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Abstract
Introduction:  Cisplatin  is  an  antineoplastic  agent  widely  used  in  the  treatment  of  a  variety  of
cancers. Ototoxicity  is  one  of  the  main  side-effects  restricting  the  use  of  cisplatin.
Objective:  The  purpose  of  this  study  was  to  investigate  the  protective  efficacy  of  gallic  acid,  in
biochemical,  functional  and  histopathological  terms,  against  ototoxicity  induced  by  cisplatin.
Methods:  Twenty-eight  female  Sprague  Dawley  rats  were  included.  Rats  were  randomly
assigned  into  four  groups  of  seven  animals  each.  Cisplatin  group  received  a  single  intraperitoneal
dose of  15  mg/kg  cisplatin.  Gallic  acid  group  received  intraperitoneal  gallic  acid  at  100  mg/kg
for five  consecutive  days.  Cisplatin  +  gallic  acid  group  received  intraperitoneal  gallic  acid  at
100 mg/kg  for  five  consecutive  days  and  a  single  intraperitoneal  dose  of  15  mg/kg  cisplatin  at
3rd day.  A  control  group  received  1  mL  intraperitoneal  saline  solution  for  five  consecutive  days.
Prior to  drug  administration,  all  rats  were  exposed  to  the  distortion  product  otoacoustic  emis-
sions test.  The  test  was  repeated  on  the  6th  day  of  the  study.  All  rats  were  then  sacrificed;  the
cochleas were  removed  and  set  aside  for  biochemical  and  histopathological  analyses.
Results:  In  cisplatin  group,  Day  6  signal  noise  ratio  values  were  significantly  lower  than  those
of the  other  groups.  Also,  malondialdehyde  levels  in  cochlear  tissues  were  significantly  higher,
superoxide dismutase  and  glutathione  peroxidase  activities  were  significantly  lower  compared

to the  control  group.  Histopathologic  evaluation  revealed  erosion  in  the  stria  vascularis,  degen-
eration and  edema  in  the  connective  tissue  layer  in  endothelial  cells,  impairment  of  outer
hair cells  and  a  decrease  in  the  number  of  these  calls.  In  the  cisplatin  +  gallic  acid  group,  this
biochemical,  histopathological  and  functional  changes  were  reversed.
� Please cite this article as: Kilic K, Sakat MS, Akdemir FN, Yildirim S, Saglam YS, Askin S. Protective effect of gallic acid against cisplatin-
induced ototoxicity in rats. Braz J Otorhinolaryngol. 2019;85:267---74.
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Conclusion:  In  the  light  of  our  findings,  we  think  that  gallic  acid  may  have  played  a  protec-
tive role  against  cisplatin-induced  ototoxicity  in  rats,  as  indicated  by  the  distortion  product
otoacoustic  emissions  test  results,  biochemical  findings  and  immunohistochemical  analyses.
© 2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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Efeito  protetor  do  ácido  gálico  contra  a  ototoxicidade  induzida  por  cisplatina  em  ratos

