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Abstract
Background:  The  purpose  of  the  study  was  to  compare  the  neurotoxic  effects  of  intrathecally
administered  levobupivacaine,  fentanyl  and  their  mixture  on  rat  spinal  cord.
Methods:  In  experiment,  there  were  four  groups  with  medication  and  a  control  group.  Rats
were injected  15  �L  saline  or  fentanyl  0.0005  �g/15  �L,  levobupivacaine  0.25%/15  �L  and  fen-
tanyl 0.0005  �g  +  levobupivacaine  0.25%/15  �L  intrathecally  for  four  days.  Hot  plate  test  was
performed  to  assess  neurologic  function  after  each  injection  at  5th,  30th  and  60th  min.  Five
days after  last  lumbal  injection,  spinal  cord  sections  between  the  T5  and  T6  vertebral  lev-
els were  obtained  for  histologic  analysis.  A  score  based  on  subjective  assessment  of  number
of eosinophilic  neurons  ---  Red  neuron  ---  which  means  irreversible  neuronal  degeneration.  They
reflect the  approximate  number  of  degenerating  neurons  present  in  the  affected  neuroanatomic
areas as  follows:  1,  none;  2,  1---20%;  3,  21---40%;  4,  41---60%;  and  5,  61---100%  dead  neurons.  An
overall neuropathologic  score  was  calculated  for  each  rat  by  summating  the  pathologic  scores
for all  spinal  cord  areas  examined.
Results:  In  the  results  of  HPT,  comparing  the  control  group,  analgesic  latency  statistically
prolonged  for  all  four  groups.

In  neuropathologic  investment,  the  fentanyl  and  fentanyl  +  levobupivacaine  groups  have  sta-
tistically significant  high  degenerative  neuron  counts  than  control  and  saline  groups.
Conclusions:  These  results  suggest  that,  when  administered  intrathecally  in  rats,  fentanyl  and
levobupivacaine  behave  similar  for  analgesic  action,  but  fentanyl  may  be  neurotoxic  for  spinal
cord. There  was  no  significant  degeneration  with  levobupivacaine,  but  fentanyl  group  has  had

significant  degeneration.
©  2013  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  All  rights
reserved.
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Efeitos  neurotóxicos  de  levobupivacaína  e  fentanil  sobre  a  medula  espinhal  de  ratos

Resumo
Justificativa:  O  objetivo  desde  estudo  foi  comparar  os  efeitos  neurotóxicos  da  administração
por via  intratecal  de  levobupivacaína  e  fentanil  e  suas  misturas  sobre  a  medula  espinhal  de
ratos.
Métodos: O  experimento  compreendeu  quatro  grupos  que  receberam  medicamento  e  um  grupo
controle.  Os  ratos  foram  submetidos  à  injeção  de  salina  (15  �L)  ou  fentanil  (0,0005  �g/15  mL),
levobupivacaína  a  0,25%  (15  �L)  e  fentanil  (0,0005  �g  +  levobupivacaine  a  0,25%/15  �L)  por  via
intratecal  durante  quatro  dias.  O  teste  de  placa  quente  foi  usado  para  avaliar  a  função  neurológ-
ica após  cada  injeção  nos  minutos  5,  30  e  60.  Cinco  dias  após  a  última  injeção  lombar,  secções  da
medula espinal  entre  os  níveis  vertebrais  T5  e  T6  foram  obtidas  para  análise  histológica.  Usamos
um escore  com  base  na  avaliação  subjetiva  do  número  de  neurônios  eosinofílicos  (neurônios  ver-
melhos), o  que  significa  degeneração  neuronal  irreversível.  Esses  neurônios  refletem  o  número
aproximado  de  neurônios  em  degeneração  presentes  nas  áreas  neuroanatômicas  afetadas  da
seguinte forma:  1  =  nenhum;  2  =  1-20%;  3  =  21-40%;  4  =  41-60%  e  5  =  61-100%  neurônios  mortos.
Um escore  neuropatológico  global  foi  calculado  para  cada  rato  pela  soma  dos  escores  patológicos
para todas  as  áreas  examinadas  da  medula  espinhal.
Resultados:  Nos  resultados  do  TPQ,  comparando  o  grupo  controle,  a  latência  analgésica  foi
estatisticamente  prolongada  para  todos  os  quatro  grupos.

