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Hydrogen  sulfide  (H2S)  has been  identified  as a vasodilatory,  neuromodulatory,  and  anti-inflammatory
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gasotransmitter  with  antioxidant  properties.  Studies  focused  in  cardiac  tissue  suggest  H2S functions  as  a
protective  agent;  however  in the  central  nervous  system  (CNS)  the  effects  of H2S during  states  of stress
or  injury,  such  as stroke,  remain  controversial.  Currently,  the application  of  H2S  donors  and  modulators
in  stroke  depends  on  the  type  of  H2S donor  and  the  timing  of  the therapy.
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. Background

Stroke remains one of the leading causes of mortality world-

ide. Notably, in the United States a stroke occurs every forty

econds and death due to stroke occurs every four minutes. In
ddition to high mortality, stroke is also a well-known cause of

∗ Corresponding author.
E-mail address: cpatt7@lsuhsc.edu (C.B. Pattillo).

ttps://doi.org/10.1016/j.pathophys.2018.10.005
928-4680/© 2018 Published by Elsevier B.V.
disability, particularly in those above the age of 65. Strokes can be
classified as ischemic or hemorrhagic based on the mode of cerebral
artery damage. Ischemic stroke, characterized by an occlusion of
vessels supplying the brain, accounts for ∼87% of stroke incidences

worldwide. The remaining ∼13% of cases are hemorrhagic strokes,
which are caused by rupture of cerebral vessels [1]. In this review,
vaso-occlusive stroke and the effects of H2S on various aspects of
stroke are discussed.

https://doi.org/10.1016/j.pathophys.2018.10.005
http://www.sciencedirect.com/science/journal/09284680
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.1. Vaso-occlusive stroke and risk factors

Vascular occlusive crises in the brain are the primary cause
f ischemic stroke [2]. As classified by the Trial of Org 10,172 in
cute Stroke Treatment (TOAST), ischemic stroke can be caused
y large-artery atherosclerosis, cardioembolism, small-artery or

acunar occlusions, and other unknown causes. Following vascular
lockage, ischemia (mainly in the cerebellum) develops and estab-

ishes a highly necrotic, unsalvageable “core” region, or umbra, and
 salvageable penumbra. Lack of blood flow in the core region leads
o neuronal death by necrotic events and apoptotic mechanisms [3],
hile the penumbra shows varying degrees of apoptotic cell death,

tress, and survival. Rescuing this partially perfused penumbra is
he goal of stroke therapy. Experimental models in rodents have
hown a strong correlation between an initial decrease in blood
ow and the infarct size. For example, a 75% decrease in cerebral
lood flow is associated with a 95% higher chance of infarction,
hile a <50% reduction in cerebral blood flow results in <5% risk

f infarct formation [2]. Transient ischemic attack (TIA) occurs as
 result of focal and temporary ischemia that leads to reversible
eurological loss. TIA is also known to increase the subsequent

ncidence of stroke [4]. Certain diseases (obesity, diabetes, hyper-
ension and hyperlipidemia) increase risk of cerebral ischemic
vents, but may  be managed by lifestyle changes. However, other
isk factors cannot be controlled (gender, age, ethnicity, and family
istory) [5].

Incidence of ischemic stroke differs between sexes in young
dults, with a higher incidence due to intracerebral hemorrhage
n young males ages 25–34 [6]. However, the prevalence, sever-
ty, and morbidity, due to subarachnoid hemorrhage, is greater in
lder females (35–45) than in males of the same age [6]. This differ-
nce is attributed to the decrease in protective gonadal hormone
nd estrogen (E2) in post-menopausal women. A similar effect is
bserved in males with decreased testosterone levels. A decrease in
onadal hormones results in a more inflammatory environment in
lderly brains, which leads to increased susceptibility to stroke and

 greater rate of morbidity. Estrogen replacement therapy (ERT) is
elpful only when it is started immediately after menopause; oth-
rwise, ERT can have adverse effects. Delayed ERT in clinical trials
ncreased infarct volume, severity, and mortality in women. This is
lso true for the effect of testosterone on stroke in males, suggest-
ng an important role for gonadal hormones in altering vasculature
7].

Ischemic stroke in adults over 65 years old is more com-
on  [8]. In young adults ischemic preconditioning of the brain

lays an important role in decreasing the probability of a future
schemic event; however, cerebral ischemic preconditioning offers
ecreased protection in elderly brains due to altered metabolism
s well as increased reactive oxygen species (ROS) [9]. A per-
istent pro-inflammatory environment with elevated levels of
umor necrosis factor-alpha (TNF-�)  and interleukin (IL)-6 has
een reported in the elderly population [10,11]. This increase in
ro-inflammatory cytokines in elderly brains is termed “inflamm-
ging.” It is thought to be a natural adaptive mechanism to protect
he aged brain. However, according to Lucke-Wold et al., this pro-
nflammatory environment may  contribute to the high prevalence
f ischemic stroke in the elderly population [11].

.2. H2S in stroke

In the following sections we will discuss various aspects of

schemic stroke and the role of H2S. We  will discuss the role of H2S
nd ion channels during stroke, the influence of H2S on brain edema
s well as its control of oxidative stress and ROS, and finally H2S
ependent signaling. Before we proceed to the discussion of these
hysiology 26 (2019) 1–10

topics it is first important to understand how H2S is synthesized
and degraded under physiological conditions.

1.3. H2S biosynthesis and degradation

(See Fig. 1 for a graphical representation of this section)

1.3.1. Biosynthesis
H2S has been extensively re-evaluated following the discov-

ery of enzymes that produce endogenous H2S in the brain. The
concentration of H2S in the brain was estimated to be around
50–160 �M [12] in earlier studies, however these values have
been largely debunked as overestimations. Measurement tech-
niques have become more sophisticated and ranges in the brain
appear to be lower. H2S measurements taken from tissue using
gas chromatography immediately after death under anoxic con-
ditions showed that mouse brains contain approximately 17 nM
of free sulfide [13]. This value decreases with time, showing the
volatility of H2S. Another study using gas chromatography showed
approximately 175 nmol/gram of protein of H2S exists as an acid
labile pool in rat brains, the free H2S was estimated to be less than
9.2 �M,  and the bound H2S to be around 6 �M /gram of protein
[14]. Another study demonstrated that accurate biological mea-
surements can be made using a monobromobimane (MBB) method
with HPLC [15], despite this methylene blue (MB) is the most com-
monly used measure, however it results in an overestimation due
to both the 670 nm wavelength measured and the liberation of
acid labile sulfur species. Ultimately H2S sensitive probes may pro-
vide the best measure of intracellular concentrations of H2S. There
are three major cytosolic enzymes involved in endogenous H2S
production: cystathionine � synthase (CBS), cystathionine � lyase
(CSE) and 3-mercaptosulfur transferase (3-MST).

