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Abstract

Objectives:  Although  amiodarone  may  cause  neurotoxicity  that  can affect  patient  outcomes

when used  during  cardiopulmonary  resuscitation  (CPR),  it  has been  commonly  prescribed  during

CPR. This  study  investigated  the  possible  neurotoxic  effects  of  amiodarone  in  a  rat model  of

transient  forebrain  ischemia.

Design:  A  prospective  laboratory  animal  study  was  carried  out.

Setting:  Animal  laboratory.

Materials:  Male  Sprague-Dawley  rats.

Intervention:  Eight  minutes  of  forebrain  ischemia  was  induced  in rats  by  bilateral  carotid

occlusion  and hypotension  (mean  arterial  pressure  = 35  mmHg)  under  isoflurane  (1.5%)  anesthe-

sia. Amiodarone  (0, 50,  100 and  150 mg/kg)  with  saline  was  injected  intraperitoneally  10  min

after ischemia.  Rats  given  0  mg/kg  of  amiodarone  were  used  as  saline-treated  controls.  Sham

operated  rats  received  no treatment.

Variables  of  interest:  Animals  were  evaluated  neurologically  on postoperative  days  4---7,  and

histologically after  a  one-week  recovery  period.

Results:  The  greatest  improvement  in water  maze  test  performance  corresponded  to  the sham

operated  group  (p  =  0.015  vs.  saline-treated  controls).  No  differences  in  performance  were  seen

in amiodarone-treated  rats  compared  with  saline-treated  controls.  In  the control  group,  45%

of the  CA1  hippocampal  neurons  survived,  compared  with  78%  in  the  sham  operated  group

(p =  0.009).  Neuron  survival  after  ischemia  in  the  amiodarone  treatment  groups  (50,  100  and

150 mg/kg)  (58%,  40%  and  36%,  respectively)  and  in the  control  rats  did not  differ  significantly.

Conclusions:  The  administration  of  amiodarone  immediately  after  transient  forebrain  ischemia

did not  worsen  spatial  cognitive  function  or  neuronal  survival  in the  hippocampal  CA1  region  in

rats. The  current  results  must  be  applied  with  caution  in  humans.  However,  they  indicate  that

the potential  neurotoxicity  induced  by  amiodarone  during  resuscitation  after  cardiac  arrest  may

be negligible.
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Reanimación

La  amiodarona  no afecta  a  las  lesiones  cerebrales  en  un  modelo  de isquemia

transitoria  del prosencéfalo  en  ratas

Resumen

Objetivos:  La  amiodarona  puede  causar  neurotoxicidad  que  afecte  a  los desenlaces  de  los

pacientes si se  usa  durante  la  reanimación  cardiopulmonar  (RCP),  si bien  este  fármaco  se  ha

prescrito habitualmente  a  pacientes  durante  la  RCP.  Este  estudio  ha  investigado  los  posibles

efectos  neurotóxicos  de  la  amiodarona  en  un  modelo  de isquemia  transitoria  del prosencéfalo

en ratas.

Diseño: Estudio  prospectivo  con  animales  de laboratorio.

Ámbito: Laboratorio  de  animales.

Materiales:  Ratas  Sprague-Dawley  macho.

Intervención:  Se  produjo  isquemia  del  prosencéfalo  en  ratas  durante  ocho  minutos  mediante

oclusión bilateral  de  la  carótida  e hipotensión  (mediana  de la  presión  arterial  =  35  mmHg)  bajo

anestesia con  isoflurano  (1,5%).  Se  inyectó  intraperitonealmente  amiodarona  (0,  50,  100,  150

mg/kg) con  solución  salina  10  minutos  después  de la  isquemia.  Se  administraron  0 mg/kg  de

amiodarona  a  las  ratas  empleadas  como  controles  tratados  con  solución  salina.  No se  administró

ningún producto  a  las  ratas  del grupo  quirúrgico  de  referencia.

Variables  de  interés: Los animales  fueron  evaluados  neurológicamente  durante  los días  4-7  tras

la intervención,  e  histológicamente  tras  un período  de  recuperación  de una  semana.

Resultados:  La  mayor  mejora  del  rendimiento  en  la  prueba  del laberinto  acuático  se  observó  en

el grupo  quirúrgico  de referencia  (p =  0,015  frente  a  los  controles  tratados  con  solución  salina).

