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Overcoming  the  low  oral  bioavailability  of  many  drugs  due  to their poor  aqueous  solubility  is one  of
the  major  challenges  in the  pharmaceutical  industry.  The  production  of  amorphous  solid  dispersions
(ASDs)  of  these  drugs  using  hydrophilic  polymers  may  significantly  improve  their  solubility.  However,
their  storage  stability  and the  stability  of  their  supersaturated  solutions  in the  gastrointestinal  tract
upon  administration  are  unsolved  problems.  We  have  investigated  the  potential  of a  low  viscosity  grade
of a cellulosic  polymer,  hydroxypropyl  cellulose  (HPC-SSL),  and  compared  it with  a  commonly  used
vinyl  polymer,  polyvinylpyrrolidone  vinyl  acetate  (PVP-VA),  for stabilizing  the  ASDs  of  a poorly  water
soluble  drug,  felodipine.  The  ASDs  were  produced  using  hot  melt  mixing  and  stored  under  standard  and
accelerated  stability  conditions.  The  ASDs  were  characterized  using  differential  scanning  calorimetry,
powder  X-ray  diffraction,  and  Fourier  transform  infrared  spectroscopy.  Drug  dissolution  and  partitioning
rates were  evaluated  using  single-  and  biphasic  dissolution  studies.  The  ASDs  displayed  superior  drug
dissolution  and partitioning  as  compared  to  the  pure  crystalline  drug,  which  might  be  attributed  to  the
formation  of  a drug–polymer  molecular  dispersion,  amorphous  conversion  of the  drug,  and  drug–polymer

hydrogen  bonding  interactions.  Late phase  separation  and  early  re-crystallization  occurred  at  lower  and
higher storage  temperatures,  respectively,  for HPC-SSL  ASDs,  whereas  early  phase  separation,  even  at
low storage  temperatures,  was  noted  for  PVP-VA  ASDs.  Consequently,  the  partitioning  rates  for  ASDs
dispersed  in  HPC-SSL  were  greater  than  those  of  PVP-VA  at lower  and room  temperature  storage,  whereas
the performance  of  both  of  the ASDs  was  similar  when  stored  at higher  temperatures.

© 2014  Published  by Elsevier  Ltd.
. Introduction

Bioavailability is defined as the measurement of the rate and
xtent that a therapeutically active drug reaches the systemic cir-
ulation and becomes available at the site of action (Chiou, 2001).
he pharmaceutical industry has been challenged by the low oral
ioavailability of certain drugs for the last several decades. These
ompounds exhibit poor water solubility due to their hydrophobic

ature, poor wettability, and highly ordered crystalline struc-
ure. The percentage of new chemical entities with poorly
ater soluble properties discovered by techniques such as high

∗ Corresponding author at: Biomedical and Pharmaceutical Sciences and Chemi-
al  Engineering, Colleges of Pharmacy and Engineering, University of Rhode Island,
95M Pharmacy Building, 7 Greenhouse Drive, Kingston, RI 02881, USA.
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E-mail address: DWorthen@ds.uri.edu (D.R. Worthen).
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144-8617/© 2014 Published by Elsevier Ltd.
throughput screening and combinatorial chemistry is increasing
(Timpe & Forschung, 2007; Vasconcelos, Sarmento, & Costa, 2007).
The slower and incomplete dissolution of these promising active
pharmaceutical ingredients (APIs) in the aqueous environment of
the gastrointestinal tract results in their lower absorption and
bioavailability. Hence, several researchers in the pharmaceuti-
cal industry and academia are trying various approaches such as
particle size reduction, crystal habit modification, polymorphism,
complexation or solubilization, solid dispersion in carriers, and pro-
drug and salt formation in order to improve the solubility of poorly
water soluble drugs (Leuner & Dressman, 2000). Among these tech-
niques, formulating solid dispersions of these drugs in hydrophilic
polymers using hot melt mixing, melt extrusion, and solvent meth-
ods has gained in popularity due to often improved solubility and

product performance (Vasconcelos et al., 2007). Continuous oper-
ation and the lack of need for organic solvents during hot melt
extrusion processing provide economic and ecological advantages
over solvent methods (Leuner and Dressman, 2000). Amorphous

dx.doi.org/10.1016/j.carbpol.2014.06.039
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olid dispersions (ASDs) manufactured by mixing a molten mass
f a drug–polymer mixture during melt mixing or hot melt extru-
ion enhance the solubility of drugs due to their transformation
nto a high energy, amorphous form and the formation of favor-
ble drug–polymer interactions that may  occur during the process
Maniruzzaman et al., 2012; Sarode, Sandhu, Shah, Malick, & Zia,
012).

Although the solubility of poorly water soluble drugs can be
nhanced by formulating ASDs, the resulting high energy amor-
hous form is thermodynamically unstable (Kawakami & Pikal,
005). Re-crystallization of a drug and/or phase separation of a
rug–polymer molecular dispersion may  occur during ASD storage
ue to enhanced molecular motions in the amorphous substance
Marsac et al., 2010; Rumondor & Taylor, 2009). Furthermore,

