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Abstract
Background:  Antigen  exposure  and  persistent  inflammation  leads  to  structural  changes  in  the
asthmatic airways  which  are  collectively  termed  as  ‘‘airway  remodelling’’.  Presently  available
asthma medications  ameliorate  inflammations  but  are  unable  to  prevent  or  reverse  the  airway
remodelling  process  as  most  of  the  treatment  strategies  are  only  focused  on  inflammation
instead of  remodelling.
Methods:  Curcumin,  a  phytochemical  present  in  the  rhizome  of  Curcuma  longa  is  well  known
for its  anti-inflammatory  activity;  however,  the  main  drawback  is  its  poor  bioavailability  which
limits its  therapeutic  approval.  So,  the  effect  of  nasal  curcumin  on  acute  and  chronic  asthma
has been  studied  where  short  exposure  to  ovalbumin  (4  days)  represents  acute  phase  whereas
repeated  exposures  for  longer  (twice  per  week  till  5  weeks)  represents  chronic  asthma.  Disodium
cromoglycate  (DSCG,  50  mg/kg,  i.p.)  and  dexamethasone  (1  mg/kg,  i.p.)  were  used  as  standard
drugs in  acute  and  chronic  model  of  asthma  respectively.
Results:  OVA-induced  airway  inflammation  initiated  in  acute  stage  led  to  remodelling  due
to persistent  inflammation,  epithelial  and  sub  epithelial  thickening  (smooth  muscle  thicken-
ing), extracellular  matrix  (ECM)  deposition,  goblet  cell  hyperplasia  and  mucus  plug  formation.
Intranasal  curcumin  is  effective  in  inhibiting  airway  inflammation  and  remodelling  both  by  main-
taining the  structural  integrity  of  lungs  in  terms  of  inflammation,  airway  wall  thickening  and
mucus production.
Conclusion:  Our  findings  suggest  that  curcumin  administered  through  nasal  route  might  prove
therapeutically  efficient  in  inhibiting  allergic  airway  inflammations  and  maintaining  structural
integrity in  the  mouse  model  of  allergic  asthma.  This  may  lead  to  the  development  of  curcumin
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sthma  is  a  complex,  multifactorial  and  chronic  inflamma-
ory  disease  associated  with  bronchial  inflammation  and
haracterised  pathologically  by  variable  and  recurring  symp-
oms,  reversible  airflow  obstruction,  bronchospasm,  airway
yperresponsiveness  (AHR),  airway  inflammation  and  air-
ay  remodelling.1 Depending  on  the  antigen  exposure  (dose
nd  duration),  it  may  be  categorised  as  acute,  sub-acute
nd  chronic.  Short-term  exposure  results  in  acute  and  sub-
cute  pathological  condition  and  is  considered  to  replicate
irway  inflammatory  events  whereas  recurring,  continu-
us  and  long  term  exposures  result  in  chronic  condition
nd  structural  alteration  in  the  airways  termed  as  ‘‘airway
emodelling’’,  an  important  multi-cellular  process  refers  to
tructural  changes  in  the  airway  wall,  which  may  include
pithelial  fragility,  goblet  cell  metaplasia,  increased  airway
mooth  muscle  mass  and  basement  membrane  thickening
ue  to  extracellular  matrix  deposition.  Apart  from  airway
nflammation,  airway  remodelling  might  be  used  as  ther-
peutic  target  in  the  management  of  severe  asthma.  A
ariety  of  inflammatory  cells  such  as  eosinophils,  T  lympho-
ytes,  mast  cells,  neutrophils,  and  dendritic  cells  (DCs),  are
ecruited  to  the  site  of  inflammation.

Eosinophils  preferentially  accumulate  at  sites  of  allergic
nflammation  and  are  believed  to  play  important  roles  in  the
athophysiology  of  asthma  through  the  release  of  a  variety
f  inflammatory  mediators,  including  major  basic  pro-
ein  (MBP),  cysteinyl  leukotrienes  (CysLTs),  radical  oxygen
pecies,  and  cytokines.2,3 In  asthmatic  patients  with  per-
istent  sputum  eosinophilia,  treatment  with  anti-IL-5  mAb
educed  asthma  exacerbations  and  the  requirement  for  sys-
emic  corticosteroids,  and  improved  asthma-related  quality
f  life  (QOL).  These  results  strongly  suggest  an  essential  role
f  eosinophils  in  the  development  of  asthma  exacerbations.
ccumulating  evidence  suggests  that  eosinophils  largely
ontribute  to  the  development  of  airway  remodelling.4---6

oth  eosinophilic  and  neutrophilic  inflammations  may  play
n  important  role  in  severe  asthma.  It  was  suggested  that
evere  asthma  could  be  divided  into  two  inflammatory  sub-
ypes:  one,  eosinophil  (+)  neutrophil  (+)  group,  and  the  other
s  the  eosinophil  (−)  neutrophil  (+)  group.7

Chronic  inflammation  is  thought  to  have  functional  conse-
uences  that  contribute  to  the  structural  changes  in  asthma
hich  is  recognised  as  the  central  component  leading  to

emodelling.8 The  structural  changes  in  cellular  phenotypes
t  the  molecular  level  is  primarily  initiated  by  alterations  in
he  airway  epithelium,  lamina  propria  and  submucosa  lead-
ng  to  the  thickening  of  all  the  components  of  the  airway  wall
inner,  outer,  and  total).9 Furthermore,  continuous  injury  to
he  epithelium  lead  to  its  fragility  in  mild/acute  asthma  with
xtensive  denudation,  disruption,  shedding  and  increased
urnover  of  epithelial  cells  in  severe/chronic  asthma.10

pithelial  cell  hypertrophy  results  in  frequent  differentia-
ion  of  these  cells  to  mucus-secreting  goblet  cells  ensuing
oblet  cell  hyperplasia/metaplasia  and  mucous  gland  hyper-
lasia.  Apparent  thickening  of  the  epithelial  basement  due
o  increased  deposition  of  interstitial  collagen  and  other
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-
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atrix  proteins  in  the  reticular  basement  membrane  and
eribronchial  smooth  muscle  layer  has  also  been  reported
hich  leads  to  subepithelial  and  peribronchiolar  fibrosis

fibroblast  hyperplasia).11 Similarly,  altered  matrix  protein
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eposition  contributes  to  remodelling  of  the  sub  mucosa  and
dventitia.  Finally,  the  peribronchial  area  is  thickened  and
here  is  evidence  of  disrupted  or  damaged  alveolar  attach-
ents  and  abnormal  elastin  content  in  peripheral  airways

rom  severe  asthmatics.12

Presently-used  corticosteroids,  theophylline  and  �2  ago-
ists  being  the  most  potent  anti-asthmatic  drugs,  are
onsiderably  successful  in  improving  pulmonary  airflow  and
nflammation  both  in  acute  and  chronic  asthma,  but  their
ffectiveness  in  reversing  as  well  as  controlling  the  struc-
ural  remodelling  events  in  the  asthmatic  airways  has  been
imited.13,14 Since  inflammation  is  considered  as  a  driving
orce  behind  airway  injury  and  repair,  it  has  been  proposed
hat  asthma  treatment  might  specifically  and  effectively
arget  airway  inflammation  which  would  also  affect  the
emodelling  process.

