
C

R
o

M

a

b

R
A

h
©
B

Brazilian Journal of Anesthesiology 2021;71(4):402---407

LINICAL RESEARCH

emifentanil  reduces  glutamate  toxicity  in rat
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Abstract
Background:  Opioids  are  widely  used  as  an  analgesic  drug  in  the  surgical  setting.  Remifentanil
is an  ultra-short  acting  opioid  with  selective  affinity  to  the  mu  (�)  receptor,  and  also  exhibits
GABA agonist  effects.  The  aim  of  this  study  was  study  of  the  neurotoxic  or  neuroprotective
effect of  different  doses  of  remifentanil  in  glutamate-induced  toxicity  in  olfactory  neuron  cell
culture.
Materials and  methods:  Olfactory  neurons  were  obtained  from  newborn  Sprague  Dawley  rat
pups. Glutamate  10-5 mM  was  added  to  all  culture  dishes,  except  for  the  negative  control
group. Remifentanil  was  added  at  three  different  doses  for  24  hours,  after  which  evalua-
tion was  performed  using  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide  (MTT),
Total Antioxidant  Capacity  (TAC),  Total  Oxidant  Status  (TOS),  and  Annexin  V.
Results:  The  highest  and  lowest  viability  values  were  obtained  from  the  low  and  high  remifen-
tanil doses  at  approximately  91%  and  75%,  respectively.  TAC  and  TOS  were  correlated  with  the
MTT results.  TAC,  TOS  and  MTT  most  closely  approximated  to  the  sham  group  values  in  the
remifentanil  0.02  mM  group.
Conclusions:  Our  results  suggest  that  remifentanil  has  the  potential  to  reduce  glutamate  toxi-
city and  to  increase  cell  viability  in  cultured  neuron  from  the  rat  olfactory  bulb.
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lfactory  neurons  regulate  complex  biological  functions  and
oordinate  complex  motor  and  sensory  behavior.  These  neu-
ons  largely  function  by  means  of  glutamate  and  GABA.1,2

pioids  are  commonly  used  for  the  treatment  of  any  acute
r  chronic  pain  perioperatively.3 Remifentanil  is  widely
sed  as  an  analgesic,  including  in  young  children  and  par-
urient/pregnant  women  exposed  to  surgical  anesthesia.4

emifentanil  is  ultra-short-acting  opioid  with  selective  affin-
ty  to  the  mu  receptor,  and  also  exhibits  GABA  agonist
ffects.5 Recent  studies  have  shown  that  remifentanil  can  be
mployed  in  various  settings,  from  anesthesia  to  organ  pro-
ection  (kidney  and  heart).6 However,  there  is  disagreement
oncerning  whether  remifentanil  exhibits  neuroprotective
r  neurotoxic  effects.

Glutamate  is  the  principal  excitatory  neurotransmit-
er  in  the  central  nervous  system.7 Elevated  extracellular
lutamate  levels  induce  neuronal  damage.8 In  cerebral
ypoxia/anoxia,  and  in  most  nervous  system  diseases  glu-
amate  transporter  function  is  impaired,  and  extracellular
lutamate  levels  increase  and  result  in  irreversible  neuronal
amage.9 In  addition,  by  attaching  to  N-Methyl-D-Aspartate
NMDA)  and  AMPA  receptors  for  longer  than  physiologi-
al  levels,  glutamate  causes  Ca++  and  Na+  influx.10 Zhao
nd  Joo  demonstrated  that  remifentanil  induced  acute
oncentration-dependent  and  receptor  subtype-dependent
ncreases  in  NMDA  responses.5 Strong  evidence  also  exists
hat  glutamate  toxicity  is  significantly  associated  with
MDA  receptors.11 These  receptors  are  also  significantly

nvolved  in  the  central  sensitization  processes  associated
ith  hyperalgesia.12

The  purpose  of  the  present  study  was  to  evaluate  differ-
nt  doses  of  remifentanil  to  determine  its  applicability  in  a
lutamate  toxicity  model.

aterials and methods

hemicals  and  reagents

emifentanil  (Ultiva)  was  purchased  from  (Genval,  Bel-
ium),  while  Dulbecco’s  modified  Eagle’s  medium  (DMEM),
etal  calf  serum  (FCS),  Neurobasal  medium  (NBM),  3-(4,5-
imethylthiazol-2-yl)-2,5-Diphenyltetrazolium  Bromide
MTT),  phosphate  buffer  solution  (PBS),  antibiotic  antim-
totic  solution  (100×), L-glutamine  and  trypsin---EDTA  and
imethyl  sulfoxide  (Sigma,  USA)  were  obtained  from  Sigma-
ldrich  (St.  Louis,  MO,  USA).  Total  Antioxidant  Capacity
TAC)  and  Total  Oxidant  Status  (TOS)  were  obtained  from  Rel
ssay  Diagnostics  (Turkey),  and  Annexin  V  was  purchased
rom  bioVision  (San  Francisco,  USA).

