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Abstract
Background:  Sepsis  is  one  of  the  leading  causes  of  death  in  intensive  care  units.  Dexmedeto-
midine is  a  sedative  agent  with  anti-inflammatory  properties.  This  study  is  designed  to
differentiate  the  impact  of  two  different  doses  of  dexmedetomidine  on  lung  injury  induced
by sepsis.
Methods:  Adult  male  Wistar  rats  were  randomly  divided  into  four  groups:  sham  (n  =  6),  control
(n =  12),  5DEX  (n  =  12),  and  10DEX  (n  =  12).  Cecal  ligation  puncture  (CLP)  was  applied  for  sepsis
initiation.  The  5DEX  group  received  5  �g.kg-1.h-1 and  the  10DEX  group  received  10  �g.kg-1.h-1

dexmedetomidine  intravenous  infusions  for  a  1-hour  period.  Six  hours  after  CLP,  tumor  necrosis
factor-� (TNF-�),  interleukin-1�  (IL-1�),  and  intercellular  adhesion  molecule-1  (ICAM-1)  levels
were analyzed  in  blood  samples.  Twenty-four  hours  after  CLP,  lung  samples  from  the  remaining
rats were  collected  for  the  measurement  of  myeloperoxidase  (MPO)  activity,  histological  exam-
ination, and  TdT-  (terminal  deoxynucleotidyl  transferase)  mediated  fluorescent-dUTP  labeling
staining for  apoptosis  detection.
Results:  Serum  cytokine  release,  MPO  activity,  and  apoptosis  in  the  lung  were  significantly
increased  in  the  CLP  group  compared  with  the  sham  and  dexmedetomidine  groups  (p  <  0.05).
TNF-�, ICAM-1,  and  MPO  were  significantly  lower  in  the  10DEX  group  compared  with  both  5DEX
and control  groups,  while  IL-1�,  total  injury  score,  and  apoptotic  cell  count  had  significantly
lower values  in  both  10DEX  and  5DEX  groups  compared  with  the  control  group  (p  <  0.05).
Conclusion:  Dexmedetomidine  administration  played  a  protective  role  against  CLP-induced  lung
injury. High-dose  dexmedetomidine  was  needed  for  suppressing  the  leukocyte-mediated  lung
injury and  apoptosis  of  lung  tissue.
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epsis  is  a  life-threatening  clinical  syndrome  that  disrupts
he  host  response  to  infectious  pathogens.1 Sepsis  syndrome
s  related  to  major  clinical  problems,  including  hemody-
amic  instability,  coagulation  problems,  and  multiple  organ
ysfunctions.  The  most  vulnerable  organ  to  sepsis  is  the
ung;  acute  lung  injury  (ALI)  and  acute  respiratory  distress
yndrome  (ARDS)  are  the  leading  causes  of  mortality  in
epsis.2 ALI/ARDS  is  a  multifactorial  clinical  condition  asso-
iated  with  multiple  organ  failure  contributing  to  increased
ortality  and  morbidity.3 The  excessive  release  of  inflam-
atory  cytokines,  the  upregulation  of  adhesion  molecules,

eutrophil  accumulation,  the  loss  of  vascular  integrity,  and
poptosis  of  alveolar  epithelial  and  pulmonary  vascular
ndothelial  cells  are  major  pathological  changes  in  sepsis-
elated  lung  injury.4---6

Intercellular  adhesion  molecule  1  (ICAM-1)  is  found  in
eukocyte  and  endothelial  cell  membranes,  and  regulates
he  interaction  between  leukocytes  and  the  endothelium.4

herefore,  ICAM-1  plays  an  important  role  in  leukocyte-
ediated  organ  injury  and  has  been  even  shown  to  be  an

arly  marker  of  lung  injury  diagnosis.7,8 Neutrophil  infiltra-
ion  into  the  lung  plays  an  important  role  in  the  initiation
f  ALI  by  releasing  neutrophil  proteases,  causing  alveolar
amage.9 Apoptosis  of  lung  epithelial  cells  may  promote
lveolar  destruction  and  lung  fibrosis,  contributing  to  the
nitiation  and  progression  of  ALI.10,11