Em investimento  neuropatológico,  os  grupos  fentanil  e  fentanyl  +  levobupivacaine  apresen-
taram degeneração  neuronal  em  contagens  significativamente  mais  altas  que  os  grupos  controle
e salina.
Conclusões:  Estes  resultados  sugerem  que  fentanil  e  levobupivacaína,  quando  administrados
por via  intratecal  em  ratos,  se  comportam  de  forma  semelhante  à  ação  analgésica,  mas  fen-
tanil pode  ser  neurotóxico  para  a  medula  espinhal.  Não  houve  degeneração  significativa  com
levobupivacaína,  mas  o  grupo  fentanil  apresentou  degeneração  significativa.
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ntroduction

ncreasing  laboratory  evidences1---5 suggest  that  all  local
nesthetics  are  potentially  neurotoxic,  and  that  neurologic
mpairment  after  neuraxial  blockade  may  result  from  a
irect  neurotoxic  effect  of  drugs.  Today,  commercially  avail-
ble  bupivacaine  is  a  racemic  mixture  of  S  (−)  and  R  (+)
nantiomers.  Its  isolated  S  (−)  enantiomer  levobupivacaine
as  a  lower  potential  for  producing  toxicity  in  the  central
ervous  system  and  cardiovascular  system  than  does  R  (+)
upivacaine  in  animals  and  humans.6---8

In  clinical  setting,  the  main  purpose  of  spinoaxial  admin-
stration  of  opioids  is  to  reduce  the  local  anesthetic  dosage,
o  maximize  efficacy  and  to  minimize  side  effects  of  the
nvolved  drugs  whose  action  sites  are  in  the  central  nervous
ystem.  Lipophilic  opioids  such  as  fentanyl  are  commonly
dministered  spinally  in  adults.  There  is  minimal  published
eport  specifically  addressing  the  histologic,  physiologic,
r  clinical  evidence  of  neurotoxicity  with  spinal  fentanyl
dministration.9,10

In  the  present  study  we  investigate  that  the  repeated
olus  intrathecal  injection  of  fentanyl,  levobupivacaine  and
heir  mixture  could  be  neurotoxic  for  spinal  cord  on  a  rat
odel.

ethods
he  protocol  was  approved  by  the  Animal  Research  and
se  Committee  of  Istanbul  University  (25/02/2010  Number:
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6).  All  experiments  were  performed  in  DETAE  (Department
f  Neuroscience,  Institute  of  Experimental  Medicine,  Istan-
ul  University,  Istanbul).  The  experiment  was  conducted
n  Wistar  albino  rats  6---8  months  old  and  (240---320  g).
nimals  were  divided  into  five  groups  of  8  animals  each.
o  drug  was  injected  to  control  group  (Group  Control).
fter  positioning  prone  and  shaving,  under  aseptic  con-
itions,  without  anaesthetizing,  the  following  drugs  were
njected  intrathecally  once  a  day  at  the  same  hour,  for
our  days,  through  the  L4-5  intervertebal  space:  isotonic
aline  (Group  Saline),  fentanyl  50  �g/mL  (Group  Fen-
anyl),  levobupivacaine  2.5  mg/mL  (Group  Levobupivacaine)
r  fentanyl  50  �g/mL  +  levobupivacaine  2.5  mg/mL  (Group
entanyl  +  Levobupivacaine).  Solutions  were  prepared  from
entanyl  citrate(additive  free)  (Fentanyl-Janssen,  Janssen
-- Cilag,  Belgium)  and  levobupivacaine  hydrochloride
Chirocaine-Sigma  Chemical,  Steinheim,  Germany).  Solu-
ions  were  diluted  with  sterile  isotonic  saline  (Serum
hysiologique  0.9%-Galen  Deva-Kocaeli,  Turkey)  (Table  1).
ll  solutions  were  prepared  and  injected  at  room  tempera-
ure  (20---24 ◦C).  Because  chronically  implanted  intrathecal
atheters  can  induce  damage  in  tissue,11,12 we  pre-
er  intrathecal  injection  technique  instead  of  intrathecal
atheter.  Neurologic  function  was  observed  and  measure-
ents  of  hot  plate  test  (HPT)  were  repeated  5th,  30th  and

