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a  b  s  t  r  a  c  t

Reversed-phase  ultrahigh-performance  liquid  chromatography  (RP-UHPLC)  method  using two  15  cm
sub–2 �m  particles  octadecylsilica  gel columns  is  developed  with  the  goal  to separate  and  unambigu-
ously  identify  a large  number  of  lipid  species  in biological  samples.  The  identification  is performed  by the
coupling  with  high-resolution  tandem  mass  spectrometry  (MS/MS)  using  quadrupole  – time-of-flight
(QTOF)  instrument.  Electrospray  ionization  (ESI)  full  scan  and tandem  mass  spectra  are  measured  in
both  polarity  modes  with  the  mass  accuracy  better  than  5 ppm,  which  provides  a  high  confidence  of
lipid  identification.  Over  400  lipid  species  covering  14  polar  and nonpolar  lipid  classes  from  5  lipid  cate-
gories  are  identified  in  total  lipid  extracts  of  human  plasma,  human  urine  and  porcine  brain.  The  general
dependences  of relative  retention  times  on relative  carbon  number  or  relative  double  bond  number  are
constructed  and  fit  with the  second  degree  polynomial  regression.  The  regular  retention  patterns  in
homologous  lipid series  provide  additional  identification  point  for UHPLC/MS  lipidomic  analysis,  which
increases  the  confidence  of  lipid identification.  The  reprocessing  of  previously  published  data  by  our  and
other  groups  measured  in  the  RP  mode  and ultrahigh-performance  supercritical  fluid  chromatography

on  the  silica  column  shows  more  generic  applicability  of  the  polynomial  regression  for  the  description  of
retention  behavior  and the  prediction  of  retention  times.  The  novelty  of this  work  is  the characterization
of  general  trends  in  the  retention  behavior  of lipids  within  logical  series  with  constant  fatty  acyl length
or  double  bond  number,  which  may  be  used  as an  additional  criterion  to increase  the  confidence  of  lipid
identification.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Lipids fulfill multiple essential roles within all eukaryotic cells
n living organisms [1]. Living cells contain thousands of differ-
nt lipid molecules that fall into eight lipid categories according
o LIPID MAPS classification, namely fatty acyls, glycerolipids
GL), glycerophospholipids (GP), sphingolipids (SP), sterol lipids
ST), prenol lipids, saccharolipids and polyketides [1–5] contain-
ng many classes and subclasses. The dysregulation of the lipid

etabolism contributes to numerous serious human diseases, such
s obesity, diabetes, cardiovascular diseases and cancer. Therefore,
hey are investigated as possible biomarkers of these diseases [6–9].

Lipidomic analysis starts with the liquid – liquid lipid extrac-

ion from biological materials using organic solvents. The most
requently used extraction procedures are based on chloroform –

ethanol – water systems according to Folch et al. [10] or Bligh and

∗ Corresponding author.
E-mail address: Michal.Holcapek@upce.cz (M.  Holčapek).

ttp://dx.doi.org/10.1016/j.chroma.2016.04.082
021-9673/© 2016 Elsevier B.V. All rights reserved.
Dyer [11], or the extraction using methyl tert-butyl ether solvent
instead of chloroform [12]. Gas chromatography–mass spectrome-
try is an established approach for fatty acyl profiling [13]. Various
analytical strategies are used in the lipidomic analysis using nontar-
geted and targeted lipidomic approaches [14–18]. Another possible
division of lipidomic approaches is according to used analytical
methodology. Shotgun lipidomics using triple quadrupole instru-
ments and characteristic precursor ion and neutral loss scans
[19–21] is well established approach for the fast quantitation of
lipid molecular species from extracts of biological samples with-
out a chromatographic separation. The second approach is the use
of liquid chromatography–mass spectrometry (LC/MS) coupling,
where various chromatographic modes can be selected depend-
ing on the required type of separation, such as reversed-phase (RP)
LC [22–25], normal-phase (NP) LC [26,27], hydrophilic interaction
liquid chromatography (HILIC) [14,15], silver-ion LC [13,28,29] and

chiral LC [30,31]. The RP separation mode coupled with MS is widely
used in a comprehensive lipidomic analysis to identify individual
molecular species in different biological samples [22,32–34], where
lipids are separated according to the length of fatty acyl chains and

dx.doi.org/10.1016/j.chroma.2016.04.082
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he number and position of double bonds (DB) [22]. In the RP mode,
obile phases are typically composed of mixture of water contain-

