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Abstract
Introduction:  Hepatic  ischemia-reperfusion  injury  is  a  common  pathophysiological  process  in
liver surgery.  Whether  Propofol  can  reduce  myocardial  ischemia-reperfusion  injury  induced
by hepatic  ischemia-reperfusion  injury  in  rats,  together  with  related  mechanisms,  still  needs
further studies.
Objective:  To  investigate  if  propofol  would  protect  the  myocardial  cells  from  apoptosis  with
hepatic ischemia-reperfusion  injury.
Methods:  Male  Sprague-Dawley  rats  (n  =  18)  were  randomly  allocated  into  three  groups:  Sham
Group (Group  S,  n  =  6),  Hepatic  Ischemia-reperfusion  Injury  Group  (Group  IR,  n  =  6)  and
Propofol Group  (Group  P,  n  =  6).  Group  S  was  only  subjected  to  laparotomy.  Group  IR  was
attained  by  ischemia  for  30  min  and  reperfusion  for  4  h.  Group  P  was  subjected  identical
insult as  in  Group  IR  with  the  administration  of  propofol  started  10  min  before  ischemia  with
120 mg.kg−1,  following  by  continuous  infusion  at  20  mg.kg−1.h−1.  Cell  apoptosis  was  exam-
ined by  terminal  deoxynucleotidyl  transferase-mediated  dUTP-biotin  nick  end  labeling  assay.
Endoplasmic  reticulum  Ca2+-ATPase2  (SERCA2)  and  cysteine-containing  aspartic  acid  cleaved-
caspase3  (cleaved-caspase3)  were  assayed  by  western  blot  and  Altimeter  polymerase  chain
reaction.
s  increased,  with  mRNA  and  protein  of  SERCA2  down-regulated  and
ted  in  Group  IR  compared  with  Group  S  (p  <  0.01).  Apoptosis  rate

 and  protein  of  SERCA2  up-regulated  and  cleaved-caspase3  down-
red  with  Group  IR  (p  <  0.01).
Results: Apoptosis  rate  wa
cleaved-caspase3  up-regula
was decreased,  with  mRNA
regulated  in  Group  P  compa
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Conclusions:  Propofol  can  reduce  hepatic  ischemia-reperfusion  injury-induced  myocardial  cell
apoptosis,  meanwhile,  can  up-regulate  mRNA  and  protein  of  SERCA2  in  rats.
© 2018  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Efeitos  do  pré-tratamento  com  propofol  sobre  a  apoptose  de  células  miocárdicas  e
expressão  de  SERCA2  em  ratos  com  isquemia/reperfusão  hepática

