of the proton resonances of the
vinyl groups (5.8 and 6.2 ppm, Fig. $4, SD) in the 'H NMR spectrum
of the product. Note that the '"H NMR spectrum of keratin obtained
from the same [3-CD-grafting process except that 3-CD was used in
place of M-3-CD, gave no signal from the protons of the 3-CD ring.
Considering "H NMR result, there are 11 CD units/keratin chain
or ~10% w/w, and the efficiency of the reaction is as high as 85%
(SD), thus indicating a favorable grafting reaction (see SD for the
estimations of CD substitution on keratin and reaction efficiency of
M-3-CD).

It was expected that the 3-CD-grafted keratin would possess
the ability to retain some guest molecules through inclusion com-
plexation with the (3-CD moieties. To evaluate this, 1,8-ANS was
used as the model guest molecule. In the presence of native ker-
atin, 1,8-ANS showed a high fluorescence emission at temperatures
below 32°C (Fig. 2), indicating that the 1,8-ANS molecules were in
a hydrophobic environment. Since keratin is capable of forming a
self-assembled structure through hydrophobicinteractions (Ikkai &
Naito, 1976; Steinert, Idler, & Zimmerman, 1976), it was likely that
at temperatures below 32 °C the hydrophobic 1,8-ANS molecules
associated well with keratin through hydrophobic interactions.
This association with keratin helped shield the 1,8-ANS from a
direct contact with water molecules and resulted in a high fluores-
cence emission. However, at temperatures above 32 °C, the entropy
probably dominated over the keratin-1,8-ANS binding enthalpy, so
dissociation of 1,8-ANS from keratin took place abruptly, sending
1,8-ANS into the surrounding water and so quenching the fluo-
rescence emission. In contrast, when the 3-CD-grafted keratin was
used in place of the native keratin, no abrupt decrease in the fluores-
cence emission was observed over the whole tested temperature
range of 20-70°C, implying that the association of 1,8-ANS with
[3-CD-grafted keratin was stronger than that with native keratin.
Interestingly, the change in the fluorescence emission of 1,8-ANS in
the presence of 3-CD-grafted keratin was similar to that in the pres-
ence of free M-[3-CD (Fig. 2). This indicates that the interaction of
1,8-ANS with the B-CD-grafted keratin probably took place through
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Fig. 3. Relative release of 1,8-ANS from [-CD-clicked keratin at 37 °C. An aque-
ous solution of B-CD-clicked keratin (11.2 mg/mL) was incubated with 1,8-ANS
(0.635 mg/mL), and the release study was performed by dialyzing against water for
8 h. Data are shown as the mean + 1 SD, derived from three independent repeats.

the inclusion complexation with the grafted 3-CD moieties. There-
fore, by grafting keratin with 3-CD moieties the ability to retain
1,8-ANS via the formation of 1,8-ANS/B-CD inclusion complexes
was endowed upon the (3-CD-grafted keratin.

Difference in the ability to hold 1,8-ANS between the keratin and
[3-CD-grafted keratin reported above suggests that at the constant
body temperature of 37 °C, the 3-CD-grafted keratin should sustain

A

Curcumin
fluorescence

Hair
autofluorescence

the release of the model drug molecule more effectively, comparing
to keratin. To demonstrate this, drug release profile from the 3-CD-
grafted keratin was evaluated at 37°C for 8 h using 1,8-ANS as a
guest molecule (Fig. 3). At 8 h, amounts of 1,8-ANS released from
[B-CD-grafted keratin and keratin were 11 and 17%, respectively.
This resultindicated that an incorporation of 3-CD moieties into the
biopolymer led to an increase in sustained release for ~35%. This
result should encourage application of the M-3-CD reagent on other
biomaterials to improve their sustained drug release property.

It should be noted here that the free CD, although can trap some
drug molecules, its size is too small to survive renal filtration in
the body. One obvious application for this M-3-CD is, therefore, in
the area of drug delivery. Here drug molecules will be trapped in
the CD cavities of the CD-grafted polymer. The size of the polymer
can be selected to survive various filtration systems in the body,
and various desired features can also be added to the polymer, e.g.
putting on a targeting moieties for specific cells.