ng volatile buffers and polar organic solvents, such as methanol,
cetonitrile and 2-propanol. RP mode provides intra- and interclass
eparation of lipid species, especially in ultrahigh-performance liq-
id chromatography (UHPLC) configuration [22], but on the other
and the quantitation is more demanding, because the lipid class

nternal standards do not coelute with analytes unlike the lipid
lass separation in HILIC or NP modes. NP-LC is particularly suit-
ble for the separation of nonpolar lipid classes, where individual
onpolar lipid classes are separated based on their polarity [27].
ILIC separation allows the lipid class separation, where individual

ipid classes are separated according to their polarity and elec-
rostatic interactions [14,15]. HILIC and RP modes have relatively
ood complementarity of retention mechanisms, therefore various
odes of their 2D-LC coupling have been already applied for the

ipidomic analysis [35–37]. The HILIC-like separation can be also
chieved in ultrahigh-performance supercritical fluid chromatog-
aphy (UHPSFC) on silica columns, but with shorter analysis time
nd more efficient separation [38]. The silver-ion LC is a special
hromatographic mode based on the formation of weak reversible
omplexes of silver ions with � electrons of DB, which enables the
esolution of triacylglycerols (TG) and diacylglycerols (DG) isomers
iffering in the number, positions and geometry of DB [13,28,29].
he most demanding separation task is a chiral resolution, which
as been applied to TG enantiomers [30,31].

The main goal of our work is the study of the retention behavior
f individual lipids in RP-UHPLC to describe general dependences
f retention times on the carbon number (CN) and the DB num-
er. For this purpose, RP-UHPLC method with two C18 columns in
eries is optimized and coupled to high-resolution MS/MS  to unam-
iguously identify the large number of lipids. The retention data
re collected for lipid extracts of human plasma, human urine and
orcine brain samples. Individual lipid species are identified based
n accurate m/z  values of their molecular adducts and character-
stic fragment ions in their MS/MS  spectra measured in positive-
nd negative-ion modes. Relative dependences of retention times
n the CN or the DB number are fitted with the second degree
olynomial regressions.

. Material and methods

.1. Chemicals and standards

Acetonitrile, 2-propanol, methanol, (all LC/MS gradient grade),
exane (HPLC grade), chloroform (HPLC grade, stabilized by 0.5–1%
thanol), ammonium acetate, sodium chloride, sodium methox-
de, standards of cholest-5-en-3ß-yl octadecanoate [cholesteryl
ster (CE) 18:1] and 3ß-hydroxy-5-cholestene [cholesterol (Chol)]
ere purchased from Sigma-Aldrich (St. Louis, MO, USA). Deionized
ater was prepared with a Milli-Q Reference Water Purifica-

ion System (Molsheim, France). Standards of polar lipid classes
ontaining C18:1(9Z) fatty acyl(s), lysophosphatidylcholine (LPC),
ysophosphatidylethanolamine (LPE), phosphatidylserine (PS),
hosphatidylglycerol (PG), phosphatidic acid (PA), phosphatidyl-
holine (PC), phosphatidylethanolamine (PE), sphingomyelin (SM),
eramide (Cer), and sphingomyelin (SM d18:1/12:0), ceramide
Cer d18:1/12:0), cholesteryl (d7) ester (Chol d7 16:0) and oleic
cid-d9 (FA d9 18:1) were purchased from Avanti Polar Lipids
Alabaster, AL, USA). Nonpolar lipid standards of TG 18:1/18:1/18:1,
G 19:1/19:1/19:1 and DG 18:1/18:1 were purchased from Nu-

hek Prep (Elysian, MN,  USA). The lipid nomenclature follows
he shorthand notation for lipid structures published by Liebisch
t al. [39] and the LIPID MAPS [2] classification system. Samples of
uman plasma and urine were obtained from healthy volunteers
ogr. A 1450 (2016) 76–85 77

from the research team. Porcine brain was obtained from the local
store.

2.2. Sample preparation

Blood was collected to heparin-lithium tubes and ultracen-
trifuged to obtain plasma. The total lipid extracts of human plasma,
human urine and porcine brain tissue were prepared according
to Folch procedure [10] using the chloroform – methanol – water
solvent system with minor modifications [14,15]. Human plasma
(50 �L) was  homogenized with 3 mL  of the chloroform – methanol
(2:1, v/v) mixture, while porcine brain tissue (50 mg)  and human
urine (2 mL)  were homogenized with 6 mL of the chloroform-
methanol mixture (2:1, v/v) in the ultrasonic bath at 40 ◦C for
10 min. Then, deionized water (600 �L for human plasma and
1200 �L for porcine brain) was  added (no additional water for
human urine), and the mixture was  centrifuged at 3000 rpm for
3 min  under ambient conditions. The chloroform (bottom) layer
containing lipids was  collected, evaporated by a gentle stream of
nitrogen and redissolved in 1 mL of the chloroform – 2-propanol
(1:1, v/v) mixture for the RP-UHPLC/ESI-MS analysis.