Curcumin,  a  phytochemical  derived  from  rhizomes  of  Cur-
uma  longa  has  been  considered  safe  in  the  treatment  of  a
ide  variety  of  disorders.  Poor  bioavailability  limits  its  ther-
peutic  applications.  Recently,  we  have  reported  enhanced
ioavailability  of  curcumin  after  intranasal  administration
ncreases  its  bioavailability  in  lung  at  lower  dose.  It  has  ame-
iorated  histamine,  eosinophil  peroxidases  and  Th2  cytokine
esponses  like  IL-4,  IL-5  in  both  acute  and  chronic  asthma
odel  without  any  side  effect.15---16 We  report  here  the  initia-

ion  of  structural  changes  like  inflammation,  smooth  muscle
hickening  in  lungs  during  acute  phase  which  led  to  extra-
ellular  matrix  (ECM)  deposition,  goblet  cell  hyperplasia
nd  mucus  plug  formation  after  repeated  OVA  exposures  for
onger.

aterials and methods

nimals

ALB/c  mice  (6---8  weeks  old;  20---22  g)  were  procured  from
entral  Drug  Research  Institute  (CDRI),  Lucknow,  India.  They
ere  maintained  in  a  clean  animal  house  under  standard
onditions  of  temperature  (24  ±  2 ◦C),  light/dark  cycle  and
elative  humidity  (60---70%)  in  polypropylene  cages,  with
ice  husk  as  the  bedding  material.  Experimental  protocols
f  the  current  study  were  approved  by  the  Central  Ani-
al  Ethical  Committee,  Banaras  Hindu  University,  Varanasi,

ndia.

rouping  of  animals

ice  were  randomly  divided  into  two  sets  depending  on
he  type  of  asthma:  acute  and  chronic.  For  acute  phase
tudy,  mice  were  divided  into  five  groups  (5  mice/group)
nd  each  group  was  named  according  to  the  status  of
ensitisation/challenge/treatment.  Group  I  (normal),  Group
I  (asthmatic),  Group  III  (vehicle  DMSO  treated),  Group
V  (curcumin  treated;  5.0  mg/kg,  i.n.)  and  Group  V  was
SCG  (Disodium  cromoglycate,  50  mg/kg,  i.p.)  treated  mice
Table  1).
induced  allergic  inflammation  lead  to  structural  alterations
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For  chronic  asthma  model,  animals  were  divided  into
ve  groups  (5  mice/group)  as  in  Table  2  and  each
roup  was  named  according  to  the  status  of  sensitisa-
ion/challenge/treatment.  Groups  I  to  IV  were  similar  as
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Table  1  Animal  grouping  for  acute  asthma.

Group  Naming  Sensitisation  (i.p.)  Treatment  Challenge  (OVA  aerosol)

I  Normal  (Nor)  OVA  +  alum  ---  Saline
II Asthmatic  (OVA)  OVA  +  alum  ---  1%  OVA
III Vehicle  (Veh) OVA  +  alum DMSO  (i.n.) 1%  OVA
IV Curcumin  (Cur  5.0) OVA  +  alum Cur  5.0  mg/kg  (i.n) 1%  OVA
V Standard  drug  (SD)  OVA  +  alum  DSCG  50  mg/kg(i.p.)  1%  OVA

Table  2  Animal  grouping  for  chronic  asthma.

Group  Naming  Sensitisation  (i.p.)  Treatment  Challenge  (OVA  aerosol)

I  Normal  (Nor)  OVA  +  alum  ---  Saline
II Asthmatic  (OVA)  OVA  +  alum  ---  2%  OVA
III Vehicle  (Veh)  OVA  +  alum  DMSO  (i.n.)  2%  OVA
IV Curcumin  (Cur  5.0)  OVA  +  alum  Cur  5.0  mg/kg  (i.n.)  2%  OVA
V Standard  drug  (SD)  OVA  +  alum  Dexamethasome  1  mg/kg(i.p.)  2%  OVA

oglycate.

3rd 4th 5th

OVA + Alum sensitisation Challenge (2 times / week by 2% OVA) Mice sacrificed

56th day

A

B

OVA + Alum sensitisation Challenge (1% OVA aerosol) Mice sacrificed

  Curcumin (5mg/kg i.n.) and DSCG (50mg/kg, i.p.) 

Curcumin 5mg/kg i.n. and dexamethasone (1mg/kg, i.p.) 

0 7 14

0 7 14 1st 2nd

19 20 21 22 23

Figure  1  Protocol  for  inducing  experimental  acute  and
chronic  airway  inflammation  models.  (A)  In  the  acute  model,
mice were  sensitised  by  three  intraperitoneal  injections  of  OVA
on days  0,  7  and  14,  and  then  received  aerosolised  OVA  chal-
lenge on  day  19---22  using  a  nebuliser.  Mice  were  sacrificed  on
the 23rd  day  after  24  h  of  last  OVA  challenge.  (B)  In  the  chronic
model sensitisation  was  carried  out  in  the  same  manner  and
mice  were  challenged  by  2%  OVA  for  the  period  of  5  weeks,
t
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OVA: ovalbumin; DMSO: dimethyl sulphoxide; DSCG: disodium crom

above  except  Group  V  which  was  dexamathasone  (1  mg/kg,
i.p.)  treated  mice.

Development  of  experimental  mouse  model  of
acute and  chronic  asthma

Balb/c  mice  (22---25  g;  6---8  weeks)  were  randomly  divided
into  two  sets  and  each  set  was  further  divided  into  five
groups  (5  mice/group).

For  developing  acute  allergic  asthma  model,  mice  were
immunised  with  0.2  ml  saline  suspension  containing  50  �g
Ovalbumin  (OVA,  Grade  V:  Sigma;  St.  Louis,  MO,  USA)  emul-
sified  in  4  mg  of  aluminium  hydroxide  (Pierce;  Rockford,
IL,  USA)  on  days  0,  7,  and  14.  From  days  19  to  22,  mice
were  subjected  to  aerosol  of  1%  OVA  (prepared  in  saline
w/v)  inhalation  30  min  daily  (Fig.  1A)  in  a  Plexiglas  chamber
by  nebuliser  (Omran,  Japan)  with  an  airflow  rate  9  l/min.
Control  mice  received  i.p.  injections  of  0.2  ml  saline  con-
taining  4  mg  alum  and  were  challenged  with  saline  alone.
Curcumin  was  dissolved  in  dimethyl  sulphoxide  (DMSO)  and
given  an  hour  before  every  OVA  challenge  (days  19---22).
Vehicle  (DMSO)  was  also  given  to  OVA-sensitised  mice  in
a  similar  volume  as  curcumin.  DSCG  (di  sodium  cromogly-
cate)  was  used  as  a  standard  drug  for  acute  model.  Mice
were  sacrificed  on  day  24  (24  h  after  the  last  challenge
day).

