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a  b  s  t  r  a  c  t

Di-block  polymer  of  poly  (lactic-co-glycolic  acid)–poly  (ethylene  glycol)  (PLGA–PEG)  end-capped  with
capecitabine  (CAP)  at the  hydrophobic  domain  and  folate  (FA)  at hydrophilic  domain  were  synthe-
sized  respectively.  The  products  were  extensively  studied  by  nuclear  magnetic  resonance  (1H  NMR)  and
gel  permeation  chromatography  (GPC)  measurement.  By  using  emulsion–solvent  evaporation  method,
the two  conjugates,  drug  CAP  and tetramethoxysilane  (TMOS)  were  mixed  to  form  the  CAP  entrapped
nanoparticles  (NPs)  with  the  FA moieties  exposed  on  NPs  surface,  while  simultaneously  forming  a  cross-
linked  silica  shell  out of  hydrophobic  PLGA  core domain.  The  testing  results  showed  the  CAP-loaded
NPs  presented  suitable  physical  stability,  favorable  size  around  200  nm,  negative  zeta  potential  charge
(−28.43  ± 2.55 mV)  and  high  encapsulation  efficiency  (69%).  Both  silica  shell  cross-linked  drug-loaded
NPs  (SSCL  NPs)  and  none  silica  shell  cross-linked  NPs  (NSSCL  NPs)  provided  an  initial  burst  release  and
followed  by  a sustained  two-stage  release  of  the  CAP.  Straight  lines  approximate  the  steady-state  for  the
two-stage  release,  and  the  K/K′ of  the  two  stages  are 1.96304  and  1.78697  respectively  suggesting  the
silica  shell  influenced  the  release  of first  stage  significantly.
hemical compounds studied in this article:
olyethylene glycol (PubChem CID: 174)
oly lactic-co-glycolic acid (PubChem CID:
3111554)
olic acid (PubChem CID: 6037)

© 2014 Elsevier B.V. All rights reserved.
apecitabine (CID: 60953)
etramethoxysilane (CID: 12682)

. Introduction

Colorectal cancer (CRC) is the third most common cancer
orldwide (Jimenez et al., 2013). Fluoropyrimidines are the
ajority of approved chemotherapy regimens for CRC (Kelly

t al., 2013). Capecitabine (N4-pentyloxycarbonyl-5-deoxy-5-
uoro-cytidine, XELODA, CAP), a prodrug which can convert to
he active metabolite 2,4-dihydroxy-5-fluoropyrimidine (5-FU), via
nzyme pathway in the target tissues (Thomas et al., 2011), has
een proved to be the most successful approach for the treatment
f early and advanced CRC (Twelves et al., 2005).

CAP is widely used alone or in combination regimens in the
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
targeted delivery. Int J Pharmaceut (2014), http://dx.doi.org/10.1016/j.ijph

reatment of CRC (Polk et al., 2013). For example, CAP/oxaliplatin
s highly effective for treating CRC (Takeshita et al., 2011)
nd CAP/irinotecan regimen has proved sound efficacy with an

∗ Corresponding author at: School of Materials Science and Engineering, South
hina University of Technology, Guangzhou 510641, China. Tel.: +86 13570281965.

E-mail address: imweikun@gmail.com (K. Wei).

378-5173/$ – see front matter ©  2014 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.ijpharm.2013.12.047
acceptable tolerability profile (Schmiegel et al., 2013). Although
CAP presents a promising drug for CRC therapy, the short drug
elimination half-life with 0.5–1 h requires relatively high dose with
150 mg/m2 twice per day (Kelly et al., 2013). The commonest over
dosage toxicities include bone-marrow depression, cardiotoxicity,
diarrhea, nausea and vomiting steatites, dermatitis.

For this reason, to design an effective, sustained release deliv-
ery system to circumvent the high clearance rates of the drug is
an ongoing challenge. One common method has been the use of
nanoparticle-based delivery system, consisting of either biodegrad-
able polymers or lipid-based nanoassemblies for encapsulation
(Mulet et al., 2009). S. Latha formulated the CAP-loaded NPs of
chitosan (CS) cross-linked with tripolyphosphate for anti-cancer
therapy and achieved sound results (Latha et al., 2012). Solid lipid
NPs was used to encapusulate a prodrug analog of CAP and demon-
strated similar toxicity levels to CAP and significantly lower toxicity
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

levels than 5-FU (Gong et al., 2011).
Targeted drug release system can further improve the bioavail-

ability of drugs and be more favored. In literatures, folic acid
(FA) decorated microspheres, liposomes, micelles and NPs of

dx.doi.org/10.1016/j.ijpharm.2013.12.047
dx.doi.org/10.1016/j.ijpharm.2013.12.047
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:imweikun@gmail.com
dx.doi.org/10.1016/j.ijpharm.2013.12.047
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iodegradable polymers such as PAAIO-Rh123 (Ke et al., 2010), CS-
EG (Park et al., 2010), PEG-PLA (Wang et al., 2012; Lu et al., 2011),
LGA–PEG (Chen et al., 2012; Yoo and Park, 2004), PEG-PCL (Guo
t al., 2013) have been found to increase the cellular uptake and
ell cytotoxicity of the formulated anticancer drugs via FA receptor
ediated endocytosis. Such protocol was also used for the CAP’s

arget releasing and site specify delivery (Wong et al., 2007).
However, poor drug loading efficiency of PLGA-based NPs as

ow as 1% for some drugs constitute a major problem for these
Ps (Danhier et al., 2012). A silica shell along with the NPs pre-

ented a promising solving protocol for this. A silica shell could
e specially confined at the interface between the core and corona
f amphipathic block copolymer micelles (Tan et al., 2010; Yuan
t al., 2007). By employing a microemulsion approach (Darbandi
t al., 2005; Santra et al., 2005), silica-based core–shell NPs have
een synthesized for bioanalytical applications and drug delivery
Tan et al., 2004). The uptake and release of various drugs and dyes
rom the resulting NPs was  studied and the silica shells appeared
o retard diffusional release rates as expected (Huo et al., 2006).

