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According  to  the  World  Health  Organization,  two  billion  people  will  be  aged  60  years  or  older  by  2050.
Aging  is  a major  risk  factor for a number  of neurodegenerative  disorders.  These  age-related  disorders
currently  represent  one  of  the  most important  and  challenging  health  problems  worldwide.  Therefore,
much  attention  has  been  directed  towards  the  design  and  development  of  neuroprotective  agents  derived
from  natural  sources.  These  phytochemicals  have  demonstrated  high  efficacy  and  low  adverse  effects  in
multiple  in vitro  and  in vivo  studies.  Among  these  phytochemicals,  dietary  flavonoids  are  an  important
and  common  chemical  class  of  bioactive  products,  found  in  several  fruits  and  vegetables.  Luteolin  is
an  important  flavone,  which  is  found  in  several  plant  products,  including  broccoli,  pepper,  thyme,  and
celery.  Numerous  studies  have  shown  that luteolin  possesses  beneficial  neuroprotective  effects  both
eurotoxicity
xidative stress

in  vitro  and  in  vivo.  Despite  this,  an  overview  of  the  neuroprotective  effects  of luteolin  has  not  yet  been
accomplished.  Therefore,  the  aim  of  this  paper  is  to provide  a review  of the  available  literature  regarding
the  neuroprotective  effects  of  luteolin  and  its molecular  mechanisms  of  action.  Herein,  we  also  review
the available  literature  regarding  the  chemistry  of  luteolin,  its herbal  sources,  and  bioavailability  as  a
pharmacological  agent  for the  treatment  and  management  of  age-related  neurodegenerative  disorders.

© 2015 Elsevier  Inc.  All  rights  reserved.
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. Introduction

According to World Health Organization reports, the number
f elderly people (>60 years old) will significantly increase over
he next 40 years (Fries, 2002; Wancata et al., 2003). Worldwide,
he increase in the number of elderly people is associated with
he rapidly growing incidence of morbidity and mortality due to
ge-related diseases (Carranza et al., 2013; de Lau and Breteler,
006; Hendrie, 1998; Sosa-Ortiz et al., 2012; Nabavi et al., 2012a,
013a,b). In the last two decades, scientific research has focused on
he discovery and design of novel neuroprotective agents with high
fficacy and low adverse effects (Guttmacher et al., 2003; Matteo
nd Esposito, 2003; Youdim and Buccafusco, 2005). Although the
athophysiology of Alzheimer’s disease and Parkinson’s disease
emains unclear, it is well known that neuronal dysfunction is asso-
iated with neuroinflammation, glutamatergic excitotoxicity, and
edox active metals, which play an important role in the initiation
nd progression of these neurocognitive and locomotor disorders
Ahmed et al., 2015; Guttmacher et al., 2003; Matteo and Esposito,
003; Renaud et al., 2015; Youdim and Buccafusco, 2005). In addi-
ion, abundant scientific evidence shows that oxidative stress plays

 crucial role in the neurodegeneration that underlies these dis-
ases. Therefore, much attention has been focused on the beneficial
ole of natural neuroprotective substances with potent antioxidant
nd anti-inflammatory effects (Ahmed et al., 2015; Orhan et al.,
015; Renaud et al., 2015).

Phytochemicals are plant-derived bioactive chemical con-
tituents, which are responsible for the pharmacological effects
f medicinal plant extracts (Nabavi et al., 2014a, 2012b, 2015a).
mong them, polyphenolic compounds, in particular flavonoids,
re one of the most effective chemical classes which possess a
ide range of health-promoting activities and pharmacological

ffects, such as antioxidant, anti-inflammatory, anticancer, neu-
oprotective, and cardioprotective effects. (Daglia et al., 2014;
onato et al., 2014; Nabavi et al., 2014b, 2012c, 2015b; Middleton
t al., 2000; Xue et al., 2014). To date, there are more than 8000
avonoids which are classified into different sub-groups, such as
halcones, flavones, flavonols, flavanones, flavanols, anthocyanins,
nd isoflavones (Corcoran et al., 2012; Orhan et al., 2015).

Luteolin (3′,4′,5,7-tetrahydroxy flavone, Fig. 1) is an important
avone, which is naturally found in several plant species (Kim et al.,
000a; Peters et al., 1986). Chemically, it has a C6-C3-C6 structure
hat contains two benzene rings and one oxygen-containing ring
ith a C2-C3 carbon double bond (Fig. 1) (Bravo, 1998; Lin et al.,

008). Structure-activity studies have shown that the presence of
ydroxyl moieties at carbons 5, 7, 3′ and 4′ positions of the luteolin
tructure and the presence of the 2–3 double bond are responsible

or its multiple pharmacological effects (Lin et al., 2008). Luteolin,

hich is naturally found as a glycosylated form, is present in dif-
erent fruits and vegetables, including broccoli, pepper, thyme, and
 . . .  . . .  .  . . .  . .  . . . . . . .  .  .  . . . .  .  . .  . . .  . . .  . . . .  .  . . .  .  . .  .  . . .  .  . .  .  .  .  . .  .  . . . . . . . .  .  .  .  .  .  . .  .  .  . . .  8

celery (Lopez-Lazaro, 2009; Shimoi et al., 1998). A growing body
of literature shows that luteolin possesses antioxidant, anticancer,
anti-inflammatory, and neuroprotective effects (Chen et al., 2008;
Cheng et al., 2010; Dirscherl et al., 2010; Kang et al., 2004; Lin et al.,
2008; Pandurangan and Esa, 2014; Qiao et al., 2012; Theoharides
et al., 2015; Zhang et al., 2013); however, a coherent review of
the scientific literature regarding its neuroprotective effects is still
lacking. Therefore, the aim of the the present paper is to review
existing literature, evaluating the neuroprotective effects of lute-
olin. In addition, in the following sections the natural sources,
chemistry, and bioavailability of luteolin will be discussed, provid-
ing a more comprehensive assessment of the beneficial effects of
this important compound.

2. Sources of luteolin

Luteolin is one of the most common flavonoids present in edible
plants. For example, it has been found in carrots (Daucus carota L.),
peppers (Capsicum annuum L.), celery (Apium graveolens L.), olive oil
(Olea europaea L.), peppermint (Mentha piperita L.), thyme (Thymus
vulgaris L.), rosemary (Rosmarinus officinalis L.), oregano (Origanum
vulgare L.), lettuce (Lactuca sativa L.), perilla leaves (Perilla frutescens
(L.) Britton), pomegranate (Punica granatum L.), artichoke (Cynara
scolymus L.), chocolate (Theobroma cacao L.), rooibos tea (Aspalathus
linearis (Burm.f.) R.Dahlgren), buckwheat sprouts (Fagopyrum escu-
lentum Moench), turnip (Brassica napus L.), capers (Capparis spinosa
L.) and cucumber (Cucumis sativus L.). Luteolin has also been identi-
fied in lemon, beets, brussels sprouts, cabbage, cauliflower, chives,
fennel, harwort, horseradish, kohlrabi, parsley, spinach and green
tea (Lopez-Lazaro, 2009; Shimoi et al., 1998).

Luteolin is also present in plants used in traditional medicine
such as Terminalia chebula Retz. (Combretaceae). It is found quite
often in leaves, rinds, barks, clover blossom, and ragweed pollen
(Lopez-Lazaro, 2009; Shimoi et al., 1998). In Tibet, T. chebula is
called the “King of medicines” due to its efficacy in healing, with
a wide spectrum of biological, anti-ulcerogenic, neuroprotective
antioxidant, and antibacterial activities (Upadhyay et al., 2014).
Luteolin is a flavone aglycone that is present in Veronica, the
largest genus of the Plantaginaceae (formerly Scrophulariaceae),
which consists of about 500 species. Veronica species have attracted
attention because of their traditional uses and biological activi-
ties (Barreira et al., 2014). Luteolin has also been isolated from
the aromatic flowering plant Salvia tomentosa Mill. (Lamiaceae),
widespread in the Mediterranean and Aegean regions of Turkey.
It has been traditionally used for reducing abdominal pains and
healing wounds (Ulubelen et al., 1979). Phytochemical isolation

from the seeds of Senna petersiana (Bolle) Lock resulted into the
isolation of luteolin, which has been found to have antibacterial
activity against three gram-positive bacteria, at the concentration
of 1 mg/ml  (Tshikalange et al., 2005). This finding is in agreement
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Fig. 1. Chemical structures of luteolin (1), luteolin-7-O-glucoside (2

ith traditional usages of S. petersiana as a treatment of sexu-
lly transmitted diseases (STD’s). Luteolin has also been extracted
rom the flower of Chrysanthemum morifolium Ramat. (the accepted
ame of Chrysanthemum sinense Sabine ex Sweet) (Gu et al., 2013).

n this case, luteolin extracts have been reported to show sig-
ificant xanthine oxidase activity (IC50, 1.3 mM),  with stronger
ctivity than the one of the clinically used drug allopurinol (IC50,
.5 mM).

. Isolation from natural sources

Luteolin and its derivatives have been isolated from a wide
ariety of natural sources, which possess several pharmacological
ctivities.

.1. Luteolin glycosides

In the most recent study, luteolin (1) and luteolin-7-O-glucoside
2) were first isolated in glucoside form, from the ethanolic extract
f Dendranthema morifolium Ramat Tzvel (Fig. 1) (Lin et al., 2015).
he chemical structure of these analytes was then identified by
pectroscopic data, using NMR  and mass spectrometry. A phar-
acokinetic study showed that, in rats, the oral bioavailability of

uteolin and luteolin-7-O-glucoside is approximately 26 ± 6% and
0 ± 2% respectively. The authors also found that following oral
onsumption, luteolin-7-O-glucoside is firstly hydrolyzed to lute-
lin and then absorbed through the gastrointestinal tract.

A recent study described a simple method for the isolation of
uteolin-7-O-�-d-glucoside (called cynaroside) (2) from Anthriscus
ylvestris (L.) Hoffm, a short-lived perennial plant (Žemlička et al.,

014). In the experiment, (2) was isolated by using HPLC, ther-
al, and NMR  analysis techniques. Spectroelectrochemical studies

lso showed that the hydrogen-donating ability of (2) is the
ain antioxidant behavior of this compound. Luteolin 8-C-�-
olin-8-C-�–glucopyranoside (3), and luteolin-7-O-�–rutinoside (4).

glucopyranoside (3) is another luteolin-glucoside derivative, which
was isolated from the root of Salvadora persica,  using column chro-
matographic techniques (Fig. 1) (Almahy and Fouda, 2013). The
structure of the compound was  established using several spectro-
scopic techniques, such as UV, IR, 1D, and 2D-NMR analysis. It is
noteworthy to highlight that this compound has never been previ-
ously isolated from this plant.