No se  observaron  diferencias  en  el  rendimiento  de  las  ratas  tratadas  con  amiodarona  respecto

a los  controles  que  recibieron  solución  salina.  En  el grupo  control  sobrevivió  el  45%  de  las

neuronas del hipocampo  CA1,  frente  al  78%  en  el  grupo  quirúrgico  de referencia  (p  = 0,009).  No

se observaron  diferencias  significativas  en  cuanto  a  la  supervivencia  neuronal  tras  la  isquemia

entre los grupos  tratados  con  amiodarona  (50,  100  y  150 mg/kg,  58,  40  y  36%  respectivamente)

y las  ratas  del  grupo  control.

Conclusiones:  La  administración  de amiodarona  inmediatamente  después  de  la  isquemia  transi-

toria del prosencéfalo  no empeoró  la  función  cognitiva  espacial  ni  la  supervivencia  neuronal  en

la región  del  hipocampo  CA1  en  ratas.  Se  debe  tener  precaución  al  aplicar  los  resultados  actuales

a los  humanos.  Sin embargo,  dichos  resultados  señalan  que  la  posible  neurotoxicidad  inducida

por la  amiodarona  durante  la  reanimación  tras  parada  cardíaca  puede  ser  insignificante.

© 2018  Elsevier  España,  S.L.U.  y  SEMICYUC.  Todos  los  derechos  reservados.

Introduction

Cerebral  and  cardiac  dysfunction  may  occur  in patients
following  return  of  spontaneous  circulation  (ROSC)  after car-
diac  arrest  accompanied  by  prolonged  whole-body  ischemia.
Post  cardiac  arrest  syndrome,  comprises  anoxic  brain  injury,
myocardial  dysfunction,  systemic  ischemia/reperfusion
injury,  and  persistent  precipitating  pathology.1,2 Post  car-
diac  arrest  brain  injury  is  a  major cause  of  morbidity,
and  is  responsible  for approximately  two-thirds  of post
cardiac  arrest  period  deaths.3 Cerebral  and  cardiopul-
monary  resuscitation  (CPR)  before,  but  not  after,  ROSC
can  improve  outcomes.  The  2015  update  of  Adult  Cardiac
Arrest  Algorithm  recommends  amiodarone  as  the first-line
drug  for  refractory  ventricular  fibrillation  (VF)  or  pulseless
VT.4 However,  there  are  concerns  of potential  amiodarone
neurotoxicity.5 Indeed,  in the field  of toxicology,  amiodarone
has  recently  been  used  as  one  of  representative  drugs  indu-
cing  neurotoxicity  to  evaluate  the in vitro  drug-induced
neurotoxicity  models.6---8 Amiodarone  during CPR  may  thus
be  associated  with  unfavorable  neurological  outcomes  in

patients  with  refractory  VF/pulseless  VT  during  CPR.  Cur-
rent  clinical  practice  for resuscitation  after cardiac  arrest
has  been  implemented  although  this concern  has not  been
solved  yet.  This  study  investigated  whether  amiodarone  was
associated  with  neurotoxic  effects  in a  rat model of  transient
forebrain  ischemia.

Methods

Surgical preparation

All  experimental  protocols  were  approved  by  the Animal
Care  and Use Committee  of  Nara  Medical  University.  These
protocols  were  carried  out  in  accordance  with  the National
Institutes  of  Health  guide for  the  care  and  use  of  Labora-
tory  animals  (NIH  Publications  No. 8023,  revised  1978).  Male
Sprague-Dawley  rats  (Japan  SLC,  Shizuoka,  Japan)  weighing
270---300  g were  fasted  for  12  h.  Anesthesia  was  induced  with
5%  isoflurane  in  oxygen.  Following  intubation,  the isoflurane
concentration  was  reduced  to  1.5---2.0%,  and  the rats  were
mechanically  ventilated  with  oxygen  and air at  a  fraction  of
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inspired  oxygen  of 0.3. A  needle  thermometer  was  inserted
between  the  temporal  muscle  and  the  skull,  and  the pericra-
nial  temperature  was  maintained  at  37.5  ±  0.5 ◦C by  surface
heating  or  cooling.  Needle  electroencephalographic  elec-
trodes  were  inserted  in  a biparietal  configuration,  and  the
electroencephalogram  was  monitored  continuously  (EEG-
4217,  Nihon  Kohden,  Tokyo,  Japan).  A  cannula was  inserted
into  the  tail  artery  using PE-50  tubing,  and  the mean  arterial
blood  pressure  (MAP)  was  monitored  continuously.  A sec-
ond  cannula  for  withdrawal  of  blood  was  inserted  into  the
external  jugular  vein using  PE-60  tubing.