The  selective  �2 agonist  dexmedetomidine  has  seda-
ive,  anxiolytic,  and  analgesic  properties  and  is  commonly
dministered  to  patients  in  intensive  care  units  to  pro-
ide  sedation.12 In  addition,  potential  anti-inflammatory
nd  antiapoptotic  effects  of  dexmedetomidine  have  been
eported.13 Moreover,  clinical  reports  of  patients  with
evere  sepsis  have  shown  that  dexmedetomidine  improves
he  survival  rate  via  its  anti-inflammatory  effects.14

owever,  the  protective  impact  of  dexmedetomidine  on
epsis-related  lung  injury  and  the  effective  dose  that
educes  inflammation  and  alveolar  apoptosis  are  not
lear.

The  primary  objective  of  this  study  was  to  differentiate
he  effects  of  two  different  doses  of  dexmedetomidine  on
ung  injury  induced  by  sepsis,  and  the  secondary  objective
as  to  demonstrate  whether  the  effects  of  dexmedetomi-
ine  on  lung  injury  are  related  to  systemic  ICAM-1  release,
eutrophil  accumulation,  and/or  the  apoptosis  of  alveolar
pithelial  cells.  Based  on  previous  findings,  we  hypothesized
hat  dexmedetomidine  medication  could  attenuate  sepsis
nduced  lung  injury.

aterials and methods

thics  statement

he  experimental  procedures  and  the  care  of  animals  were
pproved  by  the  Instructional  Animal  Care  and  Use  Com-

ittee  of  Gazi  University  (Approval  No.  GÜET-16.002).  All

nimals  were  maintained  in  accordance  with  the  recommen-
ations  of  the  National  Institutes  of  Health  Guidelines  for  the
are  and  Use  of  Laboratory  Animals.
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nimal  groups,  randomization,  and  experimental
esign

ealthy  adult  male  pathogen-free  Wistar  rats  (n  =  42)  weigh-
ng  250---300  g  (GÜDAM  ---  Laboratory  Animals  Raising  and
xperimental  Research  Center)  were  included  in  this  study.
ll  animals  were  housed  at  21 ◦C  to  23 ◦C,  30%  to  40%  humid-

ty,  and  on  a 12-hour  light-dark  cycle  with  ad  libitum  access
o  rat  chow  and  water.  The  block  randomization  scheme
as  generated  by  a  computer-generated  random  assignment

equence  prepared  in  advance.  An  independent  statisti-
ian  who  was  not  directly  participant  in  the  conduct  of  the
rial  generated  the  randomization  sequence  with  computer.
nesthesia  was  induced  and  maintained  by  intramuscular

njection  of  50  mg.kg-1 ketamine  hydrochloride,  5  mg.kg-1

ylazine,  and  intravenous  2  �g.kg-1.h-1 fentanyl  infusion  in
ll  rats.  Anesthesia  depth  was  determined  by  the  toe  pinch
esponse  method.  Hydration  and  drug  infusions  were  pro-
ided  through  a  tail  vein  catheter.  Hydration  was  maintained
y  infusion  of  isotonic  sodium  chloride  solution  at  a  rate
f  0.5  mL.h-1.  During  the  experiment,  rats  were  allowed
o  breathe  spontaneously  while  monitoring  peripheral  oxy-
en  saturation.  Rats  were  randomly  divided  into  four  groups
ccording  to  a  computer-generated  list:  sham  (n  =  6),  con-
rol  (n  =  12),  5DEX  (n  =  12),  and  10DEX  (n  =  12)  groups.  There
re  several  murine  sepsis  models  used  in  experimental  stud-
es.  We  decided  to  use  the  cecal  ligation  and  puncture  (CLP)
odel  since  it  is  polymicrobial  and  creates  conditions  similar

o  sepsis  and  septic  shock  seen  in  humans,  such  as  perforated
ppendicitis,  diverticulitis  or  colon  perforation.15