On the basis of these considerations and in continuum to our
revious work (Ling et al., 2011), we developed FA biodegrad-
ble NPs with silica shell for CAP targeting delivery system. In
his study, the amphipathic diblock copolymers PEG–PLGA with
he FA and CAP end molecules were synthesized respectively.
hen, these two copolymers were blended with CAP and TMOS
o form self-assembled NPs in aqueous solution. To our knowl-
dge, no related report existed dealing with NPs carriers of
A-PEG–PLGA/PEG–PLGA-CAP + CAP/TMOS to enhance CAP releas-
ng. The synthesized polymer and the NPs were studied in the
resent manuscript. The CAP release behavior and release kinetics
ere also analyzed. These round morphology, stable drug-loaded
Ps, formed by self-assembly and crosslinking of the silica shell,

epresent a new group of efficient drug carrier that appear to be
uitable for controlled and targeted release in a wide range of drugs.

. Materials and methods

.1. Materials

PLGA (50:50, Mw:  10,000) was purchased from Daigang Bio-
aterials Inc. (Jinan, China). Alpha-hydroxy-omega-carboxy poly

ethylene glycol) (HO-PEG-COOH, Mw:  10,000) were purchased
rom Sigma Chemical Co. (USA). Capecitabine (CAP, 99%) was pur-
hased from Dalian Meilun Biology Technology Co. Ltd. (Dalian,
hina). FA, TMOS (98%), succinic anhydride, pyrene, dicyclo-
exylcarbodiimide (DCC) and 4-dimethylaminopyrid (DMAP) were
btained from Sigma (St. Louis, MO).

.2. Synthesis of polymeric carriers

.2.1. Synthesis of conjugated di-block copolymers (PEG–PLGA)
HO-PEG-COOH, DCC and DMAP (molar ratio = 1:2:0.1) were

issolved in CH2Cl2 (20 ml)  for 12 h at room temperature under
itrogen. After the precipitate being filtrated, drop the solution

nto ice-cold diethyl ether to form the end carboxyl activated PEG
ediment and then dried under vacuum. Dissolve the precipitate
1 g) and PLGA (0.75 g) in CH2Cl2 (10 ml), after 24 h stirring at room
emperature under nitrogen, the target product PEG–PLGA was pre-
ipitated by dropping the solution into ice-cold diethyl ether.

.2.2. Synthesis of capecitabine-conjugated copolymer
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
targeted  delivery. Int J Pharmaceut (2014), http://dx.doi.org/10.1016/j.ijph

PEG–PLGA-CAP)
A mixture of PEG–PLGA, DCC, DMAP and pyridine with a molar

atio of 1:2.0:0.1:0.01 were dissolved in CH2Cl2 (5 ml)  and stirred at
oom temperature for 12 h under nitrogen. 22 mg  CAP were added
 PRESS
armaceutics xxx (2014) xxx– xxx

into the solution for three days reacting in an ice bath under nitro-
gen (molar ratio of activated PEG–PLGA/CAP = 1/1.2). Filtration,
dialysis against deionized water with the dialysis bags (Spectra/Por
7, MWCO  3500) and freeze dry were performed to get the final
PEG–PLGA-CAP.

2.2.3. Synthesis of folate-conjugated diblock copolymer
(FA-PEG–PLGA)

FA (0.23 g, 5.2 × 10−4 mol) was reacted with DCC (0.15 g,
7.3 × 10−4 mol) and NHS (0.06 g, 5.2 × 10−4 mol) in anhydrous
DMSO (15 mL) solution overnight under nitrogen at room tem-
perature. After the byproduct DCU was filtrated, the activated
FA solution was added 5 ml  DMSO solution of PEG–PLGA (10 g,
5 × 10−4 mol) and DMAP (12.2 mg,  1 × 10−4 mol) following with
another 24 h reaction under nitrogen atmosphere. The product was
centrifuged, filtered, purified by dialyzing against DMSO for 24 h to
remove excess DCC and dialyzing against water to remove DMSO.
The final FA-PLGA–PEG product was  obtained after freeze dry.

2.3. Characterization of the conjugates

The chemical structures of the synthesized FA-PEG–PLGA,
PEG–PLGA-CAP conjugate were characterized by 1H NMR (Bruker,
500 MHz) using tetramethylsilane as an internal standard and
DMSO-d6 as the solvent. The number average molecular weight
(Mn) and the weight average molecular weight (Mw) of hybrid
copolymer were estimated by GPC on Viscotek Max  VE 2001 Sol-
vent/Sample Module system equipped with a Viscotek TDA 305
Triple detector array, a Malvern CLM 3021 T6000 M column using
THF as eluent at a flow rate of 1 ml/min at 40 ◦C. The instrument was
calibrated vs. PS standards (19,000 g/mol) and data was analyzed
using OmniSec 4.6.0 software.

2.4. Formulation of CAP drug-loaded NPs

TMOS (2 ml)  was added into 10 ml transparent yellow CH2Cl2
solution of FA-PEG–PLGA (0.080 g), PEG–PLGA-CAP (1.5 g) and
CAP (0.23 g) and stirred at 200 rpm for 10 min. Then, they were
dropped into 100 ml  PVA aqueous solution (1%wt.) to sponta-
neously form the silica cross-linked NPs (SSCL NPs) with stirring
speed of 600 rpm. The solution was kept stirring for over a night to
evaporate the organic phase. The NPs were collected by centrifu-
gation at 10,000 rpm for 10 min  at room temperature and washed
twice using distilled water. The non-silica cross-linked NPs (NSSCL
NPs) were prepared with the similar method but without the addi-
tion of TMOS.