3.4. Applications of the M-B-CD on human hairs

To further demonstrate that the M-3-CD could easily install
a drug retention property to selected biomaterials, human hair
strands were treated with the M-3-CD to form the [3-CD-grafted
hair. Note that attempts to use ATR-FTIR to acquire the information
of the linked CD moieties on the hair surface failed. This is because
the technique detects information at the depth of approximately
8-10nm from the surface. The grafting reaction was on the sur-
face which was less than 8-10 nm depth. We, therefore, evaluated
the success of grafting through an ability of the (3-CD-grafted hair
to retain curcumin. Since curcumin possesses the autofluorescence
property and ability to form an inclusion complex with 3-CD (Patro
et al., 2013), the compound was chosen as a model guest molecule

B C

Fig. 4. Confocal fluorescence images of curcumin incubated with different hair samples: (A) hair treated with M-f3-CD, (B) hair treated with 3-CD and (C) original untreated
hair. Curcumin fluorescence is shown in pink while the hair autofluorescence is shown in yellow. (For interpretation of the references to color in this figure legend, the reader

is referred to the web version of this article.)
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Fig. 5. Confocal fluorescent images showing curcumin fluorescence signal (red, top) and mucin autofluorescence signal (blue, bottom) of the different mucosa plates after

being incubated with curcumin solution and thoroughly washed. (A) CD-grafted mucosa plate prepared using TCEP/TEA and M-3-CD. (

B) CD-grafted mucosa plate prepared

using vitamin C and M-$-CD. (C) Unfunctionalized mucosa plate prepared using TCEP/TEA and (3-CD. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.)

to demonstrate the drug retaining property of the 3-CD-grafted
hair.

The ability to retain curcumin by (a) hair treated with M-3-CD,
(b) control hair that was treated with 3-CD in place of M-3-CD and
(c) untreated hair, was compared. All three hair samples were incu-
bated with curcumin, washed and subjected to CLSM analysis. The
original hair (untreated hair) and the control hair (hair treated with
[3-CD instead of M--CD) showed no curcumin fluorescence signal
after washing. However, the hair treated with M-3-CD showed an
obvious curcumin fluorescence signal along the hair strand (Fig. 4).
This indicated successful grafting with the M-3-CD. The obtained {3-
CD-grafted hair could retain curcumin effectively, unlike the other
two control hair types. This curcumin retention probably occurred
through an inclusion of the curcumin molecules into the cavities of
the [3-CD moieties on the hair strand.

3.5. Application of the M-B-CD onto mucin layers

Finally, the ability of the M-B-CD to impart a sustained drug
release character to a biomaterial was evaluated on the biopoly-
mer mucin. Mucin is a key mucoprotein component in most gel-like
secretions produced by epithelial tissues of many organs, such as in
the gastrointestinal and nasal-bronchial tracts. An increased abil-
ity of the mucin to retain drug molecules should result in higher
druglocalization at the corressponding area (Svensson & Arnebrant,
2010), and accordingly lead to a higher target site drug absorption.
The mucin used here was first linked onto a glass slide to form a
mucosa plate (Tachaprutinun et al., 2013). The mucosa plate was
then treated with M-3-CD under both the TCEP/TEA containing and
vitamin C containing conditions. The (3-CD-grafted mucosa plates
obtained were then evaluated for their ability to retain curcumin.
After incubation with curcumin and thorough washing, both the
[3-CD-grafted mucosa plates prepared with the TCEP and with the
vitamin C, showed a clear curcumin fluorescence emission. The
original mucosa plate (no CD grafting) showed no curcumin fluo-
rescence signal (Fig. 5). This indicated the successful 3-CD grafting