 drug may  undergo chemical degradation during ASD manu-
acture, as well as due to increased molecular mobility induced
y higher temperature and humidity conditions during storage
Sarode, Sandhu, Shah, Malick, & Zia, 2013; Yoshioka & Aso, 2007).
hese deleterious effects can significantly reduce the performance
spects of ASDs in terms of enhancing drug solubility and compro-
ising product shelf life. In addition to the storage instability issue,
SDs also suffer from a problem of supersaturation induced pre-
ipitation during dissolution in the gastrointestinal tract (Guzman
t al., 2007; Warren, Benameur, Porter, & Pouton, 2010). Very high
upersaturation levels attained during dissolution may  surpass the
rug’s critical nucleation concentration and trigger rapid nuclea-
ion and/or crystal growth (Cao, 2004). A competition won by
recipitation over absorption in the supersaturated solutions of a
rug in the gastrointestinal tract leads to substantially low bioavail-
bility (Bevernage, Brouwers, Annaert, & Augustijns, 2012). These
henomena may  be moderated by the careful selection of appro-
riate formulation polymers. Several hydrophilic polymers with
arious backbones and functional groups and amorphous char-
cteristics have been investigated in melt processes in order to
nhance drug storage stability as well as to prevent nucleation
nd/or growth in the supersaturated solutions that occur in the
astrointestinal tract upon product administration (Warren et al.,
010; Wyttenbach et al., 2013). These polymers can restrict the
olecular motions due to their high glass transition temperature as
ell as due to drug–polymer interactions (Wegiel, Mauer, Edgar, &

aylor, 2013). Furthermore, the nucleation and/or crystal growth in
he aqueous environment during dissolution can be moderated or
nhibited due to drug–polymer interactions and polymer induced
iscosity and surface activity in supersaturated solutions (Ilevbare,
iu, Edgar, & Taylor, 2012). Ideally, an improvement in the solubility
hile maintaining an optimum dissolution rate by using a poly-
er  in order to attain supersaturation below the critical nucleation

oncentration may  prevent the initiation of nucleation and thus
nhance oral absorption of the drug significantly (Sarode, Wang,
bara, & Worthen, 2014).

Several cellulose polymers such as hydroxypropyl cellulose
HPC), hydroxypropyl methylcellulose (HPMC), hydroxypropyl

ethylcellulose acetate succinate (HPMCAS), carboxymethylcel-
ulose acetate butyrate (CMCAB), and cellulose acetate phthalate
CAPhth) have been investigated in order to improve the solubil-
ty of poorly water soluble drugs, increase the storage stability of
he ASDs, and inhibit nucleation and/or crystal growth in supersat-
rated solutions (Ilevbare et al., 2012; Li, Harich, Wegiel, Taylor,

 Edgar, 2013; Li, Konecke, et al., 2013; Li, Wegiel, Taylor, &
dgar, 2013; Obara, Tanno, & Sarode, 2013; Sarode, Obara, et al.,
014). Among these tested polymers is HPC, a cellulosic poly-
er  in which some of the hydroxyl groups in the repeating sugar
nits are hydroxypropylated using propylene oxide. The relatively
igh glass transition temperature of HPC may  promote stability
nd restrict drug diffusion and recrystallization during storage
hile, at the same time, the melt viscosity of the polymer make it
lymers 112 (2014) 512–519 513

suitable for hot melt extrusion processing (Paradkar, Kelly, Coates,
& York, 2009). The hydroxyl groups of this polymer may inter-
act with the carbonyl groups of drugs via hydrogen bonding and
improve stability in the solid state. In addition, these interactions,
along with viscosity and surface activity imparted by the polymer
to the supersaturated solution in the aqueous environment, may
inhibit precipitation (Sarode et al., 2013; Warren et al., 2010). A
combination of both hydrophobic and hydrophilic moieties of HPC
may  provide an optimum drug dissolution rate to an ASD in order
to maintain the supersaturation of a drug below critical concen-
tration for nucleation and thus enhance drug absorption (Ilevbare
et al., 2012).

In this manuscript we  have investigated the potential of a low
viscosity grade of cellulosic polymer, HPC-SSL, in comparison with
a vinyl acetate-substituted, polyvinylpyrrolidone polymer, PVP-VA,
for their relative utility in melt mixing and in stabilizing ASDs of a
poorly water soluble drug, felodipine (FLD). The storage stability of
the ASDs, including that of the drug itself, has been studied under
various controlled temperatures and humidity conditions. Drug
dissolution experiments assessing ASDs of poorly water soluble
drugs using biphasic dissolution media have gained in popular-
ity (Heigoldt, Sommer, Daniels, & Wagner, 2010; Phillips, Pygall,
Cooper, & Mann, 2012a, 2012b; Shi, Gao, Gong, & Ping, 2010). These
biphasic dissolution studies may  better simulate the in vivo envi-
ronment, wherein the concentration gradient is maintained due to
constant removal of the dissolved drug because of partitioning into
a solvent that more closely reflects some of the properties of lipid
membranes in the gastrointestinal tract. Accordingly, the perfor-
mance of the melt mixed ASDs produced in this study has been
evaluated using both single- and biphasic dissolution studies. We
hypothesized that the cellulosic backbone of low-viscosity HPC-
SSL may better stabilize the amorphous drug as compared to the
vinyl backbone of PVP-VA during storage and may prevent phase
separation and/or re-crystallization of the drug in the solid state.

In our recent publication we demonstrated that improving and
controlling the drug dissolution rate in order to achieve super-
saturation below the critical nucleation concentration in order
to obtain higher partitioning of poorly water soluble drugs into
the organic phase during biphasic dissolution may be a more
useful approach for attempting to predict enhancement in their
oral absorption (Sarode, Wang, et al., 2014). In this investigation
we found that although the highest supersaturation of FLD was
attained using Eudragit® EPO and HPMCAS-LF with better nuclea-
tion and crystal growth inhibition using the latter during single
phase dissolution, higher partitioning of the drug into the organic
phase during biphasic dissolution was  achieved using HPMC and
PVP-VA by maintaining supersaturation below critical nucleation
concentration. We hypothesized that, like PVP-VA and HPMC,  a
similar improvement in drug solubility along with an optimum dis-
solution rate might also be obtained using HPC-SSL as the polymeric
carrier in ASDs, and might also lead to supersaturation while pre-
venting nucleation in order to achieve higher partitioning of FLD.
In addition, the impact of exposure to the storage stability condi-
tions on ASD characteristics and attaining supersaturated levels in
the aqueous medium and subsequent partitioning into the organic
phase during biphasic dissolution has been investigated.