n  vitro  studies

thical  permission
his  study  was  conducted  at  the  Medical  Experimental

esearch  Center  in  Ataturk  University  (Erzurum,  Turkey).
he  ethical  committee  of  Ataturk  University  approved  the
tudy  protocol  (36643897-000-E.1800108979)  according  to
he  ARRIVE  guidelines  2.0.
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Figure  1  Harvested  cell  line  ×10:  Olfactory  neuron  cells.

ell  cultures
riefly,  the  neuron  cells  isolation  and  centrifugation  were
one  at  1200  rpm  for  5  minutes.  The  collapsed  cells  were
uspended  with  fresh  medium  (Neurobasal  medium,  FBS
0%,  B27  2%,  and  antibiotic  0.01%)  and  then  the  cells  were
eeded  in  24-well  plates  (Corning,  USA).  The  plate  was
tored  in  an  incubator  (5%  CO2; 37 ◦C)13,14 (Fig.  1).

lutamate  toxicity
dequate  branches  were  observed  to  have  formed  in  the
ells  by  day  10.  Medium  and  glutamate  10-5 mM  for  tox-
city  induction  were  then  added  to  each  well,  except  for
he  negative  controls  (sham  group).  After  10  minutes,  final
emifentanil  concentrations  (2-,  0.2-,  and  0.02-mM  remifen-
anil)  were  added  to  each  well,  except  for  the  sham  groups,
nd  incubated  for  24  hours  (5%  CO2;  37 ◦C).  In  addition,  150
L  of  NBM  was  only  added  as  a  negative  control  to  each
ell,  while  the  positive  controls  contained  only  10-5 mM
lutamate,  and  left  for  24  hours.15

-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
romide  (MTT)  assay
TT  assay  was  according  to  the  commercial  kit  protocol.
riefly,  MTT  reagent  (10  �L)  was  added  to  each  well  and

ncubated  (5%  CO2; 37 ◦C)  for  4  hours.  The  medium  was
emoved,  then  100  �L  of  dimethyl  sulfoxide  was  added  to
ach  well.  The  optical  density  was  evaluated  at  570  nm
sing  a MultiskanTM GO  Microplate  Spectrophotometer
eader  (Thermo  Scientific,  Canada,  USA).  the  cell  viability
%)  was  calculated16 using  the  formula:  Viability  %  ratio  =

sample absorbance value

control group absorbance value
×  100  = sample absorbance value

control group absorbance value
×  100.
otal  oxidant  status  (TOS)
OS  assay  was  done  according  to  the  commercial  manufac-
ure  kit  protocol.  Briefly,  500  �L  Reactive  1 solution  was
dded  to  wells  and  the  initial  absorbance  value  at  530  nm.
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igure  2  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
emifentanil  treatment  *p  <  0.05),  **p  <  0.001  compared  to  sha

hen  25  �L  Reactive  2  solution  was  added  to  the  same  well,
nd  the  second  absorbance  was  read  at  530  nm.  TOS  levels
ere  determined  as  mmoL  Trolox  equiv/mmoL-1.

The  evaluation  was  done  according  to  the  formula17

OS  =  �  example/�ST2  ×  20;  �  ST2  (�  standard  2  =  ST2
econd  reading  -  ST2  first  reading),  �  Sample  (�  Sam-
le  =  Sample  second  reading-  Sample  first  reading).

otal  Antioxidant  Capacity  (TAC)
AC  assay  was  done  according  to  the  commercial  manufac-
ure  kit  protocol.  Briefly,  500  �L  Reactive  1  solution  was
dded  to  wells  and  the  first  absorbance  was  read  at  660  nm.
ext,  75  �L  Reactive  2  was  added  to  the  same  wells  and  the
econd  absorbance  value  was  read  at  660  nm.  TAC  levels
ere  expressed  as  mmol  equiv/mmoL-1.

