
T
c

E
D

a

A
R
R
A
A

K
L
C
B
S
N

1

a
i
c
o
i
e
v
t
(
s
a
u
i
e
i
p
d
t

h
1

Respiratory Physiology & Neurobiology 219 (2015) 9–17

Contents lists available at ScienceDirect

Respiratory  Physiology  &  Neurobiology

jou rn al h om epa ge: www.elsev ier .com/ locate / resphys io l

he  cough  reflex  is  upregulated  by  lisinopril  microinjected  into  the
audal  nucleus  tractus  solitarii  of  the  rabbit

lenia  Cinelli,  Fulvia  Bongianni,  Tito  Pantaleo,  Donatella  Mutolo ∗

ipartimento di Medicina Sperimentale e Clinica, Sezione Scienze Fisiologiche, Università degli Studi di Firenze, Viale G.B. Morgagni 63, 50134 Firenze, Italy

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 9 June 2015
eceived in revised form 27 July 2015
ccepted 27 July 2015
vailable online 30 July 2015

eywords:
isinopril

a  b  s  t  r  a  c  t

We  have  previously  shown  that  cough  potentiation  induced  by intravenous  administration  of  the  AT1

receptor  antagonist  losartan  is lower  than that  induced  by  the  ACE  inhibitor  lisinopril  in anesthetized
and  awake  rabbits.  Since  losartan  and  lisinopril  cross  the  blood–brain  barrier,  their central  action  on
the  cough  reflex  can  be hypothesized.  Mechanical  stimulation  of the  tracheobronchial  tree  and  citric
acid  inhalation  were  used  to induce  cough  reflex  responses  in pentobarbital  sodium-anesthetized,  spon-
taneously  breathing  rabbits.  Bilateral  microinjections  (30–50  nl)  of  losartan  (5  mM),  lisinopril  (1  mM),
bradykinin  (0.05  mM),  HOE-140  (0.2 mM, a bradykinin  B2 receptor  antagonist)  and  CP-99,994  (1  mM,  an
ough
radykinin
ubstance P
ucleus tractus solitarii

NK1 receptor  antagonist)  were  performed  into  the  caudal  nucleus  tractus  solitarii,  the  predominant  site
of  termination  of cough-related  afferents.  Lisinopril,  but  not  losartan  increased  the  cough  number.  This
effect  was  reverted  by  HOE-140  or CP-99,994.  Cough  potentiation  was  also  induced  by  bradykinin.  The
results  support  for the  first  time  a central  protussive  action  of lisinopril  mediated  by an  accumulation  of
bradykinin  and  substance  P.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Cough is a very important airway protective reflex, but also char-
cterizes a debilitating disease under chronic conditions. Dry cough
s largely considered one of the major side effects of angiotensin-
onverting enzyme (ACE) inhibitors (Berkin and Ball, 1988), a class
f drugs widely used for hypertension, heart failure and post-
nfarction treatment (Paul et al., 2006). Angiotensin II is the main
ffector of the renin-angiotensin system (RAS) that controls cardio-
ascular hemodynamic and blood fluid homeostasis. In mammals
here are two primary angiotensin II receptor subtypes, AT1 and AT2
Paul et al., 2006; Wright and Harding, 2011). Losartan and other
artans block AT1 receptors (McIntyre et al., 1997). They have been
ssociated with low cough incidence in humans, so that they are
sually employed to substitute ACE inhibitors in patients display-

ng as side effect persistent cough (e.g., Paster et al., 1998; Mutolo
t al., 2013 also for further Refs.). The mechanism of ACE inhibitor-
nduced cough remains unclear, but likely involves mainly the

rotussive mediators bradykinin and substance P, agents that are
egraded by ACE and therefore accumulated in the respiratory sys-
em when the enzyme is inhibited (e.g., Bali et al., 2014; Fox et al.,

∗ Corresponding author.
E-mail address: donatella.mutolo@unifi.it (D. Mutolo).

ttp://dx.doi.org/10.1016/j.resp.2015.07.013
569-9048/© 2015 Elsevier B.V. All rights reserved.
1996; Moreaux et al., 2001; Tomaki et al., 1996; Mutolo et al., 2010,
2013 also for further Refs.).

In a previous study (Mutolo et al., 2013), we have shown
that cough upregulation induced by intravenous administration of
losartan is lower than that induced by lisinopril both in awake
and anesthetized rabbits. Since losartan and lisinopril cross the
blood–brain barrier (Pediconi et al., 2005; Ranadive et al., 1992;
Tan et al., 2005), a central action of these drugs on the cough reflex
can be hypothesized especially at the level of the caudal nucleus
tractus solitarii (NTS), the main central terminus of cough-related
afferents (Kubin and Davies, 1995; Kubin et al., 2006; Mutolo et al.,
2007).

Apart from their role in cardiovascular regulation, RAS com-
ponents within the central nervous system have other functions
mediated by AT1 and/or AT2 receptors (Paul et al., 2006; Premer
et al., 2013; Wright and Harding, 2011). In particular, previous stud-
ies have demonstrated that several neuromodulators, including
angiotensin II acting on AT1 receptors, are involved in cardiovascu-
lar regulation within the NTS (Arnold et al., 2010; Cheng et al., 2010,
2012; Kasparov et al., 1998; Mosqueda-Garcia et al., 1990). Accord-
ingly, high levels of ACE (Rogerson et al., 1995) and high densities of

AT1 receptors have been found at the level of the NTS in the rabbit
(Aldred et al., 1993) as well as in many other mammals including
humans (Paul et al., 2006; Premer et al., 2013; Wright and Harding,
2011).

dx.doi.org/10.1016/j.resp.2015.07.013
http://www.sciencedirect.com/science/journal/15699048
http://www.elsevier.com/locate/resphysiol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resp.2015.07.013&domain=pdf
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An attempt was made to ascertain a central action of losartan
nd lisinopril at the level of the caudal NTS and provide evidence
upporting the hypothesis that upregulation of the cough reflex in
he rabbit treated with lisinopril could be due, at least in part, to
he same mechanisms already suggested to be active at the periph-
ral level. Thus, we carried out the present study on pentobarbital
odium-anesthetized, spontaneously breathing rabbits by evoking
he cough reflex in response to both mechanical and chemical stim-
lation of the tracheobronchial tree. Changes in the cough reflex

nduced by microinjections of lisinopril, losartan, bradykinin, HOE-
40 (a bradykinin B2 receptor antagonist) and CP-99,994 (an NK1
eceptor antagonist) into the caudal NTS were investigated.