2. Experimental

2.1. Chemicals
The poorly water soluble, non-ionic dihydropyridine drug FLD
was purchased from Ria International (East Hanover, NJ). The
cellulosic polymer HPC-SSL was  supplied by Nisso America, Inc.
(New York, NY). The polyvinylpyrrolidone polymer Kollidon®
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Table 1
Physicochemical properties of the polymers. Data as supplied by the manufacturers.

Polymer Physicochemical properties

Backbone Molecular substitution Pyrrolidone:acetate ratio Molecular weight Tg/Tm
a (◦C)

HPC-SSL Cellulosic 3.24 NA Average 40,000 −25 to 0/180–220
:4 
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PVP-VA Polyvinyl NA 6

a Tm is applicable for semi-crystalline HPC-SSL.

A-64 (PVP-VA) was obtained from BASF Corporation (Florham
ark, NJ). The physicochemical properties of the polymers are listed
n Table 1. All other chemicals and reagents used were of analytical
rade and were obtained from Fisher Scientific (Fair Lawn, NJ).

.2. Preparation of physical mixtures

The drug was gently mixed with the polymers using a glass mor-
ar and a pestle for 5 min  at a 30:70 drug–polymer w/w ratio to
repare 45 g each of the corresponding physical mixtures (PMs).
hese PMs  were then transferred to amber colored glass bottles
nd further mixed in a Turbula mixer (Willy A Bachofen, Basel,
witzerland) for 15 min  to prepare homogenous PMs.

.3. Manufacturing of ASDs using hot melt mixing (HMM)

A three-piece hot melt mixer with roller blades (C.W. Brabender
nstruments, Inc., Hackensack, NJ, USA) was used to manufacture
he ASDs. About 40 g of the corresponding PM was fed into the hot

elt mixer and mixed at 150 ◦C and 150 rpm for 3 min. The resulting
SDs were then milled using a twin-blade rotary mill and the size

raction of 250–420 �m was obtained by sieving between US mesh
os. 40 and 60. These ASDs were stored in a desiccator at 5 ◦C and
% relative humidity (RH) for further analysis.

.4. Stability studies

Formulation stability studies were performed at serial tem-
eratures in sealed glass humidity chambers. A saturated sodium
hloride (NaCl) salt solution with excess un-dissolved NaCl was pre-
ared using distilled water and chemically pure NaCl. This solution
ith excess un-dissolved NaCl was enclosed in three sealed glass

hambers to maintain 75 ± 1% RH w/w and the chambers were then
ept and allowed to equilibrate at 5, 25, and 40 ◦C. The ASDs were
tored in these chambers in sealed HDPE bottles specially designed
o allow water vapor exchange into and out of the bottles. The sam-
le containers were pulled after 3, 6, 9, and 12 weeks and the ASDs
ere collected. The ASDs that aggregated after absorbing moisture
ere gently separated and screened through US mesh no. 45. All

tability samples were thoroughly dried in a vacuum desiccator for
4 h at room temperature and then stored in a desiccator at 5 ◦C
nd 0% RH until further analysis.

.5. Differential scanning calorimetry

Thermal analysis was performed using differential scanning
alorimetry (DSC). Samples of the PMs  and initial and stability
amples (6–8 mg  each) of the ASDs were hermetically sealed in
luminum pans and subjected to heat-cool-heat cycling using a Q

SC (TA Instruments, New Castle, DE, USA). The heating rate was
0 ◦C/min and the cooling rate was 50 ◦C/min. The range of temper-
tures evaluated was −50 to 200 ◦C. The DSC plots were interpreted
sing TA Universal Analysis software.
45,000–70,000 107/NA

2.6. Powder X-ray diffraction

Powder X-ray diffraction (PXRD) of the PMs and initial and sta-
bility samples of the ASDs was performed using a Rigaku Ultima
IV XRD system. The samples were analyzed using Cu K� radiation
at 40 kV and 44 mA.  The X-ray pattern was  collected in the angu-
lar range of 1 < 2� < 45◦ in the step scan mode with a step width of
0.02◦ and a scan rate of 1◦/min.

2.7. HPLC analysis

Mixing at high temperatures during HMM processing and
adverse storage conditions during stability analysis could lead to
chemical degradation of an incorporated drug. Hence, HPLC analy-
sis of the ASD samples was  performed using a LaChrom Elite system
(Hitachi High-Tech) in order to determine FLD content and chemi-
cal degradation. A Waters Symmetry C18 (3.9 mm × 150 mm,  5 �m)
column was used for the analysis with a mobile phase containing
acetonitrile and water in the ratio of 80:20 v/v at a flow rate of
1 ml/min. The injection volume was  20 �l and the run time was
5 min. The retention time for FLD was 2.3 min. FLD concentrations in
the ASD samples were determined based upon linear concentration
versus area under the curve (AUC) plots generated at 360 nm.

2.8. Fourier transform infrared spectroscopy (FT-IR)

Pellets of the PMs  and initial and stability samples of the ASDs for
FT-IR analysis were prepared using a Smart accessory. The samples
were analyzed by an FTIR analyzer (Nicolet 380, Thermo Scientific)
and the IR plots were obtained using Omnic software.