2.3. RP-UHPLC conditions

Experiments were performed with an Agilent 1290 Infinity
series (Agilent Technologies, Santa Clara, CA, USA). Two identical
Acquity UPLC BEH C18 columns (150 mm × 2.1 mm, 1.7 �m,  Waters,
Milford, MA,  USA) were coupled in series and used for the sepa-
ration of total lipid extracts under the following conditions. Flow
rate 180 �L/min, injection volume 2 �L, column temperature 40 ◦C,
mobile phase gradient 0 min  – 21.5% of solvent A and 78.5% of sol-
vent B, 160 min  – 100% of solvent B, where solvent A was 5 mmol/L
aqueous ammonium acetate and solvent B was  the mixture of 99.5%
of acetonitrile – 2-propanol (1:2, v/v) and 0.5% water, the concen-
tration of ammonium acetate in solvent B was  also 5 mmol/L. The
system backpressure reached 1000 bar during the gradient analy-
sis.

2.4. ESI-MS conditions

The hybrid QTOF mass spectrometer (micrOTOF-Q, Bruker Dal-
tonics, Bremen, Germany) with an ESI source was  used as the
detector under the following conditions: capillary voltage 4.5 kV,
nebulizing gas pressure 1.0 bar, drying gas flow rate 8 L/min and
drying gas temperature 200 ◦C. ESI mass spectra were measured
in the range of m/z 50–1500 in positive- and negative-ion modes.
Argon as the collision gas at the collision energy of 20–25 eV
was used for MS/MS  experiments. MS/MS  spectra are recorded in
both polarity modes using the data independent mode for all ions
exceeding the instrumental intensity threshold of 104. The external
calibration of the mass scale was  performed with sodium formate
clusters before individual measurements together with the inter-
nal recalibration using the most abundant known lipids. The data
were acquired using the DataAnalysis software (Bruker Daltonics).

3. Results and discussion

3.1. RP-UHPLC separation of lipids

The goal of our RP-UHPLC analysis is the identification of the
large number of lipid species, which is then used for the study
of the retention behavior of individual lipids in logical series

with the constant number of carbon atoms or DB. For this pur-
pose, we have selected the coupling of two  15 cm C18 columns
with sub–2 �m particles (150 mm × 2.1 mm,  1.7 �m) and aqueous
ammonium acetate – acetonitrile – 2-propanol gradient, which
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Table  1
Numbers of identified lipids in studied biological samples.

Lipid class Human plasma Human urine Porcine brain Total

FA 31 20 39 39
LPC  10 0 8 11
LPE  5 0 6 6
SM  33 1 21 33
PI  13 0 6 13
PG  1 0 5 6
PE  30 18 28 33
PC  50 2 40 57
Sulfatides 0 0 7 7
Cer  0 0 13 13
HexCer 0 0 12 12
DG  12 0 11 15
Chol + SE 22 0 9 22
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TG  139 6 106 149
Total 346 47 311 416

rovided the best performance in our previous work on 2D-LC/MS
sing single C18 column in the first dimension [35]. Optimized con-
itions with two C18 columns (details in Section 2) result in higher
eak capacity (PC = 377 calculated as Pc = 1 + (tg/1.7 × w1/2) [40])

n comparison to one C18 column (PC = 140) [40]. The number of
eal identifications in case of optimized RP separation (416) is 10%
igher than the theoretical peak capacity due to the use of recon-
tructed ion currents. The analysis time of 160 min  is acceptable for
he study of retention behavior but not for the routine lipidomic
nalysis, where faster gradients on shorter columns are preferred.

Individual lipid species are separated in the RP mode according
o the CN and the DB number, which is defined as the equivalent
arbon number (ECN) and calculated as the total CN of all fatty
cyls minus two times the DB number (ECN = CN-2DB). The ECN
odel has been initially developed for TG and other nonpolar lipids

41–43], but it is also applicable for polar lipid classes [35,44]. Few
xceptions from this rule can be observed for phospholipids con-
aining the combination of highly polyunsaturated and saturated
atty acyls, which are retained more strongly and elute in higher
CN groups, e.g.,  PC 18:0/20:5 and PC 18:0/22:6 (both with ECN 28)
lute in the group with ECN 30. The similar behavior is observed for
ll polar lipid classes in RP-UHPLC. Polar lipid classes (FA, LPC, LPE,
M,  PI, PG, PE, PC, sulfatides, Cer, and HexCer) and DG are eluted
ver a broad range of retention times. Nonpolar lipids (CE and TG)
ave the highest retention in the RP mode, while the most polar

ysophospholipids are retained the least (Fig. 1 and Table S1).