Pedilanthus tithymaloides (PT) is an important Indian medic-
inal plant, traditionally used to reduce inflammation and pain.
Research was carried out to evaluate the anti-inflammatory, anti-
nociceptive, and anti-pyretic activity of the chloroform (CF) and
methanol (ME) extracts of PT leaves and its isolated constituents, in
animal models (Ghosh et al., 2013). The results revealed significant
anti-inflammatory activity of CF and ME  in carrageenan-induced
paw edema (acute) and in vascular permeability and cotton pel-
let granuloma (chronic) models. Phytochemical analysis of PT
showed that luteolin is one of its main compounds. Administra-
tion of purified luteolin (1, 10 mg/kg, p.o.) significantly attenuated
acetic-acid-induced pain responses and suppressed inflamma-
tion induced by carrageenan and cotton pellets, in mice. These
data suggest that (1) acts as an anti-inflammatory agent. Another
study carried out a chemical investigation of the phenolic content
of the ethanolic extract from aerial parts of Scabiosa atropur-
purea Linn. (Dipsacaceae) (Elhawary et al., 2011). This led to the
isolation of luteolin 7-O-glucoside (2), luteolin (1) and luteolin-
7-O-�-rutinoside (4), among others (Fig. 1). The total ethanolic
extract showed antioxidant, antihyperglycemic and hepatoprotec-
tive activities. The activity was  assessed, on albino adult male rats,
through decreasing glucose levels, increasing blood glutathione
and decreasing alanine transaminase (ALT), aspartate amino trans-

ferase (AST) and alkaline phosphatase (ALP) levels. These studies
have provided additional knowledge on the type of solvents
required to extract luteolin and related derivatives.



4 search Bulletin 119 (2015) 1–11

3

fi
l
r
u
o
w
s
i
fl

3

7
a
t
r
1
f
t
g
d
o

r
fl
r
t
l
a
i
l

4

t
a
s
C
t
b
fi
f

4

o
s
l
p
e
p
m
e
s
a
t
(

t

Fig. 2. Chemical structure of new luteolin derivative with alkyl chain in R1 and R2.
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.2. Luteolin pyranosides

Further compounds were isolated in two different studies. The
rst evaluated the structural elucidation of flavone-o-glycoside,

uteolin-8-�-d-glucopyranoside, isolated from the flowers of Jat-
opha curcas Linn (Shaikh et al., 2008). This plant is traditionally
sed for its medicinal value; while the seeds are purgative, the juice
f the plant is useful for the treatment of scabies, eczema and ring
orm, and its twigs are useful for curing swollen gums. The second

tudy was a phytochemical analysis of P. auriculata,  resulting in the
solation of a series of hydroxyl compounds and of a mixture of two
avonoids (luteolin and 5-methoxyluteolin) (De Paiva et al., 2013).

.3. Luteolin rutinoside and esculetin

Another study was concerned with the isolation of luteolin
-O-rutinoside (4) and esculetin (a coumarin), with potential
ntioxidant activity, from the aerial parts of Artemisia mon-
ana (Kim et al., 2000b). Previous research had indicated strong
adical-scavenging action of methanol extracts of A. montana on
,1-diphenyl-2-picrylhydrazyl (DPPH), even at 10.1 �g/mL. There-
ore, in the more recent study, DPPH radical was used to assess
he inhibitory activity of A. montana extracts against free radical
eneration in hepatocytes. It was demonstrated that the antioxi-
ant activity of these luteolin analogues were comparable to that
f l-ascorbic acid.

Finally, the activity-guided fractionation of Senna siamea leaves
esulted in the isolation of luteolin (Ingkaninan et al., 2000). This
avone demonstrated antagonistic behavior against adenosine A1
eceptor, with a Ki value in the low micromolar range. Taken
ogether, these reports show the variety of natural sources, in which
uteolin and its derivatives are present in considerable amounts
nd with several pharmacological activities. The key for discover-
ng new health applications will be to isolate and to assess new
uteolin derivatives.

. Synthesis of luteolin derivatives

In discussing the synthesis of luteolin and its bioactive deriva-
ives, it is necessary to mention the variety of methodologies
pplied by researchers, especially from Asian countries, where the
tudy of the biochemistry of natural products is very advanced.
ontributions about the importance of luteolin and the experimen-
al procedures for obtaining several derivatives will be discussed
elow. Earlier studies, from the 1980s, were limited to the synthetic
eld; therefore, this review will only describe important advances

rom the year 2000 to the present.

.1. Semi-synthetic methods

A semi-synthetic method for preparation of luteolin, lute-
loside and luteolin rutinoside has been revealed by another
tudy. The process consists of dehydrogenation and demethy-
ation of hesperidin, hesperidin glucoside, hesperidin in the
resence of halogenated aluminum, iodine, and pyridine, to gen-
rate the product. The process is highly efficient, since it is
erformed under mild conditions, easy to control and environ-
entally friendly, with high demethylation yields. Methods as

fficient as the one above have been reported for the synthe-
is of luteolin through the acylation of 1,3,5-trimethoxybenzene
nd condensation with 3,4-dimethoxybenzaldehyde, or the reac-

ion of 3,4-dimethoxycinnamic acid with 1,3,5-trimethoxybenzene
Zhang et al., 2014).

Due to their potent anti-oxidant activity covering a wide spec-
rum, emerging evidence suggests that luteolin and its derivatives
may  be important for the treatment and management of cardio-
vascular diseases. In this respect, a recent patent was concerned
with the development of several luteolin derivatives for the pre-
vention and treatment of cardiovascular diseases, containing an
alkyl chain in R1 and R2, as shown in Fig. 2 (R1 = H, COR3;
R3 = C1–C6 alkyl, hydroxy-substituted aryl; R2 = C1–C6 alkyl, C2–C6
alkenyl, C3–C6 alkynyl, 1–3 hydroxy substituted aryl, benzenesul-
fonyl, toluenesulfonyl, 1–3 hydroxy substituted benzene sulfonyl,
aminosulfonyl, substituted aminosulfonyl, heterocycloalkyl, het-
eroaryl, 1–3 hydroxy substituted heteroaryl) (Yongju et al., 2014).

4.2. Synthetic methods

Synthetic methods for the synthesis of luteolin have also
been developed using specific catalysts for obtaining luteolin
derivative (6), which is summarized in Fig. 3. Briefly, the well-
known PEPPSI-IPr catalyst is reported to promote the carbonylative
Suzuki–Miyaura cross-couplings reaction and to provide a diversity
of biaryl ketones in excellent yield. The PEPPSI-IPr catalyst is also
reported to promote carbonylative Negishi cross-coupling reaction,
using alkynyl-zinc reagents to provide the corresponding alkynyl
aryl ketones. The use of this protocol for the synthesis of the luteolin
derivative (6) has been previously reported (O’Keefe et al., 2011).
Another synthetic method to obtain chloro-luteolin derivatives is
referred as the Vilsmeier–Haack–Arnold reaction, from the inter-
mediate compound 3′,4′,7-trichloro-5-hydroxyflavone, which was
obtained from luteolin (Fig. 4). The chloro derivative (7) may  be
used to improve the pharmacological activities of luteolin (Li et al.,
2010).

4.3. Metal complexes of luteolin

Finally, two metal complexes of luteolin have also been synthe-
sized (Jing-fen, 2006). These complexes were prepared by reacting
luteolin with Cu(Ac), Zn(Ac)2 in ethanol solution. These compounds
were characterized by elemental analysis, IR and UV spectra. The
electrochemical properties of their modified carbon-paste elec-
trodes were tested in pH 5 B-R buffer solution. A recent study
has synthesized a luteolin-chrome complex and ascertained its
molecular structure as well as its ability to scavenge 2,2-diphenyl-
1-picrylhydrazyl (DPPH) derived free radicals (Jie et al., 2014). The
synthesis procedure was carried out at pH 9.76 and 80 ◦C. The
resulting structure was identified by IR, UV, TG-GTA, and elemental
analysis techniques; the ability of the resulting complex to scav-
enge DPPH free radicals was  then determined through HPLC and
spectrophotometry. The experiments showed the superiority of

luteolin–chrome complex compared to luteolin alone in scavenging
DPPH.
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. Bioavailability, oral absorption and safety profile of
uteolin

.1. Bioavailability and oral absorption

It was previously thought that the oral bioavailability of
avonoids is very low. However, one study recently investigated
he bioavailability of luteolin in peanut hull extracts (PHE) (Zhou
t al., 2008). More specifically, the study showed that the effec-
ive permeability (Peff) and absorption rate constant (ka) of pure
uteolin (5.0 �g/mL) were not significantly different in the duo-
enum and jejunum, but significantly greater in the colon and

leum. The Peff and ka of PHE were significantly greater than that

f pure luteolin. Following oral administration of a single dose of
ure luteolin (14.3 mg/kg) or PHE (containing 14.3 mg/kg of lute-
lin) in rats, The pharmacokinetics study showed that following
ral administration, the peak concentration of luteolin in plasma

Fig. 4. Synthetic procedure for ch
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reached 1.97 ± 0.15 �g/mL for luteolin, and 8.34 ± 0.98 �g/mL for
PHE. Luteolin appears to be passively absorbed in the intestine of
rats (Zhou et al., 2008).

An analogue of luteolin, 5,7,3′,4′-tetramethoxyflavone (TMF)
is a methoxyflavones isolated from Kaempferia parviflora.  After
oral administration of 50 mg/kg TMF, the Cmax, was  determined
as 0.79 ± 0.30 �g/mL (Jansat et al., 2002; Wei  et al., 2014). The
bioavailability of TMF  was  calculated as 14.3% following oral admin-
istration. An excretion study, reported that after 48 h, 0.81% of the
oral administered TMF  was  excreted mostly in its pure form faecally
whilst only 0.05% from urinary excretion; it suggested that TMF
mainly excreted as the metabolites form (Jansat et al., 2002). This
suggests that luteolin and its analogues may  be clinically useful.

