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a  b  s  t  r  a  c  t

An  older  method  for terazosin  was  reworked  in  order to reduce  the  analysis  time  from  90  min  (2  ×  45  min)
to below  5 min.  The  method  in  European  Pharmacopoeia  (Ph.Eur.)  investigates  the  specified  impurities
separately.  The  reason  of  the different  methods  is  that  the  retention  of two  impurities  is  not  adequate
in  reversed  phase,  not  even  with  100%  water.  Therefore  ion-pair-chromatography  has  to  be applied  and
since  that  two  impurities  absorb  at low  UV-wavelength  they  had  to  be analyzed  by  different  method  than
the  other  specified  impurities.  In our  new  method  we  could  improve  the  retention  with  pH  elevation  using
a new  type  of stationary  phases  available  for high  pH applications.  Also  a detection  wavelength  could  be
selected  that  is  appropriate  for the  detection  and  quantification  of  all impurities.

The  method  development  is the  bottleneck  of  liquid  chromatography  even  today,  when  more  and
more  fast  chromatographic  systems  are  used.  Expert  knowledge  with  intelligent  programs  is  available  to
reduce the  time  of method  development  and  offer  extra  information  about  the  robustness  of  the  separa-
tion.  Design  of Experiments  (DoE)  for simultaneous  optimization  of  gradient  time (tG),  temperature  (T)
and ternary  eluent  composition  (tC) requires  12 experiments.  A good  alternative  way  to  identify  a  certain
peak  in  different  chromatograms  is the  molecular  mass  of  the compound,  due  to its  high  specificity.  Liq-
uid Chromatography–Mass  Spectrometry  (LC–MS)  is  now  a routine  technique  and  increasingly  available

in  laboratories.  In our experiment  for  the  resolution-  and  retention  modeling  the  DryLab4  method  devel-
opment  software  (Version  4.2)  was  used.  In recent  versions  of the software  the  use of  (m/z)-MS-data
is  possible  along  the  UV-peak-area-tracking  technology.  The  modelled  and  measured  chromatograms
showed  excellent  correlations.  The  average  retention  time  deviations  were  ca.  0.5  s  and  there  was  no
difference  between  the  predicted  and  measured  Rs,crit −values.

©  2016  Published  by  Elsevier  B.V.
. Introduction

Lloyd Snyder and his group started resolution- and retention
odeling for isocratic methods in 1986 and later for gradient meth-

ds. They focused on the resolution of the least separated “critical”
eak pair, Rs,crit; it was their analytical target profile (ATP) [1,2].
ince in HPLC separations, the concentration of the organic eluent
ontent (%B), gradient time (tG), pH, ternary composition (B1:B2)
f.e., AcN:MeOH) and also instrument factors, such as temperature,
well volume, column dimensions, etc. affect selectivity, further

djustments on the software (DryLab) were necessary [3,4]. It
ecame clear, that in a given Design of Experiment (DoE), peaks
re moving, therefore the so called peak tracking process had to

∗ Corresponding author.
E-mail address: kormany.robert@egis.hu (R. Kormány).

ttp://dx.doi.org/10.1016/j.jpba.2016.11.050
731-7085/© 2016 Published by Elsevier B.V.
be better understood [5,6]. Furthermore since the column perfor-
mance depends on many parameters, which had to be controlled,
when a robust method is required [7,8].

After the peak tracking process, based on comparison of peak
areas was  working properly, the optimization using 2 measured
parameters was developed, and experimentally verified in sev-
eral papers [9–11]. Difficult samples could be separated and robust
methods for pharmaceutical products like steroids were developed
[12].

A great step forward to the development of more robust meth-
ods was  the evolving of a 3-dimensional resolution map, the Cube.
This can work with 3 measured parameters (tG, T, pH or tC) and cal-
culate 8 other parameters, to deliver transparent way why  methods
might fail due to peak movements [13–15].
Retention modeling is important not only for small molecules,
but increasingly for macromolecules like proteins and monoclonal
antibodies [5,8,16,17].

dx.doi.org/10.1016/j.jpba.2016.11.050
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2016.11.050&domain=pdf
mailto:kormany.robert@egis.hu
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Fig. 1. Terazosin an

The European Pharmacopoeia (Ph.Eur) contains two HPLC meth-
ds with long analysis time of 2 × 45 = 90 min  for the determination
f the specified impurity of terazosin active pharmaceutical ingre-
ient (API) [18]. Since regulatory agencies increasingly request
he application of Quality by Design (QbD) principles in liquid
hromatography method development [19], these methods were
eworked. The goal was  to model the changes that can help for
he better column selection and to reduce the analysis time, using

 similar process, which was already published 3 years ago [20].
owadays the pharmaceutical industry advocates the tasks about

he better understanding of the chromatographic processes based
n computer supported modeling, which was recently demon-
trated by J. Fekete, R. Kormány, Sz. Fekete [20–22] and J. Kochling
23].