Resumo
Introdução:  A  cisplatina  é  um  agente  antineoplásico  amplamente  usado  no  tratamento  de  vários
tipos de  câncer.  A  ototoxicidade  é  um  dos  principais  efeitos  colaterais  que  restringem  o  uso  da
cisplatina.
Objetivo: O  objetivo  deste  estudo  foi  investigar  a  eficácia  protetora  do  ácido  gálico,  em  termos
bioquímicos,  funcionais  e  histopatológicos,  contra  a  ototoxicidade  induzida  por  cisplatina.
Método:  Vinte  e  oito  ratas  Sprague-Dawley  foram  incluídas.  As  ratas  foram  distribuídas  aleato-
riamente  em  quatro  grupos  de  sete  animais  cada.  O  grupo  cisplatina  recebeu  uma  única
dose intraperitoneal  de  15  mg/kg  de  cisplatina.  O  grupo  ácido  gálico  recebeu  ácido  gálico
via intraperitoneal  a  uma  dose  de  100  mg/kg  durante  cinco  dias  consecutivos.  O  grupo  cis-
platina +  ácido  gálico  recebeu  ácido  gálico  via  intraperitoneal  a  uma  dose  de  100  mg/kg  durante
cinco dias  consecutivos  e  uma  única  dose  intraperitoneal  de  15  mg/kg  de  cisplatina  no  terceiro
dia. O  grupo  controle  recebeu  1  mL  de  solução  salina  via  intraperitoneal  por  cinco  dias  consec-
utivos. Antes  da  administração  do  fármaco,  todos  os  ratos  foram  expostos  ao  teste  de  emissões
otoacústicas  -  produto  de  distorção.  O  teste  foi  repetido  no  sexto  dia  do  estudo.  Todos  os  ratos
foram então  sacrificados;  as  cócleas  foram  removidas  e  reservadas  para  análises  bioquímicas  e
histopatológicas.
Resultados:  No  grupo  cisplatina,  os  valores  da  relação  sinal-ruído  do  dia  6  foram  significativa-
mente mais  baixos  aos  dos  outros  grupos.  Além  disso,  os  níveis  de  malondialdeído  nos  tecidos
cocleares  foram  significativamente  mais  altos,  e  as  atividades  de  superóxido  dismutase  e  gluta-
tione peroxidase  foram  significativamente  mais  baixas  em  comparação  com  o  grupo  controle.
A avaliação  histopatológica  revelou  erosão  na  estria  vascular,  degeneração  e  edema  na  camada
de tecido  conjuntivo  em  células  endoteliais,  comprometimento  das  células  ciliadas  externas
e diminuição  do  número  dessas  células.  No  grupo  cisplatina  +  ácido  gálico,  estas  alterações
bioquímicas,  histopatológicas  e  funcionais  foram  revertidas.
Conclusão:  Tendo  em  vista  os  nossos  achados,  consideramos  que  o  ácido  gálico  pode  ter  desem-
penhado um  papel  protetor  contra  a  ototoxicidade  induzida  por  cisplatina  em  ratas,  conforme
indicado pelos  resultados  do  teste  emissões  otoacústicas  -  produto  de  distorção,  achados  bio-
químicos  e  análises  imuno-histoquímicas.
©  2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado
por Elsevier  Editora  Ltda.  Este é  um  artigo  Open  Access  sob  uma  licença  CC  BY  (http://
creativecommons.org/licenses/by/4.0/).
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is-diammineedichloroplatinum  (cisplatin)  is  a  chemother-
peutic  agent  widely  used  in  the  treatment  of  cancer
ince  being  approved  by  the  Federal  Drug  Administration
n  1978.  The  importance  of  long-term  complications  devel-
ping  in  association  with  chemotherapeutics  is  growing  as
urvival  rates  in  cancer  patients  improve.  Side-effects  such
s  ototoxicity,  nephrotoxicity,  and  neurotoxicity  are  seen
ollowing  cisplatin  chemotherapy.  Hearing  losses  at  rates

etween  30%  and  100%  have  been  reported  in  association
ith  cisplatin  ototoxicity.1 This  hearing  loss  results  in  mul-

ifaceted  decreases  in  quality  of  life  and  can  affect  social
nd  academic  development,  particularly  in  children.2

h
i
i

Cisplatin-induced  ototoxicity  involves  high-frequency
ilateral  and  symmetrical  hearing  loss.  Such  losses  may
e  permanent  and  irreversible  and  are  frequently  asso-
iated  with  tinnitus.3 The  severity  of  this  hearing  loss
s  associated  with  the  frequency  of  drug  application  and
he  dosage  concerned.  No  methods  other  than  reducing
he  cisplatin  dosage  or  modification  to  chemothera-
eutic  regimens  not  containing  cisplatin  have  to  date
een  discovered  for  the  purpose  of  reducing  cisplatin-
elated  ototoxicity.  These  two  methods  may  also  have
dverse  impacts  on  treatment  outcomes.  Various  studies

ave  therefore  investigated  agents  capable  of  prevent-
ng  cisplatin-induced  ototoxicity.  Several  antioxidant  agents
ncluding  d-methionine,  allopurinol,  flunarizine,  curcumin
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Protective  effect  of  gallic  acid  against  cisplatin-induced  oto

and  lutein  have  been  employed  for  this  purpose  in  exper-
imental  studies.4---8

Gallic  acid  is  a  trihydroxybenzoic  acid,  a  phenolic  acid
found  in  numerous  medicinal  plants  and  food  materials.
It  has  long  been  known  to  exhibit  powerful  antioxidant
effects.9 Phenolic  acids  have  been  reported  to  exhibit  their
antioxidant  effects  by  directly  scavenging  free  radicals,
by  inactivating  enzymes  responsible  for  Reactive  Oxygen
Species  (ROS)  production  and  increasing  the  activation  of
antioxidant  enzymes.10

To  the  best  of  our  knowledge,  no  previous  studies  have
investigated  the  protective  effect  of  gallic  acid  against
cisplatin-induced  ototoxicity.  The  purpose  of  this  study  was
to  investigate  the  protective  efficacy  of  gallic  acid  in  rats,  in
biochemical,  functional  and  histopathological  terms,  against
ototoxicity  induced  by  cisplatin.

Methods

Animals

Approval  for  the  study  was  granted  by  the  Ataturk  Univer-
sity  Animal  Studies  Local  Ethical  Committee  with  number
E.1700305147-11:145.  Twenty-eight  female  Sprague  Dawley
rats  weighing  220---240  g  were  included.  The  study  was  con-
ducted  in  accordance  with  the  Care  and  Use  of  Laboratory
Animals  Guide.  All  rats  were  housed  in  special  cages  with  ad
libitum  access  to  chow  and  water  in  a  stable  temperature
of  22◦ ±  1 ◦C  and  humidity  of  45%  ±  2%.  The  lighting  system
was  adjusted  to  a  12  h  light/12  h  dark  cycle.