Cecal  ligation  puncture  was  applied  to  rats  in  the  con-
rol,  5DEX,  and  10DEX  groups,  while  in  the  sham  group  the
bdominal  cavity  was  exposed  without  CLP  by  a  midline  inci-
ion.  After  CLP  surgery  and  the  sham  procedure,  the  rats
n  the  5DEX  group  received  5  �g.kg-1.h-1 dexmedetomidine;
ats  in  the  10DEX  group  received  10  �g.kg-1.h-1 dexmedeto-
idine  intravenous  infusions  for  a  1-hour  period;  rats  in

he  sham  and  control  groups  received  equal  volumes  of
aline.  Six  hours  after  CLP,  3  rats  from  the  sham  group
nd  6  rats  each  from  the  control,  5DEX,  and  10DEX  groups
ere  anesthetized  with  ketamine/xylazine  combination,
nd  blood  samples  were  withdrawn  for  the  measurements  of
umor  necrosis  factor-�  (TNF-�), interleukin-1� (IL-1�), and
CAM-1  analysis.  Twenty-four  hours  after  CLP,  the  remain-
ng  rats  from  every  group  were  euthanized  via  intravenous
njection  of  200  mg.kg-1 pentobarbital,  and  lung  samples
ere  collected  for  the  analysis  of  myeloperoxidase  (MPO)
oncentration,  histological  examination,  and  TdT-  (terminal
eoxynucleotidyl  transferase)  mediated  fluorescent-dUTP
abeling  (TUNEL)  staining  for  apoptosis  detection.

ecal  ligation  and  puncture  procedure

epsis  was  initiated  by  cecal  ligation  and  puncture  as  pre-
iously  described.16 Briefly,  intraperitoneal  ketamine  and
ylazine  were  used  to  maintain  anesthesia,  and  aseptic  con-
itions  were  provided.  Laparotomy  was  performed  via  a

-cm  midline  incision  to  explore,  ligate,  and  perforate  the
ecum.  The  cecum  was  ligated  with  3-0  silk  and  perforated
wice  with  an  18G  needle,  gently  squeezed,  and  a  small
mount  of  feces  was  extruded.  Then,  the  cecum  was  reposi-
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ioned  in  the  abdominal  cavity,  and  the  laparotomy  incision
as  closed.  After  the  CLP  procedure,  the  rats  were  returned

o  their  individual  cages  with  free  access  to  food  and  water.
ats  in  the  sham  group  underwent  all  surgical  procedures
xcept  cecal  ligation  and  puncture.

ytokine  and  ICAM-1  measurements

lood  samples  were  centrifuged,  and  plasma  was  separated
nd  stored  at  -80 ◦C.  Plasma  TNF-� and  IL-1� levels  were
easured  in  duplicate  by  an  enzyme-linked  immunosor-
ent  assay  (ELISA)  kit  (Elabscience  Biotechnology  Co.,  Ltd.)
ccording  to  the  manufacturer’s  guidelines,  and  the  results
re  expressed  as  picograms  per  milliliter  (pg.mL-1).  Plasma
CAM-1  levels  were  determined  in  duplicate  with  the  Quan-
ikine  ICAM-1  ELISA  kit  (Elabscience  Biotechnology  Co.,
td.),  according  to  the  manufacturer’s  instructions.  Serum
ytokine  levels  were  expressed  in  pg.mL-1 of  analyzed
erum.

ung  tissue  MPO  activity  assay

ung  tissue  samples  were  homogenized  by  sonication
n  potassium  phosphate  buffer  containing  0.5%  hexade-
yltrimethylammonium  bromide.  After  centrifugation,  the
upernatant  was  diluted  in  reaction  solution  containing  o-
ianisidinedihydrochloride  and  H2O2.  The  rate  of  change  in
ptical  density  (OD)  for  1  minute  was  measured  at  460  nm
o  calculate  the  MPO  activity.  MPO  levels  were  expressed  as
nits  of  MPO  per  gram  of  protein.