Induction  of forebrain  ischemia  by  bilateral  carotid
artery occlusion  (BCAO)

With  the  animal  in  the  supine  position,  the isoflurane
concentration  was  adjusted  to  1.5%,  and the level was
allowed  to  equilibrate  for  10---15  min.  Blood  samples  were
obtained  for  determination  of  preischemic  hematocrit  (Hct),
glucose,  pH,  PaCO2,  and  PaO2.  Ventilation  was  adjusted  to
achieve  a  PCO2 of  35---40  mm Hg  and  a  PaO2 ≥100  mm  Hg.
MAP  and  heart  rate  were  monitored  throughout.  Heparin
(100  U/kg)  was  administered  intravenously,  and  hypoten-
sion  was  induced  5  min later,  by  withdrawal  of  blood  from
the  superior  vena cava  catheter  into  a prewarmed  syringe,
which  reduced  perfusion  through  the  vertebral  arteries  to
a  point  where  blood  flow  was  lost or  greatly  reduced.9

When  the  MAP  decreased  to  35  mm  Hg,  both  carotid  arter-
ies  were  occluded  with  vascular  clamps.  Ischemia  was
confirmed  an  isoelectric  electroencephalogram,  and  was
maintained  for 8 min.  During  occlusion,  MAP  was  main-
tained  at  35 mm Hg by  withdrawal  or  reinfusion  of  blood.
After  the  period  of  ischemia,  reperfusion  of  the  brain  was
established  by  removal  of  the vascular  clamps  and  reinfu-
sion  of  the  withdrawn  blood.  The  vascular  catheters  were
removed,  and  the wounds  were  closed.  Isoflurane  was  dis-
continued  when  wound  closure was  completed.  Heparin
was  reversed  by  intravenous  administration  of protamine
(0.3  mg).  Ventilation  was  continued  with  100%  O2 until
the  animals  recovered  from  anesthesia.  Rectal  tempera-
ture was  recorded  hourly  and  maintained  at 37.5  ±  1.0 ◦C
by  surface  heating  or  cooling,  and  control  of  the of  the
recovery  chamber  temperature.  When  spontaneous  venti-
lation  resumed,  usually  immediately  after  discontinuation
of  isoflurane,  animals  were  transferred  to  a prewarmed
oxygen-rich  humidified  recovery  chamber.  The  trachea  was
extubated  after  observation  of  spontaneous  movement,
which  was  usually  performed  within  30---40  min  after  dis-
continuation  of  isoflurane.  Sham  operations  were  performed
without  BCAO  and hypotension.  A  period  of three  days  from
day  1  to  day  3 after  surgery  was  taken  for  facilitating  ani-
mals’  physical  recovery  from  surgical  injury.

Experimental  protocols

Prepared  1 mL aliquots  of  saline,  amiodarone
50  mg/kg  +  saline,  amiodarone  100  mg/kg  + saline,  or
amiodarone  150  mg/kg  + saline  were  randomly  adminis-
tered using  a  26  gauge  needle  intraperitoneally  10  min
after  BCAO.  Rats  given  0 mg/kg  of  amiodarone  with  saline
was  used  as  saline-treated  controls.  Sham  operated  rats

received  nothing  but  intraperitoneal  needle  puncture.
The  investigators  were blinded  to  drug  preparation.  Each
experimental  group  included  10  rats  that  were  alive  7 days
after  ischemia.

Motor  activity  assessments

Motor  activity  was  assessed  as  previously  described  by  an
investigator  blinded  to  the group  assignments  on  four  con-
secutive  days  beginning  on  day  4  after  surgery.10 Briefly,
the rats  were  placed  on  a  30  × 30  cm  screen  (grid  size
1.0  ×  1.0  cm)  that  could  be rotated  from  0◦ (horizontal)  to
90◦ (vertical).  The  animal  was  placed  on  a horizontally  ori-
ented  screen,  which was  then  rotated  to  the  vertical  plane.
The  time  that animal  was  able  to  hold onto  the  vertical
screen  was  recorded  up to  a maximum  of  15  s. The  ani-
mal  was  then  placed  at the center  of  a horizontal  2.5-cm
diameter  wooden  rod.  The  time  that  the animal was  able
to  remain  balanced  on  the rod  was  recorded  up to  a  maxi-
mum  of 30  s.  Finally,  a prehensile  traction  test  determined
the time  that  the animal  was  able  to  cling  to  a horizontal
rope  up to  a  maximum  of 5  s.  All  tests  were  scored  using
the  same  3-point  system  (could not  at all = 1, failed  mid-
way  through  the test  = 2, and  completed  the test  = 3).  The
total  daily  motor  score  of  up  to nine  points  was  determined
by  summing  the  three  individual  test  scores.  The  four daily
scores  were  added  to  determine  the  total  motor  score.