5.2. Toxicity

The safety profile of luteolin remains unclear (Harwood et al.,
2007). Recent reports suggest that luteolin and its analogues may
be deleterious to mammalian cells due to their effects on the
endocrine system (Nordeen et al., 2013). This likely attributed to the
oestrogenic activity of luteolin and its affinity to antagonize proges-
terone receptor activation (Nordeen et al., 2013). On the contrary,
other studies have reported the inhibitory effect of luteolin against
oestrogen production (Scippo et al., 2004), and progesterone dis-
plays little or no affinity to the progesterone receptor (Guo et al.,
2009). Moreover, the anti-tumorigenic effect of luteolin have been
extensively documented (Aksamitiene et al., 2012; Bai et al., 2012;
Baskar et al., 2011; Cai et al., 2011; Iratni et al., 2010; Jeon and
Suh, 2013; Johnson and de Mejia, 2013; Kim and Kim, 2012; Kim
et al., 2012; Lee et al., 2012, 2011; Lim et al., 2012; Lin et al., 2011;
Pandurangan et al., 2013; Rao et al., 2012; Ruan et al., 2012; Sakai
et al., 2012; Starkey et al., 2010; Wang et al., 2014, 2012; Xie et al.,
2012; Yan et al., 2012; Zhang et al., 2009; Zhao et al., 2011; Zhou
et al., 2009). Moreover, the concentration of luteolin present in
available dietary supplements are unlikely to reach the concentra-
tion capable of inducing toxicity since the oral absorption of luteolin
15% (Nordeen et al., 2013). Considering that the body as a whole is
a singular compartment, the blood concentrations reached after
consuming these dietary supplements would be 10 to 100 times
smaller than the micromolar range capable of inducing toxicity in
T47D cell lines as previously reported (Lopez-Lazaro, 2009).

6. Mechanism of action of luteolin in the central nervous
system

Luteolin exerts a variety of pharmacological activities and anti-
oxidant properties associated with its capacity to scavenge oxygen
and nitrogen species. Luteolin has been shown to inhibit cytokine
expression, nuclear factor kappa B (NFkB) signaling, and TLR4 sig-
nalling at micromolar concentrations in immune cells, including
mast cells (Kim and Jobin, 2005; Lee et al., 2009; Weng et al., 2015).

As well, luteolin has been shown to attenuate microglial activa-
tion and mediate BDNF-like behavior both in-vitro and in-vivo (Lin
et al., 2010; Patil et al., 2014; Patil and Sathaye, 2015). Luteolin also
reduced the mRNA expression of numerous genes upregulated in

loro-luteolin derivative (7).
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esponse to exogenous 6-OHDA, including BIM (a pro-apoptotic
H3-only member of the Bcl-2 family, required for initiation of
poptosis induced by endoplasmic reticulum (ER) stress), the p53
arget genes, GADD45� and PUMA, TRB3 (a pro-apoptotic gene
hat is upregulated in response to a variety of stresses, includ-
ng ER stress, nutrient deprivation, and hypoxia), and it unfolded
rotein response, leading to decreases in phosphor-eIF2�, ATF4,
RP78 and CHOP (which are upregulated in response to ER stress).
uteolin can also inhibit the Keap1-Nrf2-ARE pathway, leading to a
ecrease in the expression of heme oxygenase-1 (HO-1) and gluta-
ate cysteine ligase (GCL) (Lin et al., 2010). Recently, a luteolin

nalogue, 7,8-dihydroxyflavone, has demonstrated potent high-
ffinity selective tyrosine kinase receptor B (TrkB) agonism leading
o receptor dimerization and autophosphorylation, and activation
f down-stream signaling (Jang et al., 2010). Additionally, luteolin
howed only partial affinity to the benzodiazepine binding site of
ABAA receptors, suggesting that the anxiolytic effects of luteolin
re mediated by a yet unidentified mechanism (Coleta et al., 2008).

. Neuroprotective effects of luteolin

.1. Epilepsy

The plant extract obtained from Eclipta alba, which con-
ains small quantities of luteolin, has been traditionally used in
yruvedic medicine for the treatment of epilepsy. E. alba has
emonstrated anticonvulsant properties in a maximal electroshock
at model (Shaikh and Sathaye, 2011). Acute luteolin admin-
stration has also been shown to attenuate oxidative stress in
euroblastoma cells (Zhou et al., 2011). Anxiolytic-like effects of

uteolin have been reported following oral and intraperitoneal
dministration in mice, suggesting that it can cross the blood brain
arrier (Coleta et al., 2008). Inflammation, in the form of microglial
ctivation, generation of the cytokine interleukin 1� (IL-1�), and
timulation of toll-like receptor 4 (TLR4) have been reported in
pilepsy patients (Maroso et al., 2010). Lipopolysaccharide (LPS)-
ediated activation of TLR4 receptors can produce epileptiform

ischarges that can be attenuated by IL-1 receptor antagonists
Rodgers et al., 2009).

The effects of acute and chronic intraperitoneal luteolin injec-
ions was evaluated by Shaikh et al. (2013) in four mouse seizure

odels, (a) the 6 Hz model, (b) maximal electroshock test (MEST),
c) pentylenetetrazole (PTZ), and (d) second hit PTZ test in the
hronic stage of the pilocarpine model (Shaikh et al., 2013). The
tudy showed that luteolin did not exert any significant anti- or
ro-convulsant effects after a single dose in the 6 Hz, MEST and
TZ tests, and following repeated daily dosing in the 6 Hz model.
oreover, while TLR4 mRNA levels were upregulated 3 days after

ilocarpine-induced status epilepticus, they remained unaltered in
he chronic stage of the model. No effect was observed in the sec-
nd hit PTZ test following repeated luteolin injections (Shaikh et al.,
013). This suggests that seizure threshold may  be independent of
LR4 signalling.

.2. Autism spectrum disorders

Autism spectrum disorder (ASD) is a detrimental life-long neu-
ological disease, characterized by significant impairments in social
ommunication and language and repetitive behavior (McPartland
nd Volkmar, 2012). The limited understanding of the etiology of
SD has prevented the development of effective treatment strate-

ies to attenuate the core symptoms of ASD. Current treatments
arget only specific behavioral symptoms of ASD (Broadstock et al.,
007). Many recent studies have shown that neuroinflammation
ay  play a considerable role in the pathogenesis of ASD (El-Ansary
 Bulletin 119 (2015) 1–11

and Al-Ayadhi, 2012, 2014; McDougle and Carlezon, 2013). In par-
ticular, mast cells, which play a critical role in inflammation, are
activated in autism, and prevalence of ASD is ten times higher
in children with mastocytosis (Theoharides, 2012; Theoharides
et al., 2012, 2013; Theoharides and Doyle, 2008). Microglial acti-
vation, mast cell-mediated allergic inflammation, and impaired
brain-derived neurotrophic factor (BDNF) signaling which are a
prominent feature in ASD, can be attenuated by luteolin (Kritas
et al., 2013).

Apart from its potent antioxidant and anti-inflammatory
properties, luteolin has been shown to inhibit the release of inflam-
matory mediators from human mast cells (Kempuraj et al., 2005). It
can also reduce maternal interleukin 6-induced autism-like behav-
ioral deficits associated with social interactions in mice (Kempuraj
et al., 2005). It is likely that improved formulations may be useful
in the treatment of ASD.

Likewise, an open labeled study involving fifty children (4–10
years old; 42 boys and 8 girls) with ASD reported that there
was a significant improvement in adaptive functioning (as mea-
sured using the Vineland Adaptive Behavioral Scales domains)
following dietary supplementation with a combination of luteolin
(100 mg/capsule) and another flavonoid, quercetin (70 mg/capsule)
for 26 weeks (Taliou et al., 2013). Similarly, a significant reduction
in Aberrant Behavior Checklist subscale scores was also reported
after stratification for age, sex, and history of allergies. These
results are promising, since a combination of flavonoids, luteolin
and quercetin attenuated ASD symptoms, with no major adverse
effects.

7.3. Alzheimer’s disease

Alzheimer’s disease (AD) is a debilitating neurodegenerative
disorder and is classified as the major subtype of dementia
(Fratiglioni et al., 2000). This progressive disorder is characterized
by neuropsychiatric symptoms and pathologically by intracellu-
lar neurofibrillary tangles (NFTs) containing hyperphosphorylated
tau fragments, extracellular amyloid-beta (A�)  plaques containing
insoluble, and the loss of cortical neurons and synapses (Terry et al.,
1991). A� fragments between 39 and 43 amino acids, form the
core constituent of these plaques (Masters et al., 1985). Although
the exact mechanism mediating A�-induced neuronal cell death
remains unclear, oxidative stress and generation of free radicals
appear to be the likely cause of cytotoxicity. A� can also induce cell
death via excitotoxicity and neuroinflammation (Small et al., 2001).

Numerous studies have shown that compounds with free-
radical scavenger activities can attenuate A�-induced neuronal
death (Di Domenico et al., 2015). Choi et al. (2014) showed
that luteolin could ameliorate the neurotoxicity of A� frag-
ment 25–35 (A�25–35) in murine cortical neurons due to its
potent antioxidant activity (Choi et al., 2014). In comparison
with ten flavonoids, this study demonstrated the following
sequence from the highest to the lowest activity: epigallocat-
echin gallate > myricetin > quercetin = luteolin = catechin ≥ rutin ≥
epicatechin ≥ baicalein > kaempferol = trolox. The inhibitory effects
of luteolin were maintained after 48 h (Choi et al., 2014). This study
suggests that luteolin may  be developed as a neuroprotective agent
against AD.

Another recent study showed that the combination ther-
apy with palmitoylethanolamide (PEA) and luteolin, given as
a co-ultramicronized compound Co-ultraPEALut, could attenu-
ate neuroinflammation in an experimental AD model. Treatment
with Co-ultraPEALut improved cell viability, significantly reduced

inducible nitric oxide synthase and glial fibrillary acidic pro-
tein expression, restored neuronal nitric oxide synthase and
brainderived neurotrophic factor and reduced the apoptosis in
differentiated SH-SY5Y neuroblastoma cell line following 24 h
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reatment with A�1–42. These cells exhibit similar structural mor-
hology and functional axonal vesicles to mature neurons and
herefore represent a suitable model to investigate the pathogen-
sis of AD. It is likely that co-ultraPEALut may  represent a viable
reatment option for AD.