under both conditions (TCEP and vitamin C). The result confirms
that vitamin C (ascorbic acid) could be used to successfully reduce
the cystine disulfide bridges in the mucin layer into thiol moieties.
In fact, the curcumin retention on the plate could be observed by
eye because of the yellow color of curcumin (Fig. S6 in SD). Because
vitamin C is nontoxic, this platform should offer an easy method
for the in situ functionalization of biomaterials with CD. Any mucin
coated bio-surfaces could be covalently installed with 3-CD and
a higher concentration of the selected (i.e. capable of complexing
with 3-CD) drug molecules could be localized there via the drug/[3-
CD inclusion complexation. It should be noted here that the two
control plates (plates treated with TCEP/TEA/unmodified CD and
plates treated with vitamin C/unmodified 3-CD) also showed no
curcumin fluorescence signal. This implied that the CD grafting was
successful only when M-3-CD was used, unmodified 3-CD could
not be directly grafted on the mucin under this condition.

4. Conclusion

A simple platform to install a drug retention property to
(bio)polymers or materials was developed based upon covalently
grafting [3-CD onto the thiol containing materials (such as biopoly-
mers), to allow the 3-CD to form an inclusion complex with the
guest molecules (drugs), and so imparted an enhanced drug reten-
tion property to the material. Here we demonstrated a simple one
step reaction between the 3-CD and methacrylic anhydride to func-
tionalize the 3-CD with methacrylate moieties, yielding M-3-CD.
The inclusion complexation property of the 3-CD was still pre-
served in the M-[3-CD, at least for the evaluated guest molecules
of 1,8-ANS and curcumin. Using the M-3-CD, keratin could easily
be grafted with 3-CD moieties under a biologically mild condi-
tion, resulting in the formation of 3-CD-grafted keratin with the
ability to retain 1,8-ANS (as a model guest molecule). Another cre-
ative way of using this M-3-CD is for hair treatment. The grafting
of hair strands with 3-CD moieties was easily achieved via the
thiol-ene reaction using the M-3-CD. The resulting 3-CD-grafted
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hair strands could effectively retain the curcumin guest molecules.
The last application of the M-3-CD evaluated in this study was the
installation of 3-CD moieties onto mucin. The 3-CD-grafted mucosa
plates showed a strong retention of curcumin on their surface even
after thorough rinsing. Since the grafting reaction could be done
successfully in water, using the non-toxic vitamin C as the reduc-
ing agent in the thiol generating step, this 3-CD grafting platform
may find application in real biological sites, such as the stomach
surface.

Supporting information

Average number of methacrylate moiety on CD ring obtained
under various ratios of reactants, ATR-FT-IR spectra of 3-CD and
M-B-CD, 'H NMR spectrum of M-B-CD, ESI*-MS spectra of M-B-
CDs prepared at various -CD to methacrylic anhydride ratios, 'H
NMR spectra of keratin and 3-CD-grafted keratin, estimation of CD
substitution degree on keratin, estimation of reaction efficiency of
the M-[3-CD on keratin, pictures showing the retention of curcumin
on the B-CD-grafted mucosa plate.

Acknowledgements

This work was financially supported by the Ratchadapisek-
sompot Endowment Fund of Chulalongkorn University
(RES560530097-Adv Mat), the Nanotec-CU Center of Excellence on
Food and Agriculture and the Center of Excellence on Petrochemi-
cal and Materials Technology, Chulalongkorn University, Bangkok
10330, Thailand.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/j.carbpol.
2014.11.051.

References

Bekers, O., Uijtendaal, E. V., Beijnen, J. H., Bult, A., & Underberg, W. J. M. (1991).
Cyclodextrins in the pharmaceutical field. Drug Development and Industrial Phar-
macy, 17, 1503-1549.

Benito, ]. M., Gémez-Garcia, M., Ortiz Mellet, C., Baussanne, I, Defaye, J., &
Garcia Fernandez, J. M. (2004). Optimizing saccharide-directed molecular deliv-
ery to biological receptors: Design, synthesis, and biological evaluation of
glycodendrimer-cyclodextrin conjugates. Journal of the American Chemical Soci-
ety, 126, 10355-10363.

Bertrand, A., Stenzel, M., Fleury, E., & Bernard, J. (2012). Host-guest driven
supramolecular assembly of reversible comb-shaped polymers in aqueous solu-
tion. Polymer Chemistry, 3, 377-383.