2.9. Dissolution studies

The dissolution studies were carried out using a USP dissolution
apparatus type II (LID-8D, Vanguard Pharmaceutical Machinery
Inc., TX, USA). Single phase dissolution experiments of ASDs were
performed at 37 ± 0.5 ◦C and 50 rpm in 700 ml  aqueous medium
comprising 50 mM phosphate buffer (pH 6.8). For biphasic dissolu-
tion of the ASDs, 700 ml  of aqueous medium (as described above)
was equilibrated with 200 ml  of n-octanol as the organic phase
for 2 h at 37 ± 0.5 ◦C and 50 rpm. Both single and biphasic dissolu-
tion experiments were carried out under non-sink conditions with
respect to the aqueous medium. One hundred milligram ASD sam-
ples, equivalent to 30 mg  of the active drug, were loaded into fresh
size 0 gelatin capsules with sinkers that were then dropped into
the dissolution medium for either single or biphasic dissolution.
Serial dissolution samples collected from the aqueous phase were
filtered using 0.22 �m syringe filters (MCE membrane), whereas
samples withdrawn from the organic phase were used as is. These
dissolution samples from the aqueous and organic phases were

transferred to UV 96 well plates (Costar®) and analyzed using a
SpectraMax M2  UV detector (Molecular Devices, PA, USA). Drug
concentrations were determined based upon linear concentration
versus absorbance plots generated at 360 nm.
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. Results and discussion

.1. Characterization of the ASDs

During the formulation of ASDs, the amorphous transforma-
ion of a crystalline drug, its molecular dispersion into the polymer

atrix, and interactions between the drug and the polymer are
ll important for improving in the solubility and dissolution rate of
oorly water soluble drugs. These solid state characteristics of ASDs
ay  be variable and unpredictable, and the drug – in this case FLD, a

i-ester – may  degrade chemically during melt mixing formulation
nd storage due to exposure to high temperature and humidity.
ence, DSC was performed in order to determine the amorphous
ature and phase characteristics of the ASDs, whereas PXRD was
arried out in order to confirm the amorphous or crystalline nature
f the drug. The chemical stability of FLD was determined using
PLC and drug–polymer interactions were investigated using FT-IR
nalysis.

The DSC and PXRD plots for the FLD: HPC-SSL systems are shown
n Fig. 1a and b, respectively. An endotherm starting at ∼125 ◦C in
he PM of FLD (melting point 145 ◦C) with HPC-SSL represents a
epressed melting point for the drug in the presence of the poly-
er  and also confirms the crystalline nature of the drug in the PM

Fig. 1a). Such an endotherm was not detected in the correspond-
ng initial ASD, suggesting amorphous conversion of the drug after
MM processing. Moreover, no other thermal event was detected

n the initial ASD, which indicates formation of a single phase sys-
em. Similar thermograms were obtained for the stability samples
tored at 5 and 25 ◦C for 3 weeks, suggesting no significant phase
eparation or re-crystallization of the drug during storage. In con-
rast, the stability sample stored at 40 ◦C for 3 weeks depicted two
ndotherms: a glass transition endotherm between 85 and 100 ◦C;
nd a second melting endotherm starting at ∼125 ◦C, which can be
ttributed to phase separation and FLD re-crystallization, respec-
ively. Upon longer storage, the samples stored at 5 and 25 ◦C
xhibited phase separation, whereas the sample stored at 40 ◦C
ventually showed re-crystallization of the entire drug. This was
etermined from DSC thermograms obtained for 12 week stability
amples. Glass transition endotherms were detected between 115
nd 135 ◦C for the samples stored at 5 and 25 ◦C, whereas only a
elting endotherm was observed at ∼125 ◦C for the sample stored

t 40 ◦C (Fig. 1a). The amorphous nature of FLD in the initial ASD
nd the ones stored at 5 and 25 ◦C, as well as its crystalline nature in
he PM and the ASDs stored at 40 ◦C, were confirmed using PXRD.
or instance, the sharp diffraction peaks for crystalline FLD were
etected in the PXRD plots for only its PM and the ASDs stored
t 40 ◦C (Fig. 1b). Thus, it can be determined that late phase sep-
ration and early re-crystallization occurred at lower and higher
torage temperatures, respectively, for the FLD:HPC-SSL system.

Although the ASDs of FLD formulated by HMM  using PVP-VA
id not show any re-crystallization of FLD during storage, early
hase separation was detected for this system, in contrast to the
LD:HPC-SSL system. The absence of a melting endotherm in the
SC thermograms and of sharp diffraction peaks in the PXRD plots

or both the initial and the stability samples of the ASDs con-
rms the non-crystalline nature of the drug initially as well as
ver the stability testing period (Fig. 2). The single glass tran-
ition endotherm observed between 75 and 85 ◦C for the initial
SD indicates formation of a one phase system, whereas several
ndothermic events detected for all of the stability samples, even
ncluding those stored at lower temperatures (5 and 25 ◦C) for
nly 3 weeks indicates early phase separation (Fig. 2a). Interest-

ngly, a sharp endotherm, unlike a glass transition endotherm, was
etected between 70 and 85 ◦C (near the Tg of the FLD:PVP-VA solid
olution) for the ASD sample stored at 40 ◦C for 3 weeks (Fig. 2a).
ince no diffraction peaks were detected during PXRD analysis, the
lymers 112 (2014) 512–519 515