.4. Parkinson’s disease

Parkinson’s disease (PD) is another progressive neurodegener-
tive disorder characterized by the loss of dopaminergic neurons
n the substantia nigra pars compacta.  The presence of Lewy bod-
es, which consist in abnormal fibrillary aggregates of �-synuclein
rotein within neurons, represents another pathological hallmark
f PD. A large body of evidence suggests that oxidative stress and
euroinflammation play a pivotal role in disease progression and
ontribute to nigrostriatal degeneration (Taylor et al., 2013). Our
nderstanding of the pathogenesis of PD stems from data obtained

rom experimental animal and cell models using the neurotoxins,
-hydroxydopamine (6-OHDA) and 1-methyl-4-phenylpyridinium
MPP+) (Bove et al., 2005).

6-OHDA shares similar structural features to dopamine and
oradrenaline, and it induces cell death through the generation of

ree radicals and cytotoxic quinines (Saito et al., 2007). A recent
tudy showed that treatment with luteolin (20 �M)  can atten-
ate 6-OHDA-mediated oxidative stress production, cytotoxicity,
nd caspase-3 activation in PC12 cells (Hu et al., 2014). Luteolin
an also attenuate 6-OHDA-mediated increases in the Keap1-Nrf2-
RE pathway, leading to a decrease in the expression of heme
xygenase-1 (HO-1) and glutamate cysteine ligase (GCL) (Hu et al.,
014).

Another recent study showed that luteolin (10 and 20 mg/kg)
nd apigenin (5, 10, and 20 mg/kg) could improve locomotor and
uscular changes in mice exposed to MPTP, a precursor to MPP+

n mice (Patil et al., 2014). The study also showed a significant
ecrease in TH-positive cells. These changes occurred in parallel to

 decrease in the neurotrophic factors, glial fibrillary acidic protein
GFAP), and brain-derived neurotrophic factor (BDNF) (Patil et al.,
014). BDNF levels were significantly improved in luteolin and api-
enin treatment group compared to MPTP treatment mice alone.
aken together, these studies suggest that luteolin can protect
opaminergic neurons by mitigating oxidative stress, neuroinflam-
ation, glial activation, and inducing neurotophic potential in vitro.

.5. Diabetes-associated cognitive decline

Diabetes is a chronic metabolic disorder associated with chronic
yperglycemia. Diabetes is also associated with complications of
he peripheral nervous system, retinopathy, nephropathy, and car-
iomyopathy (Huynh et al., 2015; McVicar et al., 2015). Recent
vidence suggests that diabetes can also induce cognitive dys-
unction, and decline in memory and mental speed (Allen et al.,
015; Mousavi et al., 2015; Zhang et al., 2015). Although the patho-
enesis of learning and memory impairments in diabetes remain
nclear, several factors, such as oxidative stress and neuroinflam-
ation have been shown to play a prominent role (Mastrocola

t al., 2005; Somfai et al., 2006). Additionally, an increase in acetyl-
holinesterase (AChE) activity can lead to disruption in cholinergic
ransmission, leading to the cognitive decline observed in diabetes

ellitus (Kuhad and Chopra, 2008). Hyperglycemia can lead to
ncreased production of advanced glycation end products (AGEs),

hich can induce neuronal cell death via oxidative stress (Yan et al.,
003).
Emerging evidence suggests that flavonoids may  potentially
mprove cognitive decline due to their potent antioxidant, and
nti-inflammatory properties. Several studies have shown that
uteolin can improve spatial learning and memory in A�25–35
 Bulletin 119 (2015) 1–11 7

induced amnesic mice via modulation of microvascular function
and neuronal activity by maintaining the blood brain barrier (Liu
et al., 2009). Recently, Liu et al. (2013) showed that treatment
with luteolin (50 and 100 mg/kg) can attenuate cognitive decline
in streptozotocin-induced diabetes by reducing neuronal damage,
lipid peroxidation and AChE activity. Therefore, oral supplementa-
tion with luteolin may  represent a preventative strategy to reduce
diabetes-associated cognitive decline.

7.6. Traumatic brain injury

Traumatic brain injury (TBI) is a major public health concern,
leading to high morbidity (Brooks et al., 2013). While the out-
come is largely dependent on the severity of primary insult, TBI
is aggravated by secondary insult caused by pathological pro-
cesses, including oxidative stress, excitotoxicity, inflammation, and
increased vascular permeability (Werner and Engelhard, 2007).
Over the last decade, there has been a concerted effort to develop
drugs that alleviate the secondary insult, and thereby improving
the outcome of TBI. However, most approaches to the treatment
of TBI target a single injury mechanism and have failed in clinical
trials (Sun et al., 2015).

More recently, Xu et al. (2014) showed that treatment with
luteolin (30 and 50 mg/kg) can attenuate secondary brain injury
induced by TBI, including neurological deficits, brain water content,
and neuronal apoptosis. Furthermore, the levels of malondialde-
hyde (MDA) and the activity of glutathione peroxidase (GPx) were
restored in the group with luteolin treatment. Luteolin enhanced
the translocation of nuclear erythroid 3-related factor 2 (Nrf2) to
the nucleus both in in vivo and in vitro conditions. These results
were achieved by Western blot, immunohistochemistry, and elec-
trophoretic mobility shift assay (EMSA) (Xu et al., 2014). Nrf2 is a
known transcription factor, which represents the cell main defence
mechanism against stress. However, luteolin was  not neuroprotec-
tive after TBI in Nrf2−/−mice (Xu et al., 2014). This suggests that the
neuroprotective effects of luteolin in TBI are mediated through the
activation of the Nrf2–ARE pathway.

7,8-Dihydroxyflavone rescued wild-type, but not TrkB deficient
neurons from apoptosis in another study. Treatment with 7,8-
dihydroxyflavone (5 mg/kg) also suppressed kainic acid (KA) levels
following intraperitoneal injection with KA (20 mg/kg). Adminis-
tration with 7,8-dihydroxyflavone also reduced infarct volume in
the transient middle cerebral artery occlusion (MCAO) model of
stroke (Jang et al., 2010).

Co-ultraPEALut formulation has also been shown to attenu-
ate locomotor impairments, neuroinflammation and autophagy
through activation of NF-�B (Cordaro et al., 2014). In addi-
tion, the treatment with Co-ultraPEALut, at the dose of 1 mg/kg,
reduced apoptosis, the release of cytokine and oxidative stress, the
activation of chymase, tryptase and nitrotyrosine, and inhibited
autophagy (Cordaro et al., 2014). This suggests that a combination
of both PEA and luteolin can counteract the neurodegeneration and
neuroinflammation induced by TBI.

7.7. Multiple sclerosis

Multiple sclerosis (MS) is a debilitating uncurable autoimmune
disorder involving demyelination of the protective myelin sheaths
insulating the nerves of the central nervous system (Bando et al.,
2015). While the most effective treatment is interferon-beta (IFN-
�), it only provides asymptomatic relief in relapsing-remitting MS
(RRMS) patients, and its mechanism of action remains unclear

(Bertolotto et al., 2015). As well, Moreover, IFN-� treatment can
only be administered parenterally with several undesirable adverse
effects. Luteolin and other naturally occurring compounds have
been implicated for the treatment of MS  due to their potent, anti-
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xidant and anti-inflammatory effects, and inhibition of activated
eripheral blood leukocytes isolated from MS  patients (Sternberg
t al., 2009; Theoharides, 2009). Luteolin effectively inhibited
yelin basic protein-induced human mast cell activation at 10

nd 100 �m,  whereas it exhibited a dose-dependent inhibition
1–100 �m)  of mast cell-dependent stimulation of Jurkat T cells and

ast cell-induced IL-2 release, which are associated in the patho-
enesis of MS  (Kempuraj et al., 2008). As well, luteolin can inhibit
xperimental allergic allergic encephalomyelitis (EAE), which is
urrently used as a murine model to study MS  (Verbeek et al., 2005).
uteolin may  also demonstrated protective immunomodulatory
ffects in peripheral blood mononuclear cells isolated from human
S  patients when treated alone (Sternberg et al., 2009). Luteolin

reatment also displayed additive effects in modulating cell prolif-
ration, and the production of pro-inflammatory cytokines such as
nterleukin-1� (IL-1�), tumor necrosis factor-alpha (TNF-�),  and
he ratio of the cell migration mediator MMP-9 and its inhibitor
IMP-1 (Sternberg et al., 2009). This suggests that luteolin may  be

 useful adjuvant to IFN-� for the treatment of MS.

. Conclusion and recommendations

Recent epidemiological studies have shown that the elderly
s the fasted growing population in the developed world. Accu-
ate estimates of the prevalence of neurodegenerative diseases
re important for optimal healthcare planning. The growing bur-
en on public health of neurological deficits is not helped by the

ailure of synthetic agents to slow down or to prevent the pro-
ression of these diseases and related morbidities. This suggests
hat naturally occurring protective agents may  provide therapeutic
enefits. Among them, flavonoids, which exhibit little side effects,
re considered as the most important and well-known natural
europrotective agents and are widely found in different plant
pecies. Luteolin is one of the most important bioactive flavonoids,
hich possesses potent neuroprotective effects. In this review, con-

incing evidence has been presented for the potent antioxidant
ctivity of luteolin in several in vitro and in vivo assay systems.
uteolin also suppresses inflammation in the brain tissues and reg-
lates different cell signaling pathways. Moreover, since oxidative
tress and neuroinflammation have a crucial role in the initiation
nd progression of neurodegenerative diseases and neuronal cell
eath, antioxidants and anti-inflammatory agents, such as lute-
lin, can be used as novel therapeutic agents for the treatment of
eurodegenerative diseases. However, there are negligible clini-
al trials evaluating the therapeutic effects of luteolin in a large
ohort. Therefore, our understanding of the clinical efficacy of lute-
lin remains limited. We  recommend that future studies should
e performed to: (1) increase the bioavailability and absorption of

uteolin by different delivery systems; (2) determine the most effec-
ive doses of luteolin in humans for future clinical studies; and (3)
evisit the clinical impact of luteolin in patients with neurological
iseases.
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Ferreira, I.C., 2014. Phenolic profiling of Veronica spp. grown in mountain,
urban and sandy soil environments. Food Chem. 163, 275–283.

Baskar, A.A., Ignacimuthu, S., Michael, G.P., Al Numair, K.S., 2011. Cancer
chemopreventive potential of luteolin-7-o-glucoside isolated from Ophiorrhiza
mungos Linn. Nutr. Cancer 63 (1), 130–138.

Bertolotto, A., Granieri, L., Marnetto, F., Valentino, P., Sala, A., Capobianco, M.,
Malucchi, S., Di Sapio, A., Malentacchi, M.,  Matta, M.,  Caldano, M.,  2015.
Biological monitoring of IFN-beta therapy in multiple sclerosis. Cytokine
Growth Factor Rev. 26 (2), 241–248.