CBS is a tetrameric protein encoded by the CBS gene that is
located on chromosome 21q22.3 in humans. CBS is the only known
pyridoxal phosphate (PLP)-dependent enzyme that contains heme.
Heme binds reversibly to CBS and can be displaced by carbon
monoxide (CO), making CO and H2S metabolism possibly antag-
onistically regulated. Heme is important but not essential for CBS
enzymatic activity; mutant CBS that cannot bind heme still pos-
sesses ∼25% activity of the wild-type protein [16]. CBS acts on
its substrate homocysteine and l-serine to produce H2S. Addition-
ally, S-adenosyl methionine (SAM) allosterically activates CBS [17].
CBS is predominantly expressed in the brain, making it relevant
to stroke studies [18]. In particular, astrocytes and glial cells are
major depots of CBS in the brain. CBS in reactive astrocytes can be
triggered by TGF-�, EGF, and cAMP in order to generate H2S [19].

CSE is another tetrameric [20] PLP-dependent enzyme in the
H2S metabolic pathway. In humans, the CSE gene is found on chro-
mosome 1p31.1. CSE catalyzes the conversion of cystathionine to
cysteine, 2-ketobutyrate, and ammonia. l-cysteine and homocys-
teine can also serve as substrates for CSE [21]. The activity of the CSE
enzyme is augmented two-fold by the calcium-calmodulin com-
plex [22]. CSE is the main enzyme producing H2S in endothelial
cells that line blood vessels [19].

3-MST (Mercapto-sulfur transferase) and CAT (cysteine amino
transferase) function cooperatively to produce H2S and are found
in both the mitochondria and cytosol [23]. In the aminotransferase
reaction catalyzed by CAT, cysteine and �-ketoglutarate are con-
verted to 3-mercaptopyruvate (3-MP;). 3-MP is the substrate for
3-MST in H2S production via a persulfide intermediate. This reac-
tion requires thioredoxin or dihydrolipoic acid (DHLA) to act as
reducing agents. Thiosulfate can also be a substrate for 3-MST;

DHLA would then function as the specific physiologic reducing
agent for this reaction. Thioredoxin and DHLA can also release
H2S from sulfane-sulfur under physiologic conditions (refer to
“Other Sulfur Sources” for a more thorough discussion of sulfane-
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Fig. 1. Graphical representation depicting H2S biosynthesis and degradation. H2S biosynthesis pathways of three major cytosolic enzymes involved in endogenous H2S
production: cystathionine � synthase (CBS), cystathionine � lyase (CSE) and 3-mercaptosulfur transferase (3-MST) have been detailed in the cytosol and mitochondria.
Degradation of H2S by three mitochondrial enzymes: quinone reductase (SQR), sulfur dioxygenase (SDO, ETHE1), and thiosulfate sulfurtransferase (TST) is shown within the
mitochondria.
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ulfur). The 3-MST/CAT pathway is inhibited by increases in calcium
23]. 3-MST produces bound-sulfur more efficiently than CBS due
o its relatively high sulfur carrying capacity. 3-MST plays a major
ole in producing H2S in neurons [19].

.3.2. Degradation
Although H2S formation is an essential process, H2S disposal is

ust as important. H2S mediates reversible inhibition of cytochrome
 oxidase, the terminal electron acceptor in oxidative phospho-
ylation. The inhibitory constant of hydrogen sulfide that causes
nhibition of cytochrome c oxidase, thereby effectively shutting
own mitochondrial respiration and ATP synthesis, is 0.45 �m [24].

n order to prevent inhibition, the “sulfide disposal unit” converts
2S to thiosulfate. There are three mitochondrial enzymes involved

n the disposal of H2S: quinone reductase (SQR), sulfur dioxygenase
SDO, ETHE1), and thiosulfate sulfurtransferase (TST). SQR, an inner

itochondrial flavoprotein, oxidizes H2S, producing two  persul-
des (-SSH). Sulfur dioxygenase consumes molecular oxygen and
ater to convert one persulfide to sulfite. Sulfite then reacts with

he other persulfide to produce thiosulfate in a reaction catalyzed
y TST [25].

H2S produced as a result of these enzymatic actions is not stable
t physiological pH, and spontaneously dissociates into hydrogen
ulfide anions (SH−). Originally, these anionic sulfide species were
onsidered biologically inactive. However, an anion channel of the
ormate/nitrate transporter family, FNT3, in Clostridium difficle was
ecently discovered; a human orthologue is yet to be identified [26].

.3.3. Other sulfur sources
In addition to H2S, sulfur exists in other forms such as bound

ulfur and acid-labile sulfur. Bound sulfur, or sulfane-sulfur, is a
erm given to sulfur bound to sulfur. H2S bound to sulfur in pro-
eins, an addition of sulfur to elemental sulfur, or an addition of
ulfur to disulfide can generate polysulfides. Bound sulfur acts both
s a source of sulfide storage and can exert regulatory control
f proteins [19,27]. Bound sulfur is released efficiently from neu-
ons and astrocytes in the presence of glutathione (GSH), a cellular
ntioxidant. In addition, a slightly alkaline cytosolic environment in
strocytes, created by surrounding neuronal excitation, is sufficient
o release bound sulfur from astrocytic cytosol [28]. Acid-labile
ulfur is the sulfur that is bound to iron-sulfur clusters; it is pri-
arily of mitochondrial origin [19]. Ogasawara et al. speculated

hat sulfur may  be transported through bonding of proteins, by
erum albumin, or by an unknown transport mechanism in vivo
27]. Trisulfides and polysulfides are extra elemental sulfur addi-
ions to protein disulfide bridges that require the presence of H2S
nd are thought to be rapid-release storehouses for H2S [29]. A
inetic study by Nagy et al. demonstrated that hypochlorous acid,

 product of neutrophil myeloperoxidase, reacts with H2S at a pH
f 7.4 to generate polysulfides [30]. These polysulfides have been
bserved since 1959 in many proteins in vitro including the hepta-
ulfide superoxide dismutase and the trisulfide glutathione. 3-MST
as recently been shown to generate polysulfides in rat brain [31].

.3.4. H2S mode of action
H2S, like nitric oxide (NO), is known to mediate post-

ranslational modifications of proteins by the addition of extra
ulfur to reactive cysteine residues. This modification is called
-sulfhydration or sulfhydration. Sulfhydration is thought to be
mportant in activation or inactivation of many classes of proteins,
ncluding ion channels such as ATP-dependent potassium channels,

RPV3, TRPV6, TRPM [32], enzymes, and transcription factors (NF-
B, Nrf2) [33]. Modulation of ion channels and inflammatory and
ntioxidant transcription factors by H2S post stroke may  play a role
n attenuation of edema and inflammation.
hysiology 26 (2019) 1–10

2. Stroke, ion channels, and role of H2S

Glucose and oxygen deprivation is detrimental to the brain as a
result of ATP depletion that occurs during the ischemic period [2];
glycolysis is a major contributor of reducing equivalents in the ATP-
generating oxidative phosphorylation (OXPHOS) pathway. Loss of
ATP leads to ion homeostasis imbalance in the cells due to the
failure of ATPases, or ATP dependent-ion transporters [34] that reg-
ulate the influx of calcium and sodium. This also results in an efflux
of potassium due to subsequent ATP depletion and calcium accu-
mulation [35,36]. Increases in intracellular calcium result in the
release of glutamate, an excitatory neurotransmitter, which per-
petuates calcium overload and the activation of calcium-dependent
lipases and proteases [36]. These events result in increased ROS
production, the opening of mitochondrial permeability transition
pores, inflammation, and neuronal cell death [36,37]. Under normal
conditions, astrocytes surrounding the neurons take up the extra
glutamate and rescue the neurons from excitotoxicity (Fig. 2) [38].
However, during ischemia, damaged astrocytes may  contribute to
exacerbation of ischemic reperfusion injury due to the inhibition of
a major glutamate transporter (GLT1) [38]. In this section, the role
of H2S in glutamate excitotoxicity and ion channel regulation and
its relevance to stroke are discussed.