.2. Identification of individual lipids using RP-UHPLC/ESI-MS

The identification of individual lipids is based on our previous
xperiences with retention, ionization and fragmentation behavior
f various classes of lipids [6,14,15,35,38,44,45]. Table S1 lists only
nambiguously identified lipids based on retention behavior char-
cteristics, accurate m/z values (better than 5 ppm in most cases)
nd characteristic fragmentation behavior in both polarity modes.
n total, 416 lipid species from 14 lipid classes including FA, LPC, LPE,
M,  PI, PG, PE, PC, sulfatides, Cer, HexCer, DG, Chol, CE and TG have
een positively identified in total lipid extracts of human plasma,
uman urine and porcine brain (Tables 1 and S1). The Venn’s dia-
ram shows differences among studied samples, how many lipids
re shared among individual matrices and what identifications are
nique for some samples (Fig. S2). The lipid species level (e.g., PE
6:4) is the first annotation style based just on retention times and
ccurate m/z  values in full-scan mass spectra. The fatty acyl/alkyl

evel (e.g., PE 16:0 20:4) is used when the information of attached
atty acyls is known from MS  or MS/MS  spectra, but without sn-
ifferentiation. The slash separator (e.g., PE 16:0/20:4) indicates
he known preference of sn-position according to the shorthand
ogr. A 1450 (2016) 76–85

lipid notation recommended by Liebisch et al. [39]. Reported lipids
are also correlated with our previous papers on the lipidomic char-
acterization of biological tissues [6,44,45] and body fluids [38] to
confirm the identification and avoid any error in the list of identified
lipids.

The identification of FA, PI, PE, sulfatides and PG classes is based
on deprotonated molecules [M−H]− in negative-ion ESI mass spec-
tra. The characteristic fragment ion for lipid classes containing
choline moiety (LPC, SM and PC) is m/z 184 in the positive-ion
mode. Further observed ions for lipid classes containing choline
moiety are protonated [M+H]+ and sodiated [M+Na]+ molecules in
the positive-ion mode. The neutral loss of �m/z 141 is typical for
positive-ion ESI mass spectra of PE, while negative-ion ESI-MS/MS
provides information on the position of attached fatty acyls based
on the ratio of [R1COO]−/[R2COO]− ions, where [R2COO]− ion is
more abundant. This ratio is changed for the combination of sat-
urated and highly polyunsaturated (C20:5 or C22:6) fatty acyls in
PE due to the formation of [Ri]− ions from [RiCOO]− ions caused
by the neutral loss of carbon dioxide [46]. This approach is used
for other phospholipid classes as well, as discussed in more details
in our previous works [14,15]. The regioisomeric determination of
lysophospholipids (LPL) is based on the knowledge of retention
order of 1-LPL and 2-LPL standards. Observed ions for DG are pro-
tonated [M+H]+ and sodiated [M+Na]+ molecules and loss of water
[M+H−H2O]+ in the positive-ion mode. The characteristic fragment
ion for lipid species containing cholesterol (Chol and CE) is m/z
369. ESI mass spectra of Cer and HexCer exhibit characteristic ions
related to the type of base, e.g.,  m/z 264 for 18:1 and m/z  266 for 18:0,
which enables the accurate identification of fatty acyl position. The
interpretation of positive-ion ESI mass spectra of TG is based on
[M+NH4]+ and [M+H−RiCOOH]+ ions. In some cases, more lipids
with identical formula are reported with different retention times,
such as FA 18:1 (9.8 and 10.4 min), FA 17:0 (10.6 and 11.3 min),
FA 21:0 (21.2 and 22.8 min), PC 18:1/22:6, (40.0 and 40.6 min),
PC 16:0/20:4 (41.0 and 44.0 min), etc.  The most likely explanation
for observed isomers is different positions of DB for unsaturated
fatty acyls and branching for saturated fatty acyls, but we cannot
report this information in tables due to missing verification with
standards.