The  evaluation  was  done  according  to  the  formula18;
AC  =  (�  ST1  −  �  example)/(�  ST1  −  �  ST2);  �  ST1  (�
tandard  1  =  ST1  second  reading  -  ST1  first  reading),  �  ST2
�  standard  2 =  ST2  second  reading  -  ST2  first  reading),  �

ample  (�  Sample  =  Sample  second  reading-  Sample  first
eading).

nnexin  V-FITC  (Fluorescein  Isothiocyanate)  and
ropidium  Iodide  (PI)  staining  assay
he  experiment  was  done  according  to  the  manufacturer’s
rotocol.  Briefly,  (1  ×  105)  cells  washed  with  PBS.  500  �L
inding  buffer  was  added  and  then  annexin  v-FITC  and
I  were  added  for  10  minutes  at  room  temperature.  The

tained  samples  were  then  analyzed  on  a  CytoFLEX  flow
ytometer  (Beckman  Coulter,  USA).19

tatistical  analysis

tatistical  analysis  was  performed  using  One-Way  Analysis
f  Variance  (ANOVA)  and  Tukey’s  HSD  test  on  SPSS  21.0  soft-
are.
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mide  (MTT)  assay  results  for  the  olfactory  cell  line  after  24-h
oup.

esults

TT  assay

lfactory  culture  was  first  prepared.  After  a  24-hour  expo-
ure  to  remifentanil  (at  doses  of  2-,  0.2-  or  0.02-mM
emifentanil),  the  experiment  was  concluded  with  the  addi-
ion  of  MTT  solution.  The  data  were  subject  to  analysis,
nd  the  results  are  shown  in  Figure  2.  The  highest  viabil-
ty  ratio  was  observed  at  the  lowest  remifentanil  dose.  In
ddition,  the  positive  control  group  (receiving  only  10-5 mM
lutamate)  had  a  viability  ratio  close  to  30%.  Remifentanil
t  2  and  0.2  mM  exhibited  viability  rates  of  75%  and  82%,
espectively.  In  addition,  0.02  mM  remifentanil  exhibited  the
ighest  cell  viability  ratio,  at  up  to  92%  (p  <  0.05)  (Fig.  2).

AC  assay

he  neuron  Total  Antioxidant  Capacity  (TAC)  is  shown  in
igure  3. The  sham  group  exhibited  the  highest  antioxidant
apacity  among  all  the  study  groups.  There  is  no  significant
ifference  in  0.02-  and  0.2-mM  remifentanil  groups  in  com-
arison  with  control  group  (p  >  0.05).  Statistically  difference
as  observed  only  at  2  mM  remifentanil  (p  <  0.05)  group
ompared  to  the  sham  group.  The  lowest  Antioxidant  capac-
ty  was  measured  in  the  glutamate  control  group  (Fig.  3).

OS  Assay

he  neuron  total  oxidant  level  is  shown  in  Figure  4.  The
owest  and  highest  oxidant  level  was  observed  in  the  sham
roup  and  the  glutamate  control  group,  respectively.  Only
emifentanil  at  0.02  mM  remifentanil  exhibited  no  signif-
cant  difference  compared  to  the  sham  group  (p  <  0.05)
Fig.  4).

low  cytometry
fter  24  hours,  olfactory  neuron  cultures  were  stained,  and
he  results  are  shown  in  Figure  5.  The  sham  group  exhib-
ted  viability  of  95.69%,  with  early  and  late  apoptosis  rates

4
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Figure  3  Total  antioxidant  capacity  assay  results  for  olfactory  cell  lines  after  24-h  remifentanil  treatment.  *p  <  0.05,  **p  <  0.001
compared to  sham  group.
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igure  4  Total  oxidant  status  assay  results  for  olfactory  neuro
ompared to  sham  group.

f  0.1%  and  0.4%,  respectively.  The  glutamate  control  group
positive  control  group)  exhibited  57.7%  viability,  with  28.5%
nd  11.9%  early  and  late  apoptosis  rates.  Our  data  show

 correlation  with  the  MTT  results.  According  to  our  find-
ngs,  the  early  apoptosis  level  was  higher  than  that  in  late
poptosis  in  all  treatments  except  for  2  mM  remifentanil.
reatment  with  2  mM  remifentanil  produced  lower  viabil-
ty,  while  0.02  mM  remifentanil  resulted  in  a  higher  viability
atio.  Late  apoptosis  levels  and  necrosis  were  higher  in  the
lutamate  toxicity  group  than  in  the  other  study  groups
Fig.  5).

iscussion

eurons  have  different  types  and  functions  in  the  olfac-
ory  system.  The  olfactory  neurons  regulate  complex  motor
atterns  and  are  also  involved  in  sensory  functions.  Those
eurons  operate  through  glutamate  and  GABA  neuro-
ransmitters.  Remifentanil  is  a  mu  receptor  agonist  and

egulates  pain-related  information.  Mu  receptor  agonists
ncrease  postoperative  hyperalgesia  by  affecting  glutamate-
ediated  NMDA  receptors.20 In  addition,  remifentanil  is
idely  used  as  a  painkiller  in  brain-related  complications.

t
h
e
s

40
l  lines  after  24-h  remifentanil  treatment.  *p  <  0.05,  **p  <  0.001

he  current  study  provides  strong  evidence  that  remifen-
anil  hydrochloride  has  a  protective  effect  on  glutamate
oxicity.