possible formation of a polymorph of FLD in this sample might be
ruled out (Fig. 2b). Instead, these data correlate well with the results
reported by Marsac et al. (2010) and Rumondor and Taylor (2009)
where they depicted a similar sharp apparent melting endotherm
near Tg in the thermograms of FLD ASDs manufactured using var-
ious polymers such as PVP, PVP-VA, and HPMCAS after storage
for a shorter period of time. Often, stress may  be built into the
amorphous material as a result of processing, handling or thermal
history. Subsequently, a sharp endotherm is detected during a DSC
cycle when such material is heated through its Tg as the molecules
transform from a rigid to a flexible structure and thus can move
to relieve the stress. Hence, this apparent melting endotherm near
Tg was attributed to the relaxation of stress built into this stability
sample as a result of higher temperature (40 ◦C) conditioning for
a shorter period of time. Eventually, phase separation occurred for
the ASDs stored at 40 ◦C, which was confirmed by the detection of
multiple glass transition endotherms in the thermograms of these
samples (Fig. 2a). Since the storage humidity level was  approxi-
mately 75% RH for all of the samples, it can be inferred that initially
and for up to 3 weeks, the phase characteristics of the ASDs were
more dependent upon temperature rather than humidity. Hence,
it can be deduced that a rigid amorphous phase was  formed ini-
tially and the process of phase separation started late for the ASDs
stored at 40 ◦C, whereas early phase separation occurred for the
FLD:PVP-VA system stored at 5 and 25 ◦C.

As determined by HPLC, the drug was  chemically stable after
HMM  processing as well as over the entire stability study for both
FLD:HPC-SSL and FLD:PVP-VA systems. Neither a reduction in the
drug AUC nor the development of degradation peaks was observed
in the chromatograms of either the initial or the stability samples of
the ASDs manufactured using either polymer. Furthermore, HPLC
assays based upon linear concentration versus AUC plots revealed
that the percent recovery of FLD in triplicate samples of all of the
ASDs was  between 95 and 105% of the theoretical concentration,
confirming the important characteristics of both chemical stability
and homogeneous content uniformity of FLD throughout the ASDs.

Intermolecular interactions such as hydrogen bonding between
the drug and the polymers were characterized by FT-IR analysis.
Hydrogen bonding occurs between a hydrogen bond donor and a
hydrogen bond acceptor. As shown in Fig. 3a, FLD has a hydrogen
bond donor (the NH group) as well as hydrogen bond acceptors
(primarily the C O groups). The OH groups of HPC-SSL can act as
hydrogen bond donors (Fig. 3b), and it is possible that the ether
groups of HPC-SSL could act as hydrogen bond acceptors. The C O
groups of PVP-VA are hydrogen bond acceptors (Fig. 3c). In both
the crystalline and the amorphous forms of FLD, it has been shown
that the NH groups of FLD forms hydrogen bonds with FLD C O
groups (Kestur & Taylor, 2010). In the case of ASDs, the hydrogen
bonding may  most likely occur between the OH groups of HPC-SSL
and the C O groups of FLD, whereas the NH group of FLD may  form
hydrogen bonds with the C O groups of PVP-VA. The FT-IR spec-
tra of the FLD:HPC-SSL system are shown in Fig. 4. The peaks at
∼1620, 1644, 1688 and 1700 cm−1 represent C C ring stretching,
NH bending, hydrogen bonded C O stretching, and non-hydrogen
bonded C O stretching, respectively, in the pure crystalline drug.
These peaks can also be seen in the PM,  suggesting the presence
of the reported drug–drug hydrogen bonded, crystalline form of
FLD. A significant peak broadening of the C O stretching vibra-
tions of FLD was detected in the initial ASDs as compared to the
PM,  which suggests the occurrence of significant drug–polymer
hydrogen bonding as a result of the HMM  process. The spectrum of
ASD stored at 40 ◦C for 12 weeks almost superimposes with that

of the PM,  which indicates complete breaking of drug–polymer
hydrogen bonds, the formation of drug–drug hydrogen bonds, and
re-crystallization of the drug, as previously demonstrated in the
DSC and PXRD analyses. However, the ASD stored at 25 ◦C for
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Fig. 1. DSC (a) and PXRD (b) plots of FLD:HPC-SSL PMs  and ASDs, where late phase separation and early re-crystallization occurred at lower and higher storage temperatures,
respectively.
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Fig. 2. DSC (a) and PXRD (b) plots of FLD:PVP-VA PMs  and ASDs

2 weeks exhibited a spectrum similar to the initial ASD, per-
aps due to remaining hydrogen bonds between the drug and
he polymer in a partially phase separated system. In the case of
LD:PVP-VA system, the peaks of the FT-IR spectrum of FLD were
verlapped by the strong peaks of C O stretching vibrations of the

olymer (Fig. 5). These peaks of carbonyl stretching vibrations of
VP-VA in the initial ASD sample were broader as compared to
he corresponding PM suggesting the formation of hydrogen bonds
etween the polymer and the drug. The spectrum of the partially

ig. 3. Chemical structures of (a) FLD, (b) HPC-SSL, and (c) PVP-VA, where the NH and C O
n  hydrogen bonding interactions.
e early phase separation but no re-crystallization was detected.

phase-separated ASD sample stored at 40 ◦C for 12 weeks did
not show a significant difference as compared to that of the
initial sample. Thus, it can be inferred that hydrogen bond for-
mation occurred for both FLD:HPC-SSL and FLD:PVP-VA systems
during HMM  processing. Although the drug–polymer hydrogen

bonds were broken with the accompanying formation of drug–drug
hydrogen bonding in re-crystallized systems, hydrogen bonding
between the drug and the polymer was still present in partially
miscible, phase separated amorphous systems.