H2S is a well-accepted neuronal mediator. Abe and Kimura
showed that H2S (administered as NaHS) activates the NMDA
receptor at concentrations between 10 and 130 �M (concentra-
tions of 320 �M and 640 �M appeared to be toxic) resulting in
long-term potentiation (LTP), a process important in learning and
memory [18]. Neuronal activation results in a release of neuro-
transmitters, including glutamate that activates NMDA receptors.
This in turn leads to an elevation of astrocytic intracellular cal-
cium. The presence of neurons is a requirement for H2S release
from astrocytes and increase in intracellular calcium in astrocytes
[39]. Astrocytes produce 7.57 fold more H2S than microglial cells
in vitro [40]. For this study H2S production was  measured to be
between 0.24 and 66.89 �mol/g/h using the MB  assay. H2S acti-
vates transient receptor potential A1 (TRPA1) channels leading to
calcium influx and an activation of astrocytes by calcium wave
transmission post-neuronal activation. D-serine is then released
from astrocytes, which subsequently activates NMDA channels
[30,41]. The ensuing interaction between neurons and astrocytes
then facilitates LTP [12]. More recent studies suggest that poly-
sulfides, are 300 times more potent than H2S in activating TRPA1
receptors, 0.5 �M of Na2S3 elicited a response similar to 160 �M
NaHS [31]. Polysulfides activate NMDA by sulfhydration that fol-
lows H2S-dependent reduction of the cysteine disulfide in the
extracellular domain of the receptor [41]. Although LTP is essential
for normal physiological processes such as learning and memory,
activation of NMDA channels by H2S is possibly deleterious in
stroke conditions due to glutamate excitotoxicity. As mentioned
in the previous paragraph, glutamate, a neurotransmitter, binds
to its receptor on neurons triggering calcium influx that in turn
leads to neuronal toxicity and death. In contrast, experimental
data suggests that glutamate toxicity during ischemia is attenu-
ated by the action of H2S on KATP and CFTR Cl− channels in vitro
[42] and by the upregulation of GLT1 transporters [43]. Neverthe-
less, Cheung et al. provided evidence for H2S mediated cell death
due to excess glutamate in mature mouse cortical neurons (Fig. 2).
A concentration of 100 �M extracellular glutamate increased cell
death, which was then exacerbated by 25 �M sodium hydrosulfide
(NaHS). Co-treatment of NaHS and glutamate activated calpains,
calcium-dependent cysteine proteases, rather than caspases. Cal-

pains in turn mediated lysosomal membrane destabilization that
lead to protease release and cell death in mature cortical neurons
(Fig. 2) [44]. Concentrations of NaHS 200 �M and above induced
significant decreases in mature neuron cell viability. The contra-
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ig. 2. Interactions between astrocytes and neurons for GSH and H2S handling. Ast
or  neuronal GSH production, both preventing neuronal excitotoxicity. Increased ac

ediated cell death with excess glutamate by activating protease release.

ictory role of H2S in glutamate toxicity in the above-mentioned
tudies [42,44] is due to the use of mature and immature neurons.
mmature neurons do not express all the glutamate receptors of
he mature neurons [44]. In addition, astrocyte-neuronal co-culture
xperiments revealed that the oxidant-induced purinergic receptor
P2YR) increases intracellular calcium, resulting in mitochondrial
alcium elevation. This increase in mitochondrial calcium level is
ufficient to activate enzymes in the Krebs cycle that donate reduc-
ng equivalents to OXPHOS, thereby increasing ATP production and

aintaining mitochondrial membrane integrity [45], two impor-
ant events affected by ischemia. Although Fu et al. utilized vascular
mooth muscle cells; they demonstrated stress-induced H2S pro-
uction in mitochondria (4–12 nmol/g H2S as measured by MB)
nd a subsequent increase in ATP production [46]. Translocation of
SE from the cytosol to the mitochondria involves TOM 20, a mito-
hondrial outer membrane protein, and calcium. H2S produced in
his manner increases ATP in vascular smooth muscle cells [46].
n the same note, the ability of H2S to increase ATP production
fter myocardial infarctions is one of its protective roles against
isease progression. Moreover, pretreatment with H2S donor NaHS
300 �M)  also prevented oxygen-glucose deprivation, an in vitro
imulation of ischemia, as well as induced ROS-mediated mito-
hondrial membrane potential changes in cultured cortical neurons
fter 12 h of reperfusion [47]. Mitochondrial membrane potential
hanges activate caspase-3 and is then attenuated by NaHS in neu-
onal cell culture, thus offering protection to cortical neurons from

poptosis [47]. The contradictory role of H2S in neurons raises ques-
ions. Is preserving mitochondrial membrane integrity relevant
o glutamate-dependent calcium overload in the stroke-affected
rain? Does H2S cause mature neuronal death in the stroke-affected
s take up excess glutamate surrounding the neurons and provide a cysteine source
of Xc− antiporters as seen in mature neurons can heighten neuronal toxicity by H2S

brain? It is noteworthy to remember that CSE and CBS are calcium-
dependent enzymes and elevated intracellular calcium may  lead to
increased H2S production.