Morris  water maze

The  water  maze consisted  of a  circular  vinyl-coated
polyester  mesh  pool  1.7 m  in diameter  and 70  cm  high.
A  translucent  15  cm  diameter  acrylic  platform  was  placed
inside  the pool 30  cm from  the  wall  and  2  cm below  the  water
surface  when  the  pool was  filled.  The  pool  was  filled  with
tap  water  made  opaque  by  nontoxic  white  paint  and  main-
tained  at 26  ±  1.0 ◦C. The  rats  recovered  for  3  days  following
induction  of ischemia  before  the water  maze  test.  Beginning
on  day 4, the  rats  were  tested  for four  consecutive  days,
i.e.,  days  4---7.  The  platform  remained  in the  same  location
during  testing,  maze was  divided  into  four  quadrants,  and
the starting  quadrant  was  randomly  chosen  daily.  The  rats
were  tested  in the  same  daily  order. Rats  were  released  into
the  maze  head-up  facing  the wall. Latency  was  recorded
on reaching  the platform,  and the rats were  permitted  to
remain  on  the platform  for an additional  30  s. If  an animal
failed  to find the  platform  in  120 s, it was  then  placed  on
the  platform  for  10  s. Each  session  consisted  of three  trials,
and  the daily  score  was  the  average  of  the three  results.
Rats  were  rested  for  a minimum  of  5 min between  trials.  The
improvement  in maze  test  performance  was  the  latency on
day  7/the  latency  on day  4, with  a lower  score  indicating
greater  improvement.

Harvesting  and  evaluation  of brain tissue

After  evaluation  of  weight  loss  compared  with  the preis-
chemic  state,  animals  were anesthetized  using  2.5---3%
isoflurane  through  a  mask,  and  given  an intraperitoneal
injection  of  sodium  thiopental  (2---3 mg/kg).  After confir-
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mation  of  loss  of consciousness  and the absence  of  a  pain
response,  transcardial  perfusion  was  performed  with  150 mL
saline  at 40  mL/min  followed  by 200 mL of  4% paraformalde-
hyde  in  0.1  M pH  7.4  phosphate  buffer  at  20  mL/min.  The
brain  was  removed  and  stored  in 4%  paraformaldehyde  in
0.1  M phosphate  buffer  for  later  dissection.  Brains  were
prepared  for histological  analysis  by  dehydration  in  graded
concentrations  of  ethanol  and  butanol  followed  by  embed-
ding  in paraffin.  Coronal  sections  (5 �m)  were  prepared  and
stained  with  hematoxylin  and  eosin.  An  investigator  blinded
to  the  group  assignment  evaluated  the CA1  region  of  the
hippocampus  in a  coronal  plane  3300  �m  posterior  to  the
bregma.  The  regions  were  identified  by  referring  to  the rat
brain  atlas  of  Palkovits  and Brownstein.11 Viable  and  non-
viable  neurons  were  counted  manually.  The  percentage  of
viable  neurons  in  a 0.5  mm  ×  0.5  mm counting  frame  at  a
magnification  ×200  was  used  to  quantify neuronal  damage.
To  standardize  the position  of  the counting  frame  across
animals,  the cells  in  the center  of each hippocampal  field
were  counted.  Nonviable  neurons  were  identified  by  cyto-
plasmic  eosinophilia  with  loss  of Nissl  substance  and  by  the
presence  of  pyknotic  homogeneous  nuclei.  Values  from  the
hemisphere  with  the  worst  damage  were  used  in the  final
analysis.12

Statistical  analysis

The study  population  size  was  determined  by  a  power  anal-
ysis  of  an effect  size  ranging  from  0.5  to  0.75  based  on  a
previous  investigation  in our  laboratory  that  approximately
30%  of  neurons  would  survive  after  ischemia  in  the control
group.12 The  sample  size  calculation  for  F-testing  was  used
even  though  it  was  assumed  that  the data  would  not  be
normally  distributed.  Assuming  a  type  I  error  of 0.05  and
a  power  of 0.9, 7---14 rats  in each  of the  five  experimental
groups  were  required.  Consequently,  a sample  size  of  ten
animals/group  was  deemed  necessary  for  an  adequate
study  power.  Comparisons  among  groups  were performed
using  the Kruskal---Wallis  test.  If  significant  differences  were
found,  the Steel test  was  used  for  post  hoc comparisons
with  the  saline  group  as  a  reference.  Results  were  reported
as  medians  and  25th  to  75th  percentiles.  Statistical  analysis
was  performed  with  R  (version  3.0.3;  R Foundation  for
Statistical  Computing,  Vienna,  Austria).  A p-value  <0.05
was  considered  statistically  significant.