istology

he  lungs  were  fixed  in  a  mixture  of  2%  glutaraldehyde  and
%  paraformaldehyde  in  0.1  M  cacodylate  buffer  (pH  7.4),
ehydrated  with  a  graded  alcohol  series,  and  embedded  in
araffin  at  52 ◦C.  The  sections  were  prepared  and  stained
ith  hematoxylin  and  eosin  (H  &  E)  for  histological  evalua-

ion.  A  pathologist  blinded  to  the  study  groups  scored  each
ung  section  for  lung  injury.  The  alveolar  capillary  conges-
ion,  hemorrhage,  infiltration,  or  aggregation  of  neutrophils
n  the  vessel  wall,  and  thickness  of  the  alveolar  wall  were
ssessed.  Each  item  was  graded  according  to  the  following
cale:  0  =  minimal  damage;  1  =  mild  damage;  2  =  moderate
amage;  3  =  severe  damage;  and  4  =  maximal  damage.17

n  situ  apoptosis  in  lung  tissue

n  situ  DNA  fragmentation  in  lung  tissue  was  determined  by
he  terminal  deoxynucleotidyl  transferase  (TdT)-mediated
uorescent-dUTP  labeling  (TUNEL)  method.  TUNEL  was  per-
ormed  using  the  ApopTag  Peroxidase  in  situ  apoptosis
etection  kit  (S7110,  Chemicon  International,  Inc.,  Temec-
la,  CA,  USA)  according  to  the  manufacturer’s  instructions.
he  peroxidase  substrate  3.3-diaminobenzidine  was  used  to

isualize  apoptotic  cells.  Methyl  green  (0.5%)  was  used  for
uclear  staining.  TUNEL-positive  cells  were  visualized  under

 light  microscope  (Olympus,  Bx51,  Japan).  After  counting
UNEL-positive  cells  in  5  different  large  growth  fields  out-
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ide  the  areas  of  lymphoid  follicle  formation  in  the  lungs,
he  averages  were  calculated.

tatistics

tatistical  evaluation  was  performed  using  SPSS  (IBM  SPSS
tatistics  for  Windows,  Version  26.0.  Armonk,  NY:  IBM  Corp;
016).  The  suitability  of  univariate  data  for  normal  dis-
ribution  was  evaluated  with  the  Kolmogorov-Smirnov  test
nd  Shapiro-Wilk  francia  test.  In  comparing  more  than  two
roups  with  respect  to  quantitative  data,  using  the  Kruskal-
allis  H  Test,  Monte  Carlo  Simulation  results,  Dunn’s  Test
as  used  for  Post  Hoc  analysis.  Quantitative  variables  were
xpressed  as  Median  (minimum/maximum)  in  the  figures.
iven  that  the  lung  injury  score  was  a categorical  variable,
isher’s  correction  was  applied.  In  all  statistical  analyses,

 <  0.05  was  regarded  as  the  significance  limit.

esults

nfluence  of  dexmedetomidine  treatment  on  serum
ytokine and  ICAM-1  release

he  data  obtained  from  the  comparison  of  serum  cytokine
nd  ICAM-1  values  between  groups  are  presented  in  Figure
. TNF-� levels  were  significantly  lower  in  the  10DEX  group
han  in  both  the  5DEX  and  control  groups  (p  <  0.05),  while
L-1�  values  were  significantly  lower  in  both  the  10DEX  and
DEX  groups  than  in  the  control  group  (p  <  0.05).  Serum
CAM-1  levels  were  significantly  lower  in  the  10DEX  group
han  in  the  5DEX  and  control  groups  (p  <  0.05).

nfluence  of  dexmedetomidine  treatment  on
eutrophil infiltration  in  lung  tissue

he  effects  of  low  and  high  doses  of  dexmedetomidine  treat-
ent  on  MPO  formation  in  the  lung  are  presented  in  Figure