3. Brain edema, oxidative stress and ROS

3.1. Brain edema

A common characteristic in the pathology of brain ischemia is
edema. As mentioned in the previous section, alterations in ion
channels results in ion imbalance, stimulating influx of water to
maintain osmolarity resulting in edema. Edema increases infarct
volume and loss of neurological function, indirectly contributing
to stroke-induced disabilities. Water is not freely permeable across
the plasma membrane and requires channel proteins called aqua-
porins (AQP). Aquaporin 4 (AQP4) has been implicated in edema
formation after ischemic stroke. Exogenous H2S administered as a
gas (40 and 80 ppm of H2S) during reperfusion following middle
cerebral artery occlusion (MCAO) in rats decreased AQP4 expres-
sion by enhancing protein kinase C (PKC) activity. AQP4 inhibition
resulted in protection against brain edema by decreasing the edema
volume from 21% to 7% as well as improvement in neurological
function (motor and sensorimotor), which was inversely related to
infarct volume [48]. In addition, to altered ion homeostasis, changes
in blood brain barrier (BBB) integrity also lead to brain edema after
stroke. Jiang et al, found that inhibition of CSE and 3-MST (H2S

generating enzymes) using topical application of pharmacological
agents protected against early BBB dysfunction 3 h after reperfu-
sion. This was  confirmed after subjecting CSE −/- mice to MCAO
[49]. In a separate study, administration of the H2S donor ADT
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50 mg/kg/day) or NaHS (25 �mole/kg/day) after 3 h of reperfusion
rotected BBB integrity 48 h later [50]. Brain concentrations of H2S
or this study were measured to be between 30 and 75 �M using
he MB  assay. Upregulation of matrix metalloproteinase (MMP) 9
n the ischemic area results in the degradation of tight junction
roteins like occludin and zona occludens (ZO-1). Intraperitoneal
dministration of H2S in mice prevented the loss of tight junction
roteins like occludin and ZO-1 by decreasing NADPH oxidase (Nox)

 mediated overexpression of MMP9  in the ischemic area, thus
ecreasing brain edema and preserving BBB integrity [50]. These
wo studies demonstrate a deleterious effect of H2S (edema) during
eperfusion, but a beneficial effect (protection against loss of barrier
unction) immediately following reperfusion. New questions arise
rom these two studies: Will blocking H2S during reperfusion and
upplementing H2S after 3 h result in full protection? Is the initial
dema required for H2S to play a role following reperfusion? Etc.?

.2. Oxidative stress and ROS

Following ischemia reperfusion injury, infarct volume correlates
ith the severity of brain injury. Efforts to decrease this infarct

olume have been the subject of numerous investigations. The
rain has high metabolic requirements making it vulnerable to
xidative stress [51]. Vascular reperfusion results in excess gen-
ration of mitochondrial ROS, primarily through electron leakage
t complexes I and III in the electron transport chain, triggering
poptosis. Sources of ROS generation in the cell include mitochon-
ria, superoxide-producing enzymes like xanthine oxide, NADPH
xidase and hydrogen peroxide-producing enzymes like superox-
de dismutase, etc. ROS scavengers include antioxidants such as
lutathione, as well as enzymes such as superoxide disumutase
scavenges superoxide), and catalase (scavenges hydrogen perox-
de). In this section, we will discuss the role of H2S in combating
uperoxide anion and enhancing GSH in brain cells.

In cultured brain endothelial cells and hippocampal neuronal
ell lines, Na2S (50 �M)  or NaHS (50 and 250 �M)  is reported to
ncrease activity of antioxidant enzymes like superoxide dismutase,
atalase, and glutathione peroxidase [52,53]. A similar effect was
bserved when NaHS (5 mg/kg) was administered 2 h after MCAO
n Sprague–Dawley rats [53]. H2S (5 �m NaHS) reversibly inhibits
Ox in vesicles released by cortical neurons at synapses by the
irect reduction of membrane-bound intravesicular cytochrome
5, thus decreasing superoxide production [54]. Aside from these

ndirect effects on ROS, H2S is known to react with nitric oxide and
eutralize peroxynitrite [55]. Chan et al. demonstrated that 300 �M
aHS was cytotoxic to primary cortical astrocytes when given prior

o 8 h of oxygen glucose deprivation [56]. In addition, permanent
schemia in transgenic mice overexpressing superoxide dismutase

 (SOD1) decreases infarct volume and edema. Furthermore, SOD
 overexpression increases cellular antioxidants such as GSH and
scorbate [57]. in vivo experiments provide evidence for the role
f H2S in many pathways that combat oxidative stress, including
he glutathione cycle, enzyme activation, and transcription factors
ertinent to redox balance. In ischemic disease such as critical limb

schemia sulfide levels are decreased in skeletal muscle which cor-
elates to a decrease in Nrf2 and its downstream targets such as
OD1, catalase and glutathione peroxidase, all important regula-
ors of ROS homeostasis in the cell [58]. This investigation by Islam
t al, showed that tissue ischemia decreases sulfide levels that may
e critical in maintaining redox homeostasis suggesting that exoge-
ous supplementation of H2S maybe beneficial in ischemic stroke;
owever these experiments have yet to be performed in the brain.
H2S (NaHS 100–150 �M)  is known to increase intracellular GSH
evels [59,60] by increasing the transport of cystine, an amino
cid formed from two cysteine subunits, into the cells through the
lutamate/cystine antiporter, Xc−. The Xc− antiporter allows glu-
hysiology 26 (2019) 1–10

tamate efflux and cystine influx. Both glutamate and cystine act
as competitive inhibitors for each other. Thus, excess extracellular
glutamate inhibits cystine uptake. This process thereby decreases
intracellular cysteine, one of the substrates for �-glutamyl cys-
teinyl ligase, a rate-limiting enzyme in GSH biosynthesis. Cysteine
provided by astrocytes serves as an important source of neuronal
GSH production [61]. Accordingly, H2S supplementation by NaSH
(100 �M),  with or without glutamate, attenuated excitotoxicity
and increased intracellular GSH levels in a dose-dependent man-
ner in primary neuronal cultures [62]. Notably, this increase in
GSH can be attributed to H2S-dependent increased activity of Xc-
antiporters, which increased intracellular cysteine as much as six-
fold under glutamate overload in the extracellular space. Kimura
et al. attribute this increase in intracellular cysteine to the direct
role of H2S in reducing cystine to cysteine [62] suggesting that
H2S may  contribute to both the import of cystine and its subse-
quent conversion to cysteine. In addition, H2S increases the activity
of the rate-limiting enzyme, �-glutamycysteinyl synthetase, in
GSH synthesis and activates the nuclear transcription factor Nrf2.
Nrf2 promotes GSH synthesis and transport while decreasing GSH
catabolism [63]. Furthermore, metabolic radiolabelling confirms
the incorporation of cysteine generated by transsulfuration path-
way, such as by CBS and CSE, into glutathione in astrocytes and
neurons [64]. These studies imply that H2S may  be beneficial in
boosting the cellular antioxidant defense mechanism in stroke
brain.

4. H2S-dependent signal transduction

(see Fig. 2 for a reference to signaling and Fig. 3 for astrocyte and
neuronal specific signaling detailed in this section)

4.1. NF-�B signaling and role of H2S

Nuclear factor �B (NF-�B) is a heterodimeric transcription fac-
tor comprised of DNA binding and transcription activator partners.
Of the many associated partners, p50 (DNA binding) and p65 (tran-
scriptional regulator) are commonly studied in stroke. Many agents,
including inflammatory cytokines and oxidants, activate NF-�B. In
stroke-affected brains, NF-�B expression correlates with the sever-
ity of damage and neuronal apoptosis. In the forebrain of rats
that underwent global brain ischemia, NF-�B translocation (both
p50 and p65 subunit) to the nucleus was  observed at 24 h. The
degenerating or apoptotic neurons in the hippocampus showed
persistent activation until 72 h post-ischemia suggesting a dual role
of this transcription factor in apoptotic and non-apoptotic neu-
rons [65]. In a rat transient MCAO model, Gabriel et al. reported
a similar period for p65 induction due to reactive astrocyte and
microglial/macrophage activity [66]. In addition, excitotoxicity of
rat striatal neurons triggered p65 activation and apoptosis by
upregulation of c-myc and p53 gene products leading to apoptosis
[67]. Of note, heat shock protein 70 (HSP70) - expressing neurons
did not undergo apoptosis, possibly by inhibiting the NF-�B path-
way [68]. Taken together, these findings highlight the importance of
studying NF-�B signaling pathway in cerebral ischemia. The impor-
tant relationship between NF-�B signaling and H2S has been the
subject of several studies discussed in the following section.