In another case study, an old Ph.Eur. method, the run time of
hich was 160 min, was reworked. It was easier to make a new
ethod using DryLab

®
4, than revalidate the Ph.Eur. method. The

ethod development strategy has been published in the paper of
. Schmidt and I. Molnár [24]. The analysis was reduced from 160

o less than 3 min  using method modeling.
The peak tracking process, the handling of a DoE is still the

ottleneck for modeling of HPLC methods for many laboratory
orkers, who work with this growing field for the first time

25–43,49–53]. In this area more progress can be expected in the
ear future. Improving communication between applicants and
egulatory agencies is very important [41–46]. It is worth mention-

ng, that the separation of new natural macromolecular drugs such
s recombinant proteins, monoclonal antibodies and antibody-
rug-conjugates (ACD’s) have been successfully modeled recently
47,48,54,55].
pecified impurities.

The novelty of the present paper is the improved modeling in
UHPLC method development with a better peak tracking enabled by
peak identification using molecular weight information for easier
peak alignment.

2. Experimental

2.1. Chemicals

Eluents: The mobile phase was  a mixture of purified water,
acetonitrile (AcN) and methanol (MeOH). Each eluent contained
0.1 v/v% cc. ammonium hydroxide (NH4OH) solution, which pro-
vided a slightly alkaline eluent (pH of 0.1% NH4OH in water is
10.7). Under these circumstances the components were in ion sup-
pressed form so their retention was larger than at lower pH. AcN
(gradient grade), MeOH (gradient grade) and NH4OH-solution (ana-
lytical grade) were purchased from Merck (Darmstadt, Germany).
For measurements, water was  prepared freshly, using ELGA Purelab
UHQ water (ELGA, Lane End, UK).

The sample contained 5 mg/mL  terazosin and 7.5 �g/mL spec-
ified Ph.Eur. impurities (see Fig. 1). They were purchased from
European Directorate for the Quality of Medicines & HealthCare
(EDQM). Sample solvent was MeOH.

2.2. Equipment, software
UPLCTM measurement was  performed using a Waters Acquity
UPLCTM system equipped with binary solvent delivery pump, an
auto sampler, a photo diode array (PDA) detector, QDa  mass detec-
tor and Empower3 software (Waters, Milford, USA). Detection was

L.Fekhretdinova
Highlight



10 R. Kormány et al. / Journal of Pharmaceutical and Biomedical Analysis 135 (2017) 8–15

Table 1
Calculated exact masses and pKa values.

Name Exact massa pKa
a

Terazosin 387.19 7.24
Impurity A 239.05 2.94
Impurity B 388.17 4.90
Impurity C 289.15 8.72
Impurity E 492.22 7.54
Impurity J 389.45 7.24
Impurity K 383.16 7.24
Impurity L 180.09 7.82
Impurity M 274.10 –
Impurity N 184.12 7.82

p
i

o
w

f
(

b

2

d
s
T
A
f
t
1
u
s
8
s

2

e
t
t
n
a
B
n
9
o
a
v

2

t
w
m
a
t
q

Fig. 2. Design of Experiments (DoE), used to obtain the 3-D-models. The experi-
ments 1, 2, 5, 6, 9 and 10 were carried out at the low temperature, (i.e. 20 ◦C), the
experiments 3, 4, 7, 8, 11 and 12 at the high temperature (i.e. 40 ◦C). The experiments
1, 3, 5, 7, 9 and 11 were carried out with a steep gradient (i.e. tG = 3 min), the flat
gradient experiments 2, 4, 6, 8, 10 and 12 (i.e. tG = 9 min). The ternary composition
Impurity O 282.16 –

a Determined by MarvinSketch software.

erformed at 220 nm and cone voltage of QDa mass detector used
n positive mode was 50 eV.