Experimental  protocol

The  gallic  acid  used  in  the  study  was  obtained  from  the
Sigma-Aldrich  Chemical  Company,  and  cisplatin  from  Kocak
Pharma  Co.  (Kocak,  Istanbul,  Turkey).  Rats  were  randomly
assigned  into  four  groups  of  seven  animals  each.

Group  1  (Cisplatin  group):  Received  a  single  intraperitoneal
dose  of  15  mg/kg  cisplatin.
Group  2  (Gallic  acid  group):  Received  intraperitoneal  gallic
acid  at  100  mg/kg  for  five  consecutive  days.
Group  3  (Cisplatin  +  Gallic  acid  group):  Received  intraperi-
toneal  gallic  acid  at  100  mg/kg  for  five  consecutive  days
and  a  single  intraperitoneal  dose  of  15  mg/kg  cisplatin  at
3rd  day.
Group  4  (Control  group):  Received  1  mL  intraperitoneal
saline  solution  for  five  consecutive  days.

Prior  to  drug  administration,  all  rats  underwent  oto-
scopic  examination  under  40  mg/kg  ketamine  and  10  mg/kg
xylazine  anesthesia.  All  rats  were  then  exposed  to  the  Dis-
tortion  Product  Otoacoustic  Emissions  (DPOAE)  test.  The
DPOAE  test  was  repeated  on  the  6th  day  of  the  study  under
the  same  anesthesia  protocol.  All  rats  were  then  sacrificed,

and  the  temporal  bones  were  dissected.  The  cochleas  were
removed  and  right  cochlea  was  set  aside  for  biochemical
analyses  while  the  left  cochlea  was  set  aside  for  histopatho-
logical  analyses.
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POAE  procedure

POAE  measurements  was  conducted  with  an  Otometrics
adsen  Capella  device.  This  device  was  calibrated  before
ach  measurement.  Before  measurement,  all  rats  were
nesthetized  with  40  mg/kg  ketamine  hydrochloride  (Keta-
ol  10%,  Richter  Pharma  Ag,  Wels,  Austria)  and  10  mg/kg
ylazine  (Alfazyne  2%,  Alfasan  International  BV,  Voerden,  the
etherlands).  Following  anesthesia,  rats  were  subjected  to
toscopic  examination.  Appropriate  probes  were  placed  on
oth  right  and  left  outer  ear  channels  of  the  rats  to  per-
orm  DPOAE  measurements  in  a  silent  room.  Measurements
ere  taken  in  the  form  of  DPgrams.  The  difference  between

he  levels  of  L1  and  L2  was  kept  at  10  dB  SPL  (sound  pres-
ure  level)  (L1  =  65  dB  SPL,  L2  =  55  dB  SPL).  In  order  to  obtain
he  most  powerful  response,  the  test  was  set  to  two  sepa-
ate  frequencies,  f1/f2  = 1.22.  DPgram  measurements  were
erformed  at  frequencies  of  2002,  2500,  3154,  4004,  5000,
299,  7998  and  10,000  Hz.  SNR  values  of  3  dB  or  above  were
egarded  as  positive.  The  Signal  Noise  Ratio  (SNR)  values  of
ll  groups  obtained  during  the  DPOAE  test  were  compared
ithin  and  between  the  groups.

istopathological  analysis

ochlear  tissues  collected  for  histopathological  analysis
ere  fixed  for  48  h  in  10%  formalin  solution.  They  were

hen  softened  for  96---120  h  in  Osteosoft  (Merc,  HC313331,
ermany)  decalcification  solution  and  subsequently  washed

n  running  spring  water.  They  were  next  processed  in  80%
lcohol  (12  h  ×  2  times),  90%  alcohol  (12  h  ×  2  times),  96%
lcohol  (12  h  ×  2  times),  100%  alcohol  (12  h  ×  2  times),  chlo-
oform  (5  h  ×  3  times),  and  liquid  paraffin  (12  h)  before
eing  embedded  in  paraffin  blocks.  Sections  measuring  4 �m
n  thickness  were  taken  from  each  block,  and  preparates
ere  made  ready  on  slides.  The  preparations  readied  for
istopathological  examination  were  then  stained  with  Mas-
on’s  trichrome  and  studied  under  a  light  microscope.
ections  investigated  under  light  microscopy  were  evaluated
n  the  basis  of  lesions  ---  none  (−),  slight  (+),  moderate  (++)
nd  severe  (+++).  Photographs  were  taken.