Boyer, C., & Davis, T. P. (2009). One-pot synthesis and biofunctionalization of
glycopolymers via RAFT polymerization and thiol-ene reactions. Chemical Com-
munications, 40, 6029-6031.

Caddeo, C., Manconi, M., Valenti, D., Pini, E., & Sinico, C. (2007). Photostability and
solubility improvement of B-cyclodextrin-included tretinoin. Journal of Inclusion
Phenomena and Macrocyclic Chemistry, 59, 293-300.

Chan,].W.,Hoyle, C.E., & Lowe, A. B.(2009). Sequential phosphine-catalyzed, nucleo-
philic thiol-ene/radical-mediated thiol-yne reactions and the facile orthogonal
synthesis of polyfunctional materials. Journal of the American Chemical Society,
131,5751-5753.

Chen, C.-Y., Chen, F.-A,, Wu, A.-B., Hsu, H.-C., Kang, J.-J., & Cheng, H.-W. (1996). Effect
of hydroxypropyl-f3-cyclodextrin on the solubility, photostability and in-vitro
permeability of alkannin/shikonin enantiomers. International Journal of Pharma-
ceutics, 141, 171-178.

Du, L, Liao, S., Khatib, H. A,, Stoddart, . F., & Zink, J. 1. (2009). Controlled-access hollow
mechanized silica nanocontainers. Journal of the American Chemical Society, 131,
15136-15142.

Gu, C., & Shamsi, S. A. (2011). Evaluation of a methacrylate-bonded cyclodextrins
as a monolithic chiral stationary phase for capillary electrochromatogra-
phy (CEC)-UV and CEC coupled to mass spectrometry. Electrophoresis, 32,
2727-2737.

Gu, W.,, Chen, G., & Stenzel, M. H. (2009). Synthesis of glyco-microspheres via a
thiol-ene coupling reaction. Journal of Polymer Science, A: Polymer Chemistry, 47,
5550-5556.

Guo, X., Abdala, A. A, May, B. L, Lincoln, S. F., Khan, S. A,, & Prud’homme, R. K.
(2005). Novel associative polymer networks based on cyclodextrin inclusion
compounds. Macromolecules, 38, 3037-3040.

Huang, Z., Wu, Q., Liu, S, Liu, T., & Zhang, B. (2013). A novel biodegradable -
cyclodextrin-based hydrogel for the removal of heavy metal ions. Carbohydrate
Polymers, 97, 496-501.

Huh, K. M., Tomita, H., Lee, W. K, Ooya, T., & Yui, N. (2002). Synthesis of
a-cyclodextrin-conjugated poly(e-lysine)s and their inclusion complexation
behavior. Macromolecular Rapid Communications, 23, 179-182.

Hussain, L. A., Dickens, S. H., & Bowen, R. L. (2005). Shear bond strength of exper-
imental methacrylated beta-cyclodextrin-based formulations. Biomaterials, 26,
3973-3979.

Ikkai, F., & Naito, S. (1976). Dynamic light scattering and circular dichroism studies
on heat-induced gelation of hard-keratin protein aqueous solutions. Biomacro-
molecules, 3, 482-487.

Jean-Baptiste, E., Blanchemain, N., Neut, C., Chai, F., Maton, M., Martel, B., et al. (2014).
Evaluation of the anti-infectious properties of polyester vascular prostheses
functionalised with cyclodextrin. Journal of Infection, 68, 116-124.

Jones, M. W., Mantovani, G., Ryan, S. M., Wang, X, Brayden, D. ], &
Haddleton, D. M. (2009). Phosphine-mediated one-pot thiol-ene “click”
approach to polymer-protein conjugates. Chemical Communications, 35, 5272-
5274.

Kakwere, H., & Perrier, S. (2009). Orthogonal “relay” reactions for designing func-
tionalized soft nanoparticles. Journal of the American Chemical Society, 131,
1889-1895.

Kamada, M., Hirayama, F., Udo, K. Yano, H., Arima, H., & Uekama, K. (2002).
Cyclodextrin conjugate-based controlled release system: Repeated- and
prolonged-releases of ketoprofen after oral administration in rats. Journal of
Controlled Release, 82, 407-416.