2.5. Characterization of the CAP-loaded NPs

2.5.1. Particle size, zeta potential measurement and morphology
The sizes of the NPs (diameter, nm)  and size distribution of

the drug-loaded NPs were measured using a zeta sizer (Nano ZS,
Malvern Instrument, UK) at 25 ◦C. The samples were diluted to
ensure free diffusion and unhindered Brownian motion of the par-
ticles. The sizes results were the mean value of five test runs. The
morphology of the NPs was confirmed using a scanning electron
microscopy (SEM, Nano, FEI, American).

2.5.2. Nanoparticle yield, drug loading and encapsulation
efficiency

The yield of nanoparticles (NPs) was obtained according to Eq.
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

(1). To measure the drug loading amount, a pre-determined weights
of the freeze-dried drug-loaded NPs were dissolved in DMSO and
then underwent centrifugation at the speed of over 8000 rpm. The
supernatant CAP concentration was determined using a UV–vis

dx.doi.org/10.1016/j.ijpharm.2013.12.047
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pectrometer at wavelength of 303.6 nm,  by reference to a cali-
ration curve of CAP in DMSO at the same wavelength, which is

 = 19.55 × (Abs) − 1.10, R2 = 0.9977.
The encapsulation efficiency (EE) and drug loadings (DL) were

alculated using the following equation:

anoparticle yield = Weight of the nanoparticles
Total weight of drug and copolymer

× 100%

(1)

rug loading = Weight of encapsulated drug
Weight of the nanoparticles

×  100% (2)

ncapsulation efficiency = Weight of encapsulated drug
Total weight of drug

× 100%

(3)

.5.3. Determination of critical micelle concentration (CMC) of
A-PEG–PLGA/PEG–PLGA-CAP aggregation

Pyrene solution (6.0 × 10−2 M)  in acetone was added to PBS to
ttain a pyrene concentration of 12 × 10−7 M.  The solution was then
istilled under vacuum at 60 ◦C for 1 h to remove acetone from the
olution. Different amounts of copolymers were added to acetone
ree pyrene solution to make mixed solution with the concentra-
ion ranging from 10−7 to 10−1 mg/ml. The solution was  incubated
t 60 ◦C for 1 h, then at room temperature overnight with mild stir
o that the pyrene could equilibrate between the NPs and the aque-
us phase completely. The change of the intensity ratio (I378/I384) of
he pyrene with polymer content ration was plotted from excitation
pectra from 360 to 410 nm and at emission wavelength 390 nm.
he CMC  was determined by taking a mid-point of the copolymer
oncentration at which the relative excitation fluorescence inten-
ity ratio I378/I384 nm shift abruptly.

.5.4. Stability study
Stability evaluation was supported by size variation with the

ime experiment and zeta potential measurement. Size variation
xperiment was carried out as following: the SSCL NPs (50 mg)  and
SSCL (50 mg)  were suspended in phosphate-buffered saline (PBS,
H 7.4) under stirring (110 rpm) at 37 ◦C, respectively. The NPs sizes
ere measured and compared at the first 3 days to examine the

tability of the NPs.
Zeta potential (surface charge) of NPs was measured using a zeta

izer (Nano ZS, Malvern Instrument, UK) at 25 ◦C. The samples were
iluted to ensure free diffusion and unhindered Brownian motion
f the particles. The zeta potential was the mean value of three test
uns.

.6. In vitro drug release

The SSCL NPs and NSSCL NPs (50 mg)  were suspended in 10 ml
BS (pH = 7.4), respectively, and placed in dialysis bag with a molec-
lar weight cut-off of 3500 Da. The dialysis bag was  suspended in
00 ml  of PBS at 37 ◦C and stirred at 110 rpm; 5 ml  PBS was  taken
ut and replaced by another 5 ml  fresh PBS periodically. The release
ate of both SSCL NPs and NSSCL NPs was compared by a UV–vis
pectrometer at the wavelength of 303.6 nm.

. Results and discussion
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
targeted delivery. Int J Pharmaceut (2014), http://dx.doi.org/10.1016/j.ijph

.1. Synthesis of the carriers of FA-PEG–PLGA and PEG–PLGA-CAP

The principle in synthesis of FA-PEG–PLGA and PEG–PLGA-CAP
s the esterification reaction. We  synthesized HOOC-PLGA–PEG-OH
 PRESS
armaceutics xxx (2014) xxx– xxx 3

by direct conjugation of HOOC-PLGA-OH with activated HO-PEG-
COOH. PEG–PLGA-CAP and FA-PEG–PLGA were synthesized as
shown in Fig. 1, respectively.

The GPC trace indicated the Mn  of the FA-PLGA-PLGA and
PEG–PLGA-CAP were 19,280 g/mol and 18,092 g/mol, and the Mw
20,396 g/mol and 20,230 g/mol, respectively. The structures were
characterized and verified with 1H NMR  (Fig. 2).

The 1H NMR  spectra of PEG–PLGA, FA-PEG–PLGA and
PEG–PLGA-CAP were shown in Fig. 2. The inserted spectrum was
the higher magnification of the region between 7 and 8.5 ppm. The
peak at 2.50 ppm corresponded to DMSO. All three spectrum exhib-
ited similar peaks of the main chain PEG–PLGA marked 1–5, while
the FA-PEG–PLGA (middle) showed a typical peak of 6–9 ppm,
which represented the aromatic protons and pteridine proton. The
spectrum of PEG–PLGA-CAP (top) exhibited two  peak marked as 10,
11, which were the characteristic of methylene protons near the F-
atom in the CAP. The peaks marked as 12 and 13 referred to the
imino proton and one hydroxyl protons on CAP molecule and the
peak marked as 14 is the other imino proton. Besides, it also exhib-
ited two  relatively obvious peaks marked as 15 and 16, which were
the characteristic of methyl and methylene protons of amyl hydride
in CAP. These peaks were relatively much weaker than the signals
of FA and CAP due to the small molecular weight of FA (441 Da) and
CAP (359 Da) compared to that of PEG–PLGA (20,000 Da).