Results

Preischemic  physiological  variables,  including  pH,  PaCO2,
PaO2, Base  excess,  Hct,  glucose,  arterial  pressure,  and  heart
rate  in  the experimental  groups  were  similar  (Table  1).
Weight  loss  on  day  7 after  ischemia  was  negligible  in all
groups  (data  not  shown).  Several  rats  died  during  the 7-day
recovery  period.  Some  died  in the  early  recovery  period  with
apparent  upper  airway  obstruction  or  seizure.  The  causes  of
the other  deaths  were  not  identified  because  they  were  not
witnessed.  To  obtain  ten  living  rats  7 days  after  ischemia
11---12  were needed  in each  group,  indicating  a  mortality
rate  of  9---17%.  Two  rats  in  saline  control  group,  2  in 50
amiodarone  group,  2 in 100  amiodarone  group,  and  1 in  150



Amiodarone  does  not affect  brain  injury  in a rat model  of  transient  forebrain  ischemia  461

0

20

40

60

80

100

120

POD4 POD6POD5 POD7

Control

Sham

Amiodaron e 50

Amiodaron e 100

Amiodaron e 150

T
im

e
 r

e
q
u
ir
e
d
 t
o
 r

e
a
c
h
 t
h
e
 p

la
tf
o
rm

(sec)

Figure  1  Time  required  to  reach  the  platform  in the  water  maze  test.  Control:  saline  only,  Sham:  surgery  without  ischemia.  Saline

or amiodarone  treatment  was  given  10  min  after  ischemia.  POD,  post  operative  day.

amiodarone  group  died  during  the 7  days  period.  One  animal
in  the  sham  surgery  group  died  during  the recovery  period.

There  were  no  significant  differences  in the  motor  activ-
ity  assessment  scores  in the  saline  control  [36  (35---36)]
and  the  sham  [36  (36---36),  p = 0.339]  groups  or  the control
and  the  50  amiodarone  [35.5  (35---36),  p  =  0.952],  100  amio-
darone  [35.5  (33.5---36),  p =  0.819],  or  150  amiodarone  [36
(36---36),  p  =  0.842]  groups.

In  the  water  maze,  the rats  in all  groups  showed  a
tendency  to  shorten  the time  to  reach the  platform  over
the  4  days  of  testing  (Fig.  1).  The  best  improvement  was
observed  in  the sham  group,  but  the latency  ratio  was  sig-
nificantly  smaller  than  that  in the  control  group  (p  = 0.015).
There  were  no  significant  differences  in the  performance
of  any  of  the  amiodarone  groups  and  the  control  group  (50
amiodarone,  p  = 0.774;  100  amiodarone,  p  = 0.902;  150  amio-
darone,  p  =  0.865)  (Fig.  2).

The  tissue  histology  results  are shown  in Fig.  3.  In the
control  group,  45  (27---51)%  of  the  neurons  in the  CA1  sector
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Figure  2  Improvement  in water  maze  test  performance.

Improvement  was  reported  as  the  latency  on day  7/latency  on

day 4.  A  lower  score  indicated  greater  improvement

Control  rats  received  saline.  Sham  rats  received  no drug  treat-

ment.  Saline  or  amiodarone  treatment  was  given  10  min  after

ischemia.  *p  < 0.05  vs.  control.
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Figure  3 Percentage  of  living  neurons  in  the  hippocampal  CA

1 region  7 days  after  ischemia.  Control  rats  received  saline.

Sham  rats received  surgery  without  ischemia.  Treatment  with

saline or amiodarone  was  given  10  min  after  ischemia.  *p  <  0.05

vs. control.

survived.  In  the sham  group,  78  (59---84)% of  the  neurons
survived  (p  =  0.009).  The  percentages  of  living  neurons  in
all  three  amiodarone  groups  were  not  significantly  different
from  that  observed  in  the control  group  [58  (46---69)]%  in 50
amiodarone,  p = 0.278;  [40 (22---73)]%  in 100  amiodarone,
p  =  0.994;  [36  (19---64)]%  in 150  amiodarone,  p  =  0.957).
Representative  histological  pictures  for  each  group  are
presented  in Fig.  4.