Kulkarni, A., DeFrees, K., Hyun, S.-H., & Thompson, D. H. (2012). Pendant
polymer:amino-f-cyclodextrin:sirna guest:host nanoparticles as efficient vec-
tors for gene silencing. Journal of the American Chemical Society, 134, 7596—
7599.

Kumari, S., Malvi, B., Ganai, A. K., Pillai, V. K., & Sen Gupta, S. (2011). Functionaliza-
tion of SBA-15 mesoporous materials using “thiol-ene click” Michael addition
reaction. Journal of Physical Chemistry C, 115, 17774-17781.

Li, G. Z, Randev, R. K,, Soeriyadi, A. H., Rees, G., Boyer, C., Tong, Z., et al. (2010).
Investigation into thiol-(meth)acrylate Michael addition reactions using amine
and phosphine catalysts. Polymer Chemistry, 1, 1196-1204.

Lin, H. S., Chean, C. S., Ng, Y. Y., Chan, S. Y., & Ho, P. C. (2000). 2-Hydroxypropyl-3-
cyclodextrin increases aqueous solubility and photostability of all-trans-retinoic
acid. Journal of Clinical Pharmacy and Therapeutics, 25, 265-269.

Lockwood, S. F., O'Malley, S., & Mosher, G. L. (2003). Improved aqueous solu-
bility of crystalline astaxanthin (3,3'-dihydroxy-3, 3-carotene-4,4'-dione) by
Captisol® (sulfobutyl ether B-cyclodextrin). Journal of Pharmaceutical Sciences,
92,922-926.

Marques Fernandes, C., Ramos, P., Celta Falcdo, A., & Baptista Veiga, F. ]J. (2003).
Hydrophilic and hydrophobic cyclodextrins in a new sustained release oral for-
mulation of nicardipine: In vitro evaluation and bioavailability studies in rabbits.
Journal of Controlled Release, 88, 127-134.

Martel, B., Devassine, M., Crini, G., Weltrowski, M., Bourdonneau, M., & Morcel-
let, M. (2001). Preparation and sorption properties of a B-cyclodextrin-linked
chitosan derivative. Journal of Polymer Science, A: Polymer Chemistry, 39, 169-
176.

Patro,N. M., Sultana, A, Terao, K., Nakata, D., Jo, A., Urano, A., et al.(2013). Comparison
and correlation of in vitro, in vivo and in silico evaluations of alpha, beta and
gamma cyclodextrin complexes of curcumin. Journal of Inclusion Phenomena and
Macrocyclic Chemistry, 78, 471-483.

Pourmokhtar, M., & Jacobson, G. A. (2005). Enhanced stability of sulfamethoxa-
zole and trimethoprim against oxidation using hydroxypropyl-B-cyclodextrin.
Pharmazie, 60, 837-839.

Pun, S. H,, Bellocq, N. C, Liu, A, Jensen, G., Machemer, T., Quijano, E., et al. (2004).
Cyclodextrin-modified polyethylenimine polymers for gene delivery. Bioconju-
gate Chemistry, 15, 831-840.

Rajewski, R. A., & Stella, V. J. (1996). Pharmaceutical applications of cyclodex-
trins. 2. In vivo drug delivery. jJournal of Pharmaceutical Sciences, 85,
1142-1169.

Reichenbach, W. A,, & Min, D. B. (1997). Oxidative stability and nuclear magnetic
resonance analyses of linoleic acid encapsulated in cyclodextrins. Journal of the
American Chemical Society, 74, 1329-1333.

Saito, R., & Yamaguchi, K. (2003). Synthesis of bimodal methacrylic acid oligomers
by template polymerization. Macromolecules, 36, 9005-9013.

Sajomsang, W., Nuchuchua, O., Gonil, P., Saesoo, S., Sramala, L, Soottitantawat, A.,
et al. (2012). Water-soluble 3-cyclodextrin grafted with chitosan and its inclu-
sion complex as a mucoadhesive eugenol carrier. Carbohydrate Polymers, 89,
623-631.