Binding of tumor necrosis factor (TNF)-� to its receptor releases
NF-�B from its inhibitor (I�B�), which stabilizes NF-�B in the cyto-
sol, allowing NF-�B to translocate to the nucleus and activate the
target gene. TNF − � increases CSE expression by its action on

SP1, another transcription factor, increasing cellular H2S levels.
H2S enhances activity of the NF-�B p65 subunit by sulfhydrat-
ing cys38 residue, a post-translational modification that enhances
p65 and ribosomal protein S3 (RPS3) binding, leading to anti-



P. Gopalakrishnan et al. / Pathophysiology 26 (2019) 1–10 7

F ema a
a

a
m
i
p
t
i
m

ig. 3. H2S-dependent signal transduction affecting stroke related events such as ed
nd  important stroke mediators including NfKB, Nrf2, Akt and caspase pathway.

poptotic gene transcription in hepatic tissues and cells including
acrophages [69]. It is unclear if the same mechanism exists in the

schemic brain. Additionally, H2S (28 mmole/kg NaHS for 7 days

rior to infarct) inhibits hippocampal CA1 neuron (more sensitive
o oxidative stress) apoptosis by activating Akt1, thereby inhibit-
ng ASK1/JNK3 dependent caspase-3 activation in a rat MCAO

odel [70]. Conversely, H2S is known to mediate the upregula-
nd inflammation with associated cellular events - apoptosis and gene transcription,

tion of pro-inflammatory cytokines in a NF-kB independent fashion.
Cyclooxygenase (COX)-2, interleukin (IL)-1�, IL-1�, TNF − �, IL-8
were all shown to increase with <10 ppm of H2S in synoviocytes

(fibroblast-like mesenchymal cells). Short-term H2S stimulation of
these cells resulted in compromised mitochondrial function and
increased ERK1/2, c-JNK and p38 MAPKs [71]. The presence of
inflammatory cytokines seems to alter the protective role of H2S
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n preserving mitochondrial function, at least in synoviocytes. This
aises the question whether H2S would protect or exacerbate mito-
hondrial function in the inflammatory milieu of an ischemic brain.
n endothelial cells, cerebral ischemic/reperfusion injury results
n apoptosis-inducing factor (mitochondrial antioxidant protein)
nd PARP-1 translocation to the nuclear compartment. However,
aHS (250 �M)  treatment prevented both of the above-mentioned
vents in vitro [53].

One of the target genes of NF-�B is IL-6, a pro-inflammatory
ytokine, which is elevated in the serum and cerebrospinal fluid of
troke patients. IL-6 upregulation in cerebral ischemia turns on the
AK/STAT3 cascade, a pro-survival pathway. STAT3 phosphoryla-
ion was increased in neurons and endothelial cells in the ischemic
ore but not in astrocytes or microglia after reperfusion. Activated
TAT3 translocates to the nucleus and triggers anti-apoptotic gene
xpression and is believed to be neuroprotective during cerebral
schemic injury [72]. In addition, axonal regeneration by stimula-
ion of JAK/STAT3 pathway is shown in retinal ganglion cells [73].
nterestingly, NMDA-induced excitotoxicity is antagonized by IL-

 via the STAT3 mediated anti-apoptotic pathway in cerebellar
ranule neurons [74]. Post-conditioning with the H2S donor NaHS
10 �m for 15 s every 30 s 4 times) has been shown to protect iso-
ated hearts from ischemic-reperfusion injury via activation of the
AK2/STAT3 pathway [75]. In isolated astrocyte culture, TNF − � and
L-6 reduced the expression of CBS by 2.5–3 fold and decreased

2S via a p38 MAPK – NF-kB dependent mechanism. However,
xogenous supplementation of H2S (10 �m NaHS) abolished this
ffect in cultured astrocytes [40]. More in vivo studies are necessary
o understand H2S-dependent signaling under cerebral ischemic
njury.

.2. Nrf2 signaling and role of H2S

Nrf2 is a member of the cap-n-collar proteins containing a basic
eucine zipper motif, which participates in the oxidative stress
esponse by promoting antioxidant gene transcription [76]. Keap1
s a stress sensor and acts as a negative regulator of Nrf2 by trap-
ing Nrf2 in the cytosol [77]. Keap1 is also a substrate adapter for E3
biquitin ligase, cul3, which targets Nrf2 for degradation [76–78].
issociation of Nrf2 from Keap1 is important during oxidative

tress conditions, which allows Nrf2 to bind to antioxidant/ elec-
rophile responsive elements (ARE) in the DNA. ARE/Nrf2 binding
esults in the expression of GSH synthetic machinery, H2S biosyn-
hetic enzymes, SQR of sulfide disposal unit and anti-apoptotic
roteins [76,78]. Nrf2 signaling in ischemic tissue and the rela-
ionship between H2S and Nrf2 are discussed in the following
aragraph.

In ischemic cardiac tissue, anti-apoptotic activity of H2S
100 �g/kg Na2S) was mediated by increased Nrf2 translocation
o nucleus. Nrf2 translocation was shown to be associated with
n increase in its downstream targets thioredoxin-1 (Trx1) and
eme oxygenase-1 after 24 h [79]. Txr1 is an important physi-
logic reducing agent involved in H2S generation, suggesting a
ossible feedback regulation of H2S production in vivo [23]. H2S
lso increases BAD (Bcl-2 associated death promoter) and PKC�
hosporylation in ischemic cardiac tissue. BAD phosphorylation

nactivates this pro-apoptotic factor while PKC� phosphorylation
s necessary for its activation. PKC� in turn signals via its down-
tream target p44/42 to cause STAT3 nuclear translocation and
ranscription of anti-apoptotic genes like heat shock proteins, Bcl-
, COX-2 and Bcl-xl [79]. In addition, H2S directly promotes Nrf2
uclear translocation by Keap1 S-sulfhydration. Keap1 is modified

y H2S at cys 151 in the BTB domain, which is essential in the for-
ation of functional E3 ubiquitin ligase complex [80]. The cys 151

-sulfydration results in the dissociation of Nrf2 from Keap1 facil-
tating Nrf2 signaling. This pathway is known to protect mouse
hysiology 26 (2019) 1–10

embryonic fibroblasts in culture against cellular senescence [80].
Interestingly, Satoh et al. has proposed Keap1 as an oxidative stress
regulator; they believe depletion of Keap1 protects cortical neu-
rons against oxidative stress [78]. It has also been elucidated that
Keap1 inhibition by H2S involves two other cysteine moieties at
226 and 613. H2O2-dependent oxidation is thought to precede
S-sulfhydration by H2S of these amino acids, leading to Keap1 inhi-
bition. This inhibition can be reversed by the Trx system, which
is also a downstream target of Nrf2 suggesting a feedback reg-
ulation loop [76]. From these studies it can be inferred that H2S
mediated Nrf2 activation by Keap1 inhibition may  be protective in
cerebral ischemia by preventing neuronal death during oxidative
stress, however this is yet to be reported in the brain.