. Materials and methods

.1. Ethical approval

All animal care and experimental procedures were conducted in
ccordance with the Italian legislation and the official regulations of
he European Community Council on the use of laboratory animals
Directive 86/609/EEC and 2010/63/UE). The study was  approved
y the Animal Care and Use Committee of the University of Florence.
ll efforts were made to minimize both the number of animals used
nd their suffering. Experimental procedures and details about the
ethods employed have previously been described (Cinelli et al.,

013; Mutolo et al., 2007, 2008, 2009, 2010, 2012, 2013, 2014).

.2. Animal preparation

Experiments were performed on 43 male New Zealand
hite rabbits (2.8–3.5 kg) anesthetized with pentobarbital

odium (40 mg/kg i.v., supplemented by 2–4 mg/kg every 30 min;
igma–Aldrich, St. Louis, MO). Atropine (0.15 mg/kg i.m.) was
dministered to reduce mucosal secretion in the airways. The
dequacy of anesthesia was continuously assessed during the
xperiment as in our previous studies. The trachea was cannulated
nd polyethylene catheters were inserted into a femoral artery
nd vein for monitoring arterial blood pressure and drug delivery,
espectively. The C3 or C5 phrenic root on one side was  prepared
or recordings. The animal was placed in a prone position and
xed by a stereotaxic head holder and vertebral clamps. The
ead was ventroflexed for optimal exposure of the dorsal surface
f the medulla by occipital craniotomy. Body temperature was
aintained at 38.5–39 ◦C.

.3. Recording procedures

Bipolar platinum electrodes were used to record efferent
hrenic nerve activity from the central stump of one cut and
esheathed phrenic root. Wire electrodes were used to record
bdominal muscle electromyographic (EMG) activity. Phrenic and
bdominal activities were amplified, full-wave rectified, and “inte-
rated” (low-pass RC filter, time constant 100 ms). Arterial blood
ressure and end-tidal CO2 partial pressure were recorded. Car-
iorespiratory variables were acquired and analyzed using a
ersonal computer, equipped with an analog-to-digital interface
Digidata 1440, Molecular Devices, Sunnyvale, CA, USA) and appro-
riate software (Axoscope, Molecular Devices).

.4. Microinjection procedures

Bilateral microinjections were performed at two different sites

long the rostrocaudal extent of the caudal NTS, and particularly
nto the lateral commissural NTS. The first was at the level of the
audal-most end of the area postrema, 0.6–0.8 mm lateral to the
idline and 0.7–0.8 mm below the dorsal medullary surface. The
& Neurobiology 219 (2015) 9–17

second was 0.5 mm more caudal, 0.4–0.5 mm lateral to the midline
and 0.7–0.8 mm below the dorsal medullary surface. The stereo-
taxic coordinates were selected according to the atlas of Meessen
and Olszewski (1949).

Microinjections (30–50 nl) of the following drugs were per-
formed: losartan (5 mM;  Fluka–Sigma–Aldrich), lisinopril (1 mM;
Sigma–Aldrich), bradykinin (0.05 mM;  Tocris Bioscience, Bristol,
UK), HOE-140 (0.2 mM;  Tocris Bioscience), a potent and selec-
tive bradykinin B2 receptor antagonist, CP-99,994 (1 mM;  gift from
Pfizer, Groton, CT, USA), an NK1 receptor antagonist and d,l-
homocysteic acid (DLH, 20 mM;  Sigma–Aldrich), a broad-spectrum
excitatory amino acid agonist. Only one of these drugs was tested
in each preparation unless otherwise stated. Drug concentrations
were in the same range as those previously used in in vivo prepa-
rations (Arnold et al., 2010; Caligiorne et al., 1996; Kasparov et al.,
1998; Mutolo et al., 2008). In particular, the concentrations of
lisinopril and losartan were based on the knowledge that the anti-
hypertensive potency of lisinopril is ∼5 times higher than that of
losartan (see e.g., Mutolo et al., 2013). All drugs were dissolved
in 0.9% NaCl solution. Control injections of equal volumes of the
vehicle solution at the responsive sites were also performed. The
localization of injection sites is illustrated in Fig. 1. Green fluo-
rescent latex microspheres (LumaFluor, New City, NY, USA) were
injected for post hoc confirmation of injection sites within the cau-
dal NTS of some preparations (3 for losartan and 4 for lisinopril).

2.5. Stimulation procedures

Both mechanical and chemical stimulation of the tracheo-
bronchial tree were employed to induce cough. Mechanical
stimulation was delivered by a custom-built device recently
described and validated (Mutolo et al., 2014) using a 0.5 mm diam-
eter nylon fiber with a smoothed tip inserted through a lateral
port of the tracheal cannula. The device allowed to set the number
of forth and back movements or cycles (1–3 cycles), shaft veloc-
ity (10–20 mm/s), and shaft displacement (10–20 mm). Mechanical
stimulation was  adjusted to the following parameters: 1 cycle,
15 mm/s  velocity, and 15 mm displacement. These parameters
proved to produce a bout of 2–4 coughs. The stimulation proto-
col comprised three stimulation trials performed in succession (at
∼1 min  interval) before drug administration, repeated ∼5 min  after
the completion of all the microinjections and at appropriate inter-
vals (at least 5 min) until complete recovery was observed.

Chemical stimulation of the tracheobronchial tree was per-
formed by means of citric acid inhalation (for details see Mutolo
et al., 2009). Citric acid (1 M,  Sigma–Aldrich) was  freshly dissolved
in 0.9% NaCl solution and nebulized. The opening of the tracheal
cannula, through which the rabbits were spontaneously breathing,
was exposed to a steady stream of the nebulized citric acid solu-
tion for ∼3 s. This short period as well as time intervals between
chemical challenges >10 min  proved to be adequate to avoid tachy-
phylaxis. Chemical stimulation was always applied 2–3 min  after
mechanically-induced cough and caused a bout of several coughs
usually immediately followed by a tachypneic response. As a rule,
chemical stimulation was performed both before and ∼15 min
after the completion of the injections and repeated at appropri-
ate intervals to follow the time course of the recovery process. All
stimulation procedures were performed at least 5–6 min  after each
supplemental dose of pentobarbital to avoid its possible immediate
influence on the recorded variables.