Fig. S1 shows TIC chromatograms of RP-UHPLC/ESI-MS anal-
ysis of the lipid standard mixture in positive-ion (Fig. S1A) and
negative-ion (Fig. S1B) modes. The lipid standard mixture contains
CE, Cer, Chol, DG, FA, GlcCer, LacCer, LPC, LPE, PA, PC, PE, PG, PS,
SM and TG lipid class representatives with 18:1 fatty acyls and it is
used throughout this work for the method development. Table S2
reports the major ions for individual lipid classes observed in both
polarity modes. Fig. 1 depicts TIC chromatograms of measured lipid
extracts: A/human plasma containing 11 lipid classes (FA, LPC, LPE,
SM,  PI, PG, PE, PC, DG, CE and TG), B/human urine containing 5 lipid
classes (FA, SM,  PE, PC and TG), and C/porcine brain containing 14
lipid classes (FA, LPC, LPE, SM,  PI, PG, PE, PC, sulfatides, Cer, HexCer,
DG, CE and TG). The porcine brain extract is selected due to known
lipidomic complexity, which yields the detection of additional lipid
classes not occurring in other studied samples, i.e., sulfatides, Cer
and HexCer. The type of glycosylation cannot be determined, there-
fore HexCer annotation is used instead of GluCer for the standard.
These RP conditions with very long gradient time are purposely
selected for the description of retention behavior of various lipid
classes, but our conclusions are also applicable for shorter gradients
used in the routine lipid analysis. This identification list will be used
as the supporting information in our future quantitative lipidomic
studies using either faster UHPLC/MS or shotgun MS  approaches.
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Fig. 1. Positive-ion RP-UHPLC/ESI-MS total ion current chromatograms of total lipid extracts of: (A) human plasma, (B) human urine, and (C) porcine brain. Conditions: two
Acquity UPLC BEH C18 columns (150 mm × 2.1 mm,  1.7 �m)  coupled in series, flow rate 180 �L/min, injection volume 2 �L, column temperature 40 ◦C, mobile phase gradient
of  acetonitrile, 2-propanol and 5 mmol/L aqueous ammonium acetate (other details in Material and methods). FA are detected only in the negative-ion mode. Abbreviations:
CE  – cholesteryl ester, Cer – ceramide, DG – diacylglycerol, FA – fatty acid, HexCer – hexosyl ceramide, LPC – lysophosphatidylcholine, LPE – lysophosphatidylethanolamine,
PC  – phosphatidylcholine, PE – phosphatidylethanolamine, PI – phosphatidylinositol, PG – phosphatidylglycerol, SM – sphingomyelin, and TG – triacylglycerol.
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ig. 2. Plots of polynomial dependences of relative retention times of lipids on the 

s  from 32 to 38), (D) Cer X:1 (X is from 34 to 42), (E) CE X:0 (X is from 14 to 18), an

.3. Study of retention behavior of various lipid classes

For all lipid classes studied, dependences of retention times on
he CN (X) or the DB number (Y) can be fitted with the second
egree polynomial regression y = ax2 + bx + c. These curves can be
lotted either as retention times vs. CN (or DB number) or as relative
etention times vs. relative CN (or relative DB number). The use of
elative units is more universal, because coefficients of polynomial
egression do not depend on the column length or diameter. The
ighest value in a particular plot is equal to 1.00 and other values
re recalculated. Typical dependences are shown in Fig. 2 for depen-
ences on the CN for A/FA X:1, B/SM X:2, C/PC X:2, D/Cer X:1, E/CE
:0, and F/TG X:0. Table 2 shows that correlation coefficients R2

re mostly better than 0.99, especially for curves containing more

ata points. Fig. 3 and Table 3 summarize results of dependences
n DB number for: A/FA 18:Y, B/PI 36:Y, C/PE 40:Y, D/PC 34:Y, E/CE
8:Y, and F/TG 56:Y. Correlation coefficients are slightly worse for
B dependences, which is caused by a lower number of data points
e CN: (A) FA X:1 (X is from 16 to 28), (B) SM X:2 (X is from 32 to 42), (C) PC X:2 (X
G X:0 (X is from 42 to 54).

per curve compared to fatty acyl chain dependences and also mul-
tiple points caused by lipids with identical CN:DB composition but
different fatty acyl composition. Polynomial equations still enable
satisfactory prediction of retention times, because relative errors of
retention time calculations using polynomial equations are better
than 5%, which confirms the applicability of polynomial regressions
as the supplementary identification criterion in addition to MS  data.