In  the  chronic  asthma  model,  the  sensitisation  and  chal-
lenge  protocol  was  slightly  modified.17,18 Briefly,  all  mice
were  sensitised  with  50  �g  OVA  adsorbed  in  4  mg  aluminium
hydroxide  by  intraperitoneal  route  on  days  0,  7  and  14.  From
day  21  mice  were  subjected  to  2%  OVA  aerosol  for  30  min,
twice  a  week  for  the  period  of  5  weeks  (Fig.  2B).  Control
mice  received  i.p.  injections  of  0.2  ml  saline  containing  4  mg
alum  and  were  challenged  with  saline  alone.  Curcumin  was
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-i
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  
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given  an  hour  before  every  OVA  challenge  from  day  21  to
55.  Mice  were  sacrificed  on  day  56  (24  h  after  the  last  chal-
lenge  day).  Dexamethasone  was  used  as  standard  drug  in  the
chronic  model.

a
b
i
t

wice  in  a  week.  Mice  were  sacrificed  on  the  56th  day  after  24  h
f last  OVA  challenge.

ronchoalveolar  lavage  fluid  (BALF)  collection  and
ung histology

fter  the  last  OVA  aerosol,  mice  were  sacrificed  by  cervical
islocation.  BALF  was  collected  by  tracheal  cannulation  and
btained  by  washing  of  the  airway  lumen.  Briefly,  lungs  were
ashed  three  times  with  1  ml  of  ice-cold  PBS  and  were  cen-

rifuged  at  3000  rpm  for  10  min  at  4 ◦C.  Cell  pellet  was  used
o  analyse  inflammation  by  total  inflammatory  cell  count  and
ifferential  cell  count,  especially  eosinophils,  neutrophils
nduced  allergic  inflammation  lead  to  structural  alterations
A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.

nd  lymphocytes.  Lungs  were  inflated  with  10%  neutral
uffered  formalin  and  then  removed  aseptically  and  fixed
n  10%  neutral  buffered  formalin  for  24  h.  After  dehydra-
ion  the  lung  tissue  was  embedded  in  paraffin,  then  cut  into

dx.doi.org/10.1016/j.aller.2016.01.001
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Figure  2  Effect  of  curcumin  on  inflammatory  cell  recruitment:  BALF  was  centrifuged  and  the  pellet  was  assessed  for  total  cell
count by  Trypan  blue  dye  exclusion  test  and  differential  count  on  cytospun  slides  by  Giemsa  staining  in  acute  (A)  and  chronic  (B)
model. The  cells  were  counted  and  identified  as  eosinophils,  lymphocytes  and  neutrophils  on  the  basis  of  their  nuclear  morphology.
Total cell  count  encompasses  increased  eosinophils  in  OVA  sensitised  and  challenged  mice.  Total  cells  and  eosinophils  count  both
were decreased  with  pre-treatment  of  curcumin  in  both  acute  and  chronic  model.  The  results  are  shown  in  means  ±SEMs.  *p  <  0.05
nor Vs  OVA  group  and  **p  <  0.05  OVA  Vs  cur  group.  Nor  ---  normal;  OVA  ---  asthmatic;  Veh  ---  vehicle;  SD  ---  standard  drug  (DSCG  in  acute
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nd dexamethasone  in  chronic).

 �m  thickness  sections,  and  processed  further  for  staining
ith  Haematoxylin---Eosin  (H&E),  Periodic  Acid-Schiff  (PAS),
asson’s  trichrome  (MT)  and  Sirius  red  (SR).  Dexamethasone
roup  was  not  used  for  the  histological  grading  analysis  since
0---60%  mortality  was  observed.

The  degree  of  inflammation  in  airway  was  scored  with
pecial  reference  to  the  inflammatory  cells  recruited  to  the
ungs  in  the  peribronchiolar  region.19 Lung  sections  were
tained  with  Haematoxylin  and  eosin  for  general  morphology
nd  inflammation  (inflammatory  cell  infiltration,  epithelial
ayer  thickening,  sub-epithelial  thickening/smooth  muscle
hickening).  To  determine  the  inflammatory  cells  infiltra-
ion  in  peribronchial  region,  cells  were  counted  based  on

 5-point  scoring  system  as  described  by  Myou  et  al.19

riefly,  the  scoring  system  was:  0  ---  no  cells;  1  ---  a  few
ells;  2  ---  a  ring  of  cells  1  cell  layer  deep;  3  ---  a ring
f  cells  2---4  cells  deep;  4  ---  a  ring  of  cells  >4  cells
eep.

The  thicknesses  of  epithelium  and  sub  epithelial  smooth
uscle  layers  was  also  performed  in  H&E  stained  slides  and
easurements  were  taken  from  four  points  of  each  airway

t  3,  6,  9,  and  12  o’clock  positions20 (Motic  image  plus  soft-
are).  Approximately  15---20  airways  were  evaluated  for  this

tudy.
Masson’s  trichome  staining  was  used  for  detection  of

xtracellular  matrix  (Collagen)  deposition  in  peribronchiolar
egion  which  was  further  confirmed  by  Sirius  Red  stain-
ng:  0---3  scoring  system  was  applied  to  each  observed  in
ronchi.21 Briefly,  the  scoring  system  was:  0  ---  no  collagen
eposition;  1  ---  a  thin  layer  of  collagen;  2  ---  a  cluster  of
ollagen;  and  3  ---  a  thick  layer  of  collagen.

Lung  sections  were  stained  with  PAS  and  counter  stained
ith  Haematoxylin  to  detect  mucus  containing  goblet  cells.
riefly,  mucus  content  in  the  cell  was  scored  0---4  accord-

ng  to  the  criteria  adopted  by  a  grading  system  where  0
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  

http://dx.doi.org/10.1016/j.aller.2016.01.001

epresents  no  goblet  cells,  1  <  25%,  2  <  25---50%,  3  <  50---75%
nd  4  >  75%.  All  scoring  systems  were  performed  in  at  least
0---15  different  fields.  Mean  scores  were  obtained  in  these
elds.

I
(
w
m

mage  capture  and  photomicrographs

mages  of  lungs  sections  were  captured  with  a  digital  camera
Motic).  Briefly,  a  maximum  of  10---15  bronchi,  were  analysed
or  all  the  parameters  described.  The  measurement  was  per-
ormed  using  bar  feature  of  Motic  image  plus  software.

tatistical  analysis

xperiments  were  repeated  thrice  with  consistent  results
nd  expressed  as  mean  ±  SEM  for  the  number  of  experiment
ith  five  animals/group.  Statistical  evaluation  of  the  results

o  determine  difference  between  all  groups  was  performed
sing  student  t  test.  Results  with  p  values  less  than  0.05
ere  considered  significant.

esults

ffect  of  curcumin  on  total  inflammatory  and
ifferential cell  count  in  BALF

he  total  and  differential  inflammatory  cell  count  was
emarkably  and  significantly  increased  in  both  the  asthmatic
odels,  acute  and  chronic  as  compared  to  control  mice
hich  signifies  the  inflammation  due  to  repeated  OVA  expo-

ures  (Fig.  2A&B).  In  acute  asthma,  a  significant  increase
n  total  inflammatory  cells  was  noted  as  compared  to  the
hronic  model.  The  increase  in  total  number  of  cells  was
urther  associated  with  a  significant  increase  in  eosinophils,
ymphocytes  and  neutrophils  to  some  extent  as  observed  in
ytospun  slides  (Fig.  3A&B).  In  the  BALF,  eosinophils  numbers
ere  higher  in  acute  asthma  as  compared  to  chronic  model.
induced  allergic  inflammation  lead  to  structural  alterations
A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.

