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 i g  h  l  i  g  h  t  s

The  rodent  piriform  cortex  harbors  an  ascending  rostro-caudal  gradient  of  immature  neurons  that  express  plasticity  markers  such  as  DCX,  PSA-NCAM
and  nestin.
Pharmacological  or  genetic  loss  of NE  enhances  the number  of  cells  expressing  DCX,  PSA-NCAM  and nestin  in  the  posterior  piriform  cortex.
�2-Adrenergic  receptor  stimulation  increases  plasticity  marker  expression  in  the  piriform  cortex,  whereas  receptor  blockade  evokes  a decline.
NE  plays  an  important  role  in  the regulation  of  plasticity  marker  expression  within  the  rodent  piriform  cortex.
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a  b  s  t  r  a  c  t

The  adult  rodent  piriform  cortex  has  been  reported  to harbor  immature  neurons  that  express  markers
associated  with  neurodevelopment  and  plasticity,  namely  polysialylated  neural  cell adhesion  molecule
(PSA-NCAM)  and  doublecortin  (DCX).  We  characterized  the  expression  of PSA-NCAM  and  DCX  across  the
rostrocaudal axis  of the  rat piriform  cortex  and  observed  higher  numbers  of  PSA-NCAM  and  DCX  positive
cells  in  the  posterior  subdivision.  As observed  in the  rat  piriform  cortex,  Nestin-GFP  reporter  mice  also
revealed  a similar  gradient  of  GFP-positive  cells  with  an  increasing  rostro-caudal  gradient  of  expression.
Given  the extensive  noradrenergic  innervation  of the  piriform  cortex  and  its  role  in regulating  piriform
cortex  function  and  synaptic  plasticity,  we  addressed  the  influence  of norepinephrine  (NE)  on piriform
cortex  plasticity  marker  expression.  Depletion  of NE  by  treatment  with  the  noradrenergic  neurotoxin
DSP-4  significantly  increased  the number  of DCX  and  PSA-NCAM  immunopositive  cells  in the piriform
cortex  of  adult  rats.  Similarly,  DSP-4 treated  Nestin-GFP  reporter  mice  revealed  a  robust  induction  of
GFP-positive  cells within  the  piriform  cortex  following  NE  depletion.  Genetic  loss  of  NE in  dopamine
�-hydroxylase  knockout  (Dbh  −/−) mice  phenocopied  the  effects  of DSP-4,  with  an  increase  noted  in
PSA-NCAM  and  DCX positive  cells  in  the  piriform  cortex.  Further,  chronic  �2-adrenergic  receptor  stim-
ulation  with  the  agonist  guanabenz  increased  PSA-NCAM  and  DCX  positive  cells  in  the  piriform  cortex

of  adult  rats  and  GFP-positive  cells in  the piriform  cortex  of Nestin-GFP  mice.  By  contrast,  chronic  �2-
adrenergic  receptor  blockade  with  the  antagonist  yohimbine  reduced  PSA-NCAM  and  DCX  positive  cells
in  the  piriform  cortex  of adult  rats.  Our results  provide  novel  evidence  for  a  role  of  NE  in  regulating  the

expression  of  plasticity  markers,  including  PSA-NCAM,  DCX,  and  nestin,  within  the  adult  mouse  and  rat

piriform  cortex.

Abbreviations: APC, anterior piriform cortex; BrdU, 5-bromo-2’-deoxyuridine; Dbh, do
CX, doublecortin; GFP, green fluorescent protein; NE, norepinephrine (noradrenaline); 

eural cell adhesion molecule; SEM, standard error of mean; WT,  wildtype.
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. Introduction

The piriform cortex is a three layered, paleocortical, phyloge-
etically ancient structure that has been reported to harbor a class
f cells that exhibit immature neuron-like characteristics [1]. These
ells are present in the densely packed layer II of the piriform cortex
nd express markers such as PSA-NCAM and DCX, which are asso-
iated with immature neurons and observed in adult neurogenic
iches, including the hippocampal dentate gyrus and subventricu-

ar zone [2–9]. However, previous reports indicate that these DCX
nd PSA-NCAM expressing cells are predominantly post-mitotic
mmature neurons of embryonic origin [10,11]. Further, electro-
hysiological characterization also supports the notion that most
f the DCX expressing cells in the piriform cortex exhibit fea-
ures that are distinct from developing progenitors within adult
eurogenic niches [12]. However, it is important to note that a

ew reports do suggest ongoing neurogenic activity within the
dult piriform cortex [10,13,14]. While it remains unresolved at
resent whether the adult piriform cortex contains neurogenic pro-
enitors, it has been suggested that PSA-NCAM and DCX positive
mmature neurons may  contribute to plasticity within the piriform
ortex [15–17]. The piriform cortex exhibits structural plasticity
nder physiological conditions, including odor-input dependent
pinogenesis, dendritic remodeling and synaptic reorganization,
nd under pathophysiological conditions such as the generation
f epileptic foci through circuit reorganization [18–20]. Previous
tudies indicate that the number of PSA-NCAM or DCX positive cells
ithin the piriform cortex are regulated by chronic stress, odor-

ependent learning tasks, denervation of olfactory inputs and the
rocess of aging [1,19,21–23]. However, few studies thus far have

dentified the contribution of neurotransmitters in the regulation
f these plasticity markers within the adult piriform cortex.