. The  activity  of  MPO  in  the  lungs  significantly  increased  in
he  control  group  24  hours  after  CLP  compared  to  the  sham
nd  study  groups.  MPO  activity  was  reduced  significantly  in
ung  tissue  samples  obtained  from  rats  in  the  10DEX  group
ompared  to  the  5DEX  and  control  groups  (p  <  0.05).

nfluence  of  dexmedetomidine  treatment  on  lung
istopathology  and  apoptosis

able  1  presents  the  results  of  H&E  and  TUNEL  staining  of
ung  tissue  specimens.  The  total  lung  injury  score  was  lower
n  both  the  5DEX  and  10DEX  groups  than  in  the  control  group
p  <  0.05).  Moreover,  the  apoptotic  cell  count  was  found  to
e  lower  in  the  10DEX  and  5DEX  groups  than  in  the  control
roup  (p  <  0.05).  Examination  of  H&E  staining  showed  nor-
al  alveolar  structure  without  congestion,  hemorrhage,  or

nfiltration  in  the  sham  group.  Lung  tissues  from  the  control
roup  showed  thickening  of  the  alveolar  wall  and  intense
eutrophil  aggregation.  In  the  dexmedetomidine  infusion

roups,  alveolar  capillary  congestion,  alveolar  wall  thick-
ess,  and  neutrophil  aggregation  were  alleviated  compared
ith  the  control  group.  Representative  images  of  different

njury  categories  and  apoptotic  cells  from  each  experimen-

3
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Figure  1  Serum  TNF-�,  serum  IL-1�,  and  serum  ICAM-1  concentrations  in  rats  six  hours  after  the  CLP  (cecal  ligation  puncture)
and sham  procedures.  Each  bar  represents  the  Median  (minimum/maximum).  5DEX,  5  �g.kg-1.h-1 dexmedetomidine  +  CLP;  10DEX,
10 �g.kg-1.h-1 dexmedetomidine  +  CLP;  Control,  saline  +  CLP.

Figure  3  Representative  images  of  lung  sections  obtained  24  hours  after  the  CLP  and  sham  procedures.  A:  normal  structures
and clear  alveoli  in  the  sham  group.  B:  intense  neutrophil  aggregation  and  thickening  of  the  alveolar  wall  in  the  control  group.  C:
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oderate neutrophil  aggregation  and  thickening  of  the  alveola
eutrophil aggregations  and  thickening  of  the  alveolar  wall  in  th
osin, Mag  ×400).

al  group  detected  24  hours  after  CLP  are  shown  in  Figures
 and  4.

During  the  experiment  none  of  the  rats  needed  vasopres-
or  drugs  or  experienced  a  decrease  in  peripheral  oxygen
aturation.
iscussion

n  the  present  study,  we  investigated  the  effects  of  low
nd  high  doses  of  dexmedetomidine  on  sepsis-related  lung

o

c
d

27
ll  in  the  5  �g.kg .h dexmedetomidine  infusion  group.  D:  few
 �g.kg-1.h-1 dexmedetomidine  infusion  group  (hematoxylin  and

njury.  Our  results  showed  that  high-dose  dexmedetomidine
dministration  provided  protection  against  CLP-induced
ung  injury,  as  evidenced  by  decreases  in  ICAM-1,  MPO  and
poptotic  cell  counts.  Low-dose  dexmedetomidine  effec-
ively  suppressed  the  systemic  cytokine  response  but  did
ot  improve  leukocyte  adhesion,  neutrophil  accumulation,

r  apoptosis  in  lung  tissue.

Lung  injury  is  a serious  complication  of  sepsis  and  is  asso-
iated  with  high  mortality  rates.2 Alveolar  capillary  barrier
amage,  oxidative  stress,  inflammatory  cascade  stimula-
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Figure  2  Lung  tissue  MPO  levels  of  the  rats  24  hours  after
the CLP  and  sham  procedures.  Each  bar  represents  the
Median  (minimum/maximum).  5DEX,  5  �g.kg-1.h-1 dexmedeto-
midine  +  CLP;  10DEX,  10  �g.kg-1.h-1 dexmedetomidine  +  CLP;
Control,  saline  +  CLP.