ntranasal  curcumin  (5  mg/kg)  has  significantly  inhibited
more  than  50%)  the  recruitment  of  inflammatory  cells  along
ith  the  eosinophils  to  the  lungs  in  both  acute  and  chronic
odels.

dx.doi.org/10.1016/j.aller.2016.01.001
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Figure  3  Differential  cell  count  on  cytospun  slides  40×.  The  cytospun  of  the  BALF  stained  with  giemsa  showed  reduction  in  the
recruitment of  eosinophils  after  curcumin  treatment  in  acute  and  chronic  model.  Apart  from  eosinophils;  neutrophils  and  lympho-
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cytes were  also  observed.  Black  arrow  represent  eosinophils;  re
--- normal; OVA  ---  asthmatic;  Veh  ---  vehicle;  SD  ---  standard  drug  u

Effect  of  curcumin  on  the  peribronchiolar
inflammation

Inflammatory  responses  to  peribronchiolar  region  were
assessed  by  histological  evaluation  of  H&E-stained  lung-
tissue  sections.  To  determine  the  inflammatory  cells
infiltration  in  the  peribronchial  region,  cells  were  counted
based  on  a  5-point  grading  system,  where  0  ---  no  cells;  1  ---
a  few  cells;  2  ---  a  ring  of  cells  1  cell  layer  deep;  3  ---  a  ring
of  cells  2---4  cells  deep;  4  ---  a  ring  of  cells  >4  cells  deep.

Negligible  inflammation  in  the  peribronchiolar  region
with  few  cells  was  observed  in  the  normal  lung  section
(Fig.  4A&B).  Inflammatory  cell  influx  in  the  peribronchiolar
region  was  very  prominent  in  acute  asthma  whereas  mod-
est  inflammatory  infiltrate  was  seen  in  the  chronic  case.
The  inflammation  was  enhanced  fourfold  (4  units)  in  acute
asthma  as  compared  to  the  normal  which  was  higher  than
chronic  asthma  (3.19  units)  as  determined  by  the  scoring
system.  Pre-treatment  of  curcumin  (5  mg/kg,  i.n.)  has  effec-
tively  inhibited  recruitment  of  inflammatory  cells  to  the
peribronchiolar  region  thereby  reducing  the  inflammation
up  to  2.0  and  1.73  units  in  the  acute  and  chronic  models,
respectively.

Effect  of  curcumin  on  the  epithelial  and  smooth
muscle thickening

Remodelling  includes  structural  changes  like  epithelial  and
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-i
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  

http://dx.doi.org/10.1016/j.aller.2016.01.001

smooth  muscle  thickening,  which  are  considered  to  be  the
main  characteristic  feature  of  chronic  asthma.  To  measure
the  change  in  the  epithelial  and  smooth  muscle  layers,  H&E
stained  lung  sections  were  used  and  measured  at  four  point

m
h
t
o

ow  -  lymphocytes  while  green  arrow  represent  neutrophils.  Nor
(DSCG  in  acute  and  dexamethasone  in  chronic).

cale  of  each  airway  at  levels  of  3,  6,  9,  and  12  o’  clock.  It  has
een  reported  that  structural  changes  occur  in  the  chronic
tage  of  asthma  but  sometimes  repeated  allergen  challenge
or  few  (3---4)  consecutive  days  results  in  such  changes  in  the
cute  phase  itself  (Fig.  5).

The  epithelial  and  smooth  muscle  thickening  in  the  OVA-
xposed  mice  were  increased  both  in  the  acute  and  chronic
sthma  as  compared  to  the  normal  mice  where  no  thickening
as  noticed.  The  epithelial  and  smooth  muscle  thicken-

ng  was  30.93  �m  and  10.28  �m  respectively  in  acute  mice,
hereas  it  was  enhanced  up  to  35.38  �m  and  12.39  �m

espectively  in  chronic  condition.
Curcumin  (5  mg/kg)  through  nasal  route  was  significantly

ffective  in  controlling  the  epithelial  and  smooth  muscle
hickening  in  both  acute  and  chronic  model  of  asthma.  The
pithelial  thickening  was  reduced  from  22.2  �m  to  18.02  �m
n  acute  condition  which  was  near  normal  thickening  and
5.71  �m  in  chronic  condition  where  normal  thickening  was
1.39  �m  (Fig.  6).

ffect  of  curcumin  on  goblet  cell  hyperplasia  and
ucus hyper  secretion

ucus  hyper  secretion  is  an  important  symptomatic  and
athological  feature  of  a  heterogeneous  group  of  chronic
espiratory  diseases  including  chronic  bronchitis,  chronic
bstructive  pulmonary  disease  and  asthma.  For  morpho-
nduced  allergic  inflammation  lead  to  structural  alterations
A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.

etric  identification  and  measurement  of  goblet  cells
yperplasia,  PAS  (Periodic  acid)  staining  was  performed  and
he  magenta-coloured  epithelial  cells  represent  presence
f  goblet  cells.  Apart  from  the  presence  of  goblet  cells,

dx.doi.org/10.1016/j.aller.2016.01.001
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Chronic 

Nor                           OVA                              Veh                         Cur 5.0                        SD 

Acute 

Figure  4  Effect  of  curcumin  on  airway  inflammation  and  airway  wall  thickening  40×.  Lung  sections  were  stained  with  H&E  and
examined under  light  microscope.  Epithelial  and  smooth  muscle  lining  were  measured  at  level  of  12,  3,  6  and  9  o’clock  position
in 15---20  bronchioles.  Epithelial  and  smooth  muscle  layers  were  thickened  in  OVA  sensitised,  challenged  and  vehicle-treated  mice.
The thickening  was  further  reduced  by  curcumin  administration  in  both  the  acute  and  chronic  model.  Single  head  arrows  show
inflammation  and  double  head  arrows  show  epithelial  and  subepithe
standard drug  (DSCG  in  acute  and  dexamethasone  in  chronic).
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Figure  5  Effect  of  curcumin  on  peribronchial  inflammation.
0---4 grade  score  system  as  described  in  materials  and  meth-
ods has  been  used  to  determine  the  peribronchial  inflammation
of airways.  Curcumin  significantly  inhibited  the  peribronchial
inflammation  when  compared  with  the  asthmatic  group  both
in acute  and  chronic16 cases.  The  results  are  shown  in
means ±  SEMs.  *p  <  0.05  nor  Vs  OVA  group  and  **p  <  0.05  OVA  Vs
cur group.  Nor  ---  normal;  OVA  ---  asthmatic;  Veh  ---  vehicle;  SD  ---
standard  drug  (DSCG  in  acute  and  dexamethasone  in  chronic).
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lial  layer.  Nor  ---  normal;  OVA  ---  asthmatic;  Veh  ---  vehicle;  SD  ---

agenta-coloured  (mucin)  mucus  plug  in  bronchial  lumen
as  also  noticed  after  PAS  staining.