Bove, J., Prou, D., Perier, C., Przedborski, S., 2005. Toxin-induced models of
Parkinson’s disease. NeuroRx 2 (3), 484–494.

Bravo, L., 1998. Polyphenols: chemistry, dietary sources, metabolism, and
nutritional significance. Nutr. Rev. 56 (11), 317–333.

Broadstock, M.,  Doughty, C., Eggleston, M.,  2007. Systematic review of the
effectiveness of pharmacological treatments for adolescents and adults with
autism spectrum disorder. Autism 11 (4), 335–348.

Brooks, J.C., Strauss, D.J., Shavelle, R.M., Paculdo, D.R., Hammond, F.M.,
Harrison-Felix, C.L., 2013. Long-term disability and survival in traumatic brain
injury: results from the National Institute on Disability and Rehabilitation
Research Model Systems. Arch. Phys. Med. Rehabil. 94 (11), 2203–2209.

Cai, X.T., Ye, T.M., Liu, C., Lu, W.G., Lu, M.,  Zhang, J., Wang, M.,  Cao, P., 2011. Luteolin
induced G2 phase cell cycle arrest and apoptosis on non-small cell lung cancer
cells. Toxicol. In Vitro 25 (7), 1385–1391.

Carranza, M.,  Carranza, M.,  Snyder, M.R., Shaw, J.D., Zesiewicz, T.A., Snyde, M.R.,
2013. Parkinson’s Disease. A Guide to Medical Treatment. SEEd.

Chen, H.Q., Jin, Z.Y., Wang, X.J., Xu, X.M., Deng, L., Zhao, J.W., 2008. Luteolin
protects dopaminergic neurons from inflammation-induced injury through
inhibition of microglial activation. Neurosci. Lett. 448 (2), 175–179.

Cheng, H.Y., Hsieh, M.T., Tsai, F.S., Wu,  C.R., Chiu, C.S., Lee, M.M., Xu, H.X., Zhao, Z.Z.,
Peng, W.H., 2010. Neuroprotective effect of luteolin on amyloid � protein
(25–35)-induced toxicity in cultured rat cortical neurons. Phytother. Res. 24
(S1), S102–S108.

Choi, S.M., Kim, B.C., Cho, Y.H., Choi, K.H., Chang, J., Park, M.S., Kim, M.K., Cho, K.H.,
Kim, J.K., 2014. Effects of flavonoid compounds on
beta-amyloid-peptide-induced neuronal death in cultured mouse cortical
neurons. Chonnam Med. J. 50 (2), 45–51.

Coleta, M.,  Campos, M.G., Cotrim, M.D., de Lima, T.C.M., da Cunha, A.P., 2008.
Assessment of luteolin (3′ ,4′ ,5,7-tetrahydroxyflavone) neuropharmacological
activity. Behav. Brain Res. 189 (1), 75–82.

Corcoran, M.P., McKay, D.L., Blumberg, J.B., 2012. Flavonoid basics: chemistry,
sources, mechanisms of action, and safety. J. Nutr. Gerontol. Geriatr. 31 (3),
176–189.

Cordaro, M., Impellizzeri, D., Paterniti, I., Bruschetta, G., Siracusa, R., De Stefano, D.,
Cuzzocrea, S., Esposito, E., 2014. Neuroprotective effects of Co-ultraPEALut on
secondary inflammatory process and autophagy involved in traumatic brain
injury. J. Neurotrauma, http://dx.doi.org/10.1089/neu.2014.3460.

Daglia, M.,  Di Lorenzo, A., Nabavi, S.F., Talas, Z.S., Nabavi, S.M., 2014. Polyphenols:
well beyond the antioxidant capacity: gallic acid and related compounds as
neuroprotective agents: you are what you eat! Curr. Pharm. Biotechnol. 15 (4),
362–372.

De Paiva, S., Figueiredo, M.,  Kaplan, M.,  2013. Estudo fitoquímico de Plumbago
auriculata Lam. Rev. Fitos Eletrôn. 1 (02).

Di Domenico, F., Barone, E., Perluigi, M.,  Butterfield, D.A., 2015. Strategy to reduce
free radical species in Alzheimer’s disease: an update of selected antioxidants.
Expert Rev. Neurother. 15 (1), 19–40.

Dirscherl, K., Karlstetter, M.,  Ebert, S., Kraus, D., Hlawatsch, J., Walczak, Y., Moehle,
C.,  Fuchshofer, R., Langmann, T., 2010. Luteolin triggers global changes in the
microglial transcriptome leading to a unique anti-inflammatory and
neuroprotective phenotype. J. Neuroinflammation 7, 3–2094.

Donato, F., de Gomes, M.G., Goes, A.T., Filho, C.B., Del Fabbro, L., Antunes, M.S.,
Souza, L.C., Boeira, S.P., Jesse, C.R., 2014. Hesperidin exerts antidepressant-like
effects in acute and chronic treatments in mice: possible role of
-arginine-NO-cGMP pathway and BDNF levels. Brain Res. Bull. 104, 19–26.

El-Ansary, A., Al-Ayadhi, L., 2012. Neuroinflammation in autism spectrum
disorders. J. Neuroinflammation 9, 265.
El-Ansary, A., Al-Ayadhi, L., 2014. GABAergic/glutamatergic imbalance relative to
excessive neuroinflammation in autism spectrum disorders. J.
Neuroinflammation 11, 189.

http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0005
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
dx.doi.org/10.1016/j.pharep.2015.03.002
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0015
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0020
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0025
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0030
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0035
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0040
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0045
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0050
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0055
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0060
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0065
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0070
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0075
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0080
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0085
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0090
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0095
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0100
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0105
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
dx.doi.org/10.1089/neu.2014.3460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0115
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0120
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0125
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0130
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0135
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0140
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0145


search

E

F

F

G

G

G

G

H

H

H

H

I

I

J

J

J

J

J

J

K

K

K

K

K

K

K

K

S.F. Nabavi et al. / Brain Re

lhawary, S., Eltantawy, M., Sleem, A., Abdallah, H., Mohamed, N., 2011.
Investigation of phenolic content and biological activities of Scabiosa
atropurpurea L. World Appl. Sci. J. 15 (3), 311–317.

ratiglioni, L., Launer, L.J., Andersen, K., Breteler, M.M.,  Copeland, J.R., Dartigues,
J.F.,  Lobo, A., Martinez-Lage, J., Soininen, H., Hofman, A., 2000. Incidence of
dementia and major subtypes in Europe: a collaborative study of
population-based cohorts. Neurologic diseases in the Elderly Research Group.
Neurology 54 (11 (Suppl. 5)), S10–S15.

ries, J.F., 2002. Aging, natural death, and the compression of morbidity. Bull.
World Health Organ. 80 (3), 245–250.

hosh, S., Chattopadhyay, D., Mandal, A., Kaity, S., Samanta, A., 2013. Bioactivity
guided isolation of antiinflammatory, analgesic, and antipyretic constituents
from the leaves of Pedilanthus tithymaloides (L.). Med. Chem. Res. 22 (9),
4347–4359.

u, R., Wang, Y., Long, B., Kennelly, E., Wu,  S., Liu, B., Li, P., Long, C., 2013.
Prospecting for bioactive constituents from traditional medicinal plants
through ethnobotanical approaches. Biol. Pharm. Bull. 37 (6), 903–915.

uo, W.M., Kong, E., Meydani, M.,  2009. Dietary polyphenols, inflammation, and
cancer. Nutr. Cancer 61 (6), 807–810.

uttmacher, A.E., Collins, F.S., Nussbaum, R.L., Ellis, C.E., 2003. Alzheimer’s disease
and Parkinson’s disease. N. Engl. J. Med. 348 (14), 1356–1364.

arwood, M.,  Danielewska-Nikiel, B., Borzelleca, J.F., Flamm,  G.W., Williams, G.M.,
Lines, T.C., 2007. A critical review of the data related to the safety of quercetin
and  lack of evidence of in vivo toxicity, including lack of
genotoxic/carcinogenic properties. Food Chem. Toxicol. 45 (11), 2179–2205.

endrie, H.C., 1998. Epidemiology of dementia and Alzheimer’s disease. Am.  J.
Geriatr. Psychiatry 6 (2), S3–18.

u, L.W., Yen, J.H., Shen, Y.T., Wu,  K.Y., Wu,  M.J., 2014. Luteolin modulates
6-hydroxydopamine-induced transcriptional changes of stress response
pathways in PC12 cells. PLoS One 9 (5), e97880.

uynh, J., Dawson, D., Roberts, D., Bentley-Lewis, R., 2015. A systematic review of
placental pathology in maternal diabetes mellitus. Placenta 36 (2), 101–114.

ngkaninan, K., Ijzerman, A., Verpoorte, R., 2000. Luteolin, a compound with
adenosine a1 receptor-binding activity, and chromone and
dihydronaphthalenone constituents from Senna siamea.  J. Nat. Prod. 63 (3),
315–317.

ratni, R., Attoub, S., Hassan, A.H., Vanhoecke, B., Gaben, A.M., Bracke, M.,  Al-Sultan,
M., Arafat, K., Gespach, C., Petroianu, G., 2010. Inhibition of cell survival, tumor
growth and histone deacetylase (hdac) activity by the dietary flavonoid
luteolin in human epithelioid cancer cells. J. Thorac. Oncol. 5 (5), S114.

ang, S.W., Liu, X., Yepes, M.,  Shepherd, K.R., Miller, G.W., Liu, Y., Wilson, W.D., Xiao,
G.,  Blanchi, B., Sun, Y.E., Ye, K., 2010. A selective TrkB agonist with potent
neurotrophic activities by 7,8-dihydroxyflavone. Proc. Natl. Acad. Sci. U. S. A.
107  (6), 2687–2692.

ansat, J.M., Costa, J., Salva, P., Fernandez, F.J., Martinez-Tobed, A., 2002. Absolute
bioavailability, pharmacokinetics, and urinary excretion of the novel
antimigraine agent almotriptan in healthy male volunteers. J. Clin. Pharmacol.
42 (12), 1303–1310.

eon, Y.W., Suh, Y.J., 2013. Synergistic apoptotic effect of celecoxib and luteolin on
breast cancer cells. Oncol. Rep. 29 (2), 819–825.

ie, L., Tian, T., ShiXuan, L., DeTian, J., JinBo, G., Yang, T., 2014. Research on the
synthesis of luteolin-chrome complex and its scavenging of DPPH free radical
activity. Med. Plant 5 (4), 16–19.