mmunohistochemical  examination

ll  sections  placed  onto  adhesive  slides  (poly-l-Lysine)  for
mmunoperoxidase  examination  were  passed  through  xylol
nd  alcohol  series,  deparaffinized  and  dehydrated.  The  pro-
edure  was  performed  according  to  the  guideline  of  Ab80436
it.  Caspase-3  was  used  as  primary  antibody.  Following
he  washing  procedure,  3-3′ Diaminobenzidine  (DAB)  chro-
ogen  was  dropped  onto  the  section  and  allowed  to  stand

or  5---10  min  to  absorb  the  chromogen.  After  emersion  in
ayer’s  hematoxylin  for  1---2  min  for  background  staining,

pecimens  were  washed  under  tap  water.  The  slides  were

hen  passed  through  alcohol  and  xylol  series,  covered,  and
xamined  under  a  light  microscope  (Leica  DM  1000).  Sec-
ions’  immune  positivity  was  graded  as  none  (−),  slight  (+),
oderate  (++)  or  severe  (+++).
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iochemical  analysis

he  cochleas  set  aside  for  biochemical  examination  were
ashed  with  physiological  saline  solution  immediately  after
xcision  and  then  frozen  at  −80 ◦C.  On  the  day  of  study,  they
ere  removed  from  the  freezer,  thawed,  and  homogenized
ith  a  9  mL  per  gram  1.15%  KCl  solution.  The  homogenates
ere  centrifuged  at  10,000  rpm  for  30  min  for  supernatant

eparation.
The  spectrophotometric  method  described  by  Sun  et  al.

as  employed  for  Superoxide  Dismutase  (SOD)  analysis.11

his  technique  is  based  on  the  reduction  of  Nitroblue  Tetra-
olium  (NBT)  by  the  superoxide  producer  xanthine---xanthine
xidase  at  560  nm.  SOD  activity  was  expressed  as  U/L.

Malondialdehyde  (MDA)  analysis  was  performed  using  the
hiobarbituric  Acid  (TBA)  technique  described  by  Ohkawa
nd  Yagi.12 This  is  based  on  spectrophotometric  measure-
ent  of  the  pink  product  resulting  from  the  reaction
etween  MDA  and  TBA.  The  results  were  expressed  as
moL/mL.

Glutathione  peroxidase  (GPx)  was  measured  using  a  mod-
fication  of  the  method  described  by  Paglia  and  Valentine.13

Px  is  an  enzyme  that  produces  glutathione  oxidation  in  a
eaction  in  which  hydrogen  peroxide  is  reduced  to  water.
xidized  glutathione  is  again  reduced  to  glutathione  with
he  enzyme  glutathione  reductase  in  the  presence  of  NADPH.
he  method  is  based  on  spectrophotometric  measurement
f  the  decrease  in  NADPH  absorbance  at  340  nm.  GPx  activity
as  expressed  as  IU/L.

tatistical  analysis

tatistical  analysis  was  performed  on  SPSS  17.0  software.
ne-Way  ANOVA  was  used  for  statistical  analysis  of  nor-
ally  distributed  parameters,  and  the  post  hoc  Tukey

est  was  employed  to  identify  sources  of  variation.  The
on-parametric  Kruskal---Wallis  test  was  used  to  analyze  vari-

tions  among  data  obtained  using  the  semi-quantitative
ethod  at  histopathological  examination.  Analyses  between

wo  groups  were  performed  using  the  Mann---Whitney  U  test.
 <  0.05  was  regarded  as  statistically  significant.
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Figure  1  DPOAE  results
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esults

o  significant  difference  was  observed  between  the  groups
n  terms  of  SNR  values  in  the  DPOAE  results  on  the  first  day
f  the  study.  Also  there  was  no  difference  between  the  right
nd  left  ear  SNR  values.  When  DPOAE  results  on  Day  6  were
ompared  with  the  findings  from  Day  1,  no  significant  varia-
ion  was  observed  in  SNR  values  in  Groups  2,  3  or  4.  In  Group
,  SNR  values  on  Day  1  were  significantly  higher  than  those
n  Day  6  at  all  studied  frequencies.  This  shows  that  cisplatin
xerts  an  adverse  effect  on  hearing  functions  by  affecting
he  cochlea.

When  the  DPOAE  test  results  on  Day  6  were  compared
mong  themselves,  SNR  values  in  Group  1  were  significantly
ower  than  those  of  the  other  groups.  No  significant  vari-
tion  was  determined  between  SNR  values  in  Groups  2,  3
nd  4.  These  findings  show  that  the  use  of  gallic  acid  with
isplatin  prevented  impairment  in  SNR  values  and  exhibited
unctional  protection  against  the  ototoxic  effect  of  cisplatin
Figs.  1  and  2).