2.6. Histology
The histological control of pipette tracks and injection sites
was performed as previously described (for details, see Mutolo
et al., 2007, 2012). Medullary sections in which injection sites
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Fig. 1. Localization of injection sites and histological control. A: a diagrammatic representation of a dorsal view of the medulla oblongata of the rabbit showing the sites where
multiple bilateral microinjections (�) of different drugs have been performed into the caudal aspect of the nucleus tractus solitarii (NTS). AP: area postrema; DRG: dorsal
respiratory group. B: diagram of a coronal section of the medulla oblongata at the level indicated in panel A (dashed line) showing the location of representative sites where
the  microinjections have been performed. To simplify the presentation of results, only the distribution of sites where 1 mM lisinopril (�) was injected has been reported.
The  diagram also shows the location of injection sites (�) into some control regions where lisinopril did not cause appreciable changes in the pattern of breathing and cough
responses. Representative sites of control drug microinjections at a location >0.8 mm caudal to the responsive sites of the caudal NTS have not been illustrated. NCM: nucleus
cuneatus medialis; NDV: nucleus dorsalis nervi vagi; NG: nucleus gracilis; NOI; nucleus olivaris inferior; NV: nucleus tractus spinalis nervi trigemini; NXII: nucleus nervi
hypoglossi; P: tractus piramidalis. The atlas of Meessen and Olszewski (1949) and the atlas of Shek et al. (1986) were used for comparison. C: photomicrograph of a coronal
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nto  the caudal NTS. The sections are counterstained with Cresyl Violet. Light-field
ave  been indicated. (For interpretation of the references to color in this figure lege

ere marked by fluorescent microspheres were examined in a
ight and/or epifluorescence microscopy (Eclipse E400, Nikon,
apan) equipped with the Nikon Intensilight C-HGFI mercury-fiber
lluminator. Photomicrographs were taken with a Nikon DS-Fi1
igital camera. Illustrations were prepared in Adobe Photoshop
S3 (Adobe Systems Incorporated, San Jose, CA, USA). The atlas of
eessen and Olszewski (1949) as well as the more recent atlas of

hek et al. (1986) were used for comparison.

.7. Data collection and analysis

Respiratory variables were measured during eupneic breathing
nd reflex responses. The inspiratory (TI) and expiratory (TE) times,
s well as the total duration of the respiratory cycle (TT) were mea-
ured on recordings of raw phrenic nerve activity (Mutolo et al.,

014; Poliacek et al., 2011). The respiratory frequency was  subse-
uently calculated (breaths/min). Peak amplitude (arbitrary units)
f the phrenic nerve activity and abdominal EMG  activity were
easured on integrated traces and normalized by expressing them
ation of the fluorescent beads (green, indicated by the white arrow) microinjected
uorescence photomicrographs have been superimposed. Some relevant structures
e reader is referred to the web version of this article.)

as a fraction (or percentage) of the highest achievable amplitude
observed in each animal, i.e., in relative units (RU). Breathing pat-
tern variables were measured for an average of five consecutive
breaths prior to and following drug microinjections. Furthermore,
systolic and diastolic blood pressures were measured at 2 s inter-
vals and mean arterial pressure was  calculated as the diastolic
pressure plus one-third of the pulse pressure. The measurement
periods of cardiorespiratory variables were the same selected for
cough-related variables (see below). Owing to the small variations
in respiratory and cardiovascular variables within each measure-
ment period, average values were taken as single measurements
for the purpose of analysis. Similarly, cardiorespiratory variables
were also measured before and after DLH microinjections at the
time when the maximum response occurred.

The cough motor pattern in response to mechanical or chem-

ical stimulation of the tracheobronchial tree is characterized by
repeated coughs. Respiratory variables of coughs (cough-related
variables) included the cough-related TT, TI and TE, peak phrenic
amplitude (RU), peak abdominal activity (RU) and the cough
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Fig. 2. Influences of 5 mM losartan and 1 mM lisinopril microinjected into the selected sites of the caudal NTS on cough reflex responses elicited by mechanical stimulation
of  the tracheobronchial tree in anesthetized spontaneously breathing rabbits. Original recordings illustrate the absence of appreciable effects ∼30 min  after losartan microin-
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hr  IN: phrenic integrated neurogram; Phr N: phrenic neurogram; Abd IEMG: abd
ctivity.

umber, i.e., the number of coughs following each stimulation.
ough-related variables were measured and averaged before and
fter drug administration at the time when the maximum response
ccurred as well as at the time when a complete recovery was
bserved (three trials for mechanical stimulation and a single trial
or citric acid inhalation). The average values of cough-related vari-
bles were taken as single measurements for subsequent statistical
nalysis (GraphPad Prism 5, La Jolla, CA, USA). On some occasions,
n expiration reflex could occur as the first motor event in a cough
poch (Korpáš  and Tomori, 1979; Widdicombe and Fontana, 2006
or further details see Tatar et al., 2008; Mutolo et al., 2007, 2008,
009, 2012; Cinelli et al., 2013). Expiration reflexes were not con-
idered for data analysis.

Comparisons were performed by means of the one-way
epeated-measures ANOVA followed by Student–Newman–Keuls
ests. The same statistical analysis was employed to evaluate the
eversion of the lisinopril-induced effects by the bradykinin B2
eceptor antagonist HOE-140 and the NK1 receptor antagonist CP-
9,994. DLH-induced changes in cardiorespiratory variables as well
s the bradykinin effects on the cough reflex in the presence of CP-
9,994 were evaluated by the Student’s paired t-test. All reported
alues are means ± SE; p < 0.05 was taken as significant.
. Results

Bilateral microinjections (n = 7) of 5 mM losartan (30–50 nl;
50–250 pmol) into the caudal NTS did not produce any effect
s (maximum effect). The onset of mechanical stimulation is indicated by arrows.
l integrated electromyographic activity; Abd EMG: abdominal electromyographic

on the cough response to both mechanical and chemical stim-
ulation of the tracheobronchial tree (Figs. 2 and 3; Table 1).
In contrast, bilateral microinjections (n = 7) of 1 mM lisinopril
(30–50 nl; 30–50 pmol) increased the number of coughs induced
by mechanical and chemical stimulations of the tracheobronchial
tree (Figs. 2 and 3; Table 1). These effects were already apparent on
mechanically-induced cough within ∼5 min  and were fully devel-
oped for both types of stimulation at ∼30 min  after the completion
of the microinjections. Cough-related variables resumed control
values within 60 min.