3.2. Preparation of CAP-loaded SSCL system and control system
NPs

The NPs were prepared by using the emulsion–solvent evapora-
tion method with some modification. It was found that When PVA
was 1.0% (w/v), the NPs would not easily aggregated, the viscosity
of the emulsion was moderate and the particle size was smallest
(Chen et al., 2012). So we here used PVA aqueous solution (1.0%,
w/v) as an emulsifier agent for the preparation of NPs.

In this study, we consider that the FA-PEG–PLGA/PEG–PLGA-
CAP mixture have only 5 mol% FA-PEG–PLGA content to form
either SSCL NPs or NSSCL NPs to guarantee NPs stability, as
the presence of too many FA molecules on the surface of poly-
meric micelles has a detrimental effect on the stability. This
is confirmed by a study that the appearance of micelles pre-
pared from H40–PLA-b-MPEG/PEG–FA copolymer having 5 mol%
PEG–FA did not change notably over two weeks (Prabaharan et al.,
2009).

Upon injecting the mixed organic solution dropwise into an sur-
factant solution, polymeric NPs were formed as PLGA segments
with terminally conjugated CAP were buried in the core, and PEG
segments with terminally conjugated FA were oriented outside
toward aqueous medium (Liu et al., 2007). The free CAP was physi-
cally entrapped in the core with the O/W method. This process was
simultaneously accompanied by the hydrolysis reaction of TMOS
due to its hydrophobic properties. The hydrolysis reaction was
limited to occur at the interface region between the hydrophilic
and hydrophobic domain, which resulted in the formation of a thin
silica shell between PEG and PLGA (Kim et al., 2010). This process
was schematically shown in Fig. 3.

3.3. Characterization of formulated NPs

3.3.1. Size and morphology of the drug-loaded NPs
Particle size distribution of SSCL NPs was  shown as Fig. 4(A).
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

The average diameter of SSCL NPs was  around 203 ± 4.7 nm, with a
polydispersity index of 0.391. SEM micrographs shown as Fig. 4(B)
revealed that the NPs had a spherical morphology and smooth sur-
face.

dx.doi.org/10.1016/j.ijpharm.2013.12.047
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Fig. 1. Synthetic scheme of FA-PEG

.3.2. NPs yield, drug loading, encapsulation efficiency of SSCL
Ps and NSSCL NPs

The NPs yield, drug loading, and encapsulation efficiency of SSCL
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
targeted  delivery. Int J Pharmaceut (2014), http://dx.doi.org/10.1016/j.ijph

Ps and NSSCL NPs has been recognized by UV–visible spectropho-
ometer. The results were shown in Table 1.

CAP was loaded into the NPs by an emulsion–solvent evapora-
ion method. The drug loading into the SSCL NPs was 7.9% with an

able 1
rug loading and encapsulation efficiency of SSCL NPs and NSSCL NPs.

Nanoparticlesa Drug/copolymer
ratio in feed (w/w)

Yield (%) Drug
loading (%)

Encapsulation
efficiency (%)

SSCL 1/10 83 7.9 69.2
NSSCL 1/10 72 6.8 58.8

a NPs dissolve in distilled water at a concentration of 0.6 mg/mL followed by
0  min  sonication.
A and PEG–PLGA-CAP conjugates.

encapsulation efficiency of 69.2%, while the drug loading amount
and encapsulation efficiency of NSSCL NPs are respectively 6.8%
and 58.8%. This comparison confirms that the SSCL NPs are more
effective for encapsulating the hydrophobic drug and have higher
encapsulation efficiency, which may  be due to the establishment
of the strong interactions both between silica shell with drug func-
tional groups and with hydrophilic chains, as there are one hydroxyl
groups and two imino group in one CAP molecule, which could act
as H-bonding sites with our H-bonding hydrolyzed TMOS (Fig. 5).

3.3.3. Critical micelle concentration (CMC) study
The formation of polymeric micelles is thermodynamically
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

favorable only above CMC  of the amphiphilic molecules. So we
use pyrene as an extrinsic probe to determine the CMC  of FA-
PEG–PLGA/PEG–PLGA-CAP. Still, the FA-PEG–PLGA takes 5 mol%
of the copolymer blends, as the PEG–PLGA-CAP content increases,

dx.doi.org/10.1016/j.ijpharm.2013.12.047
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Fig. 2. 1H NMR  spectra of PEG–PLGA, FA-P

A-PEG–PLGA content increases accordingly. The results were
hown as Fig. 6(A) and (B).

In the excitation spectra, although the apparent pyrene concen-
ration remains unchanged, the fluorescence intensity increased
ith increasing polymer concentration. A definite shift from 378

o 383 nm was observed as FA-PEG–PLGA/PEG–PLGA-CAP concen-
ration increased, indicating the formation of aggregations. The
ntensity ratio (I378/I383) of the pyrene excitation spectra versus
he logarithm of copolymer concentration was shown as. Fig. 6(B),
hich indicated that the CMC  of FA-PEG–PLGA/PEG–PLGA-CAP was

pproximately 1.2 �g/ml in PBS, as estimated from the cross over
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
targeted delivery. Int J Pharmaceut (2014), http://dx.doi.org/10.1016/j.ijph

oint of the intensity ratio (I378/I383). The low CMC  value indicates
 strong tendency of FA-PEG–PLGA/PEG–PLGA-CAP block copoly-
er  toward NPs formation in aqueous media at a lower copolymer

oncentration and also suggests the NPs may  have a good stability

Fig. 3. Schematic representatio
GA, PEG–PLGA-CAP (from bottom to top).

characteristic in blood stream (Mehdizadeh et al., 2013; Yoo and
Park, 2001).