5. Conclusion

The toxicity and therapeutic value of hydrogen sulfide depends
on the concentration, with lower concentrations playing a physio-
logic role and very high concentrations causing death [81]. While
hydrogen sulfide is widely considered a gasotransmitter, there is
uncertainty about the total concentration of this volatile gas or the
highly reactive anionic species (SH−) in both plasma and tissues
[82]. Adding to the complexity, polysulfides, a recently character-
ized addition to sulfide biology, are more potent than H2S and
mediate sulfhydration of proteins. The literature has thoroughly
documented the reactions of H2S with many signal mediators, tran-
scription factors, and channel proteins in neurons and glial cells
both in vivo and in vitro. However, little is known about the inter-
action of H2S intercellular communication and its consequence in
ischemic stroke. Such information will serve as an invaluable tool to
determine whether H2S is cytoprotective or cytotoxic in cerebral
ischemia. An important caveat to this research is that measured
ranges in the literature are variable based on the detection method.
Methylene blue overestimates the amount of free hydrogen sulfide
but gives an approximation of total hydrogen sulfide that may  or
may  not be available depending on the acidity of the surround-
ing environment. The toxicity and therapeutic value of hydrogen
sulfide depends on the concentration, with lower concentrations
playing a physiologic role and very high concentrations causing
death. Overall there is still much work to be done in the field to
form a more complete picture of the benefit of sulfide during and
after ischemia.

Acknowledgements

This work was  supported by an American Heart Association
grant (15SDG25710038 to C.B.P.), an intramural Malcolm Feist
Post-doctoral Fellowship (B.S.), and the Department of Defense
(W81XWH-11-1-0577 to J.S.A.). Research reported in this pub-
lication was also supported by an Institutional Development
Award (IDeA) from the National Institute of General Medical Sci-
ences of the National Institutes of Health under grant number
P20GM121307.

References

[1] A.S. Go, et al., Heart disease and stroke statistics–2013 update: a report from
the  American Heart Association, Circulation 127 (1) (2013) e6–e245.

[2] P. Mergenthaler, U. Dirnagl, A. Meisel, Pathophysiology of stroke: lessons
from animal models, Metab. Brain Dis. 19 (3-4) (2004) 151–167.

[3] R.L. VanGilder, et al., The transcriptome of cerebral ischemia, Brain Res. Bull.
88 (4) (2012) 313–319.

[4] S. Sato, K. Minematsu, [Transient ischemic attack: past, present, and future],

Brain Nerve 65 (7) (2013) 729–738.

[5] R. Haast, D. Gustafson, A. Kiliaan, Sex differences in stroke, J. Cereb. Blood
Flow Metab. 32 (12) (2012) 2100–2107.

[6] H. Bevan, K. Sharma, W.  Bradley, Stroke in young adults, Stroke 21 (3) (1990)
382–386.

http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0005
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0010
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0015
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0020
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0025
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0030


athop

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

P. Gopalakrishnan et al. / P

[7] F. Liu, L.D. McCullough, Interactions between age, sex, and hormones in
experimental ischemic stroke, Neurochem. Int. 61 (8) (2012) 1255–1265.

[8] W.T. Longstreth, et al., Risk factors for subarachnoid hemorrhage, Stroke 16
(3) (1985) 377–385.

[9] D. Della-Morte, et al., Age-related reduction of cerebral ischemic
preconditioning: myth or reality? Clin. Interv. Aging 8 (2013) 1055–1061.

10] C. Franceschi, et al., Inflamm-aging. An evolutionary perspective on
immunosenescence, Ann. N. Y. Acad. Sci. 908 (2000) 244–254.

11] B.P. Lucke-Wold, et al., Age and the metabolic syndrome as risk factors for
ischemic stroke: improving preclinical models of ischemic stroke, Yale J. Biol.
Med. 85 (4) (2012) 523–539.

12] H. Kimura, N. Shibuya, Y. Kimura, Hydrogen sulfide is a signaling molecule
and a cytoprotectant, Antioxid. Redox Signal. 17 (1) (2012) 45–57.

13] J. Furne, A. Saeed, M.D. Levitt, Whole tissue hydrogen sulfide concentrations
are orders of magnitude lower than presently accepted values, Am.  J. Physiol.
Regul. Integr. Comp. Physiol. 295 (5) (2008) R1479–85.

14] M.  Ishigami, et al., A source of hydrogen sulfide and a mechanism of its
release in the brain, Antioxid. Redox Signal 11 (2) (2009) 205–214.

15] X. Shen, et al., Measurement of plasma hydrogen sulfide in vivo and in vitro,
Free  Radic. Biol. Med. 50 (9) (2011) 1021–1031.

16] T. Majtan, et al., Active cystathionine beta-synthase can be expressed in
heme-free systems in the presence of metal-substituted porphyrins or a
chemical chaperone, J. Biol. Chem. 283 (50) (2008) 34588–34595.

17] M.  Meier, et al., Structure of human cystathionine beta-synthase: a unique
pyridoxal 5’-phosphate-dependent heme protein, EMBO J. 20 (15) (2001)
3910–3916.

18] K. Abe, H. Kimura, The possible role of hydrogen sulfide as an endogenous
neuromodulator, J. Neurosci. 16 (3) (1996) 1066–1071.

19] H. Kimura, Hydrogen sulfide: from brain to gut, Antioxid. Redox Signal 12 (9)
(2010) 1111–1123.

20] L.D. Knight, K.A. Collins, A 25-year retrospective review of deaths due to
pediatric neglect, Am.  J. Forensic Med. Pathol. 26 (3) (2005) 221–228.

21] T. Chiku, et al., H2S biogenesis by human cystathionine gamma-lyase leads to
the novel sulfur metabolites lanthionine and homolanthionine and is
responsive to the grade of hyperhomocysteinemia, J. Biol. Chem. 284 (17)
(2009) 11601–11612.

22] G. Yang, et al., H2S as a physiologic vasorelaxant: hypertension in mice with
deletion of cystathionine gamma-lyase, Science 322 (5901) (2008) 587–590.

23] Y. Mikami, et al., Thioredoxin and dihydrolipoic acid are required for
3-mercaptopyruvate sulfurtransferase to produce hydrogen sulfide, Biochem.
J.  439 (3) (2011) 479–485.