Resumo
Introdução:  A  lesão  hepática  por  isquemia-reperfusão  é  um  processo  fisiopatológico  comum  em
cirurgias hepáticas.  Mais  estudos  ainda  são  necessários  para  avaliar  se  o  propofol  pode  reduzir  a
lesão de  isquemia-reperfusão  miocárdica  induzida  pela  lesão  de  isquemia-reperfusão  hepática
em ratos,  juntamente  com  os  mecanismos  que  estão  relacionados.
Objetivo:  Investigar  se  propofol  protege  as  células  do  miocárdio  da  apoptose  com  a  lesão
hepática por  isquemia-reperfusão.
Métodos:  Ratos  machos  da  raça  Sprague-dawley  (n  =  18)  foram  alocados  aleatoriamente  em  três
grupos: Grupo  Sham  (Grupo  S,  n  =  6),  Grupo  Lesão  Hepática  por  Isquemia-reperfusão  (Grupo  IR,
n =  6)  e  Grupo  Propofol  (Grupo  P,  n  =  6).  O  Grupo  S  foi  submetido  apenas  à  laparotomia.  O
grupo IR  foi  submetido  à  isquemia  por  30  min  e  reperfusão  por  4  h.  O  grupo  P  foi  submetido  à
mesma isquemia  do  grupo  IR,  com  a  administração  de  120  mg.kg-1 de  propofol  iniciada  10min
antes da  isquemia,  seguida  de  infusão  contínua  a  20  mg.kg-1.h-1.  A  apoptose  celular  foi  exami-
nada por  meio  do  ensaio  de  marcação  de  terminações  dUTP  pela  deoxinucleotidil  transferase.
Retículo  endoplasmático  Ca2+-ATPase2  (SERCA2)  e  caspase-3  do  ácido  aspártico  contendo  cis-
teína (caspase-3  clivada)  foram  avaliadas  usando  o  ensaio  western  blot  e  reação  em  cadeia  da
polimerase.
Resultados:  A  taxa  de  apoptose  foi  maior  com  mRNA  e  proteína  de  SERCA2  regulados  para  baixo
e caspase-3  clivada  suprarregulada  no  Grupo  IR,  em  comparação  com  o  Grupo  S  (p  <  0,01).  A
taxa de  apoptose  foi  menor  com  mRNA  e  proteína  de  SERCA2  suprarregulada  e  caspase-3  clivada
subrregulada  no  Grupo  P,  em  comparação  com  o  Grupo  IR  (p  <  0,01).
Conclusões:  O  propofol  pode  reduzir  a  apoptose  de  células  miocárdicas  induzida  por  lesão
hepática por  isquemia-reperfusão,  entretanto,  pode  suprarregular  o  mRNA  e  a  proteína  de
SERCA2 em  ratos.
© 2018  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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otal  hepatic  ischemia/reperfusion  is  commonly  found  in  the
entral  macrosection  of  the  liver  tumor  or  the  liver  area,
iver  caudate  lobe  tumor,  and  liver  resection  and  orthotopie
iver  transplantation.  In  recent  years,  studies  reported  that
epatic  ischemia-reperfusion  injury  (HIRI,  I/RI)  has  general
eaction  and  can  influence  function  of  liver  and  generate
amage  for  far  organs.1---4 The  main  mechanisms  may  be
erived  from  increased  oxygen  radical  and  calcium  over-
oad  in  cells,  and  the  former  is  the  most  important  factor.5---7

ow  to  prevent  and  cure  post-HIRI  liver  injury  and  secondary
njuries  of  distant  organs  are  major  issues  to  be  solved.

Reperfusion  after  liver  ischemia  from  hepatic  vein  to
ight  atrium,  heart  is  the  first  stop  to  receive  blood  per-
usion,  and  the  early  stage  may  generate  damage.  Calcium
verload,  generated  oxygen  radical  and  caused  cardiac  cell

eath  are  main  reasons  to  lead  to  myocardium  I/RI.8,9 The
arly  stage  of  hepatic  ischemia  reperfusion  injury  can  gen-
rate  a  great  amount  of  oxygen  radical,7 which  can  arrive  in

M
2

ardiac  muscle  tissues  via  blood  reperfusion.  Oxygen  radical
ay  activate  peroxide  in  membrane  lipid  and  lead  to  rising

f  the  myocardial  membrane  permeability  and  direct  act  on
ndoplasmic  Reticulum  Ca2+-ATPase2  (SERCA2)  in  sarcoplas-
ic  reticulum.  The  process  can  reduce  SERCA2  function  or

nhibit  its  activity,  further  reduce  Ca2+ ingestion  and  lead  to
alcium  overload.10---12 A  great  amount  of  activated  caspase3
ay  lead  to  myocardial  apoptosis.13,14

Propofol  has  been  widely  applied  in  current  clinical  anes-
hesia,  and  it  is  the  common  drug  to  study  protection  of
schemia  reperfusion  injury.  Propofol  can  protect  far  organs
n  liver  ischemia  reperfusion  in  rats,15,16 and  this  study  aimed
o  estimate  the  effect  of  propofol  on  myocardial  apoptosis
nd  its  mechanism.

aterials and methods
ale  Sprague-Dawley  male  rats,  clean  grade,  weighing
00---230  g,  were  purchased  from  the  Experimental  Animal
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Data  analysis

SPSS  13.0  software  was  used  for  statistical  analysis.
Data  were  of  normal  distribution  and  expressed  as

Table  1  RT-PCR  primers  of  SERCA,  caspase3  and  GADPH.