The UPLCTM system injector contained 1 �L loop and the volume
f detector flow cell was 500 nL. The dwell volume of the system
as measured to be 0.125 mL.

UPLC method development and method modeling was per-
ormed by using DryLab

®
4, v.4.2.1.3 optimization software

Molnár-Institute, Berlin, Germany).
Determination of exact masses and pKa values were identified

y MarvinSketch v.6.0.2 software (ChemAxon, Budapest, Hungary).

.3. Preliminary experiments, stationary phase

The most important step during liquid chromatography method
evelopment is the selection of the right stationary phase. The
tudied components are basic molecules with high pKa values (see
able 1). Therefore a pH resistant stationary phase is necessary.
cquity CSH C18 column (Waters, Milford, USA) is a good choice

or investigation of basic compounds, due to its special manufac-
uring technology. This stationary phase is pH resistant between

 < pH < 11 and below 45 ◦C [56]. The dimension of the chosen col-
mn  was 50 × 2.1 mm with 1.7 �m particle size for the UPLCTM

ystem. The maximum pressure during the measurements was ca.
00 bar, due to the higher viscosity of the water-methanol eluent
ystem.

.4. Design of experiments (DoE)

For the simultaneous optimization we used a simple, but very
fficient DoE consisting of gradient time (tG), temperature (T) and
ernary eluent composition (tC). It required 12 experiments, as illus-
rated in Fig. 2 [46]. For the better handling, the experiments were
umbered from 1 to 12. The mobile phase A consisted of 0.1 v/v%
mmonium hydroxide in water, mobile phase B1 was acetonitrile,
2 was methanol and their 50:50% mixture with 0.1 v/v% ammo-
ium hydroxide. Two linear gradients, tG1 with 3 min  and tG2 with

 min, (corresponding to a factor 3 difference) and a gradient range
f 10–>90% B (=B1 + B2), were carried out at two column temper-
tures: 20 and 40 ◦C. The flow rate was 0.5 mL/min. The injection
olume was 0.2 �L.

.5. Sample preparation

To achieve the appropriate signal-to-noise ratio of impurities,
he concentration of the API was 1 mg/mL. Using the UPLC system
ith columns of 50 × 2.1 mm size, the 1 �L sample injection is com-

on  for the suitable efficiency. This injection volume cannot be

pplied in every situation. In our case the solubility of the sample at
he starting composition (water:MeOH)(80:20)(V:V) was  not ade-
uate. Furthermore, the components 6. and 11. precipitated with
(tC) of eluent B (the ratio of AcN vs. MeOH) could be 100% AcN with run 1, 2, 3 and
4,  it could be AcN/MeOH = 50/50 v/v% with run 5, 6, 7, and 8 and it could be 100%
MeOH with runs 9, 10, 11 and 12.

time (Fig. 3a vs. b). Methanol is a good solvent for terazosin, but in
this case the peak of component 1. splitted, as shown in Fig. 3b.

This problem can be solved by injecting a smaller volume. Using
a loop with 1 �L volume in the UPLC system allows injecting 0.2 �L
with the “partial loop with needle overfill” (PLUNO) injection mode.
This solution requires greater sample concentration to maintain the
quantity of the injected sample. 1 mL  of methanol dissolves 5 mg
of terazosin, so the amount of the injected sample is the same as
before. In addition the previous problems were solved (Fig. 4).

Flow-through-needle (FTN) injection mode is also feasible. It is
an important information because nowadays many UHPLC instru-
ments apply FTN injection mode and not off-line loop samplers.

2.6. Effect of mobile phase pH

During the investigation of the pH-dependence of the method,
it occurred, that there was  no retention time change between
pH = 10–11 (Fig. 5a–c). However the retention time of Impurity
B, which contains a phenolic OH-group, increased with decreas-
ing pH. At pH = 9 the retention time of Impurity B increased so
much that it eluted after Impurity M and Impurity C and coeluted
with Impurity A. (Fig. 5d). Under pH = 9 the form of Impurity M
continuously deteriorated, and the retention of Impurity N and
Impurity L were decreasing (Fig. 5e–f). For pH adjustment under pH
10 ortho-phosphoric acid was  used. The 0.1% NH4OH-solution was
titrated, until we received the desired pH value. To achieve the pH
11-solution we had to prepare and use a 0.4 v/v% NH4OH-solution.