Slavin, S., Khoshdel, E., & Haddleton, D. M. (2012). Biological surface modification
by ‘thiol-ene’ addition of polymers synthesised by catalytic chain transfer poly-
merisation (CCTP). Polymer Chemistry, 3, 1461-1466.

Steinert, P. M., Idler, W. W.,, & Zimmerman, S. B. (1976). Self assembly of
bovine epidermal keratin filaments in vitro. Journal of Molecular Biology, 108,
547-567.

Svensson, O., & Arnebrant, T.(2010). Mucin layers and multilayers—Physicochemical
properties and applications. Current Opinion in Colloid & Interface Science, 15,
395-405.


http://dx.doi.org/10.1016/j.carbpol.2014.11.051
http://dx.doi.org/10.1016/j.carbpol.2014.11.051
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0185

T. Kongprathet, S. Wanichwecharungruang / Carbohydrate Polymers 119 (2015) 110-117 117

Tachaprutinun, A., Pan-In, P., & Wanichwecharungruang, S. (2013). Mucosa-plate
for direct evaluation of mucoadhesion of drug carriers. International Journal of
Pharmaceutics, 441, 801-808.

Tachibana, A., Furuta, Y., Takeshima, H., Tanabe, T., & Yamauchi, K. (2002). Fabrica-
tion of wool keratin sponge scaffolds for long-term cell cultivation. Journal of
Biotechnology, 93, 165-170.

Uekama, K., & Otagiri, M. (1987). Cyclodextrins in drug carrier systems. Critical
Reviews in Therapeutic Drug, 3, 1-40.

Wagner, B. D., & Fitzpatrick, S. J. (2000). A comparison of the host-guest inclusion
complexes of 1,8-ANS and 2,6-ANS in parent and modified cyclodextrins. Journal
of Inclusion Phenomena, 38, 467-478.

Wenz, G.(1994). Cyclodextrins as building blocks for supramolecular structures and
functional units. Angewandte Chemie International Edition, 33, 803-822.

Wong, L., Sevimli, S., Zareie, H. M., Davis, T. P., & Bulmus, V. (2010). PEGylated func-
tional nanoparticles from a reactive homopolymer scaffold modified by thiol
addition chemistry. Macromolecules, 43, 5365-5375.

Xue, M., Zhong, X., Shaposhnik, Z., Qu, Y., Tamanoi, F., Duan, X., et al. (2011).
pH-operated mechanized porous silicon nanoparticles. Journal of the American
Chemical Society, 133, 8798-8801.

Yan, Q,, Yuan, J., Cai, Z,, Xin, Y., Kang, Y., & Yin, Y. (2010). Voltage-responsive vesicles
based on orthogonal assembly of two homopolymers. Journal of the American
Chemical Society, 132, 9268-9270.

Zhang, H., Xin, Y., Yan, Q., Zhou, L., Peng, L., & Yuan, J. (2012). Facile and efficient
fabrication of photoresponsive microgels via thiol—Michael addition. Macro-
molecular Rapid Communications, 33, 1952-1957.


http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0220
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0225
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230
http://refhub.elsevier.com/S0144-8617(14)01164-3/sbref0230

	Sustaining guest molecules on bio-surfaces by grafting the surfaces with cyclodextrins
	1 Introduction
	2 Materials and methods
	2.1 Synthesis and characterization of β-cyclodextrinyl methacrylate (M-β-CD) (Scheme 1)
	2.2 Inclusion property of M-β-CD
	2.3 β-CD-grafted keratin (Scheme 2)
	2.4 β-CD-grafted human hair (Scheme 2)
	2.5 β-CD-grafted mucin (Scheme 3)

	3 Results and discussions
	3.1 Synthesis of M-β-CD
	3.2 Inclusion ability of M-β-CD
	3.3 M-β-CD-grafted keratin
	3.4 Applications of the M-β-CD on human hairs
	3.5 Application of the M-β-CD onto mucin layers

	4 Conclusion
	Supporting information
	Acknowledgements
	Appendix A Supplementary data
	References