Polynomial equations can be also applied for the prediction of
retention times of missing lipids in their logical series. Fig. 4 shows
an illustration how this approach can be used for the identification
of unknown lipid inside the measured series. These lipid stan-
dards are not occurring in measured biological samples, therefore
these standards are added and then experimental retention times
are correlated with predicted retention times with relative errors

lower than 5%, as illustrated on the example of TG 19:1/19:1/19:1
(Fig. 4A). Mass accuracies of molecular adducts (Fig. 4B) and prod-
uct ions (Fig. 4C) are better than 5 ppm, which results in very high
confidence of such identification. Other examples are shown in



M.  Ovčačíková et al. / J. Chromatogr. A 1450 (2016) 76–85 81

Table  2
Parameters of polynomial regressions y = ax2 + bx + c of relative retention times of individual lipid series on the relative CN.

Lipid series a b c R2 X

FA X:0 3.7991 −3.8555 1.0368 0.9949 12, 14, 15, 16, 17, 18, 20, 21,22, 23, 24, 25, 26
FA  X:1 4.5336 −5.0177 1.4768 0.9991 16, 17, 18, 20, 22, 24, 26, 28
FA  X:3 6.9790 −9.0233 3.0443 0.9910 18, 20, 22
SM  X:0 −1.2578 5.3851 −3.1273 1.0000 34, 36, 40
SM  X:1 0.3365 2.1286 −1.4651 0.9960 30, 32, 33, 34, 36, 38, 39, 40, 41, 42, 43
SM  X:2 1.2945 0.7492 −1.0706 0.9969 32, 34, 36, 38, 40, 42
PI  X:1 21.0477 −35.6225 15.5747 1.0000 32, 34, 36
PE  X:1 −6.9475 15.1790 −7.2317 1.0000 34, 36, 40
PE  X:2 −2.2415 7.0608 −3.8193 1.0000 34, 36, 40
PE  X:4 −11.2849 24.7328 −12.4479 1.0000 36, 38, 40
PE  X:5 3.0113 −1.6411 −0.3695 0.9999 36, 38, 40, 42
PE  X:6 44.5140 −82.0360 38.5210 1.0000 38,40,42
PC  X:1 6.2750 −8.6052 3.3241 0.9952 32, 34, 36
PC  X:2 3.3064 −2.6559 0.3511 0.9957 32, 33, 34, 35, 36, 38
PC  X:3 6.3464 −8.0278 2.6421 0.9626 34, 36, 38
PC  X:4 −8.3879 19.8431 −10.4552 0.9458 36, 38, 40
Sulfatides X:1 1.6537 0.4987 −1.1487 1.0000 36, 38, 41, 42
Sulfatides X:2 −1.5463 6.9934 −4.4471 1.0000 42, 43, 44
Cer  X:1 0.0127 2.5362 −1.5425 0.9991 34, 35, 36, 37, 38, 40, 42
Cer  X:2 −2.7252 7.9161 −4.1909 1.0000 36, 38, 42
HexCer X:0 1.4186 −1.3316 0.9035 0.9620 36, 40, 42, 44
CE  X:0 −0.2553 0.9559 0.2980 0.9902 14, 15, 16, 17, 18
CE  X:1 −0.2321 0.9920 0.2383 0.9994 14, 16, 17, 18
TG  X:0 −1.5069 3.8261 −1.3203 0.9979 42, 44, 46, 48, 49, 50, 51, 52, 54
TG  X:1 −1.7123 4.2233 −1.5138 0.9921 44, 46, 48, 49, 50, 52, 53, 54, 56
TG  X:2 −1.5937 4.0467 −1.4598 0.9930 46, 48, 49, 50, 51, 52, 53, 54, 56, 58
TG  X:3 −0.9837 3.0144 −1.0457 0.9787 48, 49, 50, 51, 52, 53, 54, 56, 58
TG  X:4 −0.1748 1.8097 −0.6370 0.9219 50, 52, 54, 56
TG  X:5 1.6848 −1.6437 0.9517 0.9339 52, 54, 56

Table 3
Parameters of polynomial regressions y = ax2 + bx + c of relative retention times of individual lipid series on the relative DB number.