ing-fen, L., 2006. Synthesis of luteolin Zn (II) and Cu (II) metal complexes and
characterization of their electrochemical properties. Chem. World 3, 3.

ohnson, J.L., de Mejia, E.G., 2013. Interactions between dietary flavonoids apigenin
or luteolin and chemotherapeutic drugs to potentiate anti-proliferative effect
on  human pancreatic cancer cells, in vitro. Food Chem. Toxicol. 60, 83–91.

ang, S.S., Lee, J.Y., Choi, Y.K., Kim, G.S., Han, B.H., 2004. Neuroprotective effects of
flavones on hydrogen peroxide-induced apoptosis in SH-SY5Y neuroblostoma
cells. Bioorg. Med. Chem. Lett. 14 (9), 2261–2264.

empuraj, D., Madhappan, B., Christodoulou, S., Boucher, W.,  Cao, J., Papadopoulou,
N.,  Cetrulo, C.L., Theoharides, T.C., 2005. Flavonols inhibit proinflammatory
mediator release, intracellular calcium ion levels and protein kinase C theta
phosphorylation in human mast cells. Br. J. Pharmacol. 145 (7), 934–944.

empuraj, D., Tagen, M.,  Iliopoulou, B.P., Clemons, A., Vasiadi, M.,  Boucher, W.,
House, M.,  Wolfberg, A., Theoharides, T.C., 2008. Luteolin inhibits myelin basic
protein-induced human mast cell activation and mast cell-dependent
stimulation of Jurkat T cells. Br. J. Pharmacol. 155 (7), 1076–1084.

im, J.S., Jobin, C., 2005. The flavonoid luteolin prevents
lipopolysaccharide-induced NF-kappa B signalling and gene expression by
blocking I kappa B kinase activity in intestinal epithelial cells and
bone-marrow derived dendritic cells. Immunology 115 (3), 375–387.

im, A.K., Kim, E.Y., 2012. Luteolin enhances tumor necrosis factor-related
apoptosis-inducing ligand-mediated apoptosis of Sk-Br3 human breast cancer.
Pharm. Biol. 50 (5), 594.

im, J.S., Kwon, C.S., Son, K.H., 2000a. Inhibition of alpha-glucosidase and amylase
by  luteolin, a flavonoid. Biosci. Biotechnol. Biochem. 64 (11), 2458–2461.

im, N.M., Kim, J., Chung, H.Y., Choi, J.S., 2000b. Isolation of luteolin 7-O-rutinoside
and  esculetin with potential antioxidant activity from the aerial parts of
Artemisia montana. Arch. Pharm. Res. 23 (3), 237–239.
im, M.J., Woo, J.S., Kwon, C.H., Kim, J.H., Kim, Y.K., Kim, K.H., 2012. Luteolin
induces apoptotic cell death through AIF nuclear translocation mediated by
activation of ERK and p38 in human breast cancer cell lines. Cell Biol. Int. 36
(4), 339–344.
 Bulletin 119 (2015) 1–11 9

Kritas, S.K., Saggini, A., Varvara, G., Murmura, G., Caraffa, A., Antinolfi, P., Toniato,
E., Pantalone, A., Neri, G., Frydas, S., Rosati, M.,  Tei, M., Speziali, A., Saggini, R.,
Pandolfi, F., Cerulli, G., Theoharides, T.C., Conti, P., 2013. Luteolin inhibits mast
cell-mediated allergic inflammation. J. Biol. Regul. Homeost. Agents 27 (4),
955–959.

Kuhad, A., Chopra, K., 2008. Effect of sesamol on diabetes-associated cognitive
decline in rats. Exp. Brain Res. 185 (3), 411–420.

Lee, J.K., Kim, S.Y., Kim, Y.S., Lee, W.H., Hwang, D.H., Lee, J.Y., 2009. Suppression of
the TRIF-dependent signaling pathway of Toll-like receptors by luteolin.
Biochem. Pharmacol. 77 (8), 1391–1400.

Lee, M., Lin, Y., Tsai, P., Kandaswami, C., Ke, F., Hwang, J., Lee, P., 2011. Study of the
effects of dietary flavonoids, luteolin and quercetin on the reversal of
epithelial-mesenchymal transition in a431 epidermal cancer cells. Eur. J.
Cancer 47, S115.

Lee, E.J., Oh, S.Y., Sung, M.K., 2012. Luteolin exerts anti-tumor activity through the
suppression of epidermal growth factor receptor-mediated pathway in
MDA-MB-231 ER-negative breast cancer cells. Food Chem. Toxicol. 50 (11),
4136–4143.

Li, J.F., Wang, L.S., Bai, H.Q., Yang, B., Chen, Z.G., 2010. Synthesis and structure
characterization of novel luteolin derivatives. Chem. Nat. Compd. 46 (5),
716–718.

Lim, D.Y., Cho, H.J., Kim, J., Nho, C.W., Lee, K.W., Park, J.H.Y., 2012. Luteolin
decreases IGF-II production and downregulates insulin-like growth factor-I
receptor signaling in HT-29 human colon cancer cells. BMC Gastroenterol. 12.

Lin, Y., Shi, R., Wang, X., Shen, H.M., 2008. Luteolin, a flavonoid with potentials for
cancer prevention and therapy. Curr. Cancer Drug Targets 8 (7), 634–646.

Lin, C.W., Wu,  M.J., Liu, I.Y.C., Su, J.D., Yen, J.H., 2010. Neurotrophic and
cytoprotective action of luteolin in PC12Cells through ERK-dependent
induction of Nrf2-driven HO-1 expression. J. Agric. Food Chem. 58 (7),
4477–4486.

Lin, Y.S., Tsai, P.H., Kandaswami, C.C., Cheng, C.H., Ke, F.C., Lee, P.P., Hwang, J.J., Lee,
M.T., 2011. Effects of dietary flavonoids, luteolin, and quercetin on the reversal
of  epithelial-mesenchymal transition in A431 epidermal cancer cells. Cancer
Sci.  102 (10), 1829–1839.

Lin, L.C., Pai, Y.F., Tsai, T.H., 2015. Isolation of luteolin and luteolin-7-o-glucoside
from Dendranthema morifolium ramat tzvel and their pharmacokinetics in Rats.
J.  Agric. Food Chem., http://dx.doi.org/10.1021/jf505848z.

Liu,  R., Gao, M., Qiang, G.F., Zhang, T.T., Lan, X., Ying, J., Du, G.H., 2009. The
anti-amnesic effects of luteolin against amyloid beta(25-35) peptide-induced
toxicity in mice involve the protection of neurovascular unit. Neuroscience 162
(4), 1232–1243.

Liu, Y., Tian, X., Gou, L.S., Sun, L.Y., Ling, X., Yin, X.X., 2013. Luteolin attenuates
diabetes-associated cognitive decline in rats. Brain Res. Bull. 94, 23–29.

Lopez-Lazaro, M.,  2009. Distribution and biological activities of the flavonoid
luteolin. Mini Rev. Med. Chem. 9 (1), 31–59.

Maroso, M.,  Balosso, S., Ravizza, T., Liu, J., Aronica, E., Iyer, A.M., Rossetti, C.,
Molteni, M.,  Casalgrandi, M.,  Manfredi, A.A., Bianchi, M.E., Vezzani, A., 2010.
Toll-like receptor 4 and high-mobility group box-1 are involved in ictogenesis
and  can be targeted to reduce seizures. Nat. Med. 16 (4), 413–U491.

Masters, C.L., Simms, G., Weinman, N.A., Multhaup, G., McDonald, B.L., Beyreuther,
K.,  1985. Amyloid plaque core protein in Alzheimer disease and Down
syndrome. Proc. Natl. Acad. Sci. U. S. A. 82 (12), 4245–4249.

Mastrocola, R., Restivo, F., Vercellinatto, I., Danni, O., Brignardello, E., Aragno, M.,
Boccuzzi, G., 2005. Oxidative and nitrosative stress in brain mitochondria of
diabetic rats. J. Endocrinol. 187 (1), 37–44.

Matteo, V., Esposito, E., 2003. Biochemical and therapeutic effects of antioxidants
in the treatment of Alzheimer’s disease, Parkinson’s disease, and amyotrophic
lateral sclerosis. Curr. Drug Targets CNS Neurol. Disord. 2 (2), 95–107.

McDougle, C.J., Carlezon, W.A., 2013. Neuroinflammation and autism: toward
mechanisms and treatments. Neuropsychopharmacology 38 (1), 241–242.

McPartland, J., Volkmar, F.R., 2012. Autism and related disorders. Neurobiol.
Psychiatr. Disord. 106, 407–418.

McVicar, C.M., Ward, M., Colhoun, L.M., Guduric-Fuchs, J., Bierhaus, A., Fleming, T.,
Schlotterer, A., Kolibabka, M.,  Hammes, H.P., Chen, M., Stitt, A.W., 2015. Role of
the receptor for advanced glycation endproducts (RAGE) in retinal
vasodegenerative pathology during diabetes in mice. Diabetologia 58 (5),
1129–1137.

Middleton Jr., E., Kandaswami, C., Theoharides, T.C., 2000. The effects of plant
flavonoids on mammalian cells: implications for inflammation, heart disease,
and  cancer. Pharmacol. Rev. 52 (4), 673–751.

Mousavi, S.M., Niazmand, S., Hosseini, M.,  Hassanzadeh, Z., Sadeghnia, H.R., Vafaee,
F.,  Keshavarzi, Z., 2015. Beneficial Effects of Teucrium polium and Metformin on
diabetes-induced memory impairments and brain tissue oxidative damage in
rats. Int. J. Alzheimers Dis., 493729.

Nabavi, S.F., Nabavi, S.M., Latifi, A.M., Mirzaei, M.,  Habtemariam, S., Moghaddam,
A.H., 2012a. Mitigating role of quercetin against sodium fluoride-induced
oxidative stress in the rat brain. Pharm. Biol. 50 (11), 1380–1383.

Nabavi, S.F., Nabavi, S.M., Mirzaei, M.,  Moghaddam, A.H., 2012b. Protective effect of
quercetin against sodium fluoride induced oxidative stress in rat’s heart. Food
Funct. 3 (4), 437–441.

Nabavi, S.F., Nabavi, S.M., Moghaddam, A.H., Naqinezhad, A., Bigdellou, R.,

Mohammadzadeh, S., 2012c. Protective effects of Allium paradoxum against
gentamicin-induced nephrotoxicity in mice. Food Funct. 3 (1), 28–29.