 groups of the drug, OH group of HPC-SSL, and C O group of PVP-VA can participate
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Fig. 4. FTIR plots of FLD:HPC-SSL system, where peak broadening of

.2. Drug dissolution and partitioning

An improvement in the aqueous dissolution rate and extent is a
ritical performance aspect of an ASD of a poorly water soluble drug.
n addition, an increase in the organic partitioning rate and extent
f the drug may  be useful for better understanding the influence
f the ASD formulation on potential bioavailability enhancement.
he dissolution and partitioning profiles for the initial ASD samples
f FLD during single- and biphasic dissolution studies are shown
n Fig. 6. The ASDs formulated using both the polymers depicted
igher dissolution concentrations for FLD as compared to the pure
rystalline drug sample, with HPC-SSL showing slightly higher dis-
olution rate and extent than that of PVP-VA (Fig. 6a). Although the
SDs can achieve supersaturation above the equilibrium solubility
f a poorly soluble drug, nucleation can practically occur if a critical
upersaturation is attained during the dissolution process. A crit-
cal supersaturation concentration was not attained over a period
f 5 h using either of these non-ionic polymers and hence no pre-
ipitation of the dissolved drug was detected during single phase
issolution studies. Although n-octanol is considered to be practi-

ally immiscible with water, it does show very slight solubility in
ater (0.05% w/w), and may  act as a surfactant or co-solvent in the

queous phase. Since both the aqueous and organic phases were
quilibrated for 2 h at 37 ± 0.5 ◦C and 50 rpm before each biphasic

Fig. 5. FTIR plots of FLD:PVP-VA system, where peak broadening of C O str
tretching vibrations of FLD in the ASDs suggests hydrogen bonding.

dissolution experiment, it was  suspected that the dissolution rate
for pure crystalline drug sample as well as the ASDs could be higher
during biphasic dissolution as compared to their corresponding
single phase dissolution study due to the potential co-solvent and
surfactant properties of n-octanol dissolved in the aqueous phase.
In addition, it was anticipated that the dissolution rate in the aque-
ous phase during biphasic dissolution could have controlled the
partitioning rate of the drug from the aqueous to the organic phase.
As shown in Fig. 6b, the partitioning rate and extent of FLD into the
organic phase were similar for its ASDs manufactured using both
HPC-SSL and PVP-VA, and these were both higher than that of the
pure crystalline drug sample. Such an enhancement in dissolution
as well as partitioning of FLD using ASDs can be attributed to the
amorphous transformation of the drug as well as drug–polymer
hydrogen bonding interactions formed during the HMM  process.

The phase separation and/or re-crystallization of a drug in the
ASDs that occurred due to temperature and/or humidity exposure
might be expected to adversely affect its dissolution and subse-
quent partitioning. The partitioning profiles for the ASDs stored at
various temperatures and 75% RH are shown in Fig. 7. As compared

to the initial ASDs, the partitioning rate and extent were reduced
for the stability samples, likely due to phase separation and/or
FLD re-crystallization. This reduction was dependent on both time
and temperature for the FLD:HPC-SSL system. For instance, the

etching vibrations of PVP-VA in the ASDs suggests hydrogen bonding.
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Fig. 6. Dissolution (a) and partitioning (b) profiles of initial ASDs of FLD during single and biphasic dissolution, respectively, where the dissolution and partitioning was
improved using both the polymers as compared to the pure crystalline drug.
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ig. 7. Partitioning profiles of FLD: HPC-SSL ASDs stored at (a) 5 ◦C, (b) 25 ◦C, and (c)
umidity was maintained at 75% for all the samples. The reduction in partitioning w

artitioning rate was reduced gradually as a function of stor-
ge time for the ASDs stored at a particular temperature and it
as lower for the samples stored at higher temperature for any
articular time point (Fig. 7a–c). On the other hand, in the case
f FLD:PVP-VA system, the reduction in partitioning was more
ependent on temperature than time. The partitioning rate was
educed with the increase in storage temperature from 5 to 25 ◦C
Fig. 7d and e), but was nearly same at all the time points for both of
hese storage temperatures. The sample stored at 40 ◦C for 3 weeks
Fig. 7f) exhibited higher partitioning as compared to the other
tability samples of FLD:PVP-VA (Fig. 7d–f). It has been reported
reviously that higher storage temperature conditioning of ASDs
or a shorter duration can lead to an improvement in dissolution
nd supersaturation (Jijun et al., 2011; Sarode et al., 2013). Hence,
his higher partitioning for the sample store at 40 ◦C for 3 weeks
ould be attributed to the formation of a rigid amorphous phase
nstead of phase separation due to higher temperature condition-
ng for a relatively short period. It can be seen from the data that
he reduction in partitioning due to temperature and/or humidity

nduced phase separation and/or re-crystallization was better pre-
ented by HPC-SSL as compared to PVP-VA when stored at lower
5 ◦C) and room (25 ◦C) temperatures. For example, the partition-
ng rate of the stability samples of HPC-SSL ASDs (Fig. 7a and b)
and those of FLD:PVP-VA ASDs stored at (d) 5 ◦C, (e) 25 ◦C, and (f) 40 ◦C. The relative
tter prevented by HPC-SSL as compared to PVP-VA over the stability period.

was higher than those of PVP-VA ASDs (Fig. 7d and e). Such a better
performance of HPC-SSL than PVP-VA at lower and room temper-
ature and moderately higher humidity storage conditions could be
correlated to later phase separation for FLD:HPC-SSL ASDs as com-
pared to early phase separation of FLD:PVP-VA ASDs, as determined
by DSC analysis. Although it could not be demonstrated due to the
limitations of FT-IR analysis, including significant carbonyl group
peak overlaps, it is possible that the hydrogen bonding interactions
occurring between FLD and HPC-SSL could be stronger as compared
to those between FLD and PVP-VA. These stronger interactions may
have prevented early phase separation for HPC-SSL based ASDs as
compared to PVP-VA at lower and room temperature storage condi-
tions. However, at higher storage temperature, the performance of
HPC-SSL (Fig. 7c) was  similar to that of PVP-VA (Fig. 7f), perhaps due
to re-crystallization of the drug in HPC-SSL based ASDs, which could
have occurred due to higher temperature and humidity induced
enhanced molecular mobility.