0th  min  and  continued  for  4  days  after  every  drug  admin-

stration.  The  hot  plate  response  was  assessed  by  placing
he  rats  on  a  metal  surface  maintained  at  45 ◦C.  The  test
as  measuring  the  latencies  between  the  time  of  placing

he  animal  on  the  surface  and  behavioral  endpoint.  In  the
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Table  1  Density  of  CSF,  isotonic  saline,  levobupivacaine
and fentanyl  at  37  �C.

37◦ C

CSF  1.000646  ±  0.000086
Saline 0.99951  ±  0.00001
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Levobupivacaine  2.5  mg/mL  0.99985  ±  0.00002
Fentanyl  0.99333  ±  0.00002

majority  of  animals,  licking  the  hind  paws  was  observed;  in
remainder,  jumping  the  end  point,  cut  off  time  was  15  s.
Behavioral  tests  were  performed  by  a  neuroscientist  who
was  blinded  the  group  assignment.  Motor  function  (MF)  of
the  posterior  limbs  was  assessed  by  bilaterally  grading  the
motor  block  as:  0,  none;  1,  partially  blocked;  and  2,  com-
pletely  blocked.13 Motor  blockade  was  graded  as  none  when
the  rat  had  no  visible  limb  weakness  and  normal  gait;  as  par-
tially  blocked  when  the  limb  was  able  to  move  but  not  able
to  support  the  normal;  and  as  completely  blocked  when  the
limb  was  flaccid,  with  no  detectable  resistance  to  exten-
sion  of  the  limbs.  The  animals  were  examined  30  min  before
and  after  each  injection.  Rats  having  any  problem  with  tail
movement  or  motor  dysfunction  in  the  hindlimbs  were  not
used  in  the  experiments.  The  following  parameters  were
measured  and  recorded  over  a  2  h  period:  sensory  blocked,
as  determined  by  the  response  to  the  hemostat  pinch
test.  After  each  injection,  they  were  maintained  on  a  12-h
light---dark  schedule  and  housed  with  free  access  to  food  and
water.

Histological evaluation

After  the  last  functional  examination,  the  rats  were  killed
by  intraperitoneal  high  dosages  (100  mg/kg)  pentobarbital.
Spinal  cord  was  excised  by  a  neurosurgeon  blinded  to  the
group  assignment  and  to  the  results  of  behavioral  mea-
surements.  In  order  to  discover  cranial  spread  of  local
anesthetics,  sections  which  obtained  from  T5-6  spinal  cord
were  used  for  qualitative  evaluation.  Spinal  cord  was  fixed  in
neutral  (10%)  buffered  formalin  for  7  days.  Tissues  exposed
to  formalin,  alcohol,  Xyloid  and  paraffin  with  tissue  follow
machine  (Thermo  Shandon  Exelsior  ES)  and  embedded  in
paraffin  by  routine  techniques.  The  spinal  cord  was  sliced
at  2  �m  intervals  with  the  help  of  rotary  type  micro-
tome  (Thermo  Shandon  Finesse  325).  Tissues  stained  with
hematoxylin  and  eosin,  and  evaluated  by  light  microscopy
(Olympus  CX31)  by  a  pathologist  blinded  to  the  group  assign-
ment  and  to  the  results  of  behavioral  measurements.  The
primary  neuropathologic  alteration  seen  in  the  rats  was
one  of  acute  eosinophilic  neuron  degeneration.14 Degrees  of
neuropathologic  alterations  within  a  given  anatomic  region
were  scored  based  on  subjective  assessment  of  number  and
distribution  of  eosinophilic  neurons  ---  Red  neuron  ---  which
means  irreversible  neuronal  degeneration.  They  reflect  the
approximate  number  of  degenerating  neurons  present  in  the
affected  neuroanatomic  areas  as  follows:  1,  none;  2,  1---20%;

3,  21---40%;  4,  41---60%;  and  5,  61---100%  dead  neurons.  An
overall  neuropathologic  score  was  calculated  for  each  rat
by  summating  the  pathologic  scores  for  all  spinal  cords,  10
areas  examined  for  every  preparation.
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tatistical analysis

he  results  of  the  HPT  were  evaluated  using  one-way  anal-
sis  of  variance  (ANOVA),  followed  by  Dunnet’s  test  for  post
oc  evaluation  to  compare  all  groups  with  control  group.