3.3.4. Stability study
For further use of the NPs, stability is significant for long-term

storage, transportation and so on. Stability study was carried out by
putting the NPs in PBS (pH = 7.4) at 37 ◦C for 4 days, the size were
measured respectively and the results were shown as Fig. 7, there
was no significant change in the average diameter of NPs during
the study.

These results were also confirmed by the zeta potential anal-
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

ysis. Zeta potential is to measure the surface charge of colloidal
dispersions, it has been usually used to predict and control disper-
sion stability. Electrostatic repulsion between particles with the
same electric charge prevents the aggregation of these NPs. Here,

n of SSCL NPs formation.

dx.doi.org/10.1016/j.ijpharm.2013.12.047
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Fig. 4. Size (A) and morpho

he zeta potential value of NSSCL NPs was −27.54 ± 0.40 mv,  which
howed very similar zeta potentials of SSCL NPs (−28.43 ± 2.55 mv),
or they had the same group on the shell of the NPs. A slightly more
egative potential of SSCL NPs may  be due to the smaller size of
he NSSCL NPs than SSCL NPs, which rendered less charge density.
hese results also supported the deposition of silica within these
Ps. From the stable analysis, these two NPs systems both had no
roblem with regard to stability (Song et al., 2011).

.4. In vitro drug release

Considering that the controlled and continuous drug release is
ssential for the success of pharmaceuticals, we further examined
he drug release profiles of NSSCL NPs and SSCL NPs which were
ormed with different formulations, the mass ratios of polymer
omplex/drug is 5/1, 10/1 and 20/1 respectively. The in vitro release
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
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rofiles had been obtained at pH 7.4 by using a membrane dialysis
ethod, the results were shown as Fig. 8.
There was a relatively rapid release of drug within the first 30 h

f all formulations. From the release profiles, the average release
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ig. 5. The schematic presentation of an internal nanoparticle structure of hydrogen
ond formed between the PEG and hydrolyzed TMOS.
B) of the drug-loaded NPs.

rate of SSCL NPs was  slower than that of NSSCL NPs as a silica shell
formed between PEG and PLGA in SSCL NPs posing a matrix barrier
for drug releasing. These two NPs were able to sustained release
CAP for more than 200 h with a rapid release of 15–28% in the first
15 h. The initial burst is due to the surface bound drugs dislodging
themselves from the NPs surface when contacted with the release
medium. The cumulative release of CAP from NPs was fastest when
the polymer:drug ratio was 5:1, which may  be due to the dense
drug aggregate in the outer space or lodge on the surface of NPs
where release is faster. However, the release was slower when
the copolymer/drug ratio was  10:1 than 20:1 (76% vs. 80% cumu-
lative CAP release at 200 h of NSSCL NPs, respectively; Fig. 8). In
SSCL NPs, almost 54% of the drug was released in 160 h when the
copolymer:drug ratio was 20:1. In contrast, when the polymer:drug
ratio was  10:1, 54% of the drug was  released till 200 h.The differ-
ence between the release profiles may  be due to the hydrophobic
interaction between the lipophilic CAP agent and the polymers
(Miao et al., 2010). An increase in the amount of hydrophobic CAP
within the NPs may  enhance the interaction between CAP and
the hydrophobic PLGA segment leading to decreased drug release
(Allen et al., 2000).

The results from the in vitro release studies showed that these
drug-loaded NPs have potential targeting capability as well as con-
trol effect on the rate of drug release. The above drug release
experiments also suggested that the optimal formulation used for
further drug release mechanism studies was  polymer/drug ratio of
10:1.

3.5. Mechanism of drug release

In order to study the release kinetics in the mainstay, we  further
examined the drug release profiles of the formulation with 10:1
polymer/drug ratio, the release profile was shown as Fig. 9.

Two models (Fig. 10) were created according to core–shell struc-
ture to depict the release profile for CAP in these two NPs release
systems. Here to ignore the surface adsorption of drugs, and from
the drug release profile, it is thought to follow two  processes:

From 30 h to 70 h, the release is relatively placid. The release
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

medium permeate into NPs, unconjugated drugs (in the zone 1,
drugs are considered uniformly distributed in the core of the sys-
tem) dissolve and diffuse. Besides, conjugated drugs dislodge with
the hydrolysis of the ester bond between the drug and copolymer.

dx.doi.org/10.1016/j.ijpharm.2013.12.047
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Fig. 6. The determination of the CMC  (B) from the fluorescence intensity
ratio I378/I383 from excitation spectra (A) vs. log concentration of the FA-
PEG–PLGA/PEG–PLGA-CAP (pH 7.4)
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Fig. 8. In vitro release of CAP from drug-loaded SSCL NPs and NSSCL NPs of different
formulations in PBS.
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Fig. 9. In vitro release of CAP from drug-loaded SSCL NPs and NSSCL NPs of the
formulation with 10:1 polymer/drug ratio.

In this process, hydrophilic domain 3 take effect mostly on the drug
releasing from the matrix is mainly based on a diffusion mecha-
nism. We  call this internal drug dissolution and diffusion process.

From 70 h to 180 h, the release rate is relatively higher. The drugs
diffuse from the polymers matrix with the NPs swelling and poly-
mers degradation. During this process, hydrophobic domain 2 take
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

effect mostly on the drug release. With the release medium keeps
penetrating into the domain of the release system, the hydrogen
bond between the PEG and silica shell breakage; the shell col-
lapse and drugs can diffuse easier mostly depending on PEG–PLGA

Fig. 10. Schematic representation of NPs core–shell structure of SSCL NPs and NSSCL
NPs.

dx.doi.org/10.1016/j.ijpharm.2013.12.047
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Table 2
The K values from the profile of cumulative release (Fig. 9): comparison of the two systems and the effect of addition of TMOS on release rate.