Summarizing, the use of 0.1 v/v% NH4OH-solution was opti-
mal, because it ensured, that the pH value was above 10 and it
could be taken in water-organic mixtures without any precipita-
tion. The preparation of the eluent is extremely simple: add 500 �L
of 25 v/v% ammonium hydroxide in 500 mL  eluent. The pH value of
the 0.1 v/v% NH4OH-solution is 10.7.

3. Results and discussion

3.1. Mass spectrometry supported peak tracking

Chromatographic modeling, including the possibility to cal-

culate a model chromatogram, requires a decent peak tracking.
This means, we  need to know, where each peak elutes in a chro-
matogram in all basic runs, which are created and used to calculate
a separation model. This can be done by comparing the peak areas,

L.Fekhretdinova
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Fig. 3. 1 �L sample injection dissolved in the weak solvent A (a) and in pure MeOH (b).
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Fig. 4. Chromatogram usi

ecause peak areas are expected to remain constant in a tG-T-
odel, so far the sample, the injected sample amount, the flow-rate

nd detection wavelength are remaining constant.
This procedure reaches its limitations, when the peaks have sim-

lar areas, or if the integration leads to stronger variation of peak
reas, which often occurs with very small peaks. In case of similar
eak areas UV-spectra might support the correct peak assignments.

A good alternative to find a certain peak in different chro-
atograms is the property of the molecular mass of the compound,

ue to its high specificity. Liquid Chromatography–Mass Spec-
rometry (LC–MS) is now a proven technique and more and more
vailable in HPLC laboratories. The main disadvantage of using MS
pectra for peak tracking may  be that not all compounds will give

 suitable MS  signal under different elution conditions (see Fig. 6).
The ideal case to use MS  data for peak tracking would be, if

ll sample components and their masses are known. If we have
nknown components, but have retention times from UV detec-
ion, we can look for molecular masses under each peak, which

ollows the typical peak shape, increasing at the peak start, going
hrough a maximum and decreasing to baseline at the tail of the
eak. This mass then would belong to that certain peak and we can

ook for this mass in the other chromatograms of the DoE. It is there-
ample injection of 0.2 �L.

fore advisable to allow entering the molecular mass into the peak
tracking data table. The latest DryLab

®
4 is offering both: UV peak

area – and molecular mass values for tracking peak movements.
In this way  the automation of the complex task “Peak Tracking” is
becoming easier possible.

3.2. Calculation of a 3D-Critical resolution Space(CRS) called also
method operable design region (MODR)

In Fig. 7c we  can see, that at 100% MeOH the system has a range
where Rs,crit > 1.5, but the system is not suitable at AcN-MeOH mix-
ture and AcN-rich eluents. With 100% AcN the resolution between
Imp  M,  Imp  C and Imp  A is small (Rs,crit < 1.5) and the peak elution
order is altered. In case of AcN-MeOH mixture the peak pair Imp
J-Imp K is exhibiting partial overlap and the retention of peak pair
Imp  B-Imp O is changed. Using 100% MeOH as eluent B, we achieve a
much better separation of the critical impurity components. In this
case we can see, that methanol is the better solvent compared with

acetonitrile or ternary mixtures of AcN with MeOH, as suggested in
the Ph.Eur. method.

The best Working Point (WP) was: tG = 6 min  (10–90% B),
T = 30 ◦C, tC = 100% MeOH + 0.1% cc. NH4OH-solution in water. The

L.Fekhretdinova
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Fig. 5. Effect of mobile phase pH. a) pH = 11.0; b) pH = 10.7 (0.1 v/v% NH4OH-solution); c) pH = 10.0 d) pH = 9.0; e) pH = 8.0; f) pH = 7.0

Fig. 6. UV- and mass spectra of Impurity K and Impurity J. In this case the peak areas of Impurity K and Impurity J and also the UV spectra are very similar so there is not
much  chance to differentiate them from each other. A great help is here to be able to use the m/z values which are different enough and allow a unique identification of these
impurities.

Table 2
Predicted and experimental retention times and measured masses.