The adult rodent piriform cortex receives dense noradrener-
ic innervation, and NE is reported to regulate synaptic plasticity,
dor perception, odor learning and epileptogenesis in the piriform
ortex [19,22]. Given the role for NE in the modulation of piri-
orm cortex plasticity and function, we sought to address whether
E influences the expression of the plasticity markers within the
dult rodent piriform cortex. We  studied the influence of nora-
renergic perturbations on the expression of PSA-NCAM and DCX
ositive cells in both the rat piriform cortex, and in a Nestin-GFP
eporter mouse line. PSA-NCAM, DCX, and nestin-GFP immunopos-
tive cells were observed to exhibit an ascending rostro-caudal
radient in the piriform cortex. Pharmacological lesion studies indi-
ated that depletion of NE resulted in enhanced DCX, PSA-NCAM
nd nestin-GFP positive cells in the piriform cortex. This observa-
ion of increased DCX and PSA-NCAM positive cells in the piriform
ortex was corroborated with a genetic loss of NE in Dbh −/−
nockout mice. Chronic �2-adrenergic receptor stimulation also
voked an increase in DCX, PSA-NCAM and nestin-GFP positive cells
n the piriform cortex, with the opposing result noted following
hronic �2-adrenergic receptor blockade. Our results provide novel
vidence that NE regulates the expression of plasticity-associated
arkers in the adult rodent piriform cortex, and suggest the pos-

ibility that this regulation may  contribute to the effects of NE on
iriform cortex function.

. Materials and methods

All experiments were performed with the approval of the TIFR

r Emory University Institutional Animal Ethics Committees, and
ased on the national guidelines of the Committee for the Care and
upervision of Experimental Animals (CPCSEA) or the NIH guide for
he care and use of experimental animals.
e Letters 644 (2017) 76–82 77

2.1. Animals

Adult male Wistar rats (300–350 gm,  3 months), wildtype (WT)
C57BL/6J and Nestin-GFP (a kind gift from Dr. Steven Kernie,
Columbia University) (20–30 gm, 2–4 months) mice bred in the TIFR
animal colony, and dopamine �-hydroxylase (Dbh) mutant mice
(Dbh +/− and Dbh −/−) (Thomas et al., 1995; Thomas and Palmiter,
1998) (20–30 gm,  2–4 months) bred in the Emory University Colony
were group-housed and maintained on a 12 h light/dark cycle with
access to food and water ad libitum. Dbh heterozygous (Dbh  +/−)
mice have wild-type levels of NE and served as controls [24].

2.2. Drug treatment paradigms

To label dividing cells within the piriform cortex, we treated
wildtype Wistar rats (n = 4) or Nestin-GFP mice (n = 4) with the
mitotic marker 5-bromo-2′-deoxyuridine (BrdU, 150 mg/kg, i.p,
three injections separated by two  hours) and sacrificed animals
24 h later. To deplete NE levels in Wistar rats (n = 5/group) and
Nestin-GFP (n = 4/group) mice, animals received the noradren-
ergic neurotoxin N-(2-Chloroethyl)-N-ethyl-2-bromobenzylamine
hydrochloride (DSP4) (10 mg/kg; i.p., Sigma, USA) or vehicle (0.9%
saline) once daily for three days as previously described [25]. For
�2-adrenergic receptor agonist and antagonist experiments, Wis-
tar rats (n = 5/group) and Nestin-GFP mice (n = 6–8/group) received
daily injections of guanabenz (1 mg/kg, i.p., Sigma) or vehicle (0.9%
saline), and yohimbine (2 mg/kg, i.p., Sigma) or vehicle (10% DMSO)
for 7 days as previously described [26].

2.3. Immunohistochemistry

All animals were sacrificed by transcardial perfusion with ice
cold 4% paraformaldehyde (PFA) as previously described[26]. Free
floating coronal brain sections from rat (50 �m)  and mouse (40 �m)
brains at the level of the anterior and posterior piriform cor-
tex (APC and PPC, respectively) were generated on a vibratome
(TPI, USA) (Rats: Bregma: +1.60 mm to −3.30 mm); (Mice: Bregma:
+2.22 mm to −2.54 mm).  Coordinates used to define the APC in mice
were Bregma + 2.22 mm to + 0.26 mm and for PPC were + 0.02 mm
to − 2.54 mm.  Coordinates used to define the APC in rats were
Bregma + 1.60 mm to − 0.26 mm and for PPC were −1.33 mm to
−3.30 mm.

Sets of sections (one in six sections) were processed for
immunohistochemistry or single/double immunofluorescence as
previously described [26] with the following primary antibodies:
mouse anti-PSA-NCAM (1:500, generously provided by Dr T. Seki,
Juntendo University School of Medicine), goat anti-DCX (1: 250,
Santa Cruz, USA), mouse anti-BrdU antibody (1:500, Boehringer
Mannheim, USA), rabbit anti-GFP (1:500, Invitrogen), mouse anti-
Dbh antibody (1: 250, Chemicon); Antibody cocktails: (1) mouse
anti-BrdU (1:500, Roche) and rabbit anti-GFP (1:250), (2) goat
anti-DCX (1:250) with mouse anti-NeuN (1:250, Chemicon). BrdU
immunohistochemistry involved a prior step of DNA denaturation
and acid hydrolyisis as previously described. Sections were washed
and incubated with appropriate secondary antibodies [biotiny-
lated horse anti-mouse IgG (Vector Laboratories, USA), biotinylated
rabbit anti-goat IgG (Vector Laboratories, USA), biotinylated don-
key anti-rabbit IgG (Chemicon)] followed by signal amplification
through exposure to Alexa 488-coupled streptavidin (1:500, Sigma)
or by using an Avidin-Biotin complex based system (Vectastain

Elite ABC, Vector Laboratories, USA). To aid identification of piri-
form cortex layers, parallel sections were subjected to cresyl violet
staining. Brightfield images were visualized on a Zeiss Axioscope
microscope. Confocal microscopic analysis was performed on an
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lympus Fluoview FV100 laser scanning confocal microscope with
-plane (1 �m steps) sectioning to confirm colocalization.