For  examination  of  tolerance,  2nd-3rd  and  4th  days  HPT
atency  values  were  compared  with  the  first  day  results
f  each  group,  and  ANOVA  followed  by  Dunnet’s  test  were
erformed.  MF  was  not  analyzed  because  all  animals  have

 motor  function  levels.  Degrees  of  neuropathologic  alter-
tions  within  spinal  cord  were  analyzed  with  Kruskal  Wallis
ollowed  by  Mann  Whitney-U  test.  Significant  difference
esting  was  p  <  0.05  on  ANOVA.

esults

ll  rats  completed  the  experiment  and  included  the  data
nalysis.  All  animals  recovered  fully,  were  awake  and
ctively  mobile  and  eating  and  drinking  normally  after
0  min  of  injection.  During  the  experiment  motor  block  has
ot  been  observed  in  any  of  the  rats.  No  animals  had  sus-
ained  visible  injury  or  bleeding  in  the  spinal  cord  when  the
pinal  cord  excised  at  the  end  of  the  experiment.

HPT  latencies  prolonged  for  all  groups  comparing  the
ontrol  group  without  any  motor  block.

The  result  of  HPT  latency  on  the  first,  second,  third
nd  fourth  day,  at  5th,  30th  and  60th  min,  can  be  seen  in
able  2.  In  5th  min,  HPT  latencies  ---  comparing  to  control
roup  ---  were  prolonged  statistically  significantly  in  saline
p  <  0.02),  fentanyl  and  fentanyl  +  levobupivacaine  groups
p  <  0.05).  In  30th  min,  HPT  latencies  were  statistically  sig-
ificantly  increased  ---  comparing  to  control  group  ---  in  saline
p  <  0.02),  fentanyl  (p  <  0.01)  and  fentanyl  +  levobupivacaine
p  <  0.02).  It  was  found  that  HPT  values  for  levobupi-
acaine  (p  <  0.01)  and  fentanyl  +  levobupivacaine  (p<  0.02)
roup  were  increased  significantly  different  from  control
alues  in  60th  min.

The  result  of  HPT  latency  on  the  second  day,  at  5th,
0th  and  60th  min,  have  prolonged  in  all  groups  when
ompared  to  control  group.  This  was  found  significant
or  saline  (p  <  0.01)  group  and  also  fentanyl  and  fen-
anyl  +  levobupivacaine  (p  <  0.05)  groups  in  5th  min.  In  30th
in,  there  was  no  statistically  significant  difference  in
rolonged  latencies.  The  increment  of  HPT  values  in  fen-
anyl  +  levobupivacaine  group  at  60th  min  was  significantly
ifferent  from  control  group  in  day  2  (p  <  0.01).

The  result  of  HPT  latency  on  the  third  day,  at  5th,  30th
nd  60th  min,  in  levobupivacaine  group  was  significantly  pro-
onged  in  5th  min  when  compared  to  control  group  (p  <  0.05).

 significant  increase  in  60th  min  in  fentanyl  (p  <  0.05),
evobupivacaine  (p  <  0.05)  and  fentanyl  +  levobupivacaine
p  <  0.02)  groups  was  found.

The  result  of  HPT  latency  on  the  fourth  day,  at  5th,  30th
nd  60th  min,  found  no  significant  changes  in  5th  min  values
f  HPT  in  day  4.  In  30th  min  values,  there  was  statistically
ignificant  increase  in  saline  group  (p  <  0.02)  and  levobupiva-
aine  group  (p  <  0.05)  when  compared  to  control  group.  HPT

atencies  in  fentanyl  (p  <  0.01),  levobupivacaine  (p  <  0.01)
nd  fentanyl  +  levobupivacaine  groups  (p  <  0.05)  were  sig-
ificantly  prolonged  in  60th  min  when  compared  to  control
roup  (Table  2).
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Table  2  The  effect  of  repeated  drug  treatment  on  tolerance  development.