Curcumin  treatment  inhibited  the  goblet  cell  metaplasia
hereby  reducing  goblet  cell  hyperplasia  and  mucin  hyper
ecretion  in  airway  lumen  of  bronchioles  both  in  acute  and
hronic  condition  (Fig.  7).  A  consistent  reduction  in  the
ucus  plug  formation  was  also  observed  after  curcumin

reatment  (5  mg/kg)  in  chronic  mice.  In  normal  lungs  2---5%
oblet  cells  were  observed  while  OVA  challenge  resulted  in
5%  increase  in  acute  asthma  while  maximum  number  of
oblet  cells  and  few  epithelial  cells  could  be  seen  in  lung
ections  of  chronic  asthma  (Fig.  8).  Mucus  plug  formation
as  also  noted  in  larger  portion  of  the  airway  lumen  in
hronic  model  (Fig.  7).  Goblet  cell  hyperplasia  and  mucus
roduction  was  prominent  mainly  in  larger  and  medium  sized
ronchioles  as  compared  to  small  bronchioles.

ffect  of  curcumin  on  extracellular  matrix
eposition

xtracellular  matrix  (collagen)  deposition  in  the  sub  epithe-
ial  region  is  also  a  characteristic  feature  of  repeated
llergen  challenge.  Lung  sections  were  stained  with  Masson’s
richome  and  blue  bands  around  peribronchiolar  region  of
he  airways  were  identified.  Further,  the  deposition  of  col-
induced  allergic  inflammation  lead  to  structural  alterations
A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.

agen  was  also  confirmed  by  Sirius  red  staining  where  the
eep-red  coloured  band  indicates  the  collagen  deposition
nd  was  assayed  by  0---3  scoring  system  in  bronchi  and  10---15
ronchioles  were  analysed  for  the  study.

dx.doi.org/10.1016/j.aller.2016.01.001


Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-induced  allergic  inflammation  lead  to  structural  alterations
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.
http://dx.doi.org/10.1016/j.aller.2016.01.001

ARTICLE IN PRESS+Model
ALLER-731; No. of Pages 11

Ovalbumin-induced  allergic  inflammation  lead  to  structural  alterations  in  acute  and  chronic  asthma  7

0

5

10

15

20

25

30

35

40

DSCGCurVehOVANor

T
hi

ck
ni

ng
 in

 μ
m

Groups

Acute

Epithelial lining

Subepithelial lining

∗∗

∗

∗∗

∗∗

∗∗

Figure  6  Effect  of  curcumin  on  epithelial  and  smooth  mus-
cle lining.  In  OVA-challenged  group  inflammation  and  thickening
was found  higher  as  compared  to  the  control  group  in  both  acute
and chronic16 models  while  in  curcumin-treated  mice  both  were
reduced  significantly  as  compared  to  the  OVA  group.  Vehicle-
treated  group  showed  similar  results  like  asthmatic  mice.  The
results  are  shown  in  means  ±  SEMs.  *p  <  0.05  nor  Vs  OVA  group
and **p  <  OVA  Vs  Cur  group.  Nor  ---  normal;  OVA  ---  asthmatic;  Veh  ---
vehicle;  SD  ---  standard  drug  (DSCG  in  acute  and  dexamethasone
in chronic).
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Figure  8  Effect  of  curcumin  on  the  mucus  production  scored
against PAS  staining.  Lung  sections  were  stained  with  PAS  and
counterstained  with  Haematoxylin  to  detect  mucus  containing
goblet  cells.  The  mucus  content  in  the  cells  was  scored  as  0---4
where 0  ---  no  mucus-containing;  1  ---  few  positive  cells;  2  ---  few
positive  cells;  3  ---  numerous  positive  cells  and  4  ---  numerous
positive  cells  along  the  basement  membrane.  All  scoring  sys-
tem was  performed  in  at  least  10---15  different  fields.  Chronic
model  has  shown  higher  number  of  goblet  cells  as  compared  to
the acute  and  intranasal  curcumin  effectively  suppressed  the
goblet cells  production  in  both  the  models.16 Results  are  shown
in means  ±  SEMs.  *p  <  0.05  nor  Vs  OVA  group  and  **p  <  0.05  OVA
Vs cur  group.  Nor  ---  normal;  OVA  ---  asthmatic;  Veh  ---  vehicle;  SD
--- standard  drug  (DSCG  in  acute  and  dexamethasone  in  chronic).

          Normal                         OVA                          Veh                            Cur 5.0                       SD 

Acute 

Chronic 

Figure  7  Effect  of  curcumin  on  the  goblet  cell  and  mucus  production  40×.  For  goblet  cells  and  mucus  production  lung  sections
were stained  with  PAS  and  magenta  coloured  cells  were  identified  and  counted  as  goblet  cells.  Goblet  cells  were  less  in  number
with no  mucus  plug  in  acute  asthma  whereas  large  number  of  goblet  cells  with  mucus  plug  in  the  lumen  of  airways  was  observed
in the  chronic  model.  Curcumin  pre-treatment  reduced  the  goblet  cells  in  acute  and  chronic  model  along  with  the  inhibition  in  the
mucus plug  formation  in  the  chronic  model.  Arrows  showing  the  goblet  cells  and  circle  marks  the  mucus  plug.  Nor  ---  normal;  OVA  ---
asthmatic; Veh  ---  vehicle;  SD  ---  standard  drug  (DSCG  in  acute  and  dexamethasone  in  chronic).
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Chronic 

Normal                           OVA                       Veh                             Cur 5.0                     SD 

Acu te 

Figure  9  Effect  of  curcumin  on  collagen  deposition  in  peribronchiolar  region  of  lungs  (40×).  Collagen  deposition  was  observed
in lung  sections  by  Masson’s  trichrome  staining  (10---15  peribronchiolar  regions  of  airways  has  been  viewed  for  evaluating  blue  band
representing the  collagen  deposition).  Collagen  deposition  was  observed  in  the  peribronchiolar  region  of  both  the  acute  and  chronic
models and  curcumin  intranasal  administration  inhibited  the  deposition  in  both.  Chronic  lung  sections  showed  more  deposition  of
c  represent  collagen  accumulation  around  the  peribronchiolar  region.
N rug  (DSCG  in  acute  and  dexamethasone  in  chronic).
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Figure  10  Effect  of  curcumin  on  the  collagen  deposition
scored  against  Masson’s  trichrome  staining.  0---3  scoring  system
has been  performed  to  each  bronchi  where  0  ---  no  collagen  depo-
sition;  1  ---  a  thin  layer  of  collagen;  2  ---  a  cluster  of  collagen;
and 3  ---  a  thick  layer  of  collagen.  The  scores  obtained  were
graphed  for  acute  and  chronic16 model.  Results  are  shown  in
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ollagen thereby  destructing  the  peribronchiolar  region.  Arrows
or ---  normal;  OVA  ---  asthmatic;  Veh  ---  vehicle;  SD  ---  standard  d