Peak Number Name Predicted tR (min) Experimental tR (min) Measured mass

1 Impurity N 0.65 0.66 185.09
2  Impurity L 1.00 1.05 181.03
3  Impurity O 1.44 1.45 283.12
4  Impurity B 1.71 1.73 389.21
5  Impurity M 2.36 2.37 275.07
6  Impurity C 2.47 2.48 290.13
7  Impurity A 2.70 2.72 240.00
8  Terazosin 3.18 3.19 388.20
9  Impurity K 3.56 3.57 384.22
10  Impurity J 3.62 3.63 390.25
11  Impurity E 4.21 4.22 493.29
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Fig. 7. 3D-critical resolution Cube with different organic modifiers, a) B1: 100% AcN, b) (B1:B2)(50:50)(AcN:MeOH)(V:V), c) B2: 100% MeOH. Red colors mean regions above
Rs,crit > 1.5 (baseline resolution of the critical peak pair), blue colors indicate coelution (Rs,crit = 0) of the closest (“critical”) peak pair. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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ig. 8. Predicted a) and experimental b) chromatograms. Rs,crit = 1.82 between Imp  

xperimental chromatogram.

radient steepness is 13.33%B/min. With this steepness we  can
educe the analysis time to 4.5 min, the last component is eluted
t 4.2 min  (Table 2). The final eluent composition is at 70%B.

Fig. 8 shows the a) predicted and b) the measured chro-
atograms. Table 2 shows that correlation between modelled and
easured retention times was excellent. The average deviation of

he retention times is 0.5 s, as long as the Rs,crit in both cases is 1.82.
his precision is revolutionary in separation modeling.

. Summary

In this work the goal was to actualize the method described in
he European Pharmacopoeia (Ph.Eur.) for the related substances

easurement of terazosin. Since the original description contained

wo 45 min  (=90 min) long HPLC runs, it was time to update the old

ethod to a more current and rapid one.
At the beginning the best ratio between the injected sample

olvent and the sample concentration was determined. The 1 �L
 Imp  J in predicted chromatogram and Rs,crit = 1.82 also between Imp  K and Imp  J in

injection volume was not sufficient, because in the weak solvent
the sample could not be completely dissolved and in MeOH the
shape of the first peak was deteriorated.

The solution was to inject the least possible volume, but in
this case it was necessary to increase the sample concentration,
to achieve a reasonable signal to noise ratio.

Also the pH of the mobile phase influenced the success of the
separation. Decent chromatograms were achieved above pH = 10,
but for this a pH-stable stationary phase was  needed, like Acquity
CSH C18 hybrid column, 50 × 2.1 mm  1.7 �m.

For resolution- and retention modeling the DryLab4 method
development software (Version 4.2) was  used. In recent versions
of the software the use of (m/z)-MS-data is possible along the
UV-peak-area-tracking-technology. The modelled and measured

chromatograms showed excellent correlations. The average reten-
tion time deviations were 0.5 s. There was no difference between
the Rs,crit −values.
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At the end of the method development only one method with
.5 min  analysis time was achieved instead of two  methods with

 × 45 = 90 min  run time. In this way an old pharmacopoeia method
as rejuvenated. The fact, that DryLab modeling was  involved
akes the method adjustment more flexible since alteration of the

ariables in the Design Space is not considered to be a “Change”.
his means, after the adjustment of the “set point” (odder working
oint) inside of the MODR, the revalidation of the method is not
ecessary.

eferences

[1] L. Snyder, J. Dolan, D. Lommen, DryLab computer simulation for
high-performance liquid chromatographic method development: I. Isocratic
elution, J. Chromatogr. A 485 (1989) 65–90.

[2] J.W. Dolan, D.C. Lommen, L.R. Snyder, DryLab computer simulation for
high-performance liquid chromatographic method development. II. Gradient
elution, J. Chromatogr. A 485 (1989) 91–112.

[3] J. Dolan, D. Lommen, L. Snyder, High-performance liquid chromatographic
computer simulation based on a restricted multi-parameter approach: I.
Theory and verification, J. Chromatogr. A 535 (1990) 55–74.

[4] L.R. Snyder, J.W. Dolan, D.C. Lommen, High-performance liquid
chromatographic computer simulation based on a restricted multi-parameter
approach: II. Applications, J. Chromatogr. A 535 (1990) 75–92.

[5] I. Molnár, K. Gober, B. Christ, Fast development of a robust high-performance
liquid chromatographic method for Ginkgo biloba based on computer
simulation, J. Chromatogr. A 550 (1991) 39–49.

[6] A. Schmidt, I. Molnár, Computer-assisted optimization in the development of
a  high-performance liquid chromatographic method for the analysis of kava
pyrones in Piper methysticum preparations, J. Chromatogr. A 948 (2002)
51–63.