4. Conclusions
Molecularly dispersed and chemically stable ASDs of poorly
water soluble drugs can be manufactured using the low vis-
cosity grade cellulosic polymer HPC-SSL by HMM processing.
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nhancements in aqueous dissolution and biphasic partitioning are
een, and perhaps the oral bioavailability of such drugs will increase
s well, since the ASDs exhibited superior dissolution and partition-
ng as compared to the pure crystalline drug. Higher temperature
nd humidity induced phase separation and/or re-crystallization of
he drug may  not be prevented during storage. However, ASDs for-

ulated using HPC-SSL could be relatively more stable as compared
o PVP-VA based ASDs when stored at lower and room temperature
nd elevated humidity.

cknowledgements

The authors are grateful to Nisso America Inc., New York, NY,
SA for material and financial support of this project.

eferences

evernage, J., Brouwers, J., Annaert, P., & Augustijns, P. (2012). Drug precipitation-
permeation interplay: Supersaturation in an absorptive environment. European
Journal of Pharmaceutics and Biopharmaceutics, 82(2), 424–428.

ao, G. (2004). Nanostructures & nanomaterials: Synthesis, properties & applications.
London: Imperial College Press.

hiou, W.  L. (2001). The rate and extent of oral bioavailability versus the rate and
extent of oral absorption: Clarification and recommendation of terminology.
Journal of Pharmacokinetics and Pharmacodynamics, 28(1), 3–6.

uzman, H. R., Tawa, M.,  Zhang, Z., Ratanabanangkoon, P., Shaw, P., Gardner, C. R.,
et al. (2007). Combined use of crystalline salt forms and precipitation inhibitors
to  improve oral absorption of celecoxib from solid oral formulations. Journal of
Pharmaceutical Sciences, 96(10), 2686–2702.

eigoldt, U., Sommer, F., Daniels, R., & Wagner, K. G. (2010). Predicting in vivo
absorption behavior of oral modified release dosage forms containing pH-
dependent poorly soluble drugs using a novel pH-adjusted biphasic in vitro
dissolution test. European Journal of Pharmaceutical Sciences, 76(1), 105–111.

levbare, G. A., Liu, H. Y., Edgar, K. J., & Taylor, L. S. (2012). Understanding poly-
mer properties important for crystal growth inhibition-impact of chemically
diverse polymers on solution crystal growth of ritonavir. Crystal Growth and
Design,  12(6), 3133–3143.

ijun, F., Lishuang, X., Xiaoguang, T., Min, S., Mingming, Z., Haibing, H., et al.
(2011). The inhibition effect of high storage temperature on the recrystallization
rate during dissolution of nimodipine-Kollidon VA64 solid dispersions (NM-
SD)  prepared by hot-melt extrusion. Journal of Pharmaceutical Sciences, 100(5),
1643–1647.

awakami, K., & Pikal, M.  J. (2005). Calorimetric investigation of the structural relax-
ation of amorphous materials: Evaluating validity of the methodologies. Journal
of  Pharmaceutical Sciences, 94(5), 948–965.

estur, U. S., & Taylor, L. S. (2010). Role of polymer chemistry in influencing
crystal growth rates from amorphous felodipine. CrystEngCommunity, 12(8),
2390–2397.

euner, C., & Dressman, J. (2000). Improving drug solubility for oral delivery using
solid dispersions. European Journal of Pharmaceutical Sciences, 50(1), 47–60.

i, B., Harich, K., Wegiel, L., Taylor, L. S., & Edgar, K. J. (2013). Stability and solubility
enhancement of ellagic acid in cellulose ester solid dispersions. Carbohydrate
Polymers,  92(2), 1443–1450.

i, B., Konecke, S., Harich, K., Wegiel, L., Taylor, L. S., & Edgar, K. J. (2013). Solid

dispersion of quercetin in cellulose derivative matrices influences both solubility
and stability. Carbohydrate Polymers, 92(2), 2033–2040.

i, B., Wegiel, L. A., Taylor, L. S., & Edgar, K. J. (2013). Stability and solution concen-
tration enhancement of resveratrol by solid dispersion in cellulose derivative
matrices. Cellulose, 20(3), 1249–1260.
lymers 112 (2014) 512–519 519

Maniruzzaman, M.,  Morgan, D. J., Mendham, A. P., Pang, J., Snowden, M.  J., &
Douroumis, D. (2012). Drug–polymer intermolecular interactions in hot-melt
extruded solid dispersions. International Journal of Pharmaceutics, 443(1–2),
199–208.

Marsac, P. J., Rumondor, A. C., Nivens, D. E., Kestur, U. S., Stanciu, L., & Taylor, L.
S.  (2010). Effect of temperature and moisture on the miscibility of amorphous
dispersions of felodipine and poly(vinyl pyrrolidone). Journal of Pharmaceutical
Sciences,  99(1), 169–185.