Group  n  Hot  plate  latency  (s)

Day  1  Day  2

5  min  30  min  60  min  5  min  30  min  60  min

Control  8  1.3  ±  0.3  1.3  ±  0.2  1.3  ±  0.2  1.1  ±  0.1  1.3  ±  0.2  1.4  ±  0.3
Saline 8  5.3  ±  1.3 3.9  ±  0.3  2.9  ±  0.6  3.9  ±  0.7  2.1  ±  0.3a 2.3  ±  0.3
Fentanyl 8  4.9  ±  0.7 4.4  ±  0.9 1.8  ±  0.3  3.1  ±  0.6b 2.5  ±  0.5  2.1  ±  0.4
Levobupivacaine  8  3.9  ±  1.0 3.3  ±  0.5 3.5  ±  0.8 2.8  ±  0.5 2.4  ±  0.5 2.4  ±  0.5
Fentanyl +  levobupivacaine  8  4.9  ±  1.1  3.8  ±  0.7  3.4  ±  0.4  2.9  ±  0.3  3.1  ±  0.9  3.4  ±  0.5

Group n  Hot  plate  latency  (s)

Day  3  Day  4

5  min  30  min  60  min  5  min  30  min  60  min

Control  8  1.3  ±  0.1  1.4  ±  0.1  1.3  ±  0.2  1.3  ±  0.2  1.3  ±  0.2  1.4  ±  0.2
Saline 8  2.7  ±  0.6  2.1  ±  0.1a 2.6  ±  0.2  3.1  ±  0.6  3.6  ±  0.3  2.8  ±  0.4
Fentanyl 8  2.5  ±  0.2c 2.5  ±  0.4  3.5  ±  0.6d 2.6  ±  0.3c 3.0  ±  0.5  3.6  ±  0.5e

Levobupivacaine  8  2.8  ±  0.6  3.0  ±  1.0  3.4  ±  0.6  3.3  ±  1.2  3.3  ±  0.9  3.6  ±  0.7
Fentanyl +  levobupivacaine  8  1.8  ±  0.3b 3.0  ±  0.5  3.8  ±  0.8  3.8  ±  0.8  2.9  ±  0.4  3.4  ±  0.4

n: number of animals.
Values are expressed in terms of mean ± SE.

a p < 0.001 compared to Day 1, 30th min value.
b p < 0.02 compared to Day 1, 5th min value.
c p < 0.01 compared to Day 1, 5th min value.
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d p < 0.05 compared to Day 1, 60th min value.
e p < 0.02 compared to Day 1, 60th min value.

In  Fig.  1,  it  could  be  seen  that  the  repeated  drug  applica-
ions  showed  analgesic  effects.  Control  group  showed  that
here  was  no  change  on  analgesic  response  time  for  four
ays.  In  saline  group,  we  observed  statistically  significant
hort  analgesic  response  time  on  second  and  third  day  at
0th  min  values  (p  <  0.001).  In  fentanyl  group,  analgesic
esponse  time  was  found  shorter  on  second  (p  <  0.02),  third
p  < 0.01)  and  fourth  (p  <  0.01)  day  at  5th  min  and  third
p  < 0.05)  and  fourth  (p  <  0.02)  day  at  60th  min.  In  levobupi-
acaine  group,  there  was  no  change,  on  analgesic  response
ime  for  four  days.  In  fentanyl  +  levobupivacaine  group,  anal-
esic  response  time  was  found  shorter  at  the  5th  min  of  third
ay  (p  <  0.02).