The  results  of  biochemical  analysis  of  rat  cochleas  are
hown  in  Fig.  3. MDA  levels  in  cochlear  tissues  in  Group  1
ere  significantly  higher  compared  to  the  control  group.
t  the  same  time,  SOD  and  GPx  activities  in  cochlear  tis-
ues  decreased  significantly  compared  to  the  control  group.
his  shows  that  oxidative  stress  occurred  in  the  cochleas
f  rats  receiving  cisplatin,  and  that  this  stress  was  mani-
ested  with  an  increase  in  amounts  of  free  oxygen  radicals
merging  with  a  rise  in  lipid  peroxidation,  and  also  with

 decrease  in  antioxidant  enzyme  activities.  No  significant
ariation  was  observed  between  MDA  levels,  SOD  and  GPx
ctivities  in  rats  from  Groups  2,  3  and  4.  Additionally,  MDA
evels  in  the  cochleas  of  rats  from  Group  3,  those  receiving
allic  acid  together  with  cisplatin,  were  significantly  lower
han  those  of  rats  in  Group  1,  those  receiving  cisplatin  only,
hile  SOD  and  GPx  activities  were  significantly  higher.  This

hows  that  gallic  acid  also  protects  against  oxidative  stress
aused  by  the  ototoxic  effect  of  cisplatin.
In  histopathologic  examination,  the  cochleas  in  the  con-
rol  and  gallic  acid  groups  exhibited  a  normal  histological
ppearance  (Fig.  4A---C).  Examination  of  the  cochlea  in  the
isplatin  group  revealed  erosion  in  the  stria  vascularis  and

ts on day 1

Gallic acid Cis+gallic acid

5000 HZ 6299 HZ 7998 HZ 10000 HZ

ncies

 of  groups  on  Day  1.
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Dpoae results on day 6
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Figure  2  DPOAE  results  of  groups  on  Day  6.
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degeneration  and  edema  in  the  connective  tissue  layer  in
endothelial  cells.  The  structure  of  outer  hair  cells  was
impaired,  and  a  decrease  in  these  cells  was  also  observed
(Fig.  4B).  Examination  of  the  cochleas  in  the  Cis  +  gallic
acid  group  revealed  mild  hyperemia  in  the  stria  vascularis,
degeneration  in  epithelial  cells  and  very  mild  degeneration
in  the  spinal  ganglia  (Fig.  4D).  These  findings  decreased
in  a  statistically  significant  manner  in  the  Cis  +  gallic  group
compared  to  the  cisplatin  group  (p  <  0.05).  Histopathological
cochlea  findings  are  summarized  in  Table  1.

Caspase-3  staining  was  performed  to  determine  apopto-
sis  in  cells.  No  Caspase-3  immunopositivity  was  observed
at  cochlear  staining  in  the  control  or  gallic  acid  groups
(Fig.  5A---C).  In  the  cisplatin  group,  severe  intraplasmic
immunopositivity  was  observed  in  outer  hair  cells  (Fig.  5B).
In  the  Cis  +  gallic  acid  group,  mild  intraplasmic  Caspase-3

expression  was  determined  in  outer  hair  cells  (Fig.  5D).  A
statistically  significant  decrease  was  determined  compared
to  the  cisplatin  group  (p  <  0.05).  Immunohistochemical  find-
ings  are  summarized  in  Table  1.

s
v
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iscussion

ur  study  clearly  demonstrated  the  protective  efficacy  of
allic  acid  against  cisplatin-induced  ototoxicity.  Gallic  acid
as  determined,  both  biochemically  and  histopathologi-
ally,  to  prevent  oxidative  stress  arising  in  the  cochlea
ollowing  cisplatin  administration.  The  DPOAE  findings  also
howed  that  gallic  acid  exerts  a  protective  effect  against
earing  loss  associated  with  cisplatin-induced  ototoxicity.

Cisplatin  is  an  antineoplastic  agent  widely  used  in  the
reatment  of  a  variety  of  cancers.  The  main  side-effects  of
his  agent  are  nephrotoxicity,  neurotoxicity  and  ototoxic-
ty.  While  nephrotoxicity  can  be  controlled  with  hydration
herapy,  ototoxicity  remains  the  most  significant  side-effect
f  cisplatin  use.8 The  mechanism  by  which  cisplatin  leads  to
totoxicity  is  not  yet  fully  understood.  Previous  studies  have

hown  that  cisplatin  causes  hearing  losses  by  impacting  on
arious  areas  of  the  cochlea.  The  histopathological  finding
hat  has  attracted  the  greatest  interest  is  hair  cell  degen-
ration.  Damage  beginning  in  the  tip  links  in  the  stereocilia
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Figure  4  Histopathologic  appearance  of  the  cochlea,  H&E,  Bar:  50  �m.  (A)  Control  Group,  normal  histopathological  structure  of
the cochlea  (arrow,  stria  vaskularis;  arrow  head,  outer  hair  cells).  (B)  Cisplatin  Group,  hyperemia  (thinner  arrows),  degeneration
and erosion  (thicker  arrows)  in  the  stria  vascularis,  decrease  in  the  number  of  outer  hair  cells  (arrow  heads).  (C)  Gallic  Acid  Group,
normal histopathological  structure  of  the  cochlea  (arrow,  stria  vaskularis;  arrow  head,  outer  hair  cells).  (D)  Cisplatin  +  Gallic  Acid
Group, mild  hyperemia  in  the  stria  vaskularis  (arrows),  normal  histopathological  structure  of  outer  hair  cells  with  mild  decrease  in
the number  of  these  cells  (arrow  head).