Obara, S., Tanno, F. K., & Sarode, A. (2013). Properties and applications of
hypromellose acetate succinate (HPMCAS) for solubility enhancement using
melt extrusion. In M.  A. Repka, N. Langley, & J. DiNunzio (Eds.), Melt Extrusion
(Vol. 9) (pp. 107–121). New York, NY: Springer.

Paradkar, A., Kelly, A., Coates, P., & York, P. (2009). Shear and extensional rheology
of  hydroxypropyl cellulose melt using capillary rheometry. Journal of Pharma-
ceutical and Biomedical Analysis, 49(2), 304–310.

Phillips, D. J., Pygall, S. R., Cooper, V. B., & Mann, J. C. (2012a). Overcoming sink
limitations in dissolution testing: A review of traditional methods and the poten-
tial  utility of biphasic systems. Journal of Pharmacy and Pharmacology, 64(11),
1549–1559.

Phillips, D. J., Pygall, S. R., Cooper, V. B., & Mann, J. C. (2012b). Toward biorelevant
dissolution: Application of a biphasic dissolution model as a discriminating tool
for HPMC matrices containing a model BCS class II drug. Dissolution Technologies,
19(1),  25–34.

Rumondor, A. C., & Taylor, L. S. (2009). Effect of polymer hygroscopicity on the phase
behavior of amorphous solid dispersions in the presence of moisture. Molecular
Pharmaceutics,  7(2), 477–490.

Sarode, A. L., Obara, S., Tanno, F. K., Sandhu, H., Iyer, R., & Shah, N. (2014). Stability
assessment of hypromellose acetate succinate (HPMCAS) NF for application in
hot  melt extrusion (HME). Carbohydrate Polymers, 101, 146–153.

Sarode, A. L., Sandhu, H., Shah, N., Malick, W.,  & Zia, H. (2012). Hot melt extru-
sion (HME) for amorphous solid dispersions: Predictive tools for processing and
impact of drug–polymer interactions on supersaturation. European Journal of
Pharmaceutical Sciences, 48(3), 371–384.

Sarode, A. L., Sandhu, H., Shah, N., Malick, W.,  & Zia, H. (2013). Hot melt extru-
sion for amorphous solid dispersions: Temperature and moisture activated
drug–polymer interactions for enhanced stability. Molecular Pharmaceutics,
10(10),  3665–3675.

Sarode, A. L., Wang, P., Obara, S., & Worthen, D. R. (2014). Supersaturation, nucleation,
and  crystal growth during single- and biphasic dissolution of amorphous solid
dispersions: Polymer effects and implications for oral bioavailability enhance-
ment of poorly water soluble drugs. European Journal of Pharmaceutical Sciences,
86(3),  351–360.

Shi, Y., Gao, P., Gong, Y. C., & Ping, H.  L. (2010). Application of a biphasic test for
characterization of in vitro drug release of immediate release formulations of
celecoxib and its relevance to in vivo absorption. Molecular Pharmaceutics,  7(5),
1458–1465.

Timpe, C., & Forschung, L. (2007). Strategies for formulation development of poorly
water-soluble drug candidates—A recent perspective. American Pharmaceutical
Review,  10(2), 104–109.

Vasconcelos, T., Sarmento, B., & Costa, P. (2007). Solid dispersions as strategy to
improve oral bioavailability of poor water soluble drugs. Drug Discovery Today,
12(23-24), 1068–1075.

Warren, D. B., Benameur, H., Porter, C. J. H., & Pouton, C. W.  (2010). Using poly-
meric precipitation inhibitors to improve the absorption of poorly water-soluble
drugs: A mechanistic basis for utility. Journal of Drug Targeting, 18(10), 704–731.

Wegiel, L. A., Mauer, L. J., Edgar, K. J., & Taylor, L. S. (2013). Crystallization of amor-
phous solid dispersions of resveratrol during preparation and storage—Impact
of different polymers. Journal of Pharmaceutical Sciences, 102(1), 171–184.

Wyttenbach, N., Janas, C., Siam, M.,  Lauer, M.  E., Jacob, L., Scheubel, E., et al. (2013).
Miniaturized screening of polymers for amorphous drug stabilization (SPADS):

Rapid assessment of solid dispersion systems. European Journal of Pharmaceutical
Sciences,  84(3), 583–598.

Yoshioka, S., & Aso, Y. (2007). Correlations between molecular mobility and chemical
stability during storage of amorphous pharmaceuticals. Journal of Pharmaceuti-
cal Sciences, 96(5), 960–981.

http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0005
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0010
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0015
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0020
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0025
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0030
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0035
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0040
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0045
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0050
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0055
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0060
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0065
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0070
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0075
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0080
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0085
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0090
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0095
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0100
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0105
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0110
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0115
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0120
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0125
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0130
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0135
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0140
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0145
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0150
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155
http://refhub.elsevier.com/S0144-8617(14)00615-8/sbref0155

	Hydroxypropyl cellulose stabilizes amorphous solid dispersions of the poorly water soluble drug felodipine
	1 Introduction
	2 Experimental
	2.1 Chemicals
	2.2 Preparation of physical mixtures
	2.3 Manufacturing of ASDs using hot melt mixing (HMM)
	2.4 Stability studies
	2.5 Differential scanning calorimetry
	2.6 Powder X-ray diffraction
	2.7 HPLC analysis
	2.8 Fourier transform infrared spectroscopy (FT-IR)
	2.9 Dissolution studies

	3 Results and discussion
	3.1 Characterization of the ASDs
	3.2 Drug dissolution and partitioning

	4 Conclusions
	Acknowledgements
	References