Discussion

Significant  neuronal damage  was  produced  by  the transient
forebrain  ischemia  produced  in this study. Only  around  40%
of  neurons  survived  in  the  hippocampal  CA1  region,  and  the
impairment  of spatial  cognition  induced  by  the  ischemia  was
significant  compared  with  the sham  group.  There  were  no
significant  differences  the motor  activity  assessment  scores
in  the  control,  sham,  or  any  of  the amiodarone  groups.
This  implies  that  the effect  on  spatial  cognition  induced
by  ischemia  did not result  from  motor  activity  impairment.
As  there  were  no  significant  differences  in  the water  maze
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A B C

D E

Figure  4  Representative  pictures  of  the  hippocampal  CA1  regions  in the  amiodarone-treated  animals  and  a  sham-operated  animal

7days after  surgery.  (A)  0  mg/kg  amodarone-treated  animal;  (B)  Sham-operated  animal;  (C)  50  mg/kg  amodarone-treated  animal;

(D) 100  mg/kg  amodarone-treated  animal;  (E)  150  mg/kg  amodarone-treated  animal.  Images  at  magnification  ×200.  Bar  = 50  �m.

test  performance  and the histological  assessments  in  any  of
the  amiodarone  groups  compared  with  the control  group,
amiodarone  did not  contribute  to  any  neuronal  damage  in
addition  to  that caused  by  forebrain  ischemia.

The  potential  neurotoxicity  of amiodarone  has been
described,5 but  the  mechanism  is  not clear.  Amiodarone
crosses  the  blood-brain  barrier,  and  significant  concen-
trations  of the drug and  its  major oxidative  metabolite,
mono-N-desethylamiodarone,  have  been  detected  in the
central  nervous  system.6,13 Increases  in iodine  content  and
lysosomal  inclusion  bodies  have  been  observed  in muscle
and  nerve  biopsies.14 In an in vitro  model,  a concentration-
dependent  increase  of  the development  of  neuronal  insult
and  reactive  gliosis  was  observed  after  repeated  exposure
to  amiodarone.6 However,  it is  not clear  whether  the  toxic-
ity  is a  direct  effect  of  amiodarone  on  neurons  or  a  result  of
altered  lysosomal  function.15 The  risk  of  neurotoxic  effects
may  increase  with  the duration  of  amiodarone  treatment.5,6

Exposure  limited  to  an early  recovery  period  from  ischemia
might  not deteriorate  ischemic  neuronal  injury  as  much  as
expected.

On  the  contrary,  neuroprotective  effects  of  amiodarone
have  also  been  reported  in animal models.16---18 These  include
reduced  depolarization-evoked  glutamate  release  from  hip-
pocampal  synaptosomes,16 a shift  in the ratio  of  neuroactive
amino  acids  toward  inhibitory  transmitters  in the medulla
oblongata,17 and  attenuation  of  pentylenetetrazole-  and
caffeine-induced  seizures.18 Ischemia---reperfusion  injury  in
the  brain  involves  a  complex  cascade  of  events.  In  this  study,
the  potential  neurologic  toxic effects  of amiodarone  might
have  been  offset  by  its  neuroprotective  effects.  The  results
suggest  that  it  may  not  be  necessary  to  change  our routine
use  of  amiodarone  therapy  for  refractory  VF  or  pulseless  VT
in  the  Adult  Cardiac  Arrest  Algorithm.

The  forebrain  ischemia  in this  study  was  expected  to
result  in  moderate  neuronal  damage  in the CA1  region,  with
survival  of  30---40%  of  neurons.12 This  rat model  was  chosen  to
provide  a  bidirectional  margin  to  demonstrate  improvement