Table  1  Histopathologic  findings  of  the  cochlea.

Hyperemia,
degeneration  and
necrosis  in  stria
vaskularis

Degeneration  in
spinal  ganglia

Decrease  in  the
number  of  outer
hair  cells

Immunopositivity
of  Caspase-3

Control  group  −  −  −  −
Gallic acid  group  −  −  −  −
Cisplatin group  +++  +++  +++  +++
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Cis +  Gallic  acid  ++  +  

f  outer  hair  cells  gradually  leads  to  loss  of  all  outer  hair
ells.  This  loss  begins  in  the  basal  end  and  progresses  to  the
pex.  In  addition,  it  causes  collapse  in  Reissner’s  membrane
nd  atrophy  in  support  cells  in  the  organ  of  Corti  and  in  the
tria  vascularis.14,15 In  our  study,  histopathologic  examina-
ion  of  the  cochlea  in  the  cisplatin  group  revealed  erosion
n  the  stria  vascularis,  degeneration  and  edema  in  the  con-
ective  tissue  layer  in  endothelial  cells,  impairment  of  the
tructure  of  outer  hair  cells  and  a  decrease  in  the  number
f  these  cells.

The  pathology  responsible  for  this  damage  in  the  cochlea
t  the  molecular  and  cellular  level  is  not  yet  fully  under-
tood,  although  oxidative  stress  is  believed  to  be  the  main
gent.  Cisplatin  initiates  numerous  pathophysiological  pro-

esses  in  the  cochlea  by  increasing  ROS  production  and
uppressing  antioxidant  enzyme  systems.  Increased  oxida-
ive  stress  in  the  cochlea  increases  the  peroxidation  of  lipid

a
i
I

+  +

embranes,  inactivates  important  cellular  enzymes  and
ompromises  ion  channel  functions.  Finally,  increased  ROS
roduction  leads  to  histopathological  processes  and  func-
ional  impairments  in  the  cochlea  by  causing  apoptosis  and
ecrotic  cell  death.16 In  our  study,  Caspase-3  staining  was
erformed  to  determine  apoptosis  in  cells.  Severe  intraplas-
ic  immunopositivity  was  observed  in  outer  hair  cells  of  the

ats  in  the  cisplatin  group.
The  cochlea  has  an  effective  antioxidant  defense  mech-

nism  containing  antioxidant  such  as  vitamin  C,  vitamin  E
nd  Glutathione  (GSH)  and  enzymes  such  as  SOD,  GPx  and
atalase  (CAT).17 SOD  catalyzes  the  conversion  of  O2

− to
2O2 and  O2, while  CAT  converts  H2O2 to  O2 and  H2O.  GPx
educes  H O and  maybe  certain  other  peroxides.  Addition-
2 2

lly,  GPx  also  accelerates  the  conversion  of  reduced  GSH  to
ts  oxidized  form  (GSSG)  during  the  detoxification  of  H2O2.16

f  this  ROS  elimination  system  is  compromised,  ROS  lead  to
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Figure  5  Immunohistochemical  examination  of  the  cochlea,  IP,  Bar:  5  �m.  (A)  Control  Group,  negative  Caspase-3  expression  in  the
outer hair  cells.  (B)  Cisplatin  Group,  severe  Caspase-3  immunopositivity  in  outer  hair  cells  (arrow).  (C)  Gallic  acid  Group,  negative
Caspase-3 expression  in  the  outer  hair  cells.  (D)  Cisplatin  +  Gallic  acid  Group,  mild  Caspase-3  immunopositivity  in  outer  hair  cells
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lipid  peroxidation  and  cellular  damage.  This  manifests  itself
with  elevated  MDA  levels.  Levels  of  MDA  were  significantly
higher  in  the  cochleas  of  rats  receiving  cisplatin  compared  to
the  control  group  in  our  study.  However,  SOD  and  GPx  activ-
ities  in  the  cochlear  tissues  of  rats  receiving  cisplatin  were
significantly  lower  than  those  of  the  control  group.  These
findings  reveal  that  oxidative  stress  is  involved  in  cochlear
damage  occurring  in  cisplatin-induced  ototoxicity.

In  the  light  of  these  physiological  processes,  it  has  been
hypothesized  that  reducing  ROS  levels  and  increasing  levels
of  antioxidant  enzymes  can  be  protective  against  cisplatin-
induced  ototoxicity.  Various  antioxidant  agents  have  been
investigated  in  cisplatin  ototoxicity.  The  purpose  of  our
study  was  to  determine  whether  gallic  acid,  a  power-
ful  antioxidant,  would  exhibit  a  protective  effect  against
cisplatin-induced  ototoxicity.