Table  1  Injury  scores  and  apoptotic  changes  in  lung  tis-
sues of  the  rats  twenty-four  hours  after  CLP  (cecal  ligation
puncture)  and  sham  procedures.

Groups  Apoptosis
(mean  ±  SD)

Lung  Injury
Scores
(mean  ±  SD)

Sham  (n  =  3)  0.03  ±  0.001ˇ 1.33  ±  0.002ˇ

Control  (n  =  6)  6.40  ±  0.55  9.60  ±  0.89
5DEX (n  =  6)  4.17  ±  3.06˛ 4.33  ±  1.21˛

10DEX  (n  =  6)  2.13  ±  1.97˛ 3.67  ±  1.63˛

Values are expressed as mean ± standard deviation; 5DEX,
5 �g.kg-1.h-1 dexmedetomidine + CLP; 10DEX, 10 �g.kg-1.h-1

dexmedetomidine + CLP; Control, saline + CLP; ˛ p < 0.05 com-
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pared with the control group; ˇ p < 0.05 compared with the
control, 5DEX, 10DEX groups.

ion,  increased  cytokine  response,  upregulation  of  adhesion
olecules,  neutrophil  infiltration,  and  apoptosis  of  alveolar

pithelium  and  endothelial  cells  are  pathological  processes
ssociated  with  lung  injury.3,18,19

Patients  with  sepsis  generally  require  sedation  to  main-
ain  effective  mechanical  ventilation,  to  ensure  patient
ompliance  with  this  therapy,  and  to  reduce  anxiety.
exmedetomidine  is  a  potent,  highly  selective  �2-adrenergic
eceptor  agonist,  and  it  is  preferred  for  sedation  in  inten-
ive  care  units  due  to  its  analgesic  and  sedative  effects
ithout  respiratory  depression.  Dexmedetomidine  has  been
emonstrated  to  have  anti-inflammatory  and  antiapoptotic
ffects  apart  from  sedative,  anxiolytic,  analgesic  sparing,
nd  sympatholytic  effects.20 Liu  Z  et  al.21 showed  that
ntraperitoneal  administration  of  dexmedetomidine  inhib-
ted  the  inflammatory  response  in  the  lung  tissue  of  mice
ith  sepsis,  and  this  effect  was  partially  mediated  by  the
holinergic  anti-inflammatory  pathway.
Although  the  anti-inflammatory  and  immunomodulatory
ffects  of  dexmedetomidine  have  been  shown  in  many  stud-
es,  the  effective  dose  range  that  provided  these  reported

p
i
t
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logy  2021;71(3):271---277

ffects  was  not  defined  clearly.  Ma  Y  et  al.22 studied  the
ffects  of  low,  medium,  and  high  doses  of  dexmedetomidine
nfusion  on  immunomodulation  and  mortality;  their  results
evealed  that  dexmedetomidine  had  immunomodulatory
ffects  that  were  initiated  within  5  hours,  and  dexmedeto-
idine  infusion  improved  mortality  rates  dose-dependently

4  hours  after  CLP.  Their  results  showed  that  both  medium
nd  high  doses  of  dexmedetomidine  infusion  suppressed  sys-
emic  cytokine  release  and  decreased  the  mortality  rate,
hile  immune  regulation  was  maintained  more  effectively
ith  medium  doses  of  dexmedetomidine,  as  evidenced  by
LA-DR  levels.  However,  they  did  not  study  the  effects  of
exmedetomidine  on  specific  organ  functions.  In  the  present
tudy,  we  evaluated  the  effects  of  two  different  doses  of
exmedetomidine  on  lung  injury  in  CLP-induced  sepsis  in
ats.  Our  results  showed  that  high-dose  dexmedetomidine
as  needed  for  the  effective  control  of  systemic  inflamma-

ion  and  neutrophil  accumulation  in  lung  tissue.
Enhanced  levels  of  serum  cytokines  and  ICAM-1  have  been

hown  to  be  associated  with  endothelial  damage  in  experi-
ental  studies.  Moreover,  clinical  data  has  shown  that  sepsis

urvivors  have  decreased  cytokine  and  ICAM-1  levels  com-
ared  to  nonsurvivors.23