Since lisinopril-induced cough potentiation could be linked to
an accumulation of bradykinin (Bali et al., 2014; Fox et al., 1996;
Moreaux et al., 2001), bilateral microinjections (n = 7) of 0.05 mM
bradykinin (30–0 nl; 1.5–2.5 pmol) were performed into the caudal
NTS. About 10 min  after the microinjections (maximum effect), the
cough number increased from 3.13 ± 0.40 to 4.33 ± 0.35 (p < 0.001)
during mechanical stimulation and from 3.71 ± 0.42 to 5.86 ± 0.45
(p < 0.001) during chemical stimulation (see also Fig. 4). No changes
in the other cough-related variables were observed (not shown).
The recovery occurred within ∼60 min. Accordingly, microinjec-
tions of 0.2 mM HOE-140 (30–50 nl; 6–10 pmol) into the same
caudal NTS sites performed ∼30 min  after lisinopril (n = 5) reverted
within ∼10 min  lisinopril-induced potentiation of the cough reflex

(Fig. 5A).

To verify whether substance P accumulation is also involved
in the lisinopril-induced potentiation of the cough reflex (Bali
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Fig. 3. Influences of 5 mM losartan and 1 mM lisinopril microinjected into the selected sites of the caudal NTS on cough reflex responses elicited by citric acid inhalation in
a ce of 

t tion p
n : abd

e
r
a
s
c
w
t
o
d
c
1

T
C
l

V
(

nesthetized spontaneously breathing rabbits. Original recordings show the absen
he  cough reflex ∼30 min  after lisinopril microinjections (maximum effect). Stimula
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t al., 2014; Moreaux et al., 2001; Tomaki et al., 1996), we  tried to
evert lisinopril-induced effects by microinjections of CP-99,994,
n NK1 receptor antagonist. It has already been shown that sub-
tance P microinjected into the caudal NTS markedly potentiates
ough reflex responses (Mazzone et al., 2005; Mutolo et al., 2007)
hile 10 mM CP-99,994 microinjected into the same site abolishes

hem (Mutolo et al., 2008). Thus, we searched for a concentration

f the NK1 receptor antagonist that injected into the caudal NTS
id not cause any antitussive effect under control conditions, but
ould abolish lisinopril-induced potentiation. A concentration of

 mM was selected in preliminary trials (n = 4). Microinjections of

able 1
ough-related variables during mechanical stimulation of the tracheobronchial tree and

osartan (n = 7) and 1 mM lisinopril (n = 7) into the caudal NTS.

CN TT (s) TI (s) 

Mechanical stimulation
Control 3.16 ± 0.22 0.53 ± 0.04 0.36 ±
5  mM Losartan 3.07 ± 0.27 0.55 ± 0.03 0.37 ±
Control  2.81 ± 0.19 0.55 ± 0.03 0.37 ±
1  mM Lisinopril 4.38 ± 0.35* 0.56 ± 0.02 0.38 ±
Citric  acid inhalation
Control 3.86 ± 0.51 0.51 ± 0.01 0.35 ±
5  mM Losartan 3.79 ± 0.51 0.54 ± 0.02 0.35 ±
Control  3.43 ± 0.48 0.55 ± 0.02 0.37 ±
1  mM Lisinopril 5.71 ± 0.64* 0.56 ± 0.03 0.38 ±
alues are means ± SE; n: number of animals; CN: cough number; TT: cycle duration; TI:

RU);  PAA: peak abdominal activity in relative units (RU).
* p < 0.001 compared with control.
appreciable effects ∼30 min  after losartan microinjections and the potentiation of
eriods marked by filled bars. Phr IN: phrenic integrated neurogram; Phr N: phrenic
ominal electromyographic activity.

1 mM CP-99,994 (30–50 nl; 30–50 pmol; n = 5) into the same caudal
NTS sites executed ∼30 min  after lisinopril blocked within ∼10 min
lisinopril-induced potentiation of the cough reflex (Fig. 5B).

The results show that both the B2 receptor antagonist and the
NK1 receptor antagonist are able to completely abolish cough-
potentiating effects (the facilitatory effects on the cough reflex
responses) induced by lisinopril. Since bradykinin is known to facil-

itate the release of substance P from rat sensory neurons in culture
as well as from peripheral terminals of capsaicine-sensitive pri-
mary afferents (for a review, see Couture et al., 2001), an attempt
was made to ascertain whether bradykinin could be responsible

 citric acid inhalation before and ∼30 min  after bilateral microinjections of 5 mM

TE (s) PPA (RU) PAA (RU)

 0.03 0.17 ± 0.01 0.63 ± 0.03 0.58 ± 0.03
 0.02 0.18 ± 0.01 0.61 ± 0.03 0.58 ± 0.02
 0.02 0.18 ± 0.01 0.62 ± 0.02 0.57 ± 0.04
 0.02 0.17 ± 0.01 0.66 ± 0.03 0.57 ± 0.03

 0.02 0.17 ± 0.01 0.62 ± 0.03 0.49 ± 0.03
 0.01 0.19 ± 0.01 0.60 ± 0.05 0.48 ± 0.03
 0.02 0.18 ± 0.01 0.61 ± 0.03 0.50 ± 0.03
 0.03 0.17 ± 0.02 0.62 ± 0.05 0.49 ± 0.02

 inspiratory time; TE: expiratory time; PPA: peak phrenic activity in relative units
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Fig. 4. Changes induced by 0.05 mM bradykinin microinjected into the selected sites of the caudal NTS in cough reflex responses of one anesthetized spontaneously breathing
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abbit. Potentiation of cough responses induced by mechanical stimulation of the t
ections  of bradykinin. Onset of mechanical stimulation (arrows) and periods of cit
:  phrenic neurogram; Abd IEMG: abdominal integrated electromyographic activit

f the release of substance P at the level of NTS. Thus, in four
xperiments bilateral microinjections of 0.05 mM bradykinin
30–50 nl; 1.5–2.5 pmol) were performed ∼5 min  after bilateral

icroinjections of 1 mM CP-99,994 (30–50 nl; 30–50 pmol) into the
ame caudal NTS sites. About 10 min  after bradykinin microinjec-
ions, the cough reflex was not potentiated: the cough number
emained fairly constant during mechanical stimulation (from
.05 ± 0.27 to 2.85 ± 0.17; p > 0.05) and during chemical stimulation
from 4.10 ± 0.31 to 3.87 ± 0.37; p > 0.05).