.4. Cell counting

Cell counting analysis was performed manually, utilizing the
eiss or Olympus microscope, on coded slides by an experimenter
lind to the study code. Quantitation of PSA-NCAM, DCX, and
estin-GFP cells across the APC and PPC was performed utilizing

 total of 10–12 sections per animal and results were expressed
s the number of immuno-positive cells per section. Quantifi-
ation of PSA-NCAM DCX, and Nestin-GFP cell numbers for all
oradrenergic perturbation experiments was performed in the PPC
n = 6–8 sections/animal) and results were expressed as the num-
er of immuno-positive cells per section. To determine the percent
olocalization of Nestin-GFP with BrdU, and DCX with NeuN, 50
FP-positive or 50 DCX-positive cells per animal were analyzed
sing confocal Z-plane sectioning at 1 �m steps on the Olympus
luoview FV100 laser scanning confocal microscope.

.5. Statistical analyses

Results were subjected to statistical analysis using the unpaired
tudent’s t-test (Prism, GraphPad) with significance set at p < 0.05.

. Results

.1. Expression of plasticity markers in the rodent piriform cortex

The three layered, paleocortical piriform cortex is divided along
he rostro-caudal axis into the anterior (APC) and the posterior pir-
form cortex (PPC) (Fig. 1A, B). In agreement with previous reports,

e observed very few BrdU-positive cells within layer II of the
iriform cortex (Fig. 1C). We  examined the expression of PSA-
CAM and DCX immunopositive cells within the piriform cortex
f adult rats. We  noted the presence of PSA-NCAM and DCX posi-
ive cells evenly distributed within layer II of the rat piriform cortex
Fig. 1D, E) and observed a significant overlap in the expression of
he PSA-NCAM and DCX markers (data not shown). Quantitation of
SA-NCAM and DCX positive cell numbers across the rostro-caudal
xtent of the piriform cortex revealed an ascending gradient, with
igher numbers of both PSA-NCAM and DCX immunopositive cells
ithin the PPC (Fig. 1D, E). Confocal z-stack analysis revealed that
ost DCX-immunopositive cells were not positive for the mature

euronal marker NeuN. We  noted a relatively small proportion of
ells that coexpressed both DCX and NeuN (13.55 ± 2.01%, shown
s a rare double positive cell) in the piriform cortex (Fig. 1F). These
esults indicate that PSA-NCAM and DCX positive immature neu-
ons are predominantly post-mitotic and exhibit a rostrocaudal
radient within the rat piriform cortex.

Utilizing transgenic mice expressing GFP under the Nestin gene
romoter (Nestin-GFP), we observed nestin-GFP positive cells, pri-
arily restricted to layer II of the piriform cortex (Fig. 1 G-M).

imilar to our observations with PSA-NCAM and DCX positive
ells in the rat piriform cortex, (Fig. 1G, H) we observed a strong
scending gradient of nestin-GFP positive cells with substantially
igher numbers in the PPC as compared to APC (Fig. 1 I) of
estin-GFP mice. Qualitative analysis revealed a substantial over-

ap between nestin-GFP and DCX (Fig. 1J), but not nestin-GFP
nd NeuN (Fig. 1K). Further, nestin-GFP positive cells within the
iriform cortex were predominantly post-mitotic with a low per-

entage of nestin-GFP positive cells colocalizing with the mitotic
arker BrdU (3.57 ± 0.35) (Fig. 1L, M).  These results suggest that

estin-GFP positive cells also largely label the same class of imma-
ure neurons within layer II that are immunopositive for DCX.
e Letters 644 (2017) 76–82

3.2. Noradrenergic modulation of plasticity markers within the
rodent piriform cortex

We  next examined whether perturbing brain NE levels in vivo
influenced the expression of PSA-NCAM and DCX within the
piriform cortex. DBH immunohistochemistry confirmed that treat-
ment with the noradrenergic neurotoxin DSP-4 resulted in a robust
decline in noradrenergic innervation of the adult rat piriform cor-
tex (Fig. 2A, B). Given that higher numbers of PSA-NCAM and DCX
positive immature neurons were observed in the PPC, quantitative
analysis for the effects of noradrenergic perturbations was per-
formed in the PPC. NE depletion resulted in an increase in both
PSA-NCAM and DCX-positive cells in the rat PPC (Fig. 2D–G). We
next examined the influence of DSP-4 treatment in Nestin-GFP
mice, and noted a similar induction of GFP positive cells within
the PPC following NE depletion (Fig. 2 I). These results demonstrate
that a loss of noradrenergic innervation results in an increase in
the expression of plasticity markers such as PSA-NCAM, DCX and
nestin-GFP within the rodent piriform cortex.