or deterioration  by amiodarone.  More  severe  ischemia  could
have  salvaged  only  10---20%  of  the neurons,  which  would  have
made  it difficult  to  evaluate  further  deterioration  resulting
from  amiodarone  neurotoxic  effects.  The  amiodarone  dose
selection  was  based  on  a previous  study  in  which  no  rats
used  in a pentylenetetrazole-induced  seizure  model died
after  receiving  150  mg/kg  of amiodarone.  All  rats  used  in
a  pentobarbital-induced  sleep  model  died  after  receiving
200  mg/kg  of amiodarone.  Therefore,  we  used 50---150  mg
of  amiodarone  in this forebrain  ischemia  model.  As  another
concern,  BCAO  instead  of  a  real cardiac  arrest  model  was
used  in this study.  Several  common  models  of cardiac  arrest
are  currently  available,  for  example  electrically  induced
ventricular  fibrillation,  asphyxia  or  the use  of  high  dose  of
potassium.19 These  models  would  have  mimicked  more  the
effect  of amiodarone  in the  cardiac  arrest  scenario.  They
are  clinically  relevant,  however  unpredictable  resuscitation
times  can  increase  variability  and  may  make  data  analysis
difficult  to  interpret.  Additionally,  this  model is  associated
with  a  high  mortality  rate,  further  increasing  animal  number
necessary  to  test  a  hypothesis.20 Besides,  other  drugs  used
during  resuscitation  could  affect  neurological  outcome19,21

and  liver  and  renal  function  during cardiac  arrest  and  resus-
citation  could  increase  the potential  damage  of  different
drugs.  Therefore,  it is  not  unreasonable  to  suppose  that
BCAO  is  suitable  for  evaluating  individual  effects  of  each
drug on ischemic  brain  while  considering  these  concerns.

Conclusions

In this  experimental  rat model,  amiodarone  did not  worsen
spatial  cognitive  function  or  neuronal  survival  in the
hippocampal  CA1  region  when given  immediately  after
establishing  frontal  ischemia.  The  results  should  be applied
in humans  with  caution.  However,  they  indicate  that  the
potential  neurotoxicity  induced  by amiodarone  during  resus-
citation  after  cardiac  arrest  may  be neglectable.



Amiodarone  does  not affect  brain  injury  in a rat model  of  transient  forebrain  ischemia  463

Funding

This  work  was supported  by  a  Grant-in-Aid  for  Scientific
Research  C  (26462763)  from  the Japan  Society  for  Promotion
of  Science  (to S.I.).

Authors’  contributions

Koutaro  Yamanaka  conducted  all  experiments  and  analyzed
the  data.

Satoki  Inoue  design  of  the study,  conducted  all  experi-
ments  and  analyzed  the  data,  interpretation  of  results,  and
wrote  the  manuscript.

Yusuke  Naito  helped  to  conduct  all experiments  and ana-
lyzed  the  data.

Masahiko  Kawaguchi  reviewed  the study  and  modified  the
concept  of  the  study.

All  authors  have  read  and approved  the  final  manuscript.

Conflict  of interests

The  authors  declare  that  they have  no  competing  interests.

References

1.  Peberdy MA, Callaway CW, Neumar RW, Geocadin RG,

Zimmerman JL, Donnino M, et al.  American Heart Associa-

tion: Part 9: Post cardiac arrest care: 2010 American Heart

Association guidelines for cardiopulmonary resuscitation and

emergency cardiovascular care. Circulation. 2010;122:S768---86.

2. Neumar RW, Nolan JP,  Adrie C, Aibiki M, Berg RA, Böttiger BW,

et al. Post-cardiac arrest syndrome: epidemiology, pathophys-

iology, treatment, and prognostication: a consensus statement

from the International Liaison Committee on Resuscitation

(American Heart Association, Australian and New Zealand Coun-

cil on Resuscitation, European Resuscitation Council Heart and

Stroke Foundation of  Canada, InterAmerican Heart Foundation,

Resuscitation Council of  Asia, and the  Resuscitation Council of

Southern Africa); the American Heart Association Emergency

Cardiovascular Care Committee; the Council on Cardiovascular

Surgery and Anesthesia; the Council on  Cardiopulmonary, Peri-

operative, and Critical Care; the Council on  Clinical Cardiology;

and the Stroke Council. Circulation. 2008;118:2452---83.

3. Laver S, Farrow C, Turner D, Nolan J. Mode of death after admis-

sion to an intensive care unit following cardiac arrest. Intensive

Care Med. 2004;30:2126---8.

4. Link MS, Berkow LC, Kudenchuk PJ, Halperin HR, Hess EP,

Moitra VK, et al. Part 7: Adult advanced cardiovascular life sup-

port: 2015 American Heart Association Guidelines Update for

Cardiopulmonary Resuscitation and Emergency Cardiovascular

Care. Circulation. 2015;132:S444---64.