Nabavi, S.F., Nabavi, S.M., Ebrahimzadeh, M.A., Jafari, N., Yazdanpanah, S., 2013a.
Biological activities of freshwater algae, Spirogyra singularis Nordstedt. J. Aquat.
Food Prod. Technol. 22 (1), 58–65.

http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0150
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0155
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0160
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0165
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0170
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0175
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0180
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0185
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0190
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0195
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0200
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0205
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0210
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0215
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0220
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0225
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0230
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0235
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0240
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0245
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0250
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0255
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0260
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0265
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0270
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0275
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0280
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0285
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0290
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0295
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0300
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0305
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0310
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0315
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0320
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0325
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0330
dx.doi.org/10.1021/jf505848z
dx.doi.org/10.1021/jf505848z
dx.doi.org/10.1021/jf505848z
dx.doi.org/10.1021/jf505848z
dx.doi.org/10.1021/jf505848z
dx.doi.org/10.1021/jf505848z
dx.doi.org/10.1021/jf505848z
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0340
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0345
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0350
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0355
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0360
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0365
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0370
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0375
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0380
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0385
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0390
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0395
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0400
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0405
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0410
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0415


1 search

N

N

N

N

N

N

O

O

P

P

P

P

P

Q

R

R

R

R

S

S

S

S

S

S

S

S

S

S

0 S.F. Nabavi et al. / Brain Re

abavi, S.F., Nabavi, S.M., Setzer, N.W., Nabavi, S.A., Nabavi, S.A., Ebrahimzadeh,
M.A., 2013b. Antioxidant and antihemolytic activity of lipid-soluble bioactive
substances in avocado fruits. Fruits 68 (03), 185–193.

abavi, S.F., Daglia, M.,  Moghaddam, A.H., Habtemariam, S., Nabavi, S.M., 2014a.
Curcumin and liver disease: from chemistry to medicine. Compr. Rev. Food Sci.
Food Saf. 13 (1), 62–77.

abavi, S.M., Daglia, M.,  Moghaddam, A.H., Nabavi, S.F., Curti, V., 2014b. Tea
consumption and risk of ischemic stroke: a brief review of the literature. Curr.
Pharm. Biotechnol. 15 (4), 298–303.

abavi, S.F., Russo, G.L., Daglia, M.,  Nabavi, S.M., 2015a. Role of quercetin as an
alternative for obesity treatment: you are what you eat! Food Chem. 179,
305–310.

abavi, S.F., Sureda, A., Habtemariam, S., Nabavi, S.M., 2015b. Ginsenoside Rd and
ischemic stroke; a short review of literatures. J. Ginseng Res., http://dx.doi.org/
10.1016/j.jgr.2015.02.002.

ordeen, S.K., Bona, B.J., Jones, D.N., Lambert, J.R., Jackson, T.A., 2013. Endocrine
disrupting activities of the flavonoid nutraceuticals luteolin and quercetin.
Horm. Cancer 4 (5), 293–300.

’Keefe, B.M., Simmons, N., Martin, S.F., 2011. Facile access to sterically hindered
aryl ketones via carbonylative cross-coupling: application to the total
synthesis of luteolin. Tetrahedron 67 (24), 4344–4351.

rhan, I., Daglia, M.,  Nabavi, S., Loizzo, M.,  Sobarzo-Sánchez, E., Nabavi, S., 2015.
Flavonoids and dementia: an update. Curr. Med. Chem. 22 (8), 1004–1015.

andurangan, A.K., Esa, N.M., 2014. Luteolin, a bioflavonoid inhibits colorectal
cancer through modulation of multiple signaling pathways: a review. Asian
Pac.  J. Cancer Prev. 15 (14), 5501–5508.

andurangan, A.K., Dharmalingam, P., Sadagopan, S.K.A., Ramar, M., Munusamy, A.,
Ganapasam, S., 2013. Luteolin induces growth arrest in colon cancer cells
through involvement of Wnt/beta-catenin/GSK-3 beta signaling. J. Environ.
Pathol. Toxicol. Oncol. 32 (2), 131–139.

atil, S.P., Sathaye, S., 2015. Neuroprotective and neurotrophic effects of apigenin
and luteolin in MPTP induced Parkinsonism in mice. Mov. Disord. 30,
S301–S302.

atil, S.P., Jain, P.D., Sancheti, J.S., Ghumatkar, P.J., Tambe, R., Sathaye, S., 2014.
Neuroprotective and neurotrophic effects of apigenin and luteolin in MPTP
induced Parkinsonism in mice. Neuropharmacology 86, 192–202.

eters, N.K., Frost, J.W., Long, S.R., 1986. A plant flavone, luteolin, induces
expression of Rhizobium meliloti nodulation genes. Science 233 (4767),
977–980.

iao, H., Zhang, X., Zhu, C., Dong, L., Wang, L., Zhang, X., Xing, Y., Wang, C., Ji, Y.,
Cao,  X., 2012. Luteolin downregulates TLR4, TLR5, NF-�B and p-p38MAPK
expression, upregulates the p-ERK expression, and protects rat brains against
focal ischemia. Brain Res. 1448, 71–81.

ao, P.S., Satelli, A., Moridani, M.,  Jenkins, M.,  Rao, U.S., 2012. Luteolin induces
apoptosis in multidrug resistant cancer cells without affecting the drug
transporter function: involvement of cell line-specific apoptotic mechanisms.
Int. J. Cancer 130 (11), 2703–2714.

enaud, J., Nabavi, S.m., Daglia, M.,  Nabavi, S.F., Martinoli, M.G., 2015.
Epigallocatechin-3-gallate, a promising molecule for Parkinson’s disease?
Rejuvenation Res. 18 (3), 257–269.

odgers, K.M., Hutchinson, M.R., Northcutt, A., Maier, S.F., Watkins, L.R., Barth, D.S.,
2009. The cortical innate immune response increases local neuronal
excitability leading to seizures. Brain 132, 2478–2486.

uan, J.S., Zhang, L., Yan, L.G., Liu, Y.P., Yue, Z.Q., Chen, L., Wang, A.Y., Chen, W.X.,
Zheng, S.Z., Wang, S.M., Lu, Y., 2012. Inhibition of hypoxia-induced epithelial
mesenchymal transition by luteolin in non-small cell lung cancer cells. Mol.
Med. Rep. 6 (1), 232–238.

aito, Y., Nishio, K., Ogawa, Y., Kinumi, T., Yoshida, Y., Masuo, Y., Niki, E., 2007.
Molecular mechanisms of 6-hydroxydopamine-induced cytotoxicity in PC12
cells: involvement of hydrogen peroxide-dependent and -independent action.
Free Radic. Biol. Med. 42 (5), 675–685.

akai, R., Yokobe, S., Abe, N., Miyoshi, N., Murata, Y., Nakamura, Y., 2012. luteolin
overcomes resistance to benzyl isothiocyanate-induced apoptosis in human
colorectal cancer HCT-116 cells. J. Food Drug Anal. 20, 389–393.

cippo, M.L., Argiris, C., Van de Weerdt, C., Muller, M.,  Willemsen, P., Martial, J.,
Maghuin-Rogister, G., 2004. Recombinant human estrogen, androgen and
progesterone receptors for detection of potential endocrine disruptors. Anal.
Bioanal. Chem. 378 (3), 664–669.

haikh, M.F., Sathaye, S., 2011. Anticonvulsant activity of Eclipta alba using
experimental models of epilepsy. Epilepsia 52, 262.

haikh, A.M., Patil, B., Shahshtry, V.R., Gade, J., 2008. Study of the glycoside;
guteolin-7-O-beta–glucopyranoside from the flowers of Jatropha curcas (Linn.).
Res. J. Biotechnol., 438–439.

haikh, M.F., Tan, K.N., Borges, K., 2013. Anticonvulsant screening of luteolin in
four mouse seizure models. Neurosci. Lett. 550, 195–199.

himoi, K., Okada, H., Furugori, M.,  Goda, T., Takase, S., Suzuki, M.,  Hara, Y.,
Yamamoto, H., Kinae, N., 1998. Intestinal absorption of luteolin and luteolin
7-O-�-glucoside in rats and humans. FEBS Lett. 438 (3), 220–224.

mall, D.H., Mok, S.S., Bornstein, J.C., 2001. Alzheimer’s disease and Abeta toxicity:
from top to bottom. Nat. Rev. Neurosci. 2 (8), 595–598.

omfai, G.M., Knippel, B., Ruzicska, E., Stadler, K., Toth, M.,  Salacz, G., Magyar, K.,

Somogyi, A., 2006. Soluble semicarbazide-sensitive amine oxidase (SSAO)
activity is related to oxidative stress and subchronic inflammation in
streptozotocin-induced diabetic rats. Neurochem. Int. 48 (8), 746–752.

osa-Ortiz, A.L., Acosta-Castillo, I., Prince, M.J., 2012. Epidemiology of dementias
and  Alzheimer’s disease. Arch. Med. Res. 43 (8), 600–608.
 Bulletin 119 (2015) 1–11

Starkey, N.J.E., Drenkhahn, S.K., Pompeu, D., Slusarz, A., Rottinghaus, G.E., Lubahn,
D.B., 2010. Comparison of the differential estrogen receptor beta versus
estrogen receptor alpha binding affinities of 3 natural isoflavone compounds
(spinacetin patuletin, and luteolin) and 2 endogenous hydroxylated
cholesterol derivatives (25-and 27-hydroxycholesterol): implications for
hedgehog signaling in prostate cancer. Endocrinol. Rev. 31 (3).

Sternberg, Z., Chadha, K., Lieberman, A., Drake, A., Hojnacki, D.,
Weinstock-Guttman, B., Munschauer, F., 2009. Immunomodulatory responses
of  peripheral blood mononuclear cells from multiple sclerosis patients upon
in vitro incubation with the flavonoid luteolin: additive effects of IFN-beta. J.
Neuroinflammation 6, 28.

Sun, M., Zhao, Y., Gu, Y., Zhang, Y., 2015. Protective effects of taurine against closed
head injury in rats. J. Neurotrauma 32 (1), 66–74.

Taliou, A., Zintzaras, E., Lykouras, L., Francis, K., 2013. An open-label pilot study of a
formulation containing the anti-inflammatory flavonoid luteolin and its effects
on  behavior in children with autism spectrum disorders. Clin. Ther. 35 (5),
592–602.