Although the main focus of our study was on cough responses,
e also observed that bilateral microinjections of losartan, lisino-
ril or bradykinin into the caudal NTS did not affect respiratory
ariables during eupneic control breathing (see e.g., control recor-
ings before reflex responses in Figs. 2–4; statistical data not
hown). Similarly, no consistent changes in arterial blood pres-
ure were observed (mean arterial pressure was always between
6 and 105 mmHg). A general evaluation of cardiorespiratory vari-
bles under control conditions has been provided in previous
eports (Mutolo et al., 2007, 2008, 2009). The correspondence
f lisinopril injection sites to the NTS regions involved in car-

iovascular regulation, where glutamate microinjections cause
ecreases in arterial blood pressure (e.g., Cheng et al., 2012;
osqueda-Garcia et al., 1990), was also investigated. Bilateral
icroinjections of 20 mM DLH (30–50 nl; 600–1000 pmol), per-
bronchial tree and by inhalation of 1 M citric acid ∼10 min after bilateral microin-
d inhalation (filled bars) are indicated. Phr IN: phrenic integrated neurogram; Phr

 EMG: abdominal electromyographic activity.

formed in four preparations before lisinopril administration,
consistently decreased within 3–4 min  mean arterial blood pres-
sure (−22.25 ± 1.49 mmHg; p < 0.05). These injections also caused
increases in the respiratory rate (from 51.2 ± 3.1 to 72.4 ± 4.1
breaths/min; p < 0.005) mainly due to decreases in TE (from
0.83 ± 0.05 to 0.53 ± 0.05 s; p < 0.005) associated with the sup-
pression of the abdominal muscle activity. No attempts were
made to elicit cough reflex responses during DLH-induced
effects.

In four additional preparations, bilateral control microinjections
of 1 mM lisinopril were performed at different medullary locations
sufficiently far from the responsive sites (Cinelli et al., 2013; Lipski
et al., 1988; Mutolo et al., 2007, 2008, 2009, 2012, 2014; Nicholson,
1985; Sykova and Nicholson, 2008). Four microinjections of 1 mM
lisinopril were executed into each of the following neural struc-
tures (for comparison, see Meessen and Olszewski, 1949; Shek
et al., 1986): the nucleus cuneatus medialis, the nucleus tractus
spinalis nervi trigemini and the region located >0.8 mm caudal to
the responsive NTS sites. In all instances, no appreciable changes
in the pattern of breathing and cough responses were observed.

In accordance with the results of our previous studies on the NTS
region (Mutolo et al., 2007, 2008, 2012, 2014), control injections of
equal volumes of the vehicle solution at the responsive sites (5 trials
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Fig. 5. Blockade of the lisinopril-induced effects by the bradykinin B2 receptor
antagonist HOE-140 and the NK1 receptor antagonist CP-99,994 microinjected into
the caudal NTS. A: histograms showing the number of coughs induced by mechanical
and  chemical stimulations under control conditions, ∼25 min  after 1 mM lisinopril,
and ∼10 min  after 0.2 mM HOE-140 (n = 5). B: histograms showing the number of
coughs induced by mechanical and chemical stimulations under control conditions,
∼25  min  after 1 mM lisinopril microinjections, and ∼10 min  after 1 mM CP-99,994
(n  = 5). Each antagonist was  microinjected ∼30 min after lisinopril, i.e., during the
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aximum cough-potentiating effect. Values are means ± SE. *p < 0.001 compared
ith control; #p < 0.001 compared with lisinopril. The cough number after HOE-140

r CP-99,994 was not significantly different from control.

erformed in 5 different preparations before drug administration)
ere ineffective.

The localization of the injection sites was confirmed by the his-
ological control (for details see also Mutolo et al., 2007, 2012). An
xample of the location of fluorescent beads microinjected into the
audal NTS is shown in Fig. 1. The same figure illustrates the local-
zation of injection sites on a dorsal view of the medulla oblongata
s well as the distribution of injection sites within the caudal NTS
nd some control regions. Only the distribution of sites where 1 mM
isinopril was injected has been reported.

. Discussion

This study is the first to provide evidence that, in contrast to
osartan, the ACE inhibitor lisinopril microinjected into the cau-
al NTS induces a potentiation of the cough reflex evoked by both
echanical and chemical stimulation of the tracheobronchial tree.

n our opinion, the main novelty of the present results is that they
upport the notion of a central action of lisinopril that interferes
ith the catabolism of bradykinin and substance P at the level of the

audal NTS, i.e., at the level of a neural structure with a very impor-
ant, or even crucial, role in the medullary regulation of this reflex

e.g., Bolser et al., 2006; Bonham et al., 2004; Canning and Mori,
010, 2011; Mazzone et al., 2005; Mutolo et al., 2007, 2008, 2009,
012). In other words, the RAS can be suggested to be involved in the
entral control of the cough reflex. While substance P is well known
& Neurobiology 219 (2015) 9–17 15

to upregulate the cough reflex at the level of the NTS (Mazzone et al.,
2005; Mutolo et al., 2007), it seems worth mentioning that for the
first time it has been shown that also bradykinin within the caudal
NTS enhances cough reflex responses.