5. Orr CF, Ahlskog JE. Frequency, characteristics, and risk factors

for amiodarone neurotoxicity. Arch Neurol. 2009;66:865---9.

6. Pomponio G, Zurich MG, Schultz L, Weiss DG, Romanelli L,

Gramowski-Voss A, et al. Amiodarone biokinetics, the forma-

tion of its major oxidative metabolite and neurotoxicity after

acute and repeated exposure of  brain cell cultures. Toxicol In

Vitro. 2015;30:192---202.

7. Schultz L,  Zurich MG, Culot M, da Costa A, Landry C,

Bellwon P, et  al. Evaluation of  drug-induced neurotoxicity based

on metabolomics, proteomics and electrical activity measure-

ments in complementary CNS in vitro models. Toxicol In Vitro.

2015;30:138---65.

8. Kramer NI, Di Consiglio E, Blaauboer BJ, Testai E. Biokinetics in

repeated-dosing in vitro drug toxicity studies. Toxicol In Vitro.

2015;30:217---24.

9. Smith ML, Auer RN, Siesjo BK. The density and distribution of

ischemic brain injury in the  rat following 2---10 min  of forebrain

ischemia. Acta Neuropathol. 1984;64:319---32.

10. Sano T,  Patel PM, Drummond JC, Cole DJ. A comparison of the

cerebral protective effects of etomidate, thiopental, and isoflu-

rane in a model of  forebrain ischemia in the rat. Anesth Analg.

1993;76:990---7.

11. Palkovits M, Brownstein MJ. Maps and guide to microdissection

of the rat brain. New York: Elsevier; 1980.

12. Iwata M, Inoue S,  Kawaguchi M, Nakamura M, Konishi N, Furuya

H. Effects of delta-opioid receptor stimulation and inhibition on

hippocampal survival in a  rat model of  forebrain ischaemia. Br

J Anaesth. 2007;99:538---46.

13. Fraser AG. Neurological and pulmonary adverse effects of  amio-

darone. Br J Clin Pract. 1986;40:74---80.

14. Meier C, Kauer B, Müller U, Ludin HP. Neuropathy during chronic

amiodarone treatment. J Neurol. 1979;220:231---9.

15. Katrak PH. Stroke patients: do they have a predilection for

extrapyramidal side effects from amiodarone? Arch Phys Med

Rehabil. 1999;80:112---4.

16. Chang CY, Hung CF, Huang SK, Kuo JR, Wang SJ. Amio-

darone reduces depolarization-evoked glutamate release from

hippocampual synaptosomes. J Pharmacol Sci. 2017;133:

168---75.

17. Turovaya AY, Galenko-Yaroshevskii PA, Kade AKh, Uvarov AE,

Kiguradze MI, Khvitiya NG,  et al. Effects of verapamil and amio-

darone on sympathoadrenal system and balance of  excitatory

and inhibitory amino acids in rat medulla oblongata. Bull Exp

Biol Med. 2005;139:665---7.

18. Ozbakis-Dengiz G, Bakirci A. Anticonvulsant and hypnotic

effects of amiodarone. J Zhejiang Univ Sci B. 2009;10:317---22.

19. Vognsen M, Fabian-Jessing BK,  Secher N, Løfgren B,

Dezfulian C, Andersen LW, et al. Contemporary animal models

of cardiac arrest: a systematic review. Resuscitation. 2017;113:

115---23.

20. Sanderson TH, Wider JM JM. 2-Vessel occlusion/hypotension: a

rat model of  global brain ischemia. J Vis Exp. 2013;76:50173.

21. Halvorsen P, Sharma HS, Basu S, Wiklund L.  Neural injury after

use of vasopressin and adrenaline during porcine cardiopul-

monary resuscitation. Ups  J  Med Sci. 2015;120:11---9.

http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0110
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0115
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0120
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0125
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0130
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0135
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0140
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0145
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0150
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0155
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0160
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0165
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0170
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0175
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0180
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0185
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0190
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0195
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0200
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0205
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210
http://refhub.elsevier.com/S0210-5691(18)30183-9/sbref0210

	Amiodarone does not affect brain injury in a rat model of transient forebrain ischemia
	Introduction
	Methods
	Surgical preparation
	Induction of forebrain ischemia by bilateral carotid artery occlusion (BCAO)
	Experimental protocols
	Motor activity assessments
	Morris water maze
	Harvesting and evaluation of brain tissue
	Statistical analysis

	Results
	Discussion
	Conclusions
	Funding
	Authors’ contributions
	Conflict of interests
	References