Gene  Primer  (5′---3′)

SERCA
For:  GAGATCAGCTAGGTCAGCG
Rev:  GCATTGGTTACGCTGCTAG

Caspase3
For: GGCATGGAGAACACTGAAAC
Rev:  GCGAATCTGTTTCTTTGCATG

GADPH
For: AGCCACATCGCTCAGACA
Rev:  TGGACTCCACGACGTACT
Hepatic  ischemia/reperfusion  

Center  (license  number:  SCXK---Jun  2012-0004);  experiments
were  started  after  1  week  of  adaptive  feeding  with  ade-
quate  food  and  water.  This  study  was  carried  out  in  strict
accordance  with  the  recommendations  in  the  Guide  for  the
Care  and  Use  of  Laboratory  Animals  of  the  National  Insti-
tutes  of  Health.  The  animal  use  protocol  has  been  reviewed
and  approved  by  the  Institutional  Animal  Care  and  Use  Com-
mittee  (IACUC)  of  Shanxi  Medical  University.

Grouping

The  rats  (n  =  18)  were  randomly  divided  into  three  groups:
Group  S  (n  = 6),  Group  IR  (n  =  6),  and  Group  P  (n  =  6).

Preparation  of  rat  HIRI  model

According  to  previous  studies,16,17 after  anesthetic  induc-
tion  through  intraperitoneal  injectiom  of  25%  urethane
(0.4  mL.100  mg−1),  the  rat  was  supinely  secured  to  the  oper-
ating  table,  the  abdominal  fur  was  shaved,  the  animal  was
disinfected,  and  the  abdominal  cavity  was  opened  layer
by  layer.  One  micro  non-invasive  vascular  clamp  was  then
used  to  clamp  the  liver  pedicle  to  prepare  the  total  hepatic
ischemia  model;  30  min.  later,  the  perfusion  was  recovered.
For  rats  in  Group  S,  the  abdomen  was  only  opened  to  the
porta  hepatis,  but  was  not  ligated.  Group  IR  was  prepared
as  with  the  total  HIRI  model.  For  Group  P,  a  loading  dose
of  propofol  at  20  mg.kg−1 was  slowly  injected  via  the  tail
vein  10  min.  before  model  preparation,  and  then  continu-
ously  infused  at  a  speed  of  20  mg.kg−1.h−1,  until  execution.
The  remaining  procedures  were  the  same  as  that  of  IR  group.

Specimen  collection

The  rats  in  Groups  IR  and  P  were  euthanized  4  h  after  reper-
fusion,  and  the  rats  in  Group  S  were  sacrificed  4  h  after
dissected  the  porta  hepatis.  The  thoracic  cavity  was  then
cut  open  and  the  heart  was  exposed;  after  rinsing  with
saline,  the  left  and  right  ventricles  were  cut  along  the  inter-
ventricular  septum,  and  the  myocardial  tissues  of  the  left
ventricular  wall  were  quickly  cut,  and  stored  at  −80 ◦C  for
subsequent  detection  of  apoptosis  in  cardiomyocytes  and
examination  of  related  proteins.  The  left  lateral  lobe  tissues
were  then  sampled  for  Hematoxylin-Eosin  (HE)  staining,  and
histopathological  observations  were  performed  using  a  light
microscope  (at  a  magnification  of  200×).

Detection  of  apoptosis  in  myocardial  cells  by
terminal deoxynucleotidyl  transferase-mediated
dUTP-biotin  nick  end  labeling  assay  (TUNE)

An  appropriate  amount  of  myocardial  tissue  was  used  for  the

detection  of  apoptosis  using  the  TUNEL  apoptosis  detection
kit  (Beyotime  Biotechnology  Co.  Ltd.,  Shanghai,  China),  in
accordance  with  the  manufacturer’s  instructions,  under  a
light  microscope  (at  a  magnification  of  200×).
593

etection  of  SERCA2  and  cleaved-caspase3
roteins in  myocardial  tissues  by  western  blot

otal  tissue  proteins  were  extracted  from  100  mg  of
yocardium  tissues;  Bovine  Serum  Albumin  (BSA)  (Bey-