24] P. Nicholls, et al., Sulfide inhibition of and metabolism by cytochrome c
oxidase, Biochem. Soc. Trans. 41 (5) (2013) 1312–1316.

25] T.M. Hildebrandt, M.K. Grieshaber, Three enzymatic activities catalyze the
oxidation of sulfide to thiosulfate in mammalian and invertebrate
mitochondria, FEBS J. 275 (13) (2008) 3352–3361.

26] B.K. Czyzewski, D.N. Wang, Identification and characterization of a bacterial
hydrosulphide ion channel, Nature 483 (7390) (2012) 494–497.

27] Y. Ogasawara, S. Isoda, S. Tanabe, Tissue and subcellular distribution of bound
and acid-labile sulfur, and the enzymic capacity for sulfide production in the
rat,  Biol. Pharm. Bull. 17 (12) (1994) 1535–1542.

28] M.  Ishigami, K. Hiraki, K. Umemura, A source of hydrogen sulfide and a
mechanism of its release in the brain, Antioxid. Redox Signal. (2009).

29] R. Nielsen, et al., Trisulfides in proteins, Antioxid. Redox Signal. 15 (1) (2011)
67–75.

30] P. Nagy, C. Winterbourn, Rapid reaction of hydrogen sulfide with the
neutrophil oxidant hypochlorous acid to generate polysulfides, Chem. Res.
Toxicol. 23 (10) (2010) 1541–1543.

31] Y. Kimura, et al., Polysulfides are possible H2S-derived signaling molecules in
rat brain, FASEB J. 27 (6) (2013) 2451–2457.

32] Y. Liu, et al., Hydrogen sulfide maintains mesenchymal stem cell function and
bone homeostasis via regulation of Ca2+ channel sulfhydration, Cell Stem Cell
15  (1) (2014) 66–78.

33] B.D. Paul, S.H. Snyder, H(2)S signalling through protein sulfhydration and
beyond, Nat. Rev. Mol. Cell Biol. 13 (8) (2012) 499–507.

34] T. Kalogeris, et al., Cell biology of ischemia/reperfusion injury, Int. Rev. Cell
Mol.  Boil. 298 (2012) 229–317.

35] K. Katsura, T. Kristián, B.K. Siesjö, Energy metabolism, ion homeostasis, and
cell damage in the brain, Biochem. Soc. Trans. 22 (4) (1994) 991–996.

36] L.P. Mark, et al., Pictorial review of glutamate excitotoxicity: fundamental
concepts for neuroimaging, AJNR. Am.  J. Neuroradiol. 22 (10) (2001)
1813–1824.

37] B.C. White, et al., Brain ischemia and reperfusion: molecular mechanisms of
neuronal injury, J. Neurol Sci. (2000).

38] J.-F.F. Wang, et al., Role of hydrogen sulfide in secondary neuronal injury,
Neurochem. Int. 64 (2014) 37–47.

39] Y. Nagai, et al., Hydrogen sulfide induces calcium waves in astrocytes, FASEB J.
18  (3) (2004) 557–559.

40] M.  Lee, et al., Astrocytes produce the antiinflammatory and neuroprotective
agent hydrogen sulfide, Neurobiol. Aging 30 (10) (2009) 1523–1534.

41] H. Kimura, Physiological role of hydrogen sulfide and polysulfide in the

central nervous system, Neurochem. Int. 63 (5) (2013) 492–497.

42] Y. Kimura, et al., Hydrogen sulfide protects HT22 neuronal cells from
oxidative stress, Antioxid. Redox Signal. 8 (3-4) (2006) 661–670.

43] L. Xiao, et al., Hydrogen sulfide protects PC12 cells against reactive oxygen
species and extracellular signal-regulated kinase 1/2-mediated

[

hysiology 26 (2019) 1–10 9

downregulation of glutamate transporter-1 expression induced by chemical
hypoxia, Int. J. Mol. Med. 30 (5) (2012) 1126–1132.

44] N.S. Cheung, et al., Hydrogen sulfide induced neuronal death occurs via
glutamate receptor and is associated with calpain activation and lysosomal
rupture in mouse primary cortical neurons, Neuropharmacology 53 (4) (2007)
505–514.

45] J. Wu,  et al., Purinergic receptor-stimulated IP3-mediated Ca2+ release
enhances neuroprotection by increasing astrocyte mitochondrial metabolism
during aging, J. Neurosci. (2007).

46] M.  Fu, et al., Hydrogen sulfide (H2S) metabolism in mitochondria and its
regulatory role in energy production, Proc. Natl. Acad. Sci. U. S. A. 109 (8)
(2012) 2943–2948.

47] Y. Luo, et al., Hydrogen sulfide prevents OGD/R-induced apoptosis via
improving mitochondrial dysfunction and suppressing an ROS-mediated
Caspase-3 pathway in cortical neurons, Neurochem. Int. (2013).

48] X. Wei, et al., Hydrogen sulfide induces neuroprotection against experimental
stroke in rats by down-regulation of AQP4 via activating PKC, Brain Res. 1622
(2015) 292–299.

49] Z. Jiang, et al., Role of hydrogen sulfide in early blood-brain barrier disruption
following transient focal cerebral ischemia, PLOS One 10 (2) (2015).

50] Y. Wang, et al., Hydrogen sulfide protects blood–brain barrier integrity
following cerebral ischemia, J. Neurochem. 129 (5) (2014) 827–838.

51] N. Ballatori, et al., Glutathione dysregulation and the etiology and progression
of  human diseases, Biol. Chem. 390 (3) (2009) 191–214.

52] Y. Hu, et al., Sirtuin 6 is essential for sodium sulfide-mediated cytoprotective
effect in ischemia/reperfusion-stimulated brain endothelial cells, J. Stroke
Cerebrovasc. Dis. 24 (3) (2015) 601–609.

53] Q. Yu, et al., ROS-dependent neuroprotective effects of NaHS in ischemia brain
injury involves the PARP/AIF pathway, Cell. Physiol. Biochem. 36 (4) (2015)
1539–1551.

54] A. Samhan-Arias, M.  Garcia-Bereguiain, C. Gutierrez-Merino, Hydrogen sulfide
is  a reversible inhibitor of the NADH oxidase activity of synaptic plasma
membranes, Biochem. Biophys. Res. Commun. 388 (4) (2009) 718–722.

55] M.  Whiteman, et al., The novel neuromodulator hydrogen sulfide: an
endogenous peroxynitrite’ scavenger’? J. Neurochem. 90 (3) (2004) 765–768.

56] S.J. Chan, et al., Cystathionine �-synthase inhibition is a potential therapeutic
approach to treatment of ischemic injury, ASN neuro 7 (2) (2015).

57] H. Kinouchi, et al., Attenuation of focal cerebral ischemic injury in transgenic
mice overexpressing CuZn superoxide dismutase, Proc. Acad. Sci. U. S. A. 88
(24) (1991) 11158–11162.