Spinal  cords  neuropathologic  analyses  of  all  groups  are
hown  in  Fig.  2.  In  neuropathologic  evaluation,  degenera-
ive  neuron  scoring  was  increased  statistically  significantly
n  fentanyl  group  in  comparison  to  control  and  saline  groups
p  < 0.05).  Fentanyl  +  levobupivacaine  group  showed  high
egenerative  neuron  scores  than  control,  saline  and  lev-
bupivacaine  groups  (p  <  0.01).

iscussion

ince  Bier  and  Hildebrant  initially  performed  spinal  anes-
hesia  with  cocaine  in  1898,  the  history  of  spinal
ocal  anesthetic  usage  in  humans  has  been  followed  by

idespread  application  with  little  or  no  controlled  testing

or  neurotoxicity.15 In  1985,  Ready  et  al.  evaluated  the  neu-
otoxic  effects  of  single  injections  of  local  anesthetics  in
abbits.  They  reported  that  histopathological  changes  and

w

y
t

eurologic  deficits  occurred  with  higher  concentrations  of
etracaine  (1%)  and  lidocaine  (8%).16,17 In  the  past,  local
nesthetic  solutions  in  clinically  administered  doses,  rarely
nduced  neurologic  injury,  and  the  observation  of  neurotoxic
ffects  would  require  larger  dosage  of  drugs.  To  produced
njury,  a  rat  model  in  which  local  anesthetics  were  contin-
ously  infused  has  been  designed  by  Drasner  et  al.  In  this
tudy,  without  clinically  relevant,  the  functional  impairment
nd  morphologic  damage  were  observed.18 Previous  stud-
es  designed  by  Kofke  indicated  that  when  they  were  given
ystemically,  opioids  can  produce  limbic  system  hyperme-
abolism  and  brain  damage  in  quite  large  doses.19---21 In  2000,
he  density  and  baricity  of  the  mixtures  used  in  spinal  blocks
ere  determined  for  the  first  time  in  Brazil.22

Above  the  light  of  this  studies,  we  wanted  to  observe,
ome  intrathecal  drugs  if  they  chronically  penetrate  spinal
ord,  could  be  neurotoxic  or  not.  In  our  study,  the  results  of
he  HPT  have  indicated  that,  there  were  no  motor  block  but
ignificant  antinociceptive-analgesic  effects  in  all  groups.

In  5th  min,  HPT  latencies  ---  comparing  to  control  group  ---
ere  prolonged  statistically  significantly  in  saline  (p  <  0.02)
roup.  Similarly  after  repeated  injections,  its  analgesic
esponse  time  was  decreased  like  other  opioid  analgesics  in
aline  group.  We  could  not  explain  that  why  saline  behave
ike  an  analgesic  solution.

After  repeated  applications,  fentanyl  group  was  devel-
ped  tolerance  to  the  analgesic  effect  but  this  tolerance

as  not  developed  with  levobupivacaine  group.

We  also  tested  the  rostral  spread  of  the  drugs.  For  many
ears,  we  know  that  there  are  many  factors  that  affect
he  cranial  dispersion  of  spinal  anesthesia  which  include
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Figure  1  The  effects  of  drug  applications  on  the  1st  (A),  2nd  (B),  3rd  (C)  and  4th  (D)  day  results  of  HPT  latency.
All data  are  presented  as  mean  ±  SE.
ap  <  0.05, aap  <  0.02, aaap  <  0.01  according  to  5th  min  value  to  control  group.
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p  <  0.05, p  <  0.02, p  <  0.01  according  to  30th  min  value  to  c
cp  <  0.05, ccp  <  0.02, cccp  <  0.01  according  to  60th  min  value  to  c

the  patient  posture,  composition  of  solution,  type  of  nee-
dle,  level  and  speed  of  injection,  volume,  viscosity,  inferior
vena  cava  obstruction  and  pregnancy.23---27 But  the  baricity
and  temperature  of  local  anesthetics  are  the  most  impor-
tant  factors  of  the  distribution  of  the  local  anesthetic  into
subarachnoid  space.28---30

The  density  of  the  human  CSF  is  not  uniform,  and  it  can
vary  with  age,  gender,  pregnancy,  and  several  diseases.  The
relationship  between  the  density  of  the  local  anesthetic  and

the  CSF,  known  as  baricity.

Temperature  changes  also,  affect  the  distribution  of
local  anesthetics.  When  the  local  anesthetics  are  injected
into  subarachnoid  space(generally  in  room  temperature

s
s
i
s

ol  group.
l  group.