time  Biotechnology  Co.  Ltd.,  Shanghai,  China)  was  used
s  the  protein  standard.  The  protein  contents  were  then
etermined  using  the  Coomassie  brilliant  blue  method.  An
qual  amount  of  protein  sample  (50  �g)  was  then  separated
sing  10%  sodium  dodecyl  sulfate  (SDS)  polyacrylamide  gel
lectrophoresis,  and  transferred  onto  a  nitrocellulose  mem-
rane  using  the  semi-dry  transfer  method.  After  blocking
ith  3%  BSA  for  2  hours,  diluted  SERCA2  antibody  (1:1000;
bcam  Inc.,  USA)  and  cleaved-caspase3  antibody  (1:1000;
bcam  Inc.,  USA)  were  added  to  membranes  and  incubated
vernight  at  4 ◦C.  After  washing  with  TBST  (Tris-HCl,  NaCl,
ween  20)  (5  min  ×  3  times),  goat  anti-rabbit  IgG  (H  +  L)  sec-
ndary  antibody  (1:5000)  was  added  to  the  membrane  and
ncubated  at  37 ◦C  for  2  h.  This  was  followed  by  TBST  wash-
ng  (5  min  ×  3  times)  and  development  with  the  BeyoECL  Plus
hemiluminescence  Kit.  The  ChemiDocTM XRS  gel  imaging
ystem  (Bio-Rad,  USA)  was  used  for  scanning,  and  Quantity
ne  analysis  software  was  used  for  detection  and  analysis
f  SERCA2  and  caspase3  expression.

etection  of  SERCA2  and  cleaved-caspase3  mRNA
n myocardial  tissues  by  real  time  polymerase
hain  reaction  (PCR)

otal  RNA  was  extracted  in  accordance  with  the  instructions
f  the  trizol  kit  (Invitrogen).  RNA  was  then  reverse  tran-
cribed  into  cDNA  using  the  RT-PCR  kit  and  one-step  method
or  further  PCR  amplification;  the  PCR  amplification  prod-
cts  were  then  analyzed  by  gel  electrophoresis.  The  reverse
ranscription  system  was  utilized  with  2  �L  of  the  total  RNA
emplate  (1  �g),  2  �L  of  dNTP  mixture,  2  �L  of  MgCl2,  plus
DPC  and  distilled  water  to  25  �L.  Reaction  parameters  were
s  follows:  predenaturation  at  95 ◦C  for  5  min,  denaturation
t  95 ◦C  for  30s,  annealing  at  58 ◦C  for  30s,  and  extension
2 ◦C  for  30s,  for  40  cycles.  The  primers  used  are  shown  in
able  1  (Sangon  Biotech  (Shanghai)  Co.,  Ltd.,  China).
SERCA mean endoplasmic reticulum Ca2+-ATPase2. GADPH
means Glyceraldehyde-3-phosphate dehydrogenase. GADPH is
used as an internal reference. Primer (5′---3′) means the sequence
from the 5′ end to the 3′ end.
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Figure  2  Detection  of  SERCA2  and  cleaved-caspase3  proteins
in each  group.  Group  IR  means  hepatic  ischemia-reperfusion
injury group,  and  was  attained  by  ischemia  for  30  min.  and
reperfusion  for  4  h.  Group  P  means  propofol  group,  and  was
subjected  identical  insult  as  in  group  IR  with  the  administration
of propofol  started  10  min.  before  ischemia  with  20  mg.kg−1,
following  by  continuous  infusion  at  20  mg.kg−1.h−1.  SERCA2,
endoplasmic  reticulum  Ca2+-ATPase2;  GAPDH,  glyceraldehyde-
3-phosphate  dehydrogenase;  S,  Sham  group;  IR,  ischemia-
r
r
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D
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ean  ±  standard  deviation,  and  intergroup  comparisons
ere  performed  using  an  ANOVA,  with  p  <  0.05  considered
s  statistically  significant.

esults

HE  staining

he  liver  tissues  of  Group  S  showed  no  infiltration  of  neu-
rophils,  and  the  liver  structures  were  clear  and  complete.
he  liver  tissues  in  Groups  IR  and  P  showed  a  narrowed
epatic  sinusoid,  obvious  edema,  and  vacuolar  degeneration
fter  4  h  reperfusion.  The  liver  cell  stripes  were  disordered
ith  local  slabby  necrosis.  The  liver  cell  injuries  in  Group  P
ere  significantly  reduced  compared  to  those  of  Group  IR,
nd  the  liver  morphology  was  close  to  normal,  with  conges-
ion  in  the  sinusoid  and  occasional  infiltration  of  a small
mount  of  inflammatory  cells.