Jing  W  et  al.24 showed  that  the  release  of  inflamma-
ory  cascade  mediators,  such  as  TNF-�, IL-6,  IL-1�, and
CAM-1,  plays  an  essential  role  in  lung  parenchyma  injury.
L-1�  is  an  important  modulator  in  the  acute  phase  of
nflammation  and  is  known  to  participate  in  alveolar  epithe-
ial  repair.25 TNF-� activates  human  bronchial  epithelial
ells  and  facilitates  the  generation  of  other  inflammatory
ediators.26 Moreover,  these  proinflammatory  cytokines  are

nvolved  in  the  recruitment  of  neutrophils  and  promotion  of
PO  activity.27 ICAM-1  stimulates  the  inflammatory  cascade
nd  contributes  to  the  migration,  accumulation  and  activa-
ion  of  neutrophils  to  lung  tissue,  resulting  in  ALI.4 In  the
resent  study,  6  hours  after  CLP,  high-dose  dexmedetomi-
ine  decreased  the  activity  of  TNF-� and  ICAM-1.  Pulmonary
eutrophil  accumulation  is  a  major  marker  of  inflammation
nd  tissue  damage,  and  is  related  to  ALI  initiation.28 Pul-
onary  MPO  activity  has  been  reported  to  be  a  reliable
arker  of  pulmonary  neutrophil  infiltration.29 Consequently,
e  determined  the  MPO  activity  in  the  lung  tissue  of  sep-

ic  rats  treated  with  different  doses  of  dexmedetomidine
4  hours  after  sepsis  initiation.  Our  results  showed  that
exmedetomidine  provided  dose-related  protection  against
epsis-induced  neutrophil  accumulation  in  lung  tissue,  as
videnced  by  decreased  MPO  levels.  But  in  this  experiment,
e  did  not  investigate  the  underlining  mechanism  of  this
ffect  and  this  needs  further  studies.

Initiation  of  the  systemic  inflammatory  cascade  and  neu-
rophil  accumulation  in  lung  tissue  may  promote  apoptosis,
esulting  in  lung  dysfunction  and  increased  mortality  dur-
ng  sepsis.  Alveolar  apoptosis  has  been  shown  to  disrupt
pithelial  barrier  function,  initiating  ALI.30 In  the  present
tudy,  apoptotic  cells  were  detected  to  identify  the  effects
f  dexmedetomidine  on  lung  injury.  Our  results  showed  that
oth  low-  and  high-dose  dexmedetomidine  were  effective
or  controlling  sepsis-related  lung  apoptosis.

There  are  some  limitations  to  our  study.  First,  the  sam-

le  size  was  relatively  small.  Second,  conducting  continuous
nvasive  monitoring  and  comparing  hemodynamic  parame-
ers  might  have  strengthened  the  study  since  the  diagnosis
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Figure  4  Images  of  lung  sections  ApopTag  (+)  cells  with  TUNEL  staining  obtained  24  hours  after  the  CLP  and  sham  procedure.
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popTag (+)  cell  nuclei  were  stained  dark  brown.  Tissue  sample
 �g.kg-1.h-1 dexmedetomidine  +  CLP  group;  D:  10  �g.kg-1.h-1 de

f  sepsis  is  made  clinically,  and  patients  with  sepsis  are  usu-
lly  treated  in  intensive  care  units  with  invasive  monitoring.
ast,  a  survival  study  might  have  been  included.  Therefore,
urther  studies  with  larger  sample  sizes,  which  include  clini-
al  parameters  and  survival  analysis,  are  needed,  and  these
ndings  should  be  supported  with  randomized  clinical  stud-

es.

onclusions

ur  study  demonstrated  that  dexmedetomidine  infusion  at
igh  doses  effectively  suppressed  the  leukocyte-mediated
ung  injury  and  apoptosis  of  lung  tissue.
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