58] K.N. Islam, et al., Hydrogen sulfide levels and nuclear factor-erythroid
2-Related factor 2 (NRF2) activity are attenuated in the setting of critical limb
ischemia (CLI), J. Am. Heart Assoc. 4 (5) (2015).

59] Y. Kimura, Y. Goto, H. Kimura, Hydrogen sulfide increases glutathione
production and suppresses oxidative stress in mitochondria, Antioxid. Redox
Signal. 12 (1) (2010) 1–13.

60] P.M. Snijder, et al., Gaseous hydrogen sulfide protects against myocardial
ischemia-reperfusion injury in mice partially independent from
hypometabolism, PLoS One 8 (5) (2013), e63291.

61] R.J. Bridges, N.R. Natale, S.A. Patel, System xc− cystine/glutamate antiporter:
an update on molecular pharmacology and roles within the CNS, Br. J.
Pharmacol. 165 (1) (2012) 20–34.

62] Y. Kimura, H. Kimura, Hydrogen sulfide protects neurons from oxidative
stress, Faseb J. 18 (10) (2004) 1165–1167.

63] B.L. Predmore, D.J. Lefer, G. Gojon, Hydrogen sulfide in biochemistry and
medicine, Antioxid. Redox Signal. 17 (1) (2012) 119–140.

64] V. Vitvitsky, et al., A functional transsulfuration pathway in the brain links to
glutathione homeostasis, J. Biol. Chem. 281 (47) (2006) 35785–35793.

65] J. Clemens, D. Stephenson, E. Dixon, Global cerebral ischemia activates
nuclear factor- �B prior to evidence of DNA fragmentation, Mol. Brain (1997).

66] C. Gabriel, et al., Activation of nuclear factor-�B in the rat brain after transient
focal ischemia, Mol. Brain Res. (1999).

67] Z. Qin, et al., Nuclear factor �B nuclear translocation upregulates c-Myc and
p53  expression during NMDA receptor-mediated apoptosis in rat striatum, J.
Neurosci. (1999).

68] H. Seegers, et al., Nuclear factor-kappa B activation in permanent intraluminal
focal cerebral ischemia in the rat, Neurosci. Lett. 288 (3) (2000) 241–245.

69] N. Sen, et al., Hydrogen sulfide-linked sulfhydration of NF-�B mediates its
antiapoptotic actions, Mol. Cell 45 (1) (2012) 13–24.

70] X. Wen, et al., H2S attenuates cognitive deficits through Akt1/JNK3 signaling
pathway in ischemic stroke, Behav. Brain Res. 269 (2014) 6–14.

71] K.M. Stuhlmeier, J. Broll, B. Iliev, NF-kappaB independent activation of a series
of proinflammatory genes by hydrogen sulfide, Exp. Biol. Med. (Maywood)
234  (11) (2009) 1327–1338.

72] S. Suzuki, et al., Phosphorylation of signal transducer and activator of
transcription-3 (Stat3) after focal cerebral ischemia in rats, Exp. Neurol. 170
(1) (2001) 63–71.

73] M.  Leibinger, et al., Neuronal STAT3 activation is essential for CNTF- and
inflammatory stimulation-induced CNS axon regeneration, Cell Death Dis. (4)
(2013).

74] X.-X. Fang, et al., Neuroprotection of interleukin-6 against NMDA-induced

neurotoxicity is mediated by JAK/STAT3, MAPK/ERK, and PI3K/AKT signaling
pathways, Cell. Mol. Neurobiol. 33 (2) (2013) 241–251.

75] L. Heng-Fei, et al., Hydrogen sulfide postconditioning protects isolated rat
hearts against ischemia and reperfusion injury mediated by the JAK2/STAT3
survival pathway, Braz. J. Med. Biol. Res. 45 (2012).

http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0035
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0040
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0045
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0050
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0055
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0060
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0065
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0070
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0075
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0080
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0085
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0090
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0095
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0100
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0105
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0110
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0115
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0120
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0125
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0130
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0135
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0140
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0145
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0150
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0155
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0160
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0165
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0170
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0175
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0180
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0185
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0190
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0195
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0200
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0205
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0210
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0215
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0220
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0225
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0230
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0235
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0240
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0245
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0250
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0255
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0260
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0265
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0270
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0275
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0280
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0285
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0290
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0295
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0300
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0305
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0310
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0315
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0320
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0325
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0330
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0335
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0340
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0345
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0350
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0355
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0360
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0365
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0370
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0375


1 athop

[

[

[

[

[

0 P. Gopalakrishnan et al. / P

76] J. Hourihan, J. Kenna, J. Hayes, The gasotransmitter hydrogen sulfide induces
nrf2-target genes by inactivating the keap1 ubiquitin ligase substrate adaptor
through formation of a disulfide bond between cys-226 and cys-613,
Antioxid. Redox Signal. 19 (5) (2013) 465–481.

77] D. Zhang, et al., Keap1 is a redox-regulated substrate adaptor protein for a

Cul3-dependent ubiquitin ligase complex, Mol. Cell. Boil. 24 (24) (2004)
10941–10953.

78] T. Satoh, et al., Keap1/Nrf2 system regulates neuronal survival as revealed
through study of keap1 gene-knockout mice, Biochem. Biophys. Res.
Commun. 380 (2) (2009) 298–302.

[

[

hysiology 26 (2019) 1–10

79] J. Calvert, et al., Hydrogen sulfide mediates cardioprotection through Nrf2
signaling, Circ. Res. 105 (4) (2009) 365–374.

80] G. Yang, et al., Hydrogen sulfide protects against cellular senescence via
S-sulfhydration of Keap1 and activation of Nrf2, Antioxid. Redox Signal. 18
(15) (2013) 1906–1919.
81] L. Li, P. Rose, P.K. Moore, Hydrogen sulfide and cell signaling, Annu. Rev.
Pharmacol. Toxicol. 51 (2011) 169–187.

82] N.L. Whitfield, et al., Reappraisal of H2S/sulfide concentration in vertebrate
blood and its potential significance in ischemic preconditioning and vascular
signaling, Am.  J. Physiol. Regul. Integr. Comp. Physiol. 294 (6) (2008) R1930–7.

http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0380
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0385
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0390
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0395
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0400
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0405
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410
http://refhub.elsevier.com/S0928-4680(17)30157-8/sbref0410

	Hydrogen sulfide: Therapeutic or injurious in ischemic stroke?
	1 Background
	1.1 Vaso-occlusive stroke and risk factors
	1.2 H2S in stroke
	1.3 H2S biosynthesis and degradation
	1.3.1 Biosynthesis
	1.3.2 Degradation
	1.3.3 Other sulfur sources
	1.3.4 H2S mode of action


	2 Stroke, ion channels, and role of H2S
	3 Brain edema, oxidative stress and ROS
	3.1 Brain edema
	3.2 Oxidative stress and ROS

	4 H2S-dependent signal transduction
	4.1 NF-κB signaling and role of H2S
	4.2 Nrf2 signaling and role of H2S

	5 Conclusion
	Acknowledgements
	References