Lipid series a b c R2 Y

FA 18:Y 0.5002 −1.2249 1.0007 0.9934 0, 1, 2, 3
FA  20:Y 0.8193 −1.6202 0.9707 0.9882 0, 1, 2, 3, 4, 5
FA  22:Y 0.7217 −1.5616 1.0041 0.9998 0, 1, 3, 4, 5, 6
FA  24:Y 1.3396 −2.2112 1.0000 1.0000 0, 1, 6
LPC  18:Y 0.4519 −1.0203 0.9452 0.9799 0, 1, 2
LPE  18:Y −0.2105 −0.0351 1.0000 1.0000 0, 1, 2
SM  34:Y −0.1743 −0.1677 1.0000 0.9830 0, 1, 2
SM  40:Y −0.0247 −0.1926 1.0000 0.9870 0, 1, 2
SM  42:Y 0.1313 −0.5940 1.1834 0.9783 1, 2, 3
PI  36:Y 0.6095 −1.3926 1.3181 0.9863 1, 2, 3, 4
PI  38:Y 0.4390 −1.5755 1.6932 0.9622 3, 4, 5, 6
PE  34:Y 0.0870 −0.4319 1.0000 1.0000 0, 1, 2
PE  36:Y 0.0886 −0.7954 1.1483 0.9725 1, 2, 3, 4, 5
PE  38:Y 0.6683 −1.7895 1.7471 0.9208 3, 4, 5, 6
PE  40:Y −0.3108 −0.4074 1.0724 0.9977 1, 2, 4, 5, 6, 7
PC  32:Y 0.0229 −0.4313 1.0000 0.9895 0, 1, 2
PC  34:Y 0.1973 −0.6858 0.9998 0.9878 0, 1, 2, 3
PC  36:Y 0.1975 −0.9098 1.1679 0.9830 1, 4, 5
PC  38:Y 0.0965 −0.8828 1.2945 0.9658 2, 3, 4, 5, 6
DG  34:Y 0.0535 −0.3395 1.0000 0.9980 0, 1, 2
DG  36:Y 0.1018 −0.5536 1.1673 0.9978 1, 2, 3
CE  18:Y 0.0210 −0.1889 1.0000 0.9995 0, 1, 2, 3
CE  20:Y −0.2639 0.1622 0.9977 0.9945 3, 4, 5
TG  46:Y −0.0151 −0.1126 1.0000 0.9828 0, 1, 2
TG  48:Y 0.0069 −0.1685 1.0002 0.9731 0, 1, 2, 3
TG  50:Y −0.0221 −0.1716 0.9977 0.9744 0, 1, 2, 3, 4
TG  52:Y 0.0014 −0.2243 0.9999 0.9854 0, 1, 2, 3, 4, 5

T
C

t
r
d
t

TG  54:Y −0.0160 −0.2182 

TG  56:Y −0.0263 −0.2148 

able S3 for FA d9 18:1 (relative error 2.3%), SM d18:1/12:0 (4.9%),
er d18:1/12:0 (1.9%) and CE d7 16:0 (1.8%).

The prediction of retention times with defined accuracy better

han 5% yields additional identification point together with accu-
ate m/z values of (de)protonated molecules, molecular adducts and
iagnostic fragment ions, which increases the confidence of iden-
ification. The regularity in retention times of homologous series is
0.9965 0.9720 0, 2, 3, 4, 5, 6
1.0268 0.9856 1, 2, 3, 4, 5, 6, 7

known for long time, but we report here for the first time the well-
defined identification criteria for lipids with possible applicability
as additional identification point similarly as for LC/MS determi-

nation of compounds in forensic toxicology and doping analysis
[47].
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ig. 3. Plots of polynomial dependences of relative retention times of lipids on the
0:Y  (Y is from 1 to 7), (D) PC 34:Y (Y is from 0 to 3), (E) CE 18:Y (Y is from 0 to 3), a

.4. Comparison of retention behavior with other studies

The general applicability of our approach for the construction
f retention times dependences has been tested on RP-LC/MS data
reviously published by a different group [48] and our UHPSFC/MS
ata [38] obtained by the chromatographic mode with the different
etention mechanism. Results are illustrated on examples of A/PC
:2, B/TG X:1, C/PC 38:Y, and D/TG 58:Y in Fig. 5, Tables S4 and
5 for RP-LC and of A/PC X:1, B/TG X:1, C/PC 36:Y, and D/TG 54:Y
n Fig. 6, Tables S6 and S7. Polynomial regressions have a general
pplicability for the correlation of relative retention times vs. the
elative CN or relative DB number. In few cases, a quadratic coeffi-
ients are so small that these curves can be considered as the linear
egression. Relative errors in case of UHPSFC data [38] are affected
y very small retention times (ca. 1 min) and resulting negligible

ifferences among individual TG (in the range of tens of millisec-
nds), but relative errors of retention time calculation are always
etter than 5% without any exception. We  suggest this approach
s other identification point to be generally used in UHPLC/MS
ive DB number: (A) FA 18:Y (Y is from 0 to 3), (B) PI 36:Y (Y is from 1 to 4), (C) PE
) TG 56:Y (Y is from 1 to 7).

and UHPSFC/MS to strengthen the advantage of chromatographic
separation for the confident lipidomic identification based on the
regularity in retention times of lipid homologous series.