0---24 ◦C)  the  temperature  of  the  local  anesthetic  reaches  an
quilibrium  with  the  body  temperature  (37 ◦C)  very  quickly,
efore  being  fixed  at  the  nerve  roots  and  at  37 ◦C,  all  isobaric
nesthetics  become  hypobaric  solutions.

Adjuvants  are  frequently  added  to  local  anesthetics  to
mprove  anesthesia  and  prolong  postoperative  analgesia.
pioids  (morphine,  fentanyl,  and  sufentanil)  and  cloni-
ine  showed  to  be  hypobaric  at  37 ◦C  and,  when  added
o  local  anesthetics,  they  reduce  the  density  of  the  new

olution,  making  it  more  hypobaric,  according  to  some
tudies,31,32 but  it  does  not  seem  to  have  any  effect  on  clin-
cal  practice  suggesting  that  the  change  in  density  is  very
mall.27,33---35
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Figure  2  The  effects  of  repeated  drug  applications  on  spinal
cord.
Data are  presented  as  mean  ±  SE.
*p <  0.05  compared  with  control  and  saline  group.
**p <  0.01  compared  with  control,  saline  and  levobupivacaine
group.
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igure  3  Arrow  shows  eosinophilic  neuron  of  rat  spinal  cord
n fentanyl  group.

In  our  study,  our  solutions’  temperature  (in  room  tem-
erature  20---24 ◦C)  and  their  opioid  mixture  can  affect
he  rostral  spread  of  drugs.  But  this  mechanism  does  not
xplain  the  excessive  eosinofilic  neuron  count,  especially
ome  groups.

In  clinical  practice,  there  are  many  studies  that  local
nesthetic  solutions  were  diluted  with  isotonic  sterile  saline
s  we  did  in  our  study.36---39 Rostral  spread  of  drugs  can
e  explained  with  the  hypobaricity  of  our  solutions,  how-
ver,  our  neuropathologic  results  ---  against  the  results  of
ukushima  ---  showed  that  when  the  drugs  were  used  even  in
ery  low  analgesic  doses  (without  motor  block)  they  had  per-
anent  neurotoxic  effects  in  thoracic  spinal  cord.40 Because

t  shows  the  non-recoverable  neuron  damage,  the  eosino-
hylic  neuron  count  has  been  used  ---  as  neurotoxicity  signs  in
ur  study,  instead  of  non-specific  findings  such  as  vacuoliza-
ion,  edema  and  invasion  of  macrophage,  picnotic  nuclei.41
e  can  see  eosinophylic-degenerative  neuron  in  Fig.  3.  It
ad  been  determined  by  Kofke  before.14

In  neuropathological  investment  degenerative  neuron
core  in  spinal  cord  was  found  significantly  high  in  fentanyl

1

Y.C.  Abut  et  al.

nd  fentanyl  +  levobupivacaine  group  than  control  group  and
aline  group.  Also  fentanyl  +  levobupivacaine  group  has  sig-
ificantly  higher  score  than  levobupivacaine  group.

Indeed,  one  of  the  major  aims  of  this  study  was  to  deter-
ine  the  neuropathologic  changes  on  spinal  cord,  after

t  is  chronically  exposed  to  intrathecal  drugs.  Chronically
mplanted  intrathecal  catheters  characteristically  induce
amage  in  control  animals,  so  we  prefer  repeated  injection
echnique  instead  of  intrathecal  catheter.11,12

Our  data  confirm  that  fentanyl  and  levobupivacaine  can
ause  spinal  cord  damage  in  rats  when  they  were  injected
or  4  days,  even  in  analgesic  doses.

At  the  end,  our  study  tried  to  explain  different  sides
f  neurotoxicity.  It  is  an  animal  study  and  has  behavioral
omponent.  Neuropathologic  methodology  is  different  and
ay  be  more  objective  than  previous  studies,  and  also

ur  study  is  based  on  the  in  vitro  CSF-local  anesthetic
istribution-baricity  studies.  New  studies  should  be  planned
ith  electron  microscopy  or  behavioral  studies  may  show

hat  the  long  term  penetration  of  local  anesthetics  may
ause  neuropathological  degenerations  on  spinal  cord,  in
uture.
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