4.1. Methodological consideration and general remarks

We have already discussed in details the reliability of microin-
jections techniques and the characteristic of the spread of the
injectate (Cinelli et al., 2013; Mutolo et al., 2007, 2008, 2009, 2012,
2014). Relatively high drug concentrations (mM)  have been shown
to be as a rule necessary when using microinjection techniques, as
fully discussed in a previous report (Bongianni et al., 2002). The
specificity of drug-induced effects is supported by the absence of
changes in cough-reflex responses induced by bilateral microin-
jections of the vehicle solution into the caudal NTS or by drug
microinjections into regions sufficiently away from the respon-
sive sites. For a more exhaustive appraisal and discussion on the
spread of injected drugs see also Lipski et al., 1988; Nicholson,
1985; Sykova and Nicholson, 2008. Interestingly, changes in mean
arterial blood pressure that may  affect the cough reflex (Poliacek
et al., 2011) were not observed. The absence of consistent changes
in mean arterial blood pressure following microinjections of losar-
tan and lisinopril is in agreement with previous studies on the
effects of different types of ACE inhibitors or sartans microinjected
into the NTS of normotensive control animals (Arnold et al., 2010;
Chitravanshi and Sapru, 2011; Katsunuma et al., 2003; Wang et al.,
2007). The localization of responsive injection sites was confirmed
by the histological control. It appears to correspond fairly well to
that of NTS sites of action of agents affecting the cardiovascular
system (e.g., Arnold et al., 2010; Cheng et al., 2012; Mosqueda-
Garcia et al., 1990; Tseng et al., 1996). This correspondence was
also confirmed by DLH-induced depressor responses.

4.2. Drug-induced changes in the cough reflex

The results support our hypothesis that lisinopril could potenti-
ate the cough reflex at the central level through an accumulation of
protussive mediators such as bradykinin and substance P. All com-
ponents necessary for the formation and metabolism of bradykinin
and related kinins have been described in the brain, including
the NTS (Bhoola et al., 1992; Diz, 1985). In more detail, high-
affinity binding sites for bradykinin were found in the NTS (Fior
and Fuxe, 1995; Privitera et al., 1992). The biological effects of
bradykinin are mediated by its interactions with two  distinct
bradykinin receptor subtypes, the bradykinin B1 and B2 recep-
tors. The bradykinin B1 receptor is expressed at very low levels
and has a limited distribution under normal conditions, but can
be induced and upregulated under certain pathological condi-
tions (see e.g., Albert-Weissenberger et al., 2013). Of note, the
bradykinin B2 receptors have been found to be expressed in the
NTS (Murone et al., 1997; Privitera et al., 1992). This was the reason
why we used the B2 receptor antagonist HOE-140 to corroborate
bradykinin involvement in lisinopril-induced effects. The absence
of bradykinin-induced pressor effects is consistent with similar
results obtained with lisinopril microinjections into the caudal NTS
that actually may  induce bradykinin accumulation. On the contrary,
decreases in mean arterial blood pressure have been previously
obtained by microinjections of similar doses of bradykinin into the
medial NTS of the rat. However, the site of these microinjections
appears to be fairly different, located more rostrally at the level of
the area postrema (Caligiorne et al., 1996).
The peptide substance P displays a widespread distribution in
both the central and peripheral nervous system. After binding to
the NK1 receptors, substance P regulates many functions in the
central nervous system (for a review, see Munoz and Covenas,
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014). In particular, at the level of the NTS an important role
f substance P in the central plasticity induced by vagal afferent
bers as well as in cough potentiation has been suggested (Bonham
t al., 2004). Accordingly, substance P microinjections into the cau-
al NTS potentiate the cough reflex induced by both mechanical
nd chemical stimulation of the tracheobronchial tree (Mazzone
t al., 2005; Mutolo et al., 2007), an effect that was  counteracted
y intracerebroventricular administration of NK1 receptor antago-
ists (Mazzone et al., 2005). The antitussive role of NK1 receptor
ntagonism was confirmed by the observation that microinjec-
ions of 10 mM CP-99,994 into the caudal NTS abolished the cough
eflex induced by mechanical stimulation of the tracheobronchial
ree (Mutolo et al., 2008). In the present study, relatively low con-
entrations of the same NK1 receptor antagonist did not affect the
ough reflex under control conditions, but counteracted lisinopril-
nduced effects, thus supporting an involvement of substance P in
heir mediation. In addition, the results strongly suggest that the
omplete blockade of lisinopril-induced cough potentiation either
y the bradykinin B2 receptor antagonist or by the NK1 receptor
ntagonist could be due to a bradykinin-induced release of sub-
tance P probably from NTS sensory neurons or from the terminals
f primary afferent fibers.

The potential sources of bradykinin to the NTS may  involve
everal sites in the central nervous system. Immunoreactive
radykinin-like activity was detected in the hypothalamus, pitu-

tary gland, cerebellum, cortex and, interestingly, also in the
edulla oblongata (for a review, see Bhoola et al., 1992 also for fur-

her Refs.). Substance P may  originate from different sources, such
s bronchopulmonary C-fiber afferents, esophageal vagal afferents,
rigeminal afferents, NTS interneurons, and higher brain centers
uch as medullary raphé nuclei (for Refs. and discussion on the pos-
ible role of substance P see Mutolo et al., 2008). The presynaptic
r postsynaptic site of action of bradykinin or substance P in deter-
ining cough potentiation is a matter of speculation. However, a

robable presynaptic action of bradykinin on sensory C-fibers lead-
ng to substance P release (Bhoola et al., 1992; Couture et al., 2001)
s well as a postsynaptic action of substance P on NTS neurons of
he cough afferent pathway (Bonham et al., 2004 also for further
efs.) can be suggested. In agreement with this view, our exper-

ments show that the bradykinin-induced potentiation of cough
eflex responses was completely abolished by the presence of the
K1 receptor antagonist within the NTS.