Both  the  asthmatic  models,  acute  and  chronic  showed
nhanced  deposition  of  collagen  in  the  sub-epithelial  region
round  the  peribronchiolar  region  as  compared  to  the  nor-
al  in  Masson’s  trichrome  stained  slides  (Fig.  9).  In  contrast,

 significant  increase  in  sub  epithelial  collagen  deposi-
ion  was  evident  in  the  chronic  model  as  compared  to  the
cute  as  per  scoring  system  (Fig.  10).  Curcumin  (5  mg/kg)
reatment  reduced  accumulation  of  collagen  around  the
eribronchiolar  region  in  both  the  asthmatic  models  (Fig.  9).
urther,  collagen  deposition  was  confirmed  by  Sirius  red
taining,  where  a  consistent  result  was  observed  in  the  Mas-
on’s  trichrome  staining  (Fig.  11A&B).

iscussion

he  present  study  focuses  on  various  structural  changes
eading  to  acute  and  chronic  asthma  in  ovalbumin-induced
ouse  models  and  the  effect  of  nasal  curcumin  (5  mg/kg).

arious  aspects  of  sustained  airway  dysfunction,  inflamma-
ion  and  remodelling,  many  of  which  were  initiated  in  acute
hase  due  to  acute  immune-mediated  inflammatory  events
nd  persisted  longer.  Curcumin  (5  mg/kg,  i.n.)  has  effec-
ively  inhibited  the  persistence  of  these  structural  changes
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-induced  allergic  inflammation  lead  to  structural  alterations
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.
http://dx.doi.org/10.1016/j.aller.2016.01.001

n  allergen  (OVA)-induced  mouse  models  of  acute  or  chronic
xposures.

Remodelling  in  asthma  is  recognised  as  a  main  patho-
ogical  feature;  however,  the  underlying  physiological

means  ±  SEMs.  *p  <  0.05  nor  Vs  OVA  group  and  **p  <  0.05  OVA  Vs
cur group.  Nor  ---  normal;  OVA  ---  asthmatic;  Veh  ---  vehicle;  SD  ---
standard  drug  (DSCG  in  acute  and  dexamethasone  was  used  in
chronic).
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Figure  11  Effect  of  curcumin  on  collagen  deposition  confirmed  by  sirus  red  staining  40×:  lung  sections  were  stained  by  sirus  red
for collagen  deposition.  Presence  of  red  band  around  smooth  muscles  indicates  the  collagen  deposition.  Acute  model  were  observed
with less  collagen  as  compared  to  the  chronic  whereas  curcumin-treated  group  showed  thin  lining  of  collagen  in  both  acute  and
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chronic. Arrows  showing  collagen  deposition  around  bronchioles
(DSCG in  acute  and  dexamethasone  in  chronic).

and  immunological  process  and  the  mechanism  regulat-
ing  remodelling  still  need  to  be  explored.  Mouse  models
are  being  developed  to  reproduce  asthma  exacerbations
and  acute  and  chronic  allergen  challenge  including  oval-
bumin  are  employed  to  study  various  characteristic  features
involved  in  its  pathogenesis.22---26

Inflammation,  as  the  main  hallmark  of  asthma  leads  to
remodelling  by  factors  synthesised  and  secreted  both  by
inflammatory  cells  and  structural  cells;  the  latter  is  fre-
quently  influenced  by  the  former.27 Repeated  exposure  of
OVA  resulted  in  airway  inflammation  as  a  result  of  recruit-
ment  of  cells  to  the  lungs  predominantly  occupied  by
eosinophils  along  with  lymphocytes,  neutrophils  and  mast
cells.  As  observed  in  the  BALF  and  histological  sections,
the  acute  model  showed  severe  inflammation  as  compared
to  the  chronic  model,  suggesting  that  inflammation  is  the
main  characteristic  feature  of  acute  asthma.  However,  the
enhanced  total  inflammatory  cell  count  in  BALF  of  acute
mice  but  decreased  to  some  extent  in  sections  after  pro-
longed  exposure  (chronic)  but  eosinophils  were  dominant
over  other  inflammatory  cells  in  both  the  models.  Further-
more,  the  inflammation  in  peribronchiolar  region  of  H&E
lungs  section  was  higher  in  the  acute  model  as  compared  to
the  chronic,  might  be  due  to  development  of  immune  tol-
erance  in  chronic  asthma  with  prolonged  exposure.  Hence,
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-i
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  
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enhanced  inflammation  is  not  seen  after  prolonged  expo-
sure.  Curcumin  administered  at  5  mg/kg  through  nasal  route
was  found  effective  in  significantly  inhibiting  the  recruit-
ment  of  total  cells  along  with  eosinophils  to  the  airways

d
t
p
t

 ---  normal;  OVA  ---  asthmatic;  Veh  ---  vehicle;  SD  ---  standard  drug

nd  also  inhibited  the  peribronchiolar  inflammation  in  both
cute  and  chronic  groups.  The  inhibitory  effect  of  curcumin
as  comparable  to  the  standard  drug  as  DCSG  (acute)  and
exa  (chronic).  No  inhibitory  effect  of  vehicle  (di  methyl
ulphoxide)  was  observed  in  both  the  models.

Repeated  OVA  challenge  (from  3  days  to  several  weeks)
esults  in  several  structural  alterations  in  the  airways
ermed  as  ‘‘airway  remodelling’’  which  occurs  as  a  result
f  an  injury/repair  process.  A  number  of  studies  confirm
umerous  structural  changes  as  airway  wall  thickening,
ubepithelial  fibrosis  around  bronchioles,  goblet  cell  hyper-
lasia  and  hypertrophy,  mucus  gland  hyperplasia/metaplasia
ith  mucin  production  in  airway  lumen,  hyperplasia  and
ypertrophy  of  myofibroblast  and  epithelial  cells  as  part  of
irway  remodelling.28,29 These  are  not  only  seen  in  severe
sthma  but  also  in  mild  and  moderate  asthma  and  hence
re  now  being  focused  as  a  therapeutic  target.30,31

Epithelial  cells  act  as  key  structural  tissue  and  are  the
rst  line  of  defence  against  exposure  of  the  airway  and

ung  to  inflammatory  stimuli/antigens  via  its  activation.  In
he  present  study,  structural  changes  such  as  epithelial  and
ub-epithelial  thickening,  collagen  deposition  along  with
oblet  cells  manifestation  were  observed  as  early  struc-
ural  changes  in  the  course  of  airway  remodelling  in  acute
sthma.  Epithelial  and  subepithelial  thickening  were  evi-
nduced  allergic  inflammation  lead  to  structural  alterations
A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.

ent  after  just  4  days  of  OVA  inhalation  and  persisted  till
he  chronic  condition  but  this  thickening  seems  to  be  more
rominent  in  chronic  asthma  as  compared  to  acute.  Fur-
her,  the  chronic  model  illustrates  some  peculiar  changes

dx.doi.org/10.1016/j.aller.2016.01.001
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uch  as  epithelial  injury  leading  to  damage  and  shedding  off
pithelial  cells  along  with  its  thickening  but  no  such  injury
r  damage  was  observed  in  the  acute  model.  Damage  to  the
pithelial  layer  might  represent  epithelial  cell  apoptosis  due
o  repeated  injury  for  longer.  Intranasal  curcumin  adminis-
ration  significantly  inhibited  epithelial  and  sub-epithelial
ayer  thickening  in  both  the  models  of  asthma.  It  also  has
nhibited  the  epithelial  cell  injury,  thereby  reducing  airway
amage  in  the  chronic  asthma.