Taylor, J.M., Main, B.S., Crack, P.J., 2013. Neuroinflammation and oxidative stress:
co-conspirators in the pathology of Parkinson’s disease. Neurochem. Int. 62 (5),
803–819.

Terry, R.D., Masliah, E., Salmon, D.P., Butters, N., DeTeresa, R., Hill, R., Hansen, L.A.,
Katzman, R., 1991. Physical basis of cognitive alterations in Alzheimer’s
disease: synapse loss is the major correlate of cognitive impairment. Ann.
Neurol. 30 (4), 572–580.

Theoharides, T.C., Doyle, R., 2008. Autism, gut-blood-brain barrier, and mast cells. J.
Clin. Psychopharmacol. 28 (5), 479–483.

Theoharides, T.C., Angelidou, A., Alysandratos, K.D., Zhang, B.D., Asadi, S., Francis,
K.,  Toniato, E., Kalogeromitros, D., 2012. Mast cell activation and autism.
Biochim. Biophys. Acta-Mol. Basis Dis. 1822 (1), 34–41.

Theoharides, T.C., Asadi, S., Panagiotidou, S., Weng, Z.Y., 2013. The missing link in
autoimmunity and autism: extracellular mitochondrial components secreted
from activated live mast cells. Autoimmun. Rev. 12 (12), 1136–1142.

Theoharides, T.C., Stewart, J.M., Hatziagelaki, E., Kolaitis, G., 2015. Brain fog,
inflammation and obesity: key aspects of neuropsychiatric disorders improved
by  luteolin. Front. Neurosci. 9, 225.

Theoharides, T.C., 2009. Luteolin as a therapeutic option for multiple sclerosis. J.
Neuroinflammation 6, 29.

Theoharides, T.C., 2012. Activation of mast cells and neuroglia leads to brain
inflammation inhibited by luteolin—implications for treatment of Alzheimer’s
and autism. Ann. Nutr. Metab. 61 (4), 324–325.

Tshikalange, T., Meyer, J., Hussein, A., 2005. Antimicrobial activity, toxicity and the
isolation of a bioactive compound from plants used to treat sexually
transmitted diseases. J. Ethnopharmacol. 96 (3), 515–519.

Ulubelen, A., Miski, M., Neuman, P., Mabry, T., 1979. Flavonoids of Salvia tomentosa
(Labiatae). J. Nat. Prod. 42 (3), 261–263.

Upadhyay, A., Agrahari, P., Singh, D., 2014. A review on the pharmacological
aspects of Terminalia chebula. Int. J. Pharmacol. 10 (6), 289–298.

Verbeek, R., van Tol, E.A., van Noort, J.M., 2005. Oral flavonoids delay recovery from
experimental autoimmune encephalomyelitis in SJL mice. Biochem.
Pharmacol. 70 (2), 220–228.

Wancata, J., Musalek, M.,  Alexandrowicz, R., Krautgartner, M.,  2003. Number of
dementia sufferers in Europe between the years 2000 and 2050. Eur.
Psychiatry 18 (6), 306–313.

Wang, L.M., Xie, K.P., Huo, H.N., Shang, F., Zou, W.,  Xie, M.J., 2012. Luteolin inhibits
proliferation induced by IGF-1 pathway dependent ER alpha in human breast
cancer MCF-7 cells. Asian Pac. J. Cancer Prev. 13 (4), 1431–1437.

Wang, L., Li, W.,  Garcia, M.,  Lilly, M.,  Mercola, D., Martins-Green, M.,  2014. Luteolin,
ellagic acid and punicic acid are natural products that inhibit prostate cancer
metastasis. Carcinogenesis 35 (10), 2321–2330.

Wei, G.I., Hwang, L.S., Tsai, C.L., 2014. Absolute bioavailability, pharmacokinetics
and excretion of 5,7,3′ ,4′-tetramethoxyflavone in rats. J. Funct. Foods 7,
136–141.

Weng, Z., Patel, A.B., Panagiotidou, S., Theoharides, T.C., 2015. The novel flavone
tetramethoxyluteolin is a potent inhibitor of human mast cells. J. Allergy Clin.
Immunol. 135 (4), 1044–1052 e1045.

Werner, C., Engelhard, K., 2007. Pathophysiology of traumatic brain injury. Br. J.
Anaesth. 99 (1), 4–9.

Xie, F., Lang, Q.Y., Zhou, M.,  Zhang, H.X., Zhang, Z.S., Zhang, Y.F., Wan, B., Huang, Q.,
Yu,  L., 2012. The dietary flavonoid luteolin inhibits Aurora B kinase activity and
blocks proliferation of cancer cells. Eur. J. Pharm. Sci. 46 (5), 388–396.

Xu, J., Wang, H., Ding, K., Zhang, L., Wang, C., Li, T., Wei, W.,  Lu, X., 2014. Luteolin
provides neuroprotection in models of traumatic brain injury via the Nrf2-ARE
pathway. Free Radic. Biol. Med. 71, 186–195.

Xue, X., Liu, H., Qi, L., Li, X., Guo, C., Gong, D., Qu, H., 2014. Baicalein ameliorated the
upregulation of striatal glutamatergic transmission in the mice model of
Parkinson’s disease. Brain Res. Bull. 103, 54–59.

Yan, S.F., Ramasamy, R., Naka, Y., Schmidt, A.M., 2003. Glycation, inflammation,
and RAGE—a scaffold for the macrovascular complications of diabetes and
beyond. Circ. Res. 93 (12), 1159–1169.

Yan, J.Q., Wang, Q., Zheng, X.L., Sun, H., Zhou, Y.Q., Li, D.X., Lin, Y., Wang, X., 2012.
Luteolin enhances TNF-related apoptosis-inducing ligand’s anticancer activity

in a lung cancer xenograft mouse model. Biochem. Biophys. Res. Commun. 417
(2),  842–846.

Youdim, M.,  Buccafusco, J., 2005. CNS targets for multi-functional drugs in the
treatment of Alzheimer’s and Parkinson’s diseases. J. Neural Transm. 112 (4),
519–537.

http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0420
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0425
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0430
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0435
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
dx.doi.org/10.1016/j.jgr.2015.02.002
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0445
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0450
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0455
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0460
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0465
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0470
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0475
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0480
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0485
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0490
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0495
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0500
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0505
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0510
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0515
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0520
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0525
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0530
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0535
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0540
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0545
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0550
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0555
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0560
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0565
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0570
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0575
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0580
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0585
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0590
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0595
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0600
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0605
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0610
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0615
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0620
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0625
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0630
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0635
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0640
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0645
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0650
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0655
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0660
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0665
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0670
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0675
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0680
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0685
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0690
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0695


search

Z

Z

Z

Z

Z

Luteolin protects against reactive oxygen species-mediated cell death induced
by zinc toxicity via the PI3K-Akt-NF-kappa B-ERK-dependent pathway. J.
Neurosci. Res. 89 (11), 1859–1868.

de Lau, L.M., Breteler, M.M.,  2006. Epidemiology of Parkinson’s disease. Lancet
S.F. Nabavi et al. / Brain Re

hang, Q., Wan, L., Guo, Y., Cheng, N., Cheng, W.,  Sun, Q., Zhu, J., 2009.
Radiosensitization effect of luteolin on human gastric cancer Sgc-7901Cells. J.
Biol. Regul. Homeost. Agents 23 (2), 71–78.

hang, Y.C., Gan, F.F., Shelar, S.B., Ng, K.Y., Chew, E.H., 2013. Antioxidant and Nrf2
inducing activities of luteolin, a flavonoid constituent in Ixeris sonchifolia
Hance, provide neuroprotective effects against ischemia-induced cellular
injury. Food Chem. Toxicol. 59, 272–280.

hang, J., Liu, M.,  Cui, W.,  Yang, J., Yang, B., 2014. Total synthesis of luteolin. J.
Chem. Res. 38 (1), 60–61.

hang, Y.W., Zhang, J.Q., Liu, C., Wei, P., Zhang, X., Yuan, Q.Y., Yin, X.T., Wei, L.Q.,
Cui,  J.G., Wang, J., 2015. Memory dysfunction in type 2 diabetes mellitus

correlates with reduced hippocampal CA1 and subiculum volumes. Chin. Med.
J.  128 (4), 465–471.

hao, Y.X., Yang, G.T., Ren, D.M., Zhang, X.M., Yin, Q.W., Sun, X.F., 2011. Luteolin
suppresses growth and migration of human lung cancer cells. Mol. Biol. Rep. 38
(2), 1115–1119.
 Bulletin 119 (2015) 1–11 11

Zhou, P., Li, L.P., Luo, S.Q., Jiang, H.D., Zeng, S., 2008. Intestinal absorption of
luteolin from peanut hull extract is more efficient than that from individual
pure luteolin. J. Agric. Food Chem. 56 (1), 296–300.

Zhou, Q., Yan, B., Hu, X.W., Li, X.B., Zhang, J., Fang, J., 2009. Luteolin inhibits
invasion of prostate cancer PC3 cells through E-cadherin. Mol. Cancer Ther. 8
(6),  1684–1691.

Zhou, F.T., Qu, L.N., Lv, K., Chen, H.L., Liu, J.K., Liu, X.M., Li, Y.H., Sun, X.C., 2011.
Neurol. 5 (6), 525–535.

http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0700
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0705
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0710
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0715
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0720
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0725
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0730
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0735
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740
http://refhub.elsevier.com/S0361-9230(15)30030-7/sbref0740

	Luteolin as an anti-inflammatory and neuroprotective agent: A brief review
	1 Introduction
	2 Sources of luteolin
	3 Isolation from natural sources
	3.1 Luteolin glycosides
	3.2 Luteolin pyranosides
	3.3 Luteolin rutinoside and esculetin

	4 Synthesis of luteolin derivatives
	4.1 Semi-synthetic methods
	4.2 Synthetic methods
	4.3 Metal complexes of luteolin

	5 Bioavailability, oral absorption and safety profile of luteolin
	5.1 Bioavailability and oral absorption
	5.2 Toxicity

	6 Mechanism of action of luteolin in the central nervous system
	7 Neuroprotective effects of luteolin
	7.1 Epilepsy
	7.2 Autism spectrum disorders
	7.3 Alzheimer’s disease
	7.4 Parkinson’s disease
	7.5 Diabetes-associated cognitive decline
	7.6 Traumatic brain injury
	7.7 Multiple sclerosis

	8 Conclusion and recommendations
	Conflict of interest
	References