To further ascertain the influence of NE on plasticity marker
expression in the piriform cortex, we  utilized Dbh knockout mice
(Dbh-/-) that lack the ability to synthesize NE. Dbh −/− mice have
been previously characterized to exhibit drastically lower levels of
NE in the brain as compared to Dbh heterozygous (Dbh+/−) mice
that have wild-type levels of NE and served as controls [27]. We
observed significantly higher numbers of PSA-NCAM (Fig. 2J, K) and
DCX positive immature neurons (Fig. 2L, M)  in the PPC of Dbh −/−
mice as compared to NE-competent Dbh +/−  controls.

Taken together, these results reveal that either pharmacological
or genetic depletion of NE results in a robust induction of plasticity-
associated markers in the rodent piriform cortex (Fig. 2).

3.3. ˛2-Adrenergic receptor mediated regulation of plasticity
markers in the piriform cortex

�2-Adrenergic receptors exist as both presynaptic inhibitory
autoreceptors on noradrenergic soma/dendrites and nerve ter-
minals that control neuronal activity and NE release, and as
heteroreceptors on post-synaptic target neurons. Previous studies
have shown that treatment with �2-adrenergic receptor ago-
nists, such as guanabenz can reduce brain NE release through
enhanced feedback inhibition, whereas antagonism of these recep-
tors can enhance NE transmission through reduced auto-inhibition
[28]. Chronic treatment within the �2 agonist guanabenz signif-
icantly increased the number of PSA-NCAM and DCX positive in
the rat PPC (Fig. 3A, B), whereas chronic treatment with the �2
antagonist yohimbine resulted in a significant decline in num-
bers of PSA-NCAM and DCX positive immature neurons in the rat
PPC (Fig. 3C, D). We  next addressed whether this regulation of
plasticity-associated markers following chronic �2 agonist, guan-
abenz treatment, was  also observed in Nestin-GFP mice (Fig. 3E–G).
Chronic guanabenz treatment resulted in significant increases in
both nestin-GFP and PSA-NCAM positive cells within the mouse PPC
(Fig. 3F, G). While our results do not allow us to distinguish between
effects mediated via auto or hetero- �2-adrenergic receptors, they
reveal a robust effect of �2-adrenergic receptor stimulation and
blockade on the expression of plasticity markers in the adult rodent
piriform cortex.

4. Discussion
The results of our study provide novel evidence of
norepinephrine-mediated regulation of plasticity markers PSA-
NCAM, DCX and nestin in the adult rodent piriform cortex. In
agreement with previous reports we  observe that the rat and
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Fig. 1. Characterization of plasticity marker expression in the adult rodent piriform cortex. Shown are representative images of Cresyl violet stained coronal rat brain
sections depicting the three layers in the (A) anterior piriform cortex (APC) and (B) posterior piriform cortex (PPC). (C) Shown is a representative image and graph of BrdU-
immunpositive cells/section within layer II of the PPC. Epifluorescent photomicrographs illustrate (D) PSA-NCAM (red) with (E) DCX (green) positive cells in the PPC, and
graphs  show quantification of PSA-NCAM and DCX positive cells both in the APC and PPC. (F) Shown is a representative confocal z-stack image of a rare DCX (green) and NeuN
(blue)  double positive neuron with the graph representing the percent colocalization of DCX with mature neuron marker NeuN. (G-I) Shown are GFP positive cells in the (G)
APC  and (H) PPC of Nestin-GFP reporter mice. (I) Graph shows quantification of nestin-GFP positive cells in the APC and PPC. (J) Shown is a representative confocal image
illustrating colocalization of nestin-GFP (green) cells with DCX (blue). (K) Confocal photomicrograph representation illustrates that nestin-GFP positive cells (green) do not
colocalize with NeuN (red). (L, M)  Shown is a representative confocal image and quantitative analysis of GFP/BrdU double positive cells indicating minimal colocalization
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f  nestin-GFP (green) with the mitotic marker BrdU (red). The results are expresse
r  as mean ± SEM percent colocalization of DCX with NeuN (n = 4 rats) or nestin-GF

nterpretation of the references to colour in this figure legend, the reader is referred

ouse piriform cortex harbor PSA-NCAM and DCX positive imma-
ure neurons that appear to be predominantly non-proliferative
nd do not colocalize with markers for mature neurons such as
euN. Interestingly, the use of a Nestin-GFP reporter line also
rovided evidence of post-mitotic nestin-GFP positive cells within
he adult mouse piriform cortex that label immature neurons
ithin layer II. PSA-NCAM, DCX and nestin-GFP positive cells

xhibit an ascending rostro-caudal gradient with significantly
igher numbers of cells observed in the PPC. Pharmacological or
enetic depletion of NE evoked a robust increase in the number of
SA-NCAM, DCX and nestin-GFP positive cells in the rat and mouse
iriform cortex. �2-adrenergic receptor stimulation resulted in an

nduction of PSA-NCAM, DCX and nestin-GFP positive cells in the
PC, whereas �2-adrenergic receptor antagonist treatment evoked

 decline. To the best of our knowledge, these results provide
he first evidence of a role for NE in the regulation of structural
lasticity markers within the piriform cortex.