etection  of  myocardial  apoptosis  by  TUNEL

ompared  with  that  of  Group  S,  the  rate  of  apoptosis  in
roup  IR  was  increased  significantly  (all  p  <  0.01).  Compared

ith  that  of  the  Group  IR,  the  apoptotic  rate  in  Group  P
as  decreased  significantly  (all  p  <  0.01).  As  demonstrated

n  Fig.  1  and  Table  2.
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igure  1  Detection  of  myocardial  apoptosis.  Group  IR  means
epatic ischemia-reperfusion  injury  group,  and  was  attained  by
schemia  for  30  min.  and  reperfusion  for  4  h.  Group  P  means
ropofol  group,  and  was  subjected  identical  insult  as  in  Group
R with  the  administration  of  propofol  started  10  min.  before
schemia  with  20  mg.kg−1,  following  by  continuous  infusion  at
0 mg.kg−1.h−1.  S,  Sham  group;  IR,  ischemia-reperfusion  group;
, propofol  group.
p  <  0.01:  compared  with  group  S; #p  <  0.01:  compared  with
roup  IR.

Table  2  Content  detection  of  myocardial  cell  apoptosis
rate in  each  group.

Group  Myocardial  cell  apoptosis  rate

Group  S  (n  =  6)  2.06  ±  0.89
Group  IR  (n  =  6)  33.06  ±  3.09a

Group  P  (n  =  6)  19.26  ±  1.62b

a p < 0.01 compared with Group S.
b p < 0.01 compared with Group IR.

Data are presented as mean ± standard deviation.
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eperfusion  group;  P,  propofol  group;  SERCA2,  endoplasmic
eticulum  Ca2+-ATPase2;  GAPDH,  glyceraldehyde-3-phosphate
ehydrogenase.  GADPH  is  used  as  an  internal  reference.

etection  of  SERCA2  and  cleaved-caspase3
roteins

ompared  with  those  of  Group  S,  SERCA2  protein  expres-
ion  was  significantly  down-regulated  in  Group  IR,  but
leaved-caspase3  protein  was  significantly  up-regulated  (all

 < 0.01).  Compared  with  those  of  the  Group  IR,  SERCA2  was
ignificantly  up-regulated  in  Groups  P  but  cleaved-caspase3
as  significantly  down-regulated  in  Group  P  (all  p  <  0.01).  As
emonstrated  in  Fig.  2  and  Table  3.

etection  of  SERCA2  and  cleaved-caspase3  mRNA

ompared  with  those  of  Group  S,  SERCA2  mRNA  was
ignificantly  down-regulated  in  the  Group  IR,  but  cleaved-
aspase3  mRNA  was  significantly  up-regulated  (all  p  <  0.01).
ompared  with  those  of  the  IR  group,  SERCA2  mRNA  was  sig-
ificantly  up-regulated  in  subgroups  P  but  cleaved-caspase3
as  significantly  down-regulated  in  Group  P  (all  p  <  0.01),  as
emonstrated  in  Table  4.
iscussion

aspase3  is  an  important  member  in  apoptosis  execution
nzyme  in  Caspase  family,  and  it  is  necessary  way  in

Table  3  Content  detection  of  SERCA2  and  cleaved-
caspase3  proteins  in  each  group.

Group  SERCA2/GAPDH  Cleaved-
caspase3/GAPDH

Group  S  (n  =  6)  1.12  ±  0.058  0.33  ±  0.032
Group  IR  (n  =  6)  0.54  ±  0.010a 0.99  ±  0.058a

Group  P  (n  =  6)  0.93  ±  027b 0.70  ±  0.053b

a p < 0.01 compared with Group S.
b p < 0.01 compared with Group IR.

Data are presented as mean ± standard deviation.
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Table  4  Content  detection  of  SERCA2  and  cleaved-
caspase3  mRNA  in  each  group.