Gallic  acid  is  a  poly-hydroxyphenolic  compound  found
in  numerous  plants,  fruits  and  foodstuffs.  It  also  occurs
naturally  in  a  number  of  terrestrial  and  aquatic  plants.18

It  exhibits  powerful  anti-carcinogenic,  anti-mutagenic  and
anti-inflammatory  effects.19 Gallic  acid  and  the  derivatives
thereof  are  powerful  antioxidants  capable  of  scavenging
free  radicals,  such  as  superoxide  anions,  hydrogen  perox-
ide  (H2O2),  hydroxyl  radicals  and  hypochlorous  acid.19 It  has
been  suggested  that  this  free  radical  scavenging  activity
may  account  for  the  ameliorative  effect  of  gallic  acid  on
oxidative  stress.

Oyagbemi  et  al.  showed  that  gallic  acid  ameliorates
oxidative  stress  by  suppressing  ROS  production  in  the  rat
brain  and  improving  antioxidant  status.20 Prince  et  al.

reported  that  gallic  acid  increased  the  activity  of  SOD,
CAT  and  GSH  dependent  enzymes  in  diabetic  brain  dam-
age  induced  with  streptozocin  and  prevented  the  formation
of  free  radicals.21 Omobowale  et  al.  also  reported  that

r
i
s
t

allic  acid  exhibited  a  protective  effect  against  hepatic
amage  in  doxorubicin-induced  hepatotoxicity.22 Li  et  al.
nvestigated  the  antioxidant  substances  that  best  prevented
xidative  stress  experimentally  induced  in  ovarian  tissue.
hey  concluded  that  gallic  acid  functioned  as  a  powerful
ntioxidant  by  reducing  ROS  production  and  by  activating
he  antioxidant  enzyme  system.23 It  was  suggested  in  our
tudy  that,  administration  of  gallic  acid  together  with  cis-
latin  showed  a  significant  biochemical  and  histopathologic
rotection  against  cisplatin  induced  ototoxicity  by  acting  as

 powerful  antioxidant.
The  DPOAE  test  is  an  objective  method  that  elicits  func-

ional  outcomes  of  damage  occurring  in  the  cochlea  in  a
apid,  inexpensive  and  non-invasive  manner.  Based  on  our
POAE  responses,  significant  impairment  was  observed  in
NR  values  at  high  frequencies  in  rats  receiving  cisplatin
ompared  to  those  in  the  control  group.  In  addition,  we
ocumented  significantly  higher  SNR  values  in  rats  admin-
stered  gallic  acid  together  with  cisplatin  compared  to  the
isplatin  only  group.  This  shows  that  gallic  acid  also  exhibits

 functional  protective  effect  against  ototoxicity  induced
ith  cisplatin.

onclusion

n  the  light  of  our  findings,  we  think  that  gallic  acid  may  have
layed  a  protective  role  against  cisplatin-induced  ototoxic-
ty  in  rats,  as  indicated  by  the  DPOAE  results,  biochemical
ndings  and  immunohistochemical  analyses.  Although  our

esults  do  indicate  that  gallic  acid  can  reduce  cisplatin-
nduced  ototoxicity  in  rats,  its  usefulness  in  the  clinical
etting  remains  uncertain.  Further  studies  are  now  needed
o  determine  the  appropriate  indications  and  dosages  of
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allic  acid  before  clinical  use  against  cisplatin-induced  oto-
oxicity  can  be  recommended.

onflicts of interest

he  authors  declare  no  conflicts  of  interest.

eferences

1. Paken J, Govender CD, Sewram V. Research protocol: cisplatin-
associated ototoxicity amongst patients receiving cancer
chemotherapy and the feasibility of an audiological monitoring
program. BMC Womens Health. 2017;17:129.

2. Knight KR, Kraemer DF, Neuwelt EA. Ototoxicity in children
receiving platinum chemotherapy: underestimating a commonly
occurring toxicity that may influence academic and social devel-
opment. J Clin Oncol. 2005;23:8588---96.

3. Frisina RD, Wheeler HE, Fossa SD, Kerns SL, Fung C, Sesso
HD, et al. Comprehensive audiometric analysis of hearing
impairment and tinnitus after cisplatin-based chemotherapy in
survivors of adult-onset cancer. J Clin Oncol. 2016;34:2712e20.

4. Salehi P, Akinpelu OV, Waissbluth S, Peleva E, Meehan B, Rak
J, et al. Attenuation of cisplatin ototoxicity by otoprotective
effects of nanoencapsulated curcumin and dexamethasone in a
guinea pig model. Otol Neurotol. 2014;35:1131---9.

5. Giordano P, Lorito G, Ciorba A, Martini A, Hatzopoulos S. Protec-
tion against cisplatin ototoxicity in a Sprague-Dawley rat animal
model. Acta Otorhinolaryngol Ital. 2006;26:198---207.