Matrix  metalloproteinases  (MMP-2  and  MMP-9)  degrade
asement  membrane  components  and,  therefore,  facilitate
egress  of  inflammatory  cells,  and  also  counteract  airway
all  leading  to  fibrosis.32 Myofibroblasts,  which  have  a  mixed
ontractile  and  collagen  synthesising  phenotype,  are  likely
o  participate  in  subepithelial  deposition  of  collagen  and
ther  matrix  proteins  that  cause  classical  thickening  of  the
amina  reticularis.  Strikingly  enhanced  collagen  deposition
n  the  sub-epithelial  thickening  around  the  peribronchial
ayer  was  observed  in  both  models  as  determined  by  morpho-
etric  analysis  in  Masson’s  trichrome  and  Sirius  red  stained

ung  sections  which  is  consistent  with  previous  reports.33

ntranasal  curcumin  administration  inhibited  the  deposition
f  collagen  in  both  the  asthma  models.

Phenotypic  changes  in  the  epithelium  leads  to  goblet  cell
etaplasia/hyperplasia  and  a  subsequent  oversecretion  of
ucus  are  well  known  features  of  remodelling  in  asthma.
oreover,  mucus  plug  generation  in  the  airway  lumen  are
ajor  contributors  to  asthma  fatalities  which  together  with

he  bronchial  gland  enlargement,  leads  to  mucus  hyper
ecretion  eventually  causing  airway  obstruction.34 These
eatures  are  reported  to  be  prominent  in  some  animals
etween  24  and  36  h  after  a  single  exposure  to  antigen
ut  information  on  the  role  of  goblet  cell  hyperplasia  is
ess  conclusive  in  mild  and  moderate  asthma.35,36 We  found
ere,  short  exposures  of  OVA  (4  days)  were  sufficient  to
licit  minor  goblet  cells  with  little  mucus  secretion  in
cute  phase,  whereas  abrupt  goblet  cells  were  observed
fter  long  OVA  exposures.  These  goblet  cells  hyperpla-
ia  are  the  main  contributor  of  epithelial  thickening  and
ence  prominent  epithelial  thickening  was  observed  in
hronic  as  compared  to  acute  model.  Interestingly,  gob-
et  cell  hyperplasia  led  to  the  formation  of  mucus  plugs
ncompassing  the  whole  airway  lumen  in  chronic  asthma
hich  was  not  seen  at  all  in  the  acute  phase.  Curcumin

nhibited  the  goblet  cell  hyperplasia  along  with  the  reduc-
ion  in  the  mucus  secretion  in  the  chronic  model.  Minor
oblet  cells  seen  in  the  acute  phase  were  also  reserved
fter  curcumin  treatment.  Reduction  in  the  goblet  cell
yperplasia  resulted  in  the  reduction  of  mucus  plug  in  the
umen  of  airway  eliciting  the  capability  of  curcumin  where
ess  than  5%  epithelial  cells  have  transformed  to  goblet
ells.

The  present  study  implies  that  acute-onset  of  allergic
sthma  is  distinct  from  chronic  somewhere  in  terms  of  struc-
ural  alteration  (mainly  goblets  cells  hyperplasia,  mucus
lug,  epithelial  shedding).  Administration  of  intranasal  cur-
umin  (5  mg/kg)  ameliorates  structural  changes  in  acute  as
ell  as  chronic  asthma.  We  have  reported  for  the  first  time
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  

http://dx.doi.org/10.1016/j.aller.2016.01.001

hat  nasal  route  revealing  the  improved  absorption  of  cur-
umin  in  the  lungs  which  are  directly  targeted  without  being
egraded  and  this  could  be  a  strong  reason  for  elucidating
he  maintenance  of  structural  changes.16
 PRESS
Subhashini  et  al.

Besides  having  anti-inflammatory  and  anti-asthmatic
otential,  intranasal  curcumin  is  effective  in  maintaining
he  structural  integrity  of  the  lungs  in  chronic  asthma  as
ell.  Molecular  mechanism  of  curcumin  action  in  maintain-

ng  the  structural  integrity  is  in  progress  that  can  prove  it
s  better  drug  of  choice  to  treat  asthma  without  any  side
ffect  even  if  taken  for  longer  duration.

thical disclosures

atients’  data  protection.  The  authors  declare  that  no
atient  data  appears  in  this  article.

ight  to  privacy  and  informed  consent.  The  authors
eclare  that  no  patient  data  appears  in  this  article.

rotection  of  human  subjects  and  animals  in  research.
he  authors  declare  that  the  procedures  followed  were  in
ccordance  with  the  regulations  of  the  responsible  Clinical
esearch  Ethics  Committee  and  in  accordance  with  those  of
he  World  Medical  Association  and  the  Helsinki  Declaration.

onflict of interest

ll  the  authors  declare  no  conflict  of  interest.

cknowledgments

he  authors  are  thankful  to  University  Grants  Commission
nd  Science  and  Engineering  Research  Board,  Department
f  Science  and  Technology  (SERB-DST),  New  Delhi,  India  in
art  for  financial  assistance.

eferences

1. Global Initiative for Asthma (GINA): global strategy for asthma
management and prevention. Bethesda: National Institutes of
Health; 1995. p. 95---3659.

2. Gleich GJ. Mechanisms of eosinophil-associated inflammation.
J Allergy Clin Immunol. 2000;105:651---63.

3. Weller PF. Human eosinophils. J Allergy Clin Immunol.
2000;100:283---7.

4. Nair P, Pizzichini MM, Kjarsgaard M, Inman MD, Efthimi-
adis A, Pizzichini E, et al. Mepolizumab for prednisone-
dependent asthma with sputum eosinophilia. N Engl J Med.
2009;360:985---93.

5. Haldar P, Brightling CE, Hargadon B, Gupta S, Monteiro W,
Sousa A, et al. Mepolizumab and exacerbations of refractory
eosinophilic asthma. N Engl J Med. 2009;360:973---84.

6. Flood-Page PT, Menzies-Gow A, Phipps S, Ying S, Wangoo A, Lud-
wig MS, et al. Anti-IL-5 treatment reduces deposition of ECM
proteins in the bronchial subepithelial basement membrane of
mild atopic asthmatics. J Clin Invest. 2003;112:1029---36.

7. Wenzel SE, Schwartz LB, Langmack EL, Halliday JL, Trudeau JB,
Gibbs RL, et al. Evidence that severe asthma can be divided
pathologically into two inflammatory subtypes with distinct
physiologic and clinical characteristics. Am J Respir Crit Care
induced  allergic  inflammation  lead  to  structural  alterations
A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.