While several studies have focused on the origin of PSA-NCAM
nd DCX positive neurons within the piriform cortex, there still
emains some debate about whether these are immature neurons
f embryonic origin that continue to retain markers associated with
eurodevelopment or whether they represent adult-born imma-

ure neurons derived either from locally resident progenitors or
eriventricular progenitors that migrate into the piriform cortex
10,15,29]. Our results corroborate previous reports that the rodent
iriform cortex contains very limited numbers of mitotic cells, and
ean ± SEM of immunopositive cells per section (n = 5 rats; n = 5 Nestin-GFP mice)
 BrdU (n = 4 Nestin-GFP mice). *p < 0.05 as compared to APC (Student’s t test). (For

e web version of this article.)

that PSA-NCAM and DCX positive cells are postmitotic immature
neurons [10,12,30]. A few previous reports have raised the pos-
sibility that these immature neurons may  arise from progenitors
resident within the piriform cortex [29,31]. Our results indicate
substantial numbers of nestin-GFP labeled cells which rarely colo-
calize with the mitotic marker BrdU, suggesting that this niche may
not contain actively dividing progenitors. Thus, it appears that the
nestin-GFP label continues to be expressed in postmitotic imma-
ture neurons within the piriform cortex, and indeed we  noted
substantial overlap of nestin-GFP with DCX expression. A previous
report using a DCX-GFP reporter mouse line indicated that DCX-
expressing cells in the piriform cortex are postmitotic neurons with
specific electrophysiological properties that overlap with mature
neurons [12]. Our results provide further support for the notion
that the piriform cortex contains a pool of immature neurons that
are not derived from any local progenitor turnover, but continue to
express markers of plasticity such as PSA-NCAM, DCX  and nestin.
In this context, Bonfanti and Nacher have proposed an interesting
hypothesis stating that plasticity-marker expressing neurons, such
as those found in the piriform cortex, may  represent a “reservoir” of
immature neurons whose differentiation and maturation programs
may  be regulated by external stimuli [32].
The major finding of our study is that NE regulates the expres-
sion of plasticity markers in the rodent piriform cortex. The
noradrenergic neurotoxin DSP-4 enhanced the number of PSA-
NCAM and DCX-expressing cells within the rat piriform cortex, an
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Fig. 2. Noradrenergic regulation of plasticity markers in the adult rodent piriform cortex. (A–F) Adult rats were treated with the noradrenergic neurotoxin DSP-4 and
plasticity marker expression in the posterior piriform cortex (PPC) was analyzed. (A–B) Representative images illustrate the reduction in dopamine �-hydroxylase (DBH)
immunopositive fibers within the PPC of DSP-4 lesioned animals as compared to vehicle treated controls. (C, D) Shown are representative images of PSA-NCAM positive cells
within layer II of the adult rat PPC (C-arrowheads). DSP-4 treated rats exhibited significantly higher numbers of PSA-NCAM positive immature neurons as compared to vehicle
treated controls (D). (E, F) Shown are representative images of DCX positive cells within layer II of the rat PPC (E-arrowheads). DSP-4 treated rats exhibited significantly higher
numbers of DCX positive immature neurons as compared to vehicle treated controls (F). The results are expressed as means ± SEM immunopositive cells per section (n = 5
rats  per group). (G, H) Shown are representative images of nestin-GFP positive cells within layer II of the mouse PPC from vehicle and DSP-4 treated animals (G-arrowheads).
DSP-4  treated Nestin-GFP mice exhibited significantly higher numbers of nestin-GFP positive cells as compared to vehicle treated Nestin-GFP controls (H). The results are
expressed as means ± SEM nestin-GFP positive cells per section (n = 4 Nestin-GFP mice per group). (I–L) The effect of genetic loss of NE on piriform cortex plasticity markers
was  analyzed using Dbh-knockout mice (Dbh −/−) as compared to NE-competent heterozygous heterozygous controls (Dbh +/−). (I, K) Shown are representative images and
graphs  for (I) PSA-NCAM (green) and (K) DCX (green) positive neurons in the PPC of Dbh mutant mice. (J, L) Quantification revealed a significant increase in (J) PSA-NCAM
and  (L) DCX positive cells in the PPC of Dbh −/− mice as compared to Dbh +/− heterozygous controls. The results are expressed as mean ± SEM immunopositive cells per
section  (n = 4 per group). *p < 0.05 as compared to respective control groups (Student’s t test). (For interpretation of the references to colour in this figure legend, the reader
is  referred to the web version of this article.)

Fig. 3. �2-Adrenergic receptor stimulation and blockade regulate plasticity marker expression in the rodent piriform cortex. (A–D) Rats were subjected to chronic treatment
with  the �2-adrenergic receptor agonist, guanabenz or �2-adrenergic receptor antagonist, yohimbine as described in methods. Chronic guanabenz treatment significantly
enhanced the number of (A) PSA-NCAM and (B) DCX positive cells in the rat PPC. Chronic yohimbine treatment significantly reduced the number of (C) PSA-NCAM and (D)
DCX  positive cells in the rat PPC. The results are expressed as means ± SEM of PSA-NCAM or DCX positive cells per section (n = 5 rats per group). (E–G) Nestin-GFP mice were
subjected to chronic treatment with guanabenz as described in methods. Shown are representative epifluorescent images of nestin-GFP positive (green) cells in the PPC of
vehicle  or guanabenz treated Nestin-GFP mice. Quantitative analysis revealed a significant increase in the number of (F) nestin-GFP positive cells and (G) PSA-NCAM positive
cells  in the PPC of guanabenz treated mice as compared to vehicle treated controls. The results are expressed as mean ± SEM nestin-GFP or PSA-NCAM positive cells per
section (n = 6–8 Nestin-GFP mice per group). *p < 0.05 as compared to respective control groups (Student’s t test). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)