6. Lynch ED, Gu R, Pierce C, Kil J. Reduction of acute cisplatin
ototoxicity and nephrotoxicity in rats by oral administration of
allopurinol and ebselen. Hear Res. 2005;201:81---9.

7. So H, Kim H, Kim Y, Kim E, Pae HO, Chung HT, et al. Evidence
that cisplatin-induced auditory damage is attenuated by down-
regulation of pro-inflammatory cytokines via Nrf2/HO-1. J Assoc
Res Otolaryngol. 2008;9:290---306.

8. Roldán-Fidalgo A, Martín Saldaña S, Trinidad A, Olmedilla-Alonso
B, Rodríguez-Valiente A, García-Berrocal JR, et al. In vitro and
in vivo effects of lutein against cisplatin-induced ototoxicity.
Exp Toxicol Pathol. 2016;68:197---204.

9. Garud MS, Kulkarni YA. Gallic acid attenuates type I diabetic

nephropathy in rats. Chem Biol Interact. 2018;282:69---76.

0. Saibabu V, Fatima Z, Khan LA, Hameed S. Therapeutic
potential of dietary phenolic acids. Adv Pharmacol Sci.
2015;2015:823539.

2

Kilic  K  et  al.

1. Sun Y, Oberley LW,  Li Y. A simple method for clinical assay of
superoxide dismutase. Clin Chem. 1988;3413:497---500.

2. Ohkawa H, Ohiski N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbutric acid reaction. Anal Biochem.
1979;95:351---8.

3. Paglia DE, Valentina WN. Studies on the quantitative character-
ization of erythrocyte glutathione peroxidase. J Lab Clin Med.
1967;70:158---69.

4. Yumusakhuylu AC, Yazici M, Sari M, Binnetoglu A, Kosemihal E,
Akdas F, et al. Protective role of resveratrol against cisplatin
induced ototoxicity in guinea pigs. Int J Pediatr Otorhinolaryn-
gol. 2012;76:404---8.

5. Yazici ZM, Meric A, Midi A, Arınc YV, Kahya V, Hafız G.
Reduction of cisplatin ototoxicity in rats by oral adminis-
tration of pomegranate extract. Eur Arch Otorhinolaryngol.
2012;269:45---52.

6. Sheth S, Mukherjea D, Rybak LP, Ramkumar V. Mechanisms of
cisplatin-induced ototoxicity and otoprotection. Front Cell Neu-
rosci. 2017;11:338.

7. Kopke R, Allen KA, Henderson D, Hoffer M, Frenz D, Van de Water
T. A radical demise. Toxins and trauma share common pathways
in hair cell death. Ann N Y Acad Sci. 1999;884:171---91.

8. Omóbòwálé TO, Oyagbemi AA, Folasire AM, Ajibade TO, Asenuga
ER, Adejumobi OA. Ameliorative effect of gallic acid on
doxorubicin-induced cardiac dysfunction in rats. J Basic Clin
Physiol Pharmacol. 2018;29:19---27.

9. Kim SH, Jun CD, Suk K, Choi BJ, Lim H, Park S, et al. Gallic
acid inhibits histamine release and pro-inflammatory cytokine
production in mast cells. Toxicol Sci. 2006;91:123---31.

0. Oyagbemi AA, Omobowale TO, Saba AB, Olowu ER, Dada
RO, Akinrinde AS. Gallic acid ameliorates cyclophosphamide-
induced neurotoxicity in wistar rats through free radical
scavenging activity and improvement in antioxidant defense
system. J Diet Suppl. 2016;13:402---19.

1. Stanely Mainzen Prince P, Kumar MR, Selvakumari CJ. Effects
of gallic acid on brain lipid peroxide and lipid metabolism in
streptozotocin-induced diabetic Wistar rats. J Biochem Mol Tox-
icol. 2011;25:101---7.

2. Omobowale TO, Oyagbemi AA, Ajufo UE, Adejumobi OA,
Ola-Davies OE, Adedapo AA, et al. Ameliorative effect of gal-
lic acid in doxorubicin-induced hepatotoxicity in wistar rats
through antioxidant defense system. J Diet Suppl. 2018;15:

183---96.

3. Li B, Weng Q, Liu Z, Shen M, Zhang J, Wu W, et al. Selection of
antioxidants against ovarian oxidative stress in mouse model. J
Biochem Mol Toxicol. 2017;31:e21997.

http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0120
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0125
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0130
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0135
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0140
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0145
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0150
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0155
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0160
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0165
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0170
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0175
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30088-0/sbref0230

	Protective effect of gallic acid against cisplatin-induced ototoxicity in rats
	Introduction
	Methods
	Animals
	Experimental protocol
	DPOAE procedure
	Histopathological analysis
	Immunohistochemical examination
	Biochemical analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflicts of interest
	References