Release system Slope of the 1st stage K1 Slope of the 2nd stage K2 K2/K1 Transition time* (h)

Control system 0.199975 0.443362 2.217 60
TMOS  system 0.101879 0.248108 2.435 80
K/K′* 1.963041 1.78697 – –

K
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/K′* is the ratio of the same stage of two drug release NPs systems.
ransition time* is the time from the 1st stage to the 2nd stage.

egradation and hydrolysis of ester bond. Due to denser drug
acking, the disintegration process is slow, thereby leading to a
elatively near-zero order release (Ranganath et al., 2009).

Further, we studied and compared the effect of the silica shell
oward these two stages.

According to the profile (Fig. 9), there are periods of steady-
tate of release in the two processes. Illustrated as Fig. 10, we  can
onitor a straight line to approximately represent for the steady-

tate of each process. The straight lines all have contained more
han 90% of the data points and can be expressed by the following
iner equation:

Mt

M∞
× 100 (%) = Kt (4)

here Mt/M∞ is the cumulative released fraction; K is the slope of
he straight line of the curve, which means the release rate in the
teady-state. The value of K for different stages and different NPs
ystems are listed in Table 2. It reflects how much the release rate
aried from stage 1 to stage 2. The K value ratios of the same stage
n two systems (K1/K′ 1 and K2/K′ 2) are also calculated to measure
he effect of the silica shell to these two stages.

The K values calculated from the profile of cumulative release
Fig. 11) are shown in Table 2, the two drug release systems both
ave smaller K1, which means lower release rates in the first stage;
he K2/K1 value of both NPs demonstrate the average release rate
f second stage is more than 2.2 times faster than the first stage.
esides, the transition time of SSCL NPs from the 1st stage to the
nd stage is also longer than NSSCL NPs. The K/K′ value measures
he effect of the silica shell to two release stages. With 1.963041
nd 1.78697 calculated, the first stage release is relatively affected
ore by the additives than the latter stage.
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
targeted  delivery. Int J Pharmaceut (2014), http://dx.doi.org/10.1016/j.ijph

This phenomenon can be explained by different kinetics.
he copolymer PEG–PLGA has a high molecular weight (over
0,000 Da) and is amphipathic. So it is easy to form open pores
hen continually contact with PBS. Without another barrier, the
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ig. 11. Release kinetics of CAP from SSCL NPs and NSSCL NPs systems based on the
wo stage release, showing that the linear slope changed with TMOS added in.
drugs may  release mainly through these pores and this is the
first stage release of NSSCL NPs system. It can be called diffusion-
controlled release stage though further studies are needed to
substantiate this conclusion.

In SSCL NPs, the pores of NPs are separated by non-pores layers
(domain 4), since there is no interconnected channels, the degra-
dation of polymers and the erosion of silica shell has not generally
begin or not obvious, the influence caused by this additional non-
porous layer is much stronger in this stage. The drug release from
this stage is probably diffusion-controlled, the similar transition
time also indicate that drug release from these matrices is domi-
nated by a similarly diffusion-mediated mechanism.

While in the second stage, with the hydrolysis of ester bond
between PEG and PLGA chain, and with the polymer molec-
ular become small, the release matrix shows a more porous
structure which lead to higher rate of release. And during this
period, the hydrogen bond collapses, also accompanied with sil-
ica shell erosion, the release rate is increased gradually. Of course,
the rate of TMOS system is still lower for its additional bar-
rier effect. The drug release from this stage can be concluded as
degradation–erosion–diffusion-mediated controlled kinetics.

4. Conclusion

In this study, we chemically conjugated the CAP to the copoly-
mers to made PEG–PLGA-CAP conjugates for the first time and
also synthesized and characterized FA-PEG–PLGA. The blends of
FA-PEG–PLGA and PEG–PLGA-CAP were used to prepare NPs for tar-
geted and controlled drug release, these NPs could contain a large
amount of CAP by chemically conjugation and physically contrac-
tion in the inner core, which increased targeting capacity. Besides,
the addition of TMOS which formed a shell in this system could
cause a barrier affect on both the two  release stages. Our suc-
cessful NPs preparation and characterization results imply that the
FA-PEG–PLGA/PEG–PLGA-CAP + CAP/TMOS NPs system could have
high potential to be used for targeted and controlled drug delivery.

Acknowledgement

This study was financially supported by the Basic Research
Project of China (2012CB619105), NSFC Project (51173053) and
NCET Program (NCET-12-0200).

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.ijpharm.
2013.12.047.

References

Allen, C., Han, J., Yu, Y., Maysinger, D., Eisenberg, A., 2000. Polycaprolactone–b-
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

poly(ethylene oxide) copolymer micelles as a delivery vehicle for dihydrotestos-
terone. J. Control. Release 63, 275–286.

Chen, J., Li, S., Shen, Q., 2012. Folic acid and cell-penetrating peptide conjugated
PLGA–PEG bifunctional nanoparticles for vincristine sulfate delivery. Eur. J.
Pharm. Sci. 47, 430–443.

dx.doi.org/10.1016/j.ijpharm.2013.12.047
http://dx.doi.org/10.1016/j.ijpharm.2013.12.047
http://dx.doi.org/10.1016/j.ijpharm.2013.12.047
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0005
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0010


 ING Model

I

l of Ph

D

D

G

G

H

J

K

K

K

L

L

L

L

M

M

M

P

P

Yoo, H.S., Park, T.G., 2004. Folate receptor targeted biodegradable polymeric doxo-
rubicin micelles. J. Control. Release 96, 273–283.
ARTICLEJP-13825; No. of Pages 9

K. Wei  et al. / International Journa

anhier, F., Ansorena, E., Silva, J.M., Coco, R., Le Breton, A., Preat, V., 2012. PLGA-
based nanoparticles: an overview of biomedical applications. J. Control. Release
161, 505–522.

arbandi, M.,  Thomann, R., Nann, T., 2005. Single quantum dots in silica spheres by
microemulsion synthesis. Chem. Mater. 17, 5720–5725.