[7] J. Dolan, L. Snyder, T. Jupille, N. Wilson, Variability of column selectivity for
reversed-phase high-performance liquid chromatography: compensation by
adjustment of separation conditions, J. Chromatogr. A 960 (2002) 51–67.

[8] L. Snyder, J. Kirkland, J. Dolan, Introduction to Modern Liquid
Chromatography, John Wiley & Sons Inc., 2010, ISBN 978-0-470-16754-0.

[9] T. Jupille, J. Dolan, L. Snyder, I. Molnár, Two-dimensional optimization using
different pairs of variables for the reversed-phase high-performance liquid
chromatographic separation of a mixture of acidic compounds, J. Chromatogr.
A  948 (2002) 35–41.

10] R. LoBrutto, Analytical quality by design and robustness investigations, in: J.
Ermer, P.W. Nethercote (Eds.), Method Validation in Pharmaceutical Analysis,
Wiley-VCH, Weinheim, 2014, pp. 217–241.

11] M.  Euerby, G. Schad, H.-J. Rieger, I. Molnár, 3-dimensional retention modeling
of  gradient time, ternary solvent-Strength and temperature of the
reversed-phase gradient liquid chromatography of a complex mixture of 22
basic and neutral analytes using DryLab 2010, Chromatogr. Today (December)
(2010) 13–20.

12] S. Fekete, J. Fekete, K. Ganzler, Validated UPLC method for the fast and
sensitive determination of steroid residues in support of cleaning validation
in  formulation area, J. Pharm. Biomed. Anal. 49 (2009) 833–838.

13] I. Molnár, K. Monks, H.-J. Rieger, B.-T. Erxleben, Experimental combination of
method development strategies in a working environment of different
instrumental set-ups, Column 7/5 (2011) 2–8.

14] K. Monks, H.-J. Rieger, I. Molnár, Expanding the term Design Space in high
performance liquid chromatography, J. Pharm. Biomed. Anal. 56 (2011)
874–879.

15] R. Kormány, I. Molnár, J. Fekete, Quality by Design in Pharmaceutical Analysis
Using Computer Simulation with UHPLC LCGC North America, 32/5, 2014, pp.
354–363.

16] B. Ghrist, B. Cooperman, L. Snyder, F. Regnier, K. Gooding, The 30S Ribosomal
Proteins as a Model for the Optimized Separation of Large Biomolecules by
Reversed-Phase HPLC, HPLC of Biological Macromolecule, Marcel Dekker Inc.,
1990, pp. 403–427.

17] S. Fekete, A. Beck, J. Fekete, D. Guillarme, Method development for the
separation of monoclonal antibody charge variants in cation exchange
chromatography, Part I: salt gradient approach, J. Pharm. Biomed. Anal. 102
(2015) 33–44.

18] European Pharmacopeia 8.0, Terazosin Hydrochloride Dihydrate
01/2008:2021, 3373–3375.

19] ICH Q8 (R2). Guidance for industry. Pharmaceutical Development, 2009.
20] R. Komárny, I. Molnár, H. Rieger, Exploring better column selectivity choices

in  ultra-high perfomace liquid chromatography using Quality by Design
principles, J. Pharm. Biomed. Anal. 80 (2013) 79–88.

21] R. Kormány, J. Fekete, D. Guillarme, S. Fekete, Reliability of simulated
robustness testing in fast liquid chromatography, using state-of-the-art
column technology, instrumentation and modelling software, J. Pharm.

Biomed. Anal. 89 (2014) 67–75.

22] S. Fekete, J. Fekete, I. Molnár, K. Ganzler, Rapid high performance liquid
chromatography method development with high prediction accuracy, using
5  cm long narrow bore columns packed with sub-2 �m particles and design
space computer modeling, J. Chromatogr. A 1216 (2009) 7816–7823.

[

nd Biomedical Analysis 135 (2017) 8–15

23] J. Kochling, W.  Wu,  Y. Hua, Q. Guan, J. Castaneda-Merced, A platform
analytical quality by design (AQbD) approach for multiple UHPLC-UV and
UHPLC–MS methods development for protein analysis, J. Pharm. Biomed.
Anal. 125 (2016) 130–139.

24] A. Schmidt, I. Molnár, Using an innovative quality-by-design approach for
development of stability indicating UHPLC method for ebastine in the API and
pharmaceutical formulations, J. Pharm. Biomed. Anal. 78–79 (2013) 65–74.