Losartan microinjections did not affect cough reflex responses,
onsistently with previous results obtained by i.v. administration
Mutolo et al., 2013). This outcome strengthens our interpretation
ince its involvement in the blockade of AT1 receptors cannot lead
er se to an accumulation of bradykinin and substance P. In addi-
ion, the activation of AT2 receptors by angiotensin II may  inhibit
RK1/2 activity (Fischer et al., 1998), an effect that has been proved
o downregulate the cough reflex at the level of the caudal NTS
Mutolo et al., 2012). Further, the activation of AT2 receptors has
een suggested to have a role in the release of endogenous opioids
Bali et al., 2014) that are well-known to exert not only analgesic,
ut also antitussive effects (see e.g. Mutolo et al., 2008). In agree-
ent with our interpretation, evidence has been provided that
T2 receptors are present in the NTS, including its caudal portion

Lenkei et al., 1997; Luoh and Chan, 1998; Wang et al., 2012). Nev-
rtheless, present results do not allow us to rule out completely
hat losartan microinjected into different medullary areas may  have
ome effects on cough reflex responses.

Consistently with our previous findings on ACE inhibitors
Mutolo et al., 2010, 2013), the cough number was the only vari-

ble affected by lisinopril and bradykinin. The interpretation of this
nding is obscure, but it can be related to the existence of a cen-
ral gating mechanism that does not participate in the control of
he breathing pattern, but specifically regulates the cough num-
& Neurobiology 219 (2015) 9–17

ber (Bolser et al., 2006). By contrast, in previous studies by our
group not only the cough number, but also the intensity of other
cough-related variables were modified by antitussive drugs (Cinelli
et al., 2013; Mutolo et al., 2007, 2008, 2009, 2012, 2014). However,
the reasons of this discrepancy are at present only speculative.

In conclusion, the results support our contention that lisinopril,
but not losartan causes a potentiation of the cough reflex just at the
level of the caudal NTS, the main central terminus of cough-related
afferents, thus implying a role of the RAS in the central regulation
of cough. The protussive effects of ACE inhibitors may be related
to an action on NTS sensory neurons due to a bradykinin-induced
release of substance P. Since both pro- and antinociceptive roles
of the RAS have also been described (Bali et al., 2014), we  suggest
that studies on the involvement of the RAS in pain and cough mod-
ulation could lead to novel therapeutic approaches especially for
chronic pathological conditions.
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orpáš, J., Tomori, Z., 1979. Cough and Other Respiratory Reflexes. Karger, Basel,
Switzerland.

ubin, L., Alheid, G.F., Zuperku, E.J., McCrimmon, D.R., 2006. Central pathways of
pulmonary and lower airway vagal afferents. J. Appl. Physiol. 101, 618–627.

ubin, L., Davies, R.O., 1995. Central pathways of pulmonary and airway vagal
afferents. In: Hornbein, T.F. (Ed.), Regulation of breathing, vol. 79. 79. Dekker,
New York, pp. 219–284.

enkei, Z., Palkovits, M.,  Corvol, P., Llorens-Cortes, C., 1997. Expression of
angiotensin type-1 (AT1) and type-2 (AT2) receptor mRNAs in the adult rat
brain: a functional neuroanatomical review. Front. Neuroendocrinol. 18,
383–439.

ipski, J., Bellingham, M.C., West, M.J., Pilowsky, P., 1988. Limitations of the
technique of pressure microinjection of excitatory amino acids for evoking
responses from localized regions of the CNS. J. Neurosci. Methods 26, 169–179.

uoh, H.F., Chan, S.H., 1998. Participation of AT1 and AT2 receptor subtypes in the
tonic inhibitory modulation of baroreceptor reflex response by endogenous
angiotensins at the nucleus tractus solitarii in the rat. Brain Res. 782, 73–82.

azzone, S.B., Mori, N., Canning, B.J., 2005. Synergistic interactions between
airway afferent nerve subtypes regulating the cough reflex in guinea-pigs. J.
Physiol. 569, 559–573.

cIntyre, M., Caffe, S.E., Michalak, R.A., Reid, J.L., 1997. Losartan, an orally active
angiotensin (AT1) receptor antagonist: a review of its efficacy and safety in
essential hypertension. Pharmacol. Ther. 74, 181–194.

eessen, H., Olszewski, J.A., 1994. A Cytoarchitectonic Atlas of the
Rhomboencephalon of the Rabbit. Karger, Basel.

oreaux, B., Advenier, C., Gustin, P., 2001. Role of bradykinin and tachykinins in
the  potentiation by enalapril of coughing induced by citric acid in pigs.
Fundam. Clin. Pharmacol. 15, 23–29.

osqueda-Garcia, R., Tseng, C.J., Appalsamy, M.,  Robertson, D., 1990.
Cardiovascular effects of microinjection of angiotensin II in the brainstem of
renal hypertensive rats. J. Pharmacol. Exp. Ther. 255, 374–381.

unoz, M.,  Covenas, R., 2014. Involvement of substance P and the NK-1 receptor in
human pathology. Amino Acids 46, 1727–1750.

urone, C., Paxinos, G., McKinley, M.J., Oldfield, B.J., Muller-Esterl, W.,
Mendelsohn, F.A., Chai, S.Y., 1997. Distribution of bradykinin B2 receptors in
sheep brain and spinal cord visualized by in vitro autoradiography. J. Comp.
Neurol. 381, 203–218.

utolo, D., Bongianni, F., Cinelli, E., Fontana, G.A., Pantaleo, T., 2008. Modulation of
the  cough reflex by antitussive agents within the caudal aspect of the nucleus
tractus solitarii in the rabbit. Am.  J. Physiol. Regul. Integr. Comp. Physiol. 295,
R243–R251.

utolo, D., Bongianni, F., Cinelli, E., Giovannini, M.G., Pantaleo, T., 2012.
Suppression of the cough reflex by inhibition of ERK1/2 activation in the
caudal nucleus tractus solitarii of the rabbit. Am. J. Physiol. Regul. Integr.
Comp. Physiol. 302, R976–R983.

utolo, D., Bongianni, F., Cinelli, E., Pantaleo, T., 2009. Role of excitatory amino
acids in the mediation of tracheobronchial cough induced by citric acid
inhalation in the rabbit. Brain Res. Bull. 80, 22–29.

utolo, D., Bongianni, F., Evangelista, S., Cinelli, E., Pantaleo, T., 2010. Effects of

zofenopril and ramipril on cough reflex responses in anesthetized and awake
rabbits. J. Cardiovasc. Pharmacol. Ther. 15, 384–392.

utolo, D., Bongianni, F., Fontana, G.A., Pantaleo, T., 2007. The role of excitatory
amino acids and substance P in the mediation of the cough reflex within the
nucleus tractus solitarii of the rabbit. Brain Res. Bull. 74, 284–293.
& Neurobiology 219 (2015) 9–17 17

Mutolo, D., Cinelli, E., Bongianni, F., Evangelista, S., Pantaleo, T., 2013. Comparison
between the effects of lisinopril and losartan on the cougn reflex in
anesthetized and awake rabbits. J. Physiol. Pharmacol. 64, 201–210.