ong, X., Moghaddam, M.J., Sagnella, S.M., Conn, C.E., Danon, S.J., Waddington,
L.J.,  Drummond, C.J., 2011. Lamellar crystalline self-assembly behaviour and
solid  lipid nanoparticles of a palmityl prodrug analogue of capecitabine – a
chemotherapy agent. Colloids Surf. B: Biointerfaces 85, 349–359.

uo, X., Shi, C., Wang, J., Di, S., Zhou, S., 2013. pH-triggered intracellular release from
actively targeting polymer micelles. Biomaterials 34, 4544–4554.

uo, Q., Liu, J., Wang, L.-Q., Jiang, Y., Lambert, T.N., Fang, E., 2006. A new class
of  silica cross-linked micellar core–shell nanoparticles. J. Am. Chem. Soc. 128,
6447–6453.

imenez, B., Mirnezami, R., Kinross, J., Cloarec, O., Keun, H.C., Holmes, E., Goldin,
R.D., Ziprin, P., Darzi, A., Nicholson, J.K., 2013. 1H HR-MAS NMR spectroscopy
of  tumor-induced local metabolic field-effects enables colorectal cancer staging
and  prognostication. J. Proteome Res. 12, 959–968.

e, J.H., Lin, J.J., Carey, J.R., Chen, J.S., Chen, C.Y., Wang, L.F., 2010. A specific tumor-
targeting magnetofluorescent nanoprobe for dual-modality molecular imaging.
Biomaterials 31, 1707–1715.

elly, C., Bhuva, N., Harrison, M.,  Buckley, A., Saunders, M.,  2013. Use of raltitrexed as
an  alternative to 5-fluorouracil and capecitabine in cancer patients with cardiac
history. Eur. J. Cancer 49, 2303–2310.

im, S.H., Tan, J.P., Nederberg, F., Fukushima, K., Colson, J., Yang, C., Nelson, A., Yang,
Y.Y., Hedrick, J.L., 2010. Hydrogen bonding-enhanced micelle assemblies for
drug delivery. Biomaterials 31, 8063–8071.

atha, S., et al., 2012. Fomulation and evaluation of capecitabine nanoparticals for
cancer therapy. Int. J. Biol. Pharm. Res. 3, 477–487.

ing, Y., Wei, K., Luo, Y., Gao, X., Zhong, S., 2011. Dual docetaxel/superparamagnetic
iron oxide loaded nanoparticles for both targeting magnetic resonance imaging
and cancer therapy. Biomaterials 32, 7139–7150.

iu, S.Q., Wiradharma, N., Gao, S.J., Tong, Y.W., Yang, Y.Y., 2007. Bio-functional
micelles self-assembled from a folate-conjugated block copolymer for targeted
intracellular delivery of anticancer drugs. Biomaterials 28, 1423–1433.

u, P.L., Chen, Y.C., Ou, T.W., Chen, H.H., Tsai, H.C., Wen, C.J., Lo, C.L., Wey, S.P.,
Lin,  K.J., Yen, T.C., Hsiue, G.H., 2011. Multifunctional hollow nanoparticles
based on graft-diblock copolymers for doxorubicin delivery. Biomaterials 32,
2213–2221.

ehdizadeh, H., Sumo, S., Bayrak, E.S., Brey, E.M., Cinar, A., 2013. Three-dimensional
modeling of angiogenesis in porous biomaterial scaffolds. Biomaterials 34,
2875–2887.

iao, Q., Xu, D., Wang, Z., Xu, L., Wang, T., Wu,  Y., Lovejoy, D.B., Kalinowski,
D.S., Richardson, D.R., Nie, G., Zhao, Y., 2010. Amphiphilic hyper-branched
co-polymer nanoparticles for the controlled delivery of anti-tumor agents. Bio-
materials 31, 7364–7375.

ulet, X., Gong, X., Waddington, L.J., Drummond, C.J., 2009. Observing self-
assembled lipid nanoparticles building order and complexity through
low-energy transformation processes. ACS Nano 3, 2789–2797.

ark, Y., Kang, E., Kwon, O.J., Hwang, T., Park, H., Lee, J.M., Kim, J.H., Yun, C.O., 2010.
Ionically crosslinked Ad/chitosan nanocomplexes processed by electrospinning
Please cite this article in press as: Wei, K., et al., Folate-decorated PEG–P
targeted delivery. Int J Pharmaceut (2014), http://dx.doi.org/10.1016/j.ijph

for  targeted cancer gene therapy. J. Control. Release 148, 75–82.
olk, A., Vaage-Nilsen, M.,  Vistisen, K., Nielsen, D.L., 2013. Cardiotoxicity in can-

cer patients treated with 5-fluorouracil or capecitabine: a systematic review
of incidence, manifestations and predisposing factors. Cancer Treat. Rev. 39,
974–984.
 PRESS
armaceutics xxx (2014) xxx– xxx 9

Prabaharan, M.,  Grailer, J.J., Pilla, S., Steeber, D.A., Gong, S., 2009. Folate-
conjugated amphiphilic hyperbranched block copolymers based on Boltorn H40,
poly(l-lactide) and poly(ethylene glycol) for tumor-targeted drug delivery. Bio-
materials 30, 3009–3019.

Ranganath, S.H., Kee, I., Krantz, W.B., Chow, P.K., Wang, C.H., 2009. Hydrogel matrix
entrapping PLGA-paclitaxel microspheres: drug delivery with near zero-order
release and implantability advantages for malignant brain tumour chemother-
apy. Pharm. Res. 26, 2101–2114.

Santra, S., Yang, H., Holloway, P.H., Stanley, J.T., Mericle, R.A., 2005. Synthesis of
water-dispersible fluorescent, radio-opaque, and paramagnetic CdS:Mn/ZnS
quantum dots: a multifunctional probe for bioimaging. J. Am.  Chem. Soc. 127,
1656–1657.