4. Conclusions

The RP-UHPLC/ESI-MS method enables the separation and iden-
tification of large number of individual lipid species in human
plasma, human urine and porcine brain samples. This method is
applied for the study of retention behavior of various polar and
nonpolar lipid classes, where polynomial dependences of rela-
tive retention times both on relative CN and relative DB number
are observed. The regularity in the retention behavior of lipid
homologous series is systematically studied, which results in the
suggestion of the second degree polynomial regressions for the

description of retention patterns of lipid logical series. Polynomial
regressions of retention times can be applied as an additional cri-
terion for the identification of unknown lipids in addition to MS
and MS/MS  data, which increases the confidence of LC/MS identi-
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Fig. 4. RP-UHPLC/ESI-MS records of TG 19:1/19:1/19:1 standard: (A) reconstructed positive-ion chromatogram, (B) ESI-MS spectrum, and (C) MS/MS  spectrum of [M+NH4]+

at m/z 944.8634.

F  the r
( d (D)

fi
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ig. 5. Plots of polynomial dependences of relative retention times of PC and TG on
X  is from 32 to 38), (B) TG X:1 (X is from 34 to 60), (C) PC 38:Y (Y is from 2 to 8), an

cation. Another possible application is the prediction of retention

imes of missing lipids in their logical series, which may  bring addi-
ional identifications of lipids at expected time windows, which is
orthy mainly for trace species or lipids suffering from low ioniza-

ion efficiencies, because a good quality MS  and MS/MS  data may
elative CN (X) and the relative DB number (Y) from RP-HPLC data [48]: (A) PC X:2
 TG 58:Y (Y is from 0 to 13).

not be available in such cases. The logical series with different fatty

acyl lengths are based on the higher number of data points and they
provide slightly better correlation coefficients, therefore they are
recommended as the first choice for the identification.
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27] M.  Holčapek, E. Cífková, B. Červená, M.  Lísa, J. Vostalová, J. Galuszka,
Determination of nonpolar and polar lipid classes in human plasma,
erythrocytes and plasma lipoprotein fractions using ultrahigh-performance
liquid chromatography–mass spectrometry, J. Chromatogr. A 1377 (2015)
85–91.
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differentiation between human kidney tumors and surrounding normal
tissues using HILIC-HPLC/ESI-MS and multivariate data analysis, J.
Chromatogr. B 1000 (2015) 14–21.

46] O. Berdeaux, P. Juaneda, L. Martine, S. Cabaret, L. Bretillon, N. Acar,
Identification and quantification of phosphatidylcholines containing
very-long-chain polyunsaturated fatty acid in bovine and human retina using
liquid chromatography/tandem mass spectrometry, J. Chromatogr. A 1217
(2010) 7738–7748.

47] L. Rivier, Criteria for the identification of compounds by liquid
chromatography–mass spectrometry and liquid chromatography-multiple
mass spectrometry in forensic toxicology and doping analysis, Anal. Chim.
48] A. Fauland, H. Köfeler, M.  Trotzmüller, A. Knopf, J. Hartler, A. Eberl, C. Chitraju,
E.  Lankmazr, F. Spener, A comprehensive method for lipid profiling by liquid
chromatography-ion cyclotron resonance mass spectrometry, J. Lipid Res. 52
(2011) 2315–2322.

http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0100
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0105
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0110
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0115
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0120
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0125
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0130
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0135
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0140
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0145
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0150
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0155
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0160
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0165
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0170
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0175
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0180
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0185
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0190
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0195
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0200
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0205
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0210
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0215
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0220
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0225
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0230
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0235
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240
http://refhub.elsevier.com/S0021-9673(16)30555-6/sbref0240

	Retention behavior of lipids in reversed-phase ultrahigh-performance liquid chromatography–electrospray ionization mass sp...
	1 Introduction
	2 Material and methods
	2.1 Chemicals and standards
	2.2 Sample preparation
	2.3 RP-UHPLC conditions
	2.4 ESI-MS conditions

	3 Results and discussion
	3.1 RP-UHPLC separation of lipids
	3.2 Identification of individual lipids using RP-UHPLC/ESI-MS
	3.3 Study of retention behavior of various lipid classes
	3.4 Comparison of retention behavior with other studies

	4 Conclusions
	Acknowledgments
	Appendix A Supplementary data
	References