scienc

o
c
m
w
c
t
−
o
k
a
m
u
i
m
t
l
r
c

N
b
n
p
n
i
c
e
t
n
i
f
a
i
n
s
r

p
a
t
a
c
P
a
t
t
a
r
l
r
m
h
t
N
r
c
t
t
t
o
t

N
c
c
e

[

[

[

[

[

[

[

[

[

[

[

[

K.C. Vadodaria et al. / Neuro

bservation corroborated by our results of increased nestin-GFP
ells observed in the Nestin-GFP mouse line following DSP-4 treat-
ent. A potential caveat for the DSP-4 treatment experiment is that
e cannot rule out a plasticity change that arises in the piriform

ortex in response to toxin-evoked axonal degeneration, rather
han arising due to a specific loss of NE. However, because Dbh
/− mice retain normal noradrenergic neuron number, morphol-
gy and expression of peptide co-transmitters, the ability of these
nockout mice to phenocopy the effects of DSP-4 demonstrate that

 reduction in NE levels is responsible for the induction of plasticity
arkers within the piriform cortex [33]. Further, chronic stim-

lation of �2-adrenergic receptor also evoked a similar increase
n PSA-NCAM and DCX positive cell numbers in both the rat and

ouse piriform cortex. Though at present our data do not allow us
o distinguish whether the effects of �2-adrenergic receptor regu-
ation involve a role for �2 autoreceptors or heteroreceptors, the
esults are most consistent with a primary contribution of autore-
eptor activation/inhibition.

Although NE depletion robustly increases the number of PSA-
CAM and DCX expressing cells in the piriform cortex, it remains to
e understood whether this is due to an actual addition of immature
eurons or an increase in existing neurons now expressing these
lasticity markers. Given that the adult rodent piriform cortex does
ot appear to harbor substantial numbers of dividing progenitors,

t seems unlikely that NE depletion evoked changes in progenitor
ell turnover results in the increased number of PSA-NCAM and DCX
xpressing cells. Another possibility remains that NE depletion acts
o regulate the influx of PSA-NCAM and DCX expressing immature
eurons that were born in ventriclular zones and possibly migrate

nto the piriform cortex [10]. Alternatively, one may  speculate that
ollowing loss of noradrenergic input, the expression of PSA-NCAM
nd DCX may  be enhanced in neurons that were previously not pos-
tive for these plasticity markers, [34]. Currently available data does
ot allow us to distinguish between these possibilities and further
tudies are required to mechanistically understand how exactly NE
egulates plasticity marker expression in the adult piriform cortex.

NE depletion is reported to evoke a decline in ongoing hip-
ocampal neurogenesis, with a reduction noted in turnover of
dult-born hippocampal progenitors [25,35]. By contrast, within
he piriform cortex, NE ablation increases the number of PSA-NCAM
nd DCX positive cells. This is strikingly similar to the nature of
hange evoked by chronic stress, which enhances the numbers of
SA-NCAM expressing cells in the piriform cortex and results in
n opposing decline in the dentate gyrus [21]. Given prior reports
hat chronic stress results in a decline in NE levels, it is tempting
o speculate that NE may  contribute to the chronic stress-evoked
lterations in PSA-NCAM expression [21]. NE also plays a critical
ole in the modulation of odorant sensory processing and odor
earning. Our results motivate future experiments that address the
ole of the noradrenergic regulation of plasticity markers in the

odulation of piriform cortex odor processing and learning and
ave implications for the effects of NE in the modulation of epilep-
ic foci generation and seizure propagation in the piriform cortex.
E exerts anti-epileptic effects, with pharmacological and genetic

eduction in NE levels linked to lowered seizure thresholds and the
onversion of sporadic seizures to status epilepticus [36–38]. Given
hat the piriform cortex serves as a site for the generation of epilep-
ic foci and also harbors a pool of immature neurons, it is of interest
o experimentally address the idea that the anticonvulsant effects
f NE may  involve modulation of plasticity marker expression in
he piriform cortex.

In conclusion, we find that NE modulates the expression of PSA-

CAM, DCX and nestin positive cells within the rodent piriform

ortex. These findings motivate future studies to determine the
ontribution of the noradrenergic modulation of plasticity mark-
rs to the influence of NE on piriform cortex function, spanning

[
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from physiological roles in odor processing to pathophysiological
conditions of epileptic foci generation.

Acknowledgements

This work was  supported by intramural funds from TIFR. We
are grateful to Professor T. Seki, Juntendo University School of
Medicine, Tokyo, for the gift of the PSA-NCAM antibody. We  are
grateful to Prof. Steven Kernie, Columbia University for the gift of
the Nestin-GFP mice. We thank Dainippon-Sumitomo Pharma Co.
Ltd. (Osaka, Japan) for their generous donation of DOPS used to
breed the Dbh −/− mice.

References

[1] J. Nacher, G. Alonso-Llosa, D. Rosell, B. McEwen, PSA-NCAM expression in the
piriform cortex of the adult rat. Modulation by NMDA receptor antagonist
administration, Brain Res. 927 (2002) 111–121.