Schmiegel, W.,  Reinacher-Schick, A., Arnold, D., Kubicka, S., Freier, W.,  Dietrich, G.,
Geissler, M.,  Hegewisch-Becker, S., Tannapfel, A., Pohl, M.,  Hinke, A., Schmoll,
H.J., Graeven, U., 2013. Capecitabine/irinotecan or capecitabine/oxaliplatin in
combination with bevacizumab is effective and safe as first-line therapy for
metastatic colorectal cancer: a randomized phase II study of the AIO colorectal
study group. Ann. Oncol. 1, 1093–1096.

Song, Z., Feng, R., Sun, M.,  Guo, C., Gao, Y., Li, L., Zhai, G., 2011. Curcumin-loaded
PLGA–PEG–PLGA triblock copolymeric micelles: preparation, pharmacokinetics
and  distribution in vivo. J. Colloid Interface Sci. 354, 116–123.

Takeshita, M.,  Banno, Y., Nakamura, M.,  Otsuka, M.,  Teramachi, H., Tsuchiya, T., Itoh,
Y.,  2011. The pivotal role of intracellular calcium in oxaliplatin-induced inhibi-
tion of neurite outgrowth but not cell death in differentiated PC12 cells. Chem.
Res. Toxicol. 24, 1845–1852.

Tan, W.,  Wang, K., He, X., Zhao, X.J., Drake, T., Wang, L., Bagwe, R.P., 2004. Bionan-
otechnology based on silica nanoparticles. Med. Res. Rev. 24, 621–638.

Tan, H., Xue, J.M., Shuter, B., Li, X., Wang, J., 2010. Synthesis of PEOlated Fe3O4@SiO2

nanoparticles via bioinspired silification for magnetic resonance imaging. Adv.
Funct. Mater. 20, 722–731.

Thomas, A.M., Kapanen, A.I., Hare, J.I., Ramsay, E., Edwards, K., Karlsson, G.,
Bally, M.B., 2011. Development of a liposomal nanoparticle formulation of
5-fluorouracil for parenteral administration: formulation design, pharmacoki-
netics and efficacy. J. Control. Release 150, 212–219.

Twelves, C., Wong, A., Nowacki, M.P., Abt, M.,  Burris, H., Carrato, A., Cassidy, J., Cer-
vantes, A., Fagerberg, J., Georgoulias, V., Husseini, F., Jodrell, D., Koralewski, P.,
Kröning, H., Maroun, J., Marschner, N., McKendrick, J., Pawlicki, M., Rosso, R.,
Schüller, J., Seitz, J.-F., Stabuc, B., Tujakowski, J., Van Hazel, G., Zaluski, J., Schei-
thauer, W.,  2005. Capecitabine as adjuvant treatment for stage III colon cancer.
N. Engl. J. Med. 352, 2696–2704.

Wang, R., Hu, X., Wu,  S., Xiao, H., Cai, H., Xie, Z., Huang, Y., Jing, X., 2012. Biolog-
ical characterization of folate-decorated biodegradable polymer–platinum(II)
complex micelles. Mol. Pharmacol. 9, 3200–3208.

Wong, H.L., Bendayan, R., Rauth, A.M., Li, Y., Wu,  X.Y., 2007. Chemotherapy with
anticancer drugs encapsulated in solid lipid nanoparticles. Adv. Drug Deliv. Rev.
59,  491–504.

Yoo, H.S., Park, T.G., 2001. Biodegradable polymeric micelles composed of
doxorubicin conjugated PLGA–PEG block copolymer. J. Control. Release 70,
63–70.
LGA nanoparticles with silica shells for capecitabine controlled and
arm.2013.12.047

Yuan, J.-J., Mykhaylyk, O.O., Ryan, A.J., Armes, S.P., 2007. Cross-linking of cationic
block copolymer micelles by silica deposition. J. Am.  Chem. Soc. 129,
1717–1723.

dx.doi.org/10.1016/j.ijpharm.2013.12.047
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0015
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0020
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0025
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0030
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0035
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0040
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0045
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0050
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0055
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0060
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0065
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0070
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0075
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0080
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0085
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0090
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0095
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0100
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0105
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0110
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0115
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0120
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0130
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0135
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0140
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0145
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0150
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0155
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0160
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0165
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0170
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0175
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180
http://refhub.elsevier.com/S0378-5173(13)01123-X/sbref0180

	Folate-decorated PEG–PLGA nanoparticles with silica shells for capecitabine controlled and targeted delivery
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Synthesis of polymeric carriers
	2.2.1 Synthesis of conjugated di-block copolymers (PEG–PLGA)
	2.2.2 Synthesis of capecitabine-conjugated copolymer (PEG–PLGA-CAP)
	2.2.3 Synthesis of folate-conjugated diblock copolymer (FA-PEG–PLGA)

	2.3 Characterization of the conjugates
	2.4 Formulation of CAP drug-loaded NPs
	2.5 Characterization of the CAP-loaded NPs
	2.5.1 Particle size, zeta potential measurement and morphology
	2.5.2 Nanoparticle yield, drug loading and encapsulation efficiency
	2.5.3 Determination of critical micelle concentration (CMC) of FA-PEG–PLGA/PEG–PLGA-CAP aggregation
	2.5.4 Stability study

	2.6 In vitro drug release

	3 Results and discussion
	3.1 Synthesis of the carriers of FA-PEG–PLGA and PEG–PLGA-CAP
	3.2 Preparation of CAP-loaded SSCL system and control system NPs
	3.3 Characterization of formulated NPs
	3.3.1 Size and morphology of the drug-loaded NPs
	3.3.2 NPs yield, drug loading, encapsulation efficiency of SSCL NPs and NSSCL NPs
	3.3.3 Critical micelle concentration (CMC) study
	3.3.4 Stability study

	3.4 In vitro drug release
	3.5 Mechanism of drug release

	4 Conclusion
	Acknowledgement
	Appendix A Supplementary data
	Appendix A Supplementary data