Group  SERCA2/GAPDH  Cleaved-
caspase3/GAPDH

Group  S  (n  =  6)  1.10  ±  0.11  0.46  ±  0.033
Group  IR  (n  =  6)  0.57  ±  0.052a 0.98  ±  0.063a

Group  P  (n  =  6)  0.95  ±  0.92b 0.65  ±  0.056b

a p < 0.01 compared with Group S.
b p < 0.01 compared with Group IR.
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Data are presented as mean ± standard deviation.

apoptotic  protease  cascade  response.  Once  it  is  activate,
apoptosis  will  be  not  avoided,  and  it  has  been  maker  enzyme
and  key  protease  in  apoptosis  process  as  sensitive  index
and  main  effectiveness  factor  in  cell  apoptosis.  Therefore,
expression  level  of  caspase3  can  be  used  to  estimate  cell
apoptosis  situation.  Based  on  established  I/R  rat  model
according.

Goldhaber  et  al.11 this  study  aimed  to  detect  cardiac
myocyte  apoptosis  rate  using  TUNEL  method  and  under-
stand  cleaved-caspase3  expression  using  western  blot  and
PCR  methods.  We  found  that  cardiac  myocyte  apoptosis
rate  is  increased  in  IR  model  group  than  that  in  Group  S,
and  cleaved-caspase3  mRNA  and  protein  expressions  are
obviously  up-regulated,  indicating  that  the  I/R  model  of
myocardial  injury  is  successfully  constructed.  In  primary
experiment,  the  highest  apoptosis  rate  is  detected  at  4  h
reperfusion  with  the  serious  pathological  damage.  There-
fore,  we  selected  the  relevant  indexes  at  4 h.  According
to  designed  drug  administration  time  and  dose.16 We  found
that  apoptosis  rates  in  Group  P  is  reduced  than  that  in
Group  IR,  cleaved-caspase3  mRNA  and  protein  expressions
are  reduced  using  HE  staining,  TUNEL  method,  western  blot
and  PCR  methods.  These  results  implicate  that  propofol  can
reduce  apoptosis,  myocardial  damage  in  liver  I/R  rat,  which
are  similar  to  Gao  et  al.16 and  Jin  et  al.17

Intracellular  calcium  overload  is  an  important  role  in
leading  to  myocardium  I/RI  and  improve  cardiac  myocyte
apoptosis  rate,18---20 and  inhibiting  calcium  overload  can
significantly  reduce  myocardial  damage  caused  by  I/R.21 Sar-
coplasmic  reticulum  is  the  main  place  to  ingest,  conserve
and  release  Ca2+,  SERCA2  can  maintain  the  low  level  of  Ca2+

by  transmitting  Ca2+ from  intracytoplasm  to  sarcoplasmic
reticulum.  Talukder  et  al.22 indicated  that  higher  SERCA2
expression  can  increase  ingestion  of  Ca2+,  reduce  calcium
overload  and  then  reduce  myocardial  I/R  injury.  Propofol
can  adjust  intracellular  calcium  homeostasis  and  reduce
myocardial  apoptosis.23 SERCA2  expression  can  reflect  indi-
rectly  concentration  of  intracellular  Ca2+ by  detecting  Ca2+

in  cardiac  muscle  tissue.  Compared  with  Group  S,  SERCA2
expression  in  I/R  Group  is  reduced,  and  apoptosis  rate
increased;  compared  with  I/R  Group,  SERCA2  in  Group
P  is  increased  and  apoptosis  rate  reduced.  All  of  these
results  indicate  that  propofol  can  inhibit  calcium  overload  by
increasing  expression  of  SERCA2,  and  then  reduce  myocar-

dial  apoptosis  caused  by  I/R.

Taken  together,  total  hepatic  ischemia/reperfusion
can  lead  to  myocardial  apoptosis  in  rat,  propofol
can  reduce  induced  myocardial  apoptosis  by  hepatic
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schemia/reperfusion,  and  the  main  mechanism  may  be  up-
egulation  of  SERCA2  expression  inhibit  calcium  overload.
he  further  detailed  mechanism  should  be  further  studied
y  measuring  intracellular  Ca2+ concentration.
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