[2] K.C. Vadodaria, F.H. Gage, SnapShot: adult hippocampal neurogenesis, Cell
156 (2014), 1114-1114 e1111.

[3] J. Nacher, C. Crespo, B.S. McEwen, Doublecortin expression in the adult rat
telencephalon, Eur. J. Neurosci. 14 (2001) 629–644.

[4] G. Kempermann, S. Jessberger, B. Steiner, G. Kronenberg, Milestones of
neuronal development in the adult hippocampus, Trends Neurosci. 27 (2004)
447–452.

[5] L. Bonfanti, S. Olive, D.A. Poulain, D.T. Theodosis, Mapping of the distribution
of  polysialylated neural cell adhesion molecule throughout the central
nervous system of the adult rat: an immunohistochemical study,
Neuroscience 49 (1992) 419–436.

[6] F. Luzzati, L. Bonfanti, A. Fasolo, P. Peretto, DCX and PSA-NCAM expression
identifies a population of neurons preferentially distributed in associative
areas of different pallial derivatives and vertebrate species, Cereb. Cortex 19
(2009) 1028–1041.

[7] M.A. Johnson, J.L. Ables, A.J. Eisch, Cell-intrinsic signals that regulate adult
neurogenesis in vivo: insights from inducible approaches, BMB Rep. 42 (2009)
245–259.

[8] H.G. Kuhn, A.J. Eisch, K. Spalding, D.A. Peterson, Detection and phenotypic
characterization of adult neurogenesis, Cold Spring Harbor Perspect. Biol. 8
(2016) a025981.

[9] G. Kempermann, H. Song, F.H. Gage, Neurogenesis in the adult hippocampus,
Cold Spring Harbor Perspect. Biol. 7 (2015) a018812.

10] L.A. Shapiro, K.L. Ng, R. Kinyamu, P. Whitaker-Azmitia, E.E. Geisert, M.
Blurton-Jones, Q.Y. Zhou, C.E. Ribak, Origin, migration and fate of newly
generated neurons in the adult rodent piriform cortex, Brain Struct. Funct.
212 (2007) 133–148.

11] E. Varea, M. Belles, S. Vidueira, J.M. Blasco-Ibanez, C. Crespo, A.M. Pastor, J.
Nacher, PSA-NCAM is expressed in immature, but not recently generated,
neurons in the adult cat cerebral cortex layer II, Front. Neurosci. 5 (2011) 17.

12] F. Klempin, G. Kronenberg, G. Cheung, H. Kettenmann, G. Kempermann,
Properties of doublecortin-(DCX)-expressing cells in the piriform cortex
compared to the neurogenic dentate gyrus of adult mice, PLoS One 6 (2011)
e25760.

13] A. Pekcec, W.  Löscher, H. Potschka, Neurogenesis in the adult rat piriform
cortex, Neuroreport 17 (2006) 571–574.

14] L.A. Shapiro, K.L. Ng, Q.Y. Zhou, C.E. Ribak, Olfactory enrichment enhances the
survival of newly born cortical neurons in adult mice, Neuroreport 18 (2007)
981–985.

15] J. Nacher, L. Bonfanti, New neurons from old beliefs in the adult piriform
cortex? A Commentary on: occurrence of new neurons in the piriform cortex,
Front. Neuroanat. 9 (2015) 62.

16] T.F. Yuan, Y.X. Liang, K.F. So, Occurrence of new neurons in the piriform
cortex, Front. Neuroanat. 8 (2014) 167.

17] M.A. Bonaguidi, R.P. Stadel, D.A. Berg, J. Sun, G.L. Ming, H. Song, Diversity of
neural precursors in the adult mammalian brain, Cold Spring Harbor Perspect.
Biol. 8 (2016) a018838.

18] S. Knafo, Y. Grossman, E. Barkai, G. Benshalom, Olfactory learning is
associated with increased spine density along apical dendrites of pyramidal
neurons in the rat piriform cortex, Eur. J. Neurosci. 13 (2001) 633–638.

19] M.A. Gomez-Climent, S. Hernandez-Gonzalez, K. Shionoya, M.  Belles, G.
Alonso-Llosa, F. Datiche, J. Nacher, induces the differentiation of immature
neurons in the adult rat piriform cortex, Olfactory Bulbectomy but Not Odor
Conditioned Aversion, 181, Neuroscience, 2011, pp. 18–27.

20] W.  Loscher, U. Ebert, The role of the piriform cortex in kindling, Prog.
Neurobiol. 50 (1996) 427–481.

21] J. Nacher, K. Pham, V. Gil-Fernandez, B.S. McEwen, Chronic restraint stress

and chronic corticosterone treatment modulate differentially the expression
of  molecules related to structural plasticity in the adult rat piriform cortex,
Neuroscience 126 (2004) 503–509.

22] A. Ghosh, N.C. Purchase, X. Chen, Q. Yuan, Norepinephrine modulates
pyramidal cell synaptic properties in the anterior piriform cortex of mice:

http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0005
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0010
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0015
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0020
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0025
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0030
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0035
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0040
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0045
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0050
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0055
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0060
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0065
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0070
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0075
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0080
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0085
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0090
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0095
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0100
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0105
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110


8 scienc

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
Locus coeruleus and neuronal plasticity in a model of focal limbic epilepsy,
Epilepsia 47 (Suppl. 5) (2006) 21–25.