25] W.  Metzger, K. Reif, Determination of 1,8-dihydroxyanthranoids in senna, J.
Chromatogr. A 740 (1996) 133–138.

26] H. Bilke, I. Molnár, C. Gernet, High-performance liquid chromatographic
separation of the impurities in a pharmaceutical raw material with the aid of
computer simulation, J. Chromatogr. A 729 (1996) 189–195.

27] L.R. Snyder, Changing reversed-phase high performance liquid
chromatography selectivity. Which variables should be tried first? J.
Chromatogr. B 689 (1997) 105–115.

28] M.  Lämmerhofer, P. Eugenio, I. Molnár, W.  Linder, Computer optimization of
the  high-performance liquid chromatographic enantioseparation of a mixture
of 4-dinitrophenyl amino acids on a quinine carbamate-type chiral stationary
phase using DryLab, J. Chromatogr. B 689 (1997) 123–135.

29] J. Dolan, L. Snyder, T. Blanc, L.V. Heukelem, Selectivity differences for C18 and
C8  reversed-phase columns as a function of temperature and gradient
steepness: I. Optimizing selectivity and resolution, J. Chromatogr. A 897
(2000) 37–50.

30] J. Dolan, L. Snyder, T. Blanc, Selectivity differences for C18 and C8
reversed-phase columns as a function of temperature and gradient steepness:
II.  Minimizing column reproducibility problems, J. Chromatogr. A 897 (2000)
51–63.

31] T. Wennberg, J.-P. Rauha, H. Vuorela, Computer assisted scale up from
analytical HPLC to preparative MPLC for the separation of phenolic
compounds, Chromatographia 53 (2001) S240–S245.

32] T. Baczek, R. Kaliszan, H. Claessens, M.V. Straten, Computer-assisted
optimization of reversed-phase HPLC isocratic separations of neutral
compounds, LC·GC Europe 14/6 (2001) 2–6.

33] H. Rieger, I. Molnár, Advanced high-performance liquid chromatography
method development: discovering unexpected choices in chromatography, J.
Chromatogr. A 948 (2002) 43–49.

34] A. Schellinger, Y. Mao, P. Carr, Use of DRYLAB to compare octadecylsilane and
carbon supports for reversed-phase chromatography of triazine herbicide test
solutes, Anal. Bioanal. Chem. 373 (2002) 587–594.

35] I. Molnár, Searching for robust HPLC methods: Csaba Horváth and the
Solvophobic Theory, Chromatographia 62 (2005) S7–S17.

36] M.  Euerby, F. Scannapieco, H. Rieger, I. Molnár, Retention modelling in ternary
solvent gradient elution reversed phase chromatography using 30 mm
columns, J. Chromatogr. A 1121 (2006) 219–227.

37] I. Molnár, H.-J. Rieger, K. Monks, Aspects of the design space in high pressure
liquid chromatography method development, J. Chromatogr. A 1217 (2010)
3193–3200.

38] A. Makarov, Z. Chen, F. Chan, R. Bhashyam, R. LoBrutto, R. Vegesna, Strategy
for  improving HPLC: retention time prediction accuracy using
chromatography simulation, Am. Lab. (October) (2010) 26–32.

39] S. Schuster, B. Boyes, B. Wagner, J. Kirkland, Fast high performance liquid
chromatography separations for proteomic applications using Fused-Core®

silica particles, J. Chromatogr. A 1228 (2011) 232–241.
40] R. Kormány, H. Rieger, I. Molnár, Application of quality by design principles to

a  pharmaceutical sample using UHPLC method development with modeling
technologies, LCGC North America 31 (2013) 20–27.

41] K.E. Monks, I. Molnár, H.-J. Rieger, B. Bogáti, E. Szabó, Quality by Design:
multidimensional exploration of the design space in HPLC method
develoment for better robustness before validation, J. Chromatogr. A 1232
(2012) 218–230.

42] C. Chamseddin, T. Jira, Multifactorial design principles applied for the
simultaneous separation of local anesthetics using chromatography modeling
software, Anal. Methods 6 (2014) 6702–6710.

43] A.H. Schmidt, M. Stanic, I. Molnár, In silico robustness testing of a compendial
HPLC purity method by using of a multidimensional design space build by
chromatography modeling—case study pramipexole, J. Pharm. Biomed. Anal.
91 (2014) 97–107.