Med. 1999;160:1001---8.
8. Chetta A, Foresi A, Del Donno M, Bertorelli G, Pesci A, Olivieri

D. Airways remodeling is a distinctive feature of asthma and is
related to severity of disease. Chest. 1997;111:852---7.

dx.doi.org/10.1016/j.aller.2016.01.001
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0185
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0190
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0195
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0200
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0205
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0210
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0215
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0220


 IN+Model

alter

2

2

2

2

2

2

2

2

3

3

3

3

3

3

Document downloaded from http://www.elsevier.es, day 11/04/2016. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited. This early online article has been reviewed, accepted and posted on the Web before copyediting.
ARTICLEALLER-731; No. of Pages 11

Ovalbumin-induced  allergic  inflammation  lead  to  structural  

9. Bousquet J, Jeffery PK, Busse WW, Johnson M, Vignola AM.
Asthma: from bronchoconstriction to airways inflammation and
remodeling. Am J Respir Crit Care Med. 2000;161:1720---45.

10. Fixman ED, Stewart A, Martin JG. Basic mechanisms of devel-
opment of airway structural changes in asthma. Eur Respir J.
2007;29:379---89.

11. Fish JE, Peters SP. Airway remodeling and persistent
airways obstruction in asthma. J Allergy Clin Immunol.
1999;104:509---16.

12. Kenyon NJ, Ward RW, Last JA. Airway fibrosis in a mouse
model of airway inflammation. Toxicol Appl Pharmacol.
2003;186:90---100.

13. Durrani RS, Viswanathan RK, Busse W. What effect does asthma
treatment have on airway remodeling? Current perspectives.
Allergy Clin Immunol. 2011;128:439---48.

14. Kumar KR. Understanding airway wall remodeling in asthma:
a basis for improvements in therapy? Pharmacol Ther.
2001;91:93---104.

15. Subhashini, Chauhan PS, Kumari S, Kumar JP, Chawla R, Dash D,
et al. Intranasal curcumin and its evaluation in murine model
of asthma. Int immunopharmacol. 2013;17:733---43.

16. Chauhan PS, Dash D, Singh R. Intranasal curcumin attenuates
airway remodeling in murine model of chronic asthma. Int
Immunopharmacol. 2014;21:63---75.

17. Ahmad T, Mabalirajan U, Hasija K, Ghosh B, Agrawaj A.
Mepacrine treatment attenuates allergic airway remodeling
segregated from airway inflammation in mice. Int Immunophar-
macol. 2011;11:74---7.

18. Kim SJ, Kim CH, Ahn JH, Kim MS, Kim SC, Lee SY, et al. Time
sequence of airway remodeling in a mouse model of chronic
asthma: the relation with airway hyperresponsiveness. Korean
Med Sci. 2007;22:183---91.

19. Myou S, Left AR, Myo S, Boetticher E, Tong J, Meliton AY, et al.
Blockade of inflammation and airway hyperresponsiveness in
immune-sensitized mice by dominant negative phosphoinositide
3-kinase-TAT. J Exp Med. 2003;198:1573---82.

20. Karaman M, Firinci F, Cilaker S, Uysal P, Tugyan K, Yilmaz O. Anti-
inflammatory effects of curcumin in a murine model of chronic
asthma. Allergol Immunopathol. 2012;4:210---4.
Please  cite  this  article  in  press  as:  Subhashini,  et  al.  Ovalbumin-i
in  mouse  model  and  protective  effects  of  intranasal  curcumin:  

http://dx.doi.org/10.1016/j.aller.2016.01.001

21. Ed Valentin, Crahay C, Garbacki N, Hennuy B, Guéders B,
Noel A, et al. New asthma biomarkers: lessons from murine
models of acute and chronic asthma. Lung Cell Mol Physiol.
2009;296:L185---97.

3

 PRESS
ations  in  acute  and  chronic  asthma  11

2. Kips JC, Anderson GP, Fredberg JJ, Herz U, Inman MD, Jor-
dana M, et al. Murine model of asthma. Eur Respir J. 2003;22:
374---82.

3. Shin YS, Takeda K, Gelfand EW. Understanding asthma using
animal models. Allergy Asthma Immunol Res. 2009;11:10---8.

4. Nials AT, Uddin S. Mouse models of allergic asthma: acute
and chronic allergen challenge. Dis Model Mech. 2008;1:
213---20.

5. Patel KN, Chorawala MR. Animal model of asthma. J Pharm Res
Opin. 2011;1:139---47.

6. Kumar RK, Herbert C, Foster PS. The ‘classical’ ovalbumin
challenge model of asthma in mice. Curr Drug Targets.
2008;9:485---94.

7. Hamid Q, Sumi Y. Airway remodeling in asthma. Allergol Int.
2007;56:341---8.

8. Mauad T, Bel EH, Sterk PJ. Asthma therapy and airway remod-
eling. J Allergy Clin Immunol. 2007;120:997---9.

9. Locke NR, Royce SG, Wainewright JS, Samuel CS, Tang ML. Com-
parison of airway remodeling in acute, subacute, and chronic
models of allergic airways disease. Am J Respir Cell Mol Biol.
2007;36:625---32.

0. Zhang WX, Li CC. Airway remodeling: a potential therapeutic
target in asthma. World J Pediatr. 2011;7:124---8.

1. McMillan SJ, Lloyd CM. Prolonged allergen challenge in mice
leads to persistent airway remodelling. Clin Exp Allergy.
2004;34:497---507.

2. Leigh R, Ellis R, Wattie J, Southam DS, De Hoogh M, Gauldie JO,
et al. Dysfunction and remodeling of the mouse airway persist
after resolution of acute allergen-induced airway inflammation.
Am J Respir Cell Mol Biol. 2002;27:526---35.

3. Temelkovski J, Hogan SP, Shepherd DP, Foster PS, Kumar
RK. An improved murine model of asthma: selective airway
inflammation, epithelial lesions and increased methacholine
responsiveness following chronic exposure to aerosolised aller-
gen. Thorax. 1998;53:849---56.

4. Blyth DI, Pedrick MS, Savage TJ, Hessel EM, Fattah D. Lung
inflammation and epithelial changes in a murine model of atopic
asthma. Am J Respir Cell Mol Biol. 1996;14:425---38.

5. Hamid Q, Tulic MK, Liu MC, Moqbel R. Inflammatory cells in
nduced  allergic  inflammation  lead  to  structural  alterations
A  comparative  study.  Allergol  Immunopathol  (Madr).  2016.

asthma: mechanisms and implications for therapy. J Allergy Clin
Immunol. 2003;111:S5---17.

6. Fahy JV. Remodeling of the airway epithelium in asthma. Am J
Respir Crit Care Med. 2001;64:S46---51.

dx.doi.org/10.1016/j.aller.2016.01.001
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0225
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0230
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0235
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0240
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0245
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0250
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0255
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0260
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0265
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0270
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0275
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0280
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0285
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0290
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0295
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0300
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0305
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0310
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0315
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0320
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0325
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0330
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0335
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0340
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0345
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0350
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0355
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360
http://refhub.elsevier.com/S0301-0546(16)00003-3/sbref0360