[38] D. Weinshenker, P. Szot, The role of catecholamines in seizure susceptibility:
new results using genetically engineered mice, Pharmacol. Ther. 94 (2002)
2 K.C. Vadodaria et al. / Neuro

age-dependent effects of beta-adrenoceptors, Front. Cell. Neurosci. 9 (2015)
450.

23] E. Varea, E. Castillo-Gomez, M.A. Gomez-Climent, R. Guirado, J.M.
Blasco-Ibanez, C. Crespo, F.J. Martinez-Guijarro, J. Nacher, Differential
evolution of PSA-NCAM expression during aging of the rat telencephalon,
Neurobiol. Aging 30 (2009) 808–818.

24] B.N. Bourdelat-Parks, G.M. Anderson, Z.R. Donaldson, J.M. Weiss, R.W. Bonsall,
M.S. Emery, L.C. Liles, D. Weinshenker, Effects of dopamine beta-hydroxylase
genotype and disulfiram inhibition on catecholamine homeostasis in mice,
Psychopharmacology 183 (2005) 72–80.

25] V.A. Kulkarni, S. Jha, V.A. Vaidya, Depletion of norepinephrine decreases the
proliferation but does not influence the survival and differentiation, of
granule cell progenitors in the adult rat hippocampus, Eur. J. Neurosci. 16
(2002) 2008–2012.

26] S.U. Yanpallewar, K. Fernandes, S.V. Marathe, K.C. Vadodaria, D. Jhaveri, K.
Rommelfanger, U. Ladiwala, S. Jha, V. Muthig, L. Hein, P. Bartlett, D.
Weinshenker, V.A. Vaidya, Alpha2-adrenoceptor blockade accelerates the
neurogenic, neurotrophic, and behavioral effects of chronic antidepressant
treatment, J. Neurosci. 30 (2010) 1096–1109.

27] P. Szot, D. Weinshenker, S.S. White, C.A. Robbins, N.C. Rust, P.A. Schwartzkroin,
R.D. Palmiter, Norepinephrine-deficient mice have increased susceptibility to
seizure-inducing stimuli, J. Neurosci. 19 (1999) 10985–10992.

28] S.Z. Langer, Presynaptic regulation of the release of catecholamines,
Pharmacol. Rev. 32 (1980) 337–362.

29] F. Guo, Y. Maeda, J. Ma, J. Xu, M.  Horiuchi, L. Miers, F. Vaccarino, D. Pleasure,

Pyramidal neurons are generated from oligodendroglial progenitor cells in
adult piriform cortex, J. Neurosci. 30 (2010) 12036–12049.

30] A. Rubio, M.  Belles, G. Belenguer, S. Vidueira, I. Farinas, J. Nacher,
Characterization and isolation of immature neurons of the adult mouse
piriform cortex, Dev. Neurobiol. 76 (2016) 748–763.
e Letters 644 (2017) 76–82

31] M.  Freund, T. Walther, O. von, Bohlen Und Halbach, Effects of the
angiotensin-(1–7) receptor Mas  on cell proliferation and on the population of
doublecortin positive cells within the dentate gyrus and the piriform cortex,
Eur. Neuropsychopharmacol. 24 (2014) 302–308.

32] L. Bonfanti, J. Nacher, New scenarios for neuronal structural plasticity in
non-neurogenic brain parenchyma: the case of cortical layer II immature
neurons, Prog. Neurobiol. 98 (2012) 1–15.

33] S.H. Jin, H.J. Kim, D.C. Harris, S.A. Thomas, Postnatal development of the
cerebellum and the CNS adrenergic system is independent of norepinephrine
and epinephrine, J. Comp. Neurol. 477 (2004) 300–309.

34] H. Carceller, L. Rovira-Esteban, J. Nacher, E. Castren, R. Guirado,
Neurochemical phenotype of reelin immunoreactive cells in the piriform
cortex layer II, Front. Cell. Neurosci. 10 (2016) 65.

35] V.A. Vaidya, K.C. Vadodaria, S. Jha, Neurotransmitter regulation of adult
neurogenesis: putative therapeutic targets, CNS Neurol. Disord. Drug Targets
6  (2007) 358–374.

36] F.S. Giorgi, M.  Ferrucci, G. Lazzeri, C. Pizzanelli, P. Lenzi, M.G. Alessandrl, L.
Murri, F. Fornai, A damage to locus coeruleus neurons converts sporadic
seizures into self-sustaining limbic status epilepticus, Eur. J. Neurosci. 17
(2003) 2593–2601.

37] F.S. Giorgi, G. Mauceli, F. Blandini, S. Ruggieri, A. Paparelli, L. Murri, F. Fornai,
213–233.

http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0110
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0115
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0120
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0125
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0130
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0135
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0140
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0145
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0150
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0155
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0160
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0165
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0170
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0175
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0180
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0185
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190
http://refhub.elsevier.com/S0304-3940(17)30176-3/sbref0190

	Noradrenergic regulation of plasticity marker expression in the adult rodent piriform cortex
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Drug treatment paradigms
	2.3 Immunohistochemistry
	2.4 Cell counting
	2.5 Statistical analyses

	3 Results
	3.1 Expression of plasticity markers in the rodent piriform cortex
	3.2 Noradrenergic modulation of plasticity markers within the rodent piriform cortex
	3.3 α2-Adrenergic receptor mediated regulation of plasticity markers in the piriform cortex

	4 Discussion
	Acknowledgements
	References