Mutolo, D., Cinelli, E., Bongianni, F., Pantaleo, T., 2014. Inhibitory control of the
cough reflex by galanin receptors in the caudal nucleus tractus solitarii of the
rabbit. Am.  J. Physiol. Regul. Integr. Comp. Physiol. 307, R1358–R1367.

Nicholson, C., 1985. Diffusion from an injected volume of a substance in brain
tissue with arbitrary volume fraction and tortuosity. Brain Res. 333,
325–329.

Paster, R.Z., Snavely, D.B., Sweet, A.R., Draper, R.A., Goldberg, A.I., Soffer, B.A.,
Sweet, C.S., 1998. Use of losartan in the treatment of hypertensive patients
with a history of cough induced by angiotensin-converting enzyme inhibitors.
Clin. Ther. 20, 978–989.

Paul, M.,  Poyan, M.A., Kreutz, R., 2006. Physiology of local renin-angiotensin
systems. Physiol. Rev. 86, 747–803.

Pediconi, D., Martarelli, D., Fontanazza, A., Pompei, P., 2005. Effects of losartan and
irbesartan administration on brain angiotensinogen mRNA levels. Eur. J.
Pharmacol. 528, 79–87.

Poliacek, I., Morris, K.F., Lindsey, B.G., Segers, L.S., Rose, M.J., Corrie, L.W., Wang, C.,
Pitts, T.E., Davenport, P.W., Bolser, D.C., 2011. Blood pressure changes alter
tracheobronchial cough: computational model of the respiratory-cough
network and in vivo experiments in anesthetized cats. J. Appl. Physiol. 111,
861–873.

Premer, C., Lamondin, C., Mitzey, A., Speth, R.C., Brownfield, M.S., 2013.
Immunohistochemical localization of AT1a, AT1b, and AT2 angiotensin II
receptor subtypes in the rat adrenal, pituitary, and brain with a perspective
commentary. Int. J. Hypertens 175, 428.

Privitera, P.J., Daum, P.R., Hill, D.R., Hiley, C.R., 1992. Autoradiographic visualization
and characteristics of [125I] bradykinin binding sites in guinea pig brain. Brain
Res. 577, 73–79.

Ranadive, S.A., Chen, A.X., Serajuddin, A.T., 1992. Relative lipophilicities and
structural-pharmacological considerations of various angiotensin-converting
enzyme (ACE) inhibitors. Pharm. Res. 9, 1480–1486.

Rogerson, F.M., Schlawe, I., Paxinos, G., Chai, S.Y., McKinley, M.J., Mendelsohn, F.A.,
1995. Localization of angiotensin converting enzyme by in vitro
autoradiography in the rabbit brain. J. Chem. Neuroanat. 8, 227–243.

Shek, J.W., Wen, G.Y., Wisniewski, H.M., 1986. Atlas of the Rabbit Brain and Spinal
Cord. Karger.

Sykova, E., Nicholson, C., 2008. Diffusion in brain extracellular space. Physiol. Rev.
88, 1277–1340.

Tan, J., Wang, J.M., Leenen, F.H., 2005. Inhibition of brain angiotensin-converting
enzyme by peripheral administration of trandolapril versus lisinopril in Wistar
rats. Am.  J. Hypertens. 18, 158–164.

Tatar, M.,  Hanacek, J., Widdicombe, J., 2008. The expiration reflex from the trachea
and  bronchi. Eur. Respir. J. 31, 385–390.

Tomaki, M.,  Ichinose, M.,  Miura, M.,  Hirayama, Y., Kageyama, N., Yamauchi, H.,
Shirato, K., 1996. Angiotensin converting enzyme (ACE) inhibitor-induced
cough and substance P. Thorax 51, 199–201.

Tseng, C.J., Liu, H.Y., Lin, H.C., Ger, L.P., Tung, C.S., Yen, M.H., 1996. Cardiovascular
effects of nitric oxide in the brain stem nuclei of rats. Hypertension 27,
36–42.

Wang, G., Coleman, C.G., Glass, M.J., Zhou, P., Yu, Q., Park, L., Anrather, J., Pickel,
V.M., Iadecola, C., 2012. Angiotensin II type 2 receptor-coupled nitric oxide
production modulates free radical availability and voltage-gated Ca2+ currents
in NTS neurons. Am. J. Physiol. Regul. Integr. Comp. Physiol. 302,
R1076–R1083.

Wang, W.Z., Gao, L., Pan, Y.X., Zucker, I.H., Wang, W.,  2007. AT1 receptors in the
nucleus tractus solitarii mediate the interaction between the baroreflex and
the cardiac sympathetic afferent reflex in anesthetized rats. Am.  J. Physiol.
10–15.
Wright, J.W., Harding, J.W., 2011. Brain renin-angiotensin—a new look at an old

system. Prog. Neurobiol. 95, 49–67.

http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0100
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0105
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0110
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0115
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0120
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0125
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0130
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0135
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0140
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0145
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0150
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0155
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0165
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0170
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0175
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0180
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0185
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0190
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0195
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0200
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0205
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0210
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0215
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0220
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0225
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0230
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0235
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0240
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0245
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0250
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0255
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0260
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0265
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0270
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0275
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0280
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0285
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0290
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0295
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0300
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0305
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310
http://refhub.elsevier.com/S1569-9048(15)30026-4/sbref0310

	The cough reflex is upregulated by lisinopril microinjected into the caudal nucleus tractus solitarii of the rabbit
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Animal preparation
	2.3 Recording procedures
	2.4 Microinjection procedures
	2.5 Stimulation procedures
	2.6 Histology
	2.7 Data collection and analysis

	3 Results
	4 Discussion
	4.1 Methodological consideration and general remarks
	4.2 Drug-induced changes in the cough reflex

	Acknowledgements
	References