There  is  strong  evidence  that  N-Methyl-D-Aspartate
NMDA)  receptors  play  a  major  role  in  the  central  sensi-
ization  processes  associated  with  hyperalgesia.10 Recent
nimal8,11 and  human  studies12---16 confirmed  this  hypothesis,
roviding  evidence  that  blocking  NMDA  receptors  can  pre-
ent  opioid-induced  hyperalgesia.  Studies  by  Guntz  et  al.21

howed  remifentanil  has  no  direct  effect  on  NMDA  recep-
ors  but  increases  NMDA  current  mediated  by  �-opioid
eceptor  activation,  probably  through  an  intracellular  path-
ay.  Those  studies  involved  electrophysiological  and  NMDA

eceptor  current  analysis.  This  finding  is  particularly  sig-
ificant  because  elevated  NMDA  receptor  current  induced
euron  toxicity  by  reducing  the  action  potential  threshold.22

dditionally,  remifentanil  binding  to  �-opioid  receptor  indi-
ectly  increases  glutamate  toxicity,  thus  leading  to  neuron
egeneration  and  epilepsy  in  patients.

Zhao  M  and  Joo  DT  showed  that  remifentanil  concen-

rations  of  4,  6  and  8  mM  increased  NMDA  current  in  the
ealthy  rat  dorsal  root  ganglion  culture  by  up  to  37%.  How-
ver,  there  are  some  differences  between  Zhao  and  Joo’s
tudy  and  the  present  research.  For  example,  those  authors

5
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Figure  5  Flow  cytometry  results  for  olfactory  neurons  stained  with  fluorescein  isothiocyanate  (annexin  V-FITC)  and  propidium
i b)  glu
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odide (PI)  after  a  24-h  remifentanil  treatment.  (a)  sham  group;  (
.2 mM;  (e)  remifentanil  0.02  mM.

id  not  induce  glutamate  toxicity  in  those  neurons,  and  our
ose  concentration  was  also  higher.5 In  the  present  study,
emifentanil  reduced  glutamate  toxicity  mainly  caused  by
he  NMDA  receptors.

Neuropathic  pain  models  can  be  induced  by  activation
f  the  NMDA  receptor  via  reactive  oxygen  species  that  was
dministrated  in  the  spinal  cord.22 In  the  present  study  we
nvestigated  total  neuron  antioxidant  and  oxidant  capac-
ty  of  cells  after  a  24-hour  exposure  time.  The  observation
howed  remifentanil  act  differently  in  high  and  low  doses.
n  high  doses  we  found  a  significant  decrease  in  antioxi-
ant  capacity  reversed  to  oxidant  status  (oxidant  status  was
levated).

Ji-Young  Yoon  et  al.  showed  that  remifentanil  prevents
ydrogen  peroxide-induced  apoptosis  in  cos  7  cells.23 This
nding  is  compatible  with  our  study  data.  The  findings  of  the
resent  study  show  that  a  lower  dose  of  remifentanil  effec-
ively  reduced  TOS  levels  and  late  apoptosis  rates.  Especially
.02  mM  remifentanil  showed  neuroprotective  effect.  But
emifentanil  high  dose  act  reversed  and  increased  oxi-
ant  status.  Our  findings  further  indicated  that  protection
ccurred  not  only  by  increasing  TAC  levels,  but  also  by  redu-
ing  TOS  status.

Bo  Pan  et  al.  investigated  the  neuroprotective  effects  of

emifentanil  on  isoflurane-induced  apoptosis  in  the  neona-
al  rat  brain.24 The  findings  of  that  study  showed  that
emifentanil  alone  shows  light  neuroprotective  effects.
owever,  after  isoflurane  administration,  remifentanil

40
tamate  control  10-5 mM;  (c)  remifentanil  2  mM;  (d)  remifentanil

educed  apoptotic  cell  formation  in  the  cortex  and  thalamic
rea.

In  summary,  this  study  has  demonstrated  that  low
oncentration  of  remifentanil  may  cause  neuroprotective
ffects  by  preventing  glutamate-induced  toxicity  in  cultures
f  rat  olfactory  bulb  neuron.  However,  new  studies  are  still
arranted  and  should  further  investigate  the  role  of  gluta-
ate  transporters  and  the  glutamine  enzymatic  pathways  in

he  remifentanil-induced  neuroprotection.
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