44] R. Kormány, I. Molnár, J. Fekete, D. Guillarme, S. Fekete, Robust UHPLC
separation method development for multi-API product amlodipine and
bisoprolol: the impact of column selection, Chromatographia 77 (2014)
1119–1127.

45] I. Molnár, H.-J. Rieger, A. Schmidt, J. Fekete, R. Kormány, UHPLC method
development and modelling in the framework of quality by design, Column
10/6 (2014) 16–21.

46] N. Rácz, R. Kormány, J. Fekete, I. Molnár, Establishing column batch
repeatability according to Quality by Design (QbD) principles using modeling
software, J. Pharm. Biomed. Anal. 108 (2015) 1–10.

47] M.  Rodriguez-Aller, D. Guillarme, A. Beck, S. Fekete, Practical method
development for the separation of monoclonal antibodies and
antibody-drug-conjugate species in hydrophobic interaction
chromatography, part 1: optimization of the mobile phase, J. Pharm. Biomed.

Anal. 118 (2016) 393–403.

48] A. Cusumano, D. Guillarme, A. Beck, S. Fekete, Practical method development
for  the separation of monoclonal antibodies and antibody-drug-conjugate
species in hydrophobic interaction chromatoraphy, part 2: optimization of
the phase system, J. Pharm. Biomed. Anal. 121 (2016) 161–173.

http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0005
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0010
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0015
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0020
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0025
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0030
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0035
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0040
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0045
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0050
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0055
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0060
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0065
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0070
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0075
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0080
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0085
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0100
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0105
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0110
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0115
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0120
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0125
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0130
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0135
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0140
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0145
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0150
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0155
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0160
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0165
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0170
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0175
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0180
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0185
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0190
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0195
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0200
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0205
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0210
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0215
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0220
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0225
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0230
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0235
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0240
L.Fekhretdinova
Highlight



tical a

[

[

[

[

[

[

[
of Thermus aquaticus 50S and 30S ribosomal proteins, Chromatographia 28
(1989) 39–44.

[56] P.C. Iraneta, K.D. Wyndham, D.R. McCabe, T.H. Walter, Charged Surface Hybrid
(CSH) Technology and Its Use in Liquid Chromatography, Waters White Paper,
R. Kormány et al. / Journal of Pharmaceu

49] I. Molnár, Computerized design of separation strategies in reversed-phase
liquid chromatography: development of drylab software, J. Chromatogr. A
956  (2002) 175–194.

50] F. Erni, Use of high-performance liquid chromatography in the
pharmaceutical industry, J. Chromatogr. 507 (1990) 141–149.

51] T. Dzido, E. Soczewinsky, J. Gudej, Computer-aided optimization of
high-performance liquid chromatographic analysis of flavonoids from some
species of the genus althaea, J. Chromatogr. 550 (2016) 71–76.

52] A. Drouen, J.W. Dolan, L. Snyder, A. Poile, P. Schoenmakers, Software for

chromatographic method development, LCGC 9 (1991) 714–724.

53] L. Wrisley, Use of computer simulations in the development of gradient and
isocratic high-performance liquid chromatography methods for analysis of
drug compounds and synthetic intermediates, J. Chromatogr. A 628 (1993)
191–198.
nd Biomedical Analysis 135 (2017) 8–15 15

54] R. Chloupek, W.  Hancock, L. Snyder, Computer simulation as a tool for the
rapid optimization of the high-performance liquid chromatographic
separation of a tryptic digest of human growth hormone, J. Chromatogr. A 594
(1992) 65–73.

55] I. Molnár, R. Boysen, V. Erdmann, High-performance-liquid chromatography
2010, 720003469EN.

http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0245
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0250
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0255
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0260
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0265
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0270
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0275
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280
http://refhub.elsevier.com/S0731-7085(16)30599-4/sbref0280

	Renewal of an old European Pharmacopoeia method for Terazosin using modeling with mass spectrometric peak tracking
	1 Introduction
	2 Experimental
	2.1 Chemicals
	2.2 Equipment, software
	2.3 Preliminary experiments, stationary phase
	2.4 Design of experiments (DoE)
	2.5 Sample preparation
	2.6 Effect of mobile phase pH

	3 Results and discussion
	3.1 Mass spectrometry supported peak tracking
	3.2 Calculation of a 3D-Critical resolution Space(CRS) called also method operable design region (MODR)

	4 Summary
	References




