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Abstract

Objective:  This  study  examined  the  effects  of  exercise  training  (ExT)  upon  concentration  of

tumor necrosis  factor-alpha  (TNF-�),  interleukin-6  (IL-6)  and  interleukin-10  (IL-10)  in the  gas-

trocnemius  of  rats  with  heart  failure  (HF)  induced  by  left  coronary  artery  ligation.

Methods:  Adult  male  Wistar  rats  submitted  to  myocardial  infarction  (MI)  or  sham  surgery  were

randomly allocated  into  one  of  four  experimental  groups:  trained  HF (Tr-HF),  sedentary  HF

(Sed-HF), trained  sham  (Tr-Sham)  and  sedentary  sham  (Sed-Sham).  ExT  protocol  was  performed

on treadmill  for  a  period  of  8  weeks  (60  m/days,  5×/week,  16  m/min),  which  started  6 weeks

after MI.  Cardiac  hemodynamic  evaluations  of  left  ventricular  end-diastolic  pressure  (LVEDP)

and morphometric  cardiac  were  used  to  characterize  HF.  The  hemodynamic  variables  were

recorded  and  gastrocnemius  muscle  was  collected.  TNF-�, IL-6  and  IL-10  protein  levels  were

determined by  multiplex  bead  array.

Results:  Sed-HF  group  presented  increase  of  TNF-� level  when  compared  with  the  Sed-Sham

group (mean  difference,  MD  1.3;  95%  confidence  interval,  CI −0.04  to  2.5).  ExT  reduced  by 59%

TNF-� level  in  Tr-HF  group  (MD  −1.7;  95%  CI −2.9  to  −0.3)  and  increased  IL-10  (MD  15;  95%  CI

11---26) when  compared  with  the  Sed-HF  group.  Thus,  the  gastrocnemius  muscle  IL-10/TNF-�

ratio  was  increased  in Tr-HF  rats  (MD  15;  95%  CI −8  to  47)  when  compared  with  the  Sed-HF  rats.

Conclusion: These  results  demonstrate  that ExT  not  only  attenuates  TNF-�  level  but  also

improves  the  IL-10  cytokine  level in skeletal  muscle  of HF rats.
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Introduction

Heart  failure  (HF)  is  a  complex  and  multifactorial  syn-
drome  associated  with  disability,  morbidity  and  mortality.1,2

Beyond  neurohumoral  activation,  the inflammatory  compo-
nent  plays  an  important  role  in the development  of  left
ventricular  dysfunction  and  peripheral  myopathy,  which  in
turn  impair  the functional  capacity  of  patients  with  HF.3

Plasma  TNF-� and interleukin-6  (IL-6) levels  are correlated
with  severity  of  HF  symptoms  and oxygen  consumption
capacity  upon  exercise.4 The  development  of an  anabolic-
catabolic  imbalance,  with  reduced  anabolism  and  enhanced
catabolism,  is  related  to  abnormalities  in the neurohormonal
systems  and  the  activation  of  pro-inflammatory  cytokines.5

Skeletal  myopathy  seems  to  be  an important  factor  associ-
ated  with  exercise  intolerance,  fatigue,  and  dyspnea  in  HF
patients.2

TNF-�  may  affect  muscle  metabolism  and  strength
by  stimulating  expression  of  inducible  nitric  oxide  syn-
thase  (iNOS)  via  nuclear-factor-kappa-B  (NF-kB).6 Indeed,
contractile  dysfunction  can  result  from  TNF-� overexpress-
ion  that  signals  via nitric  oxide  to  decrease  strength  of
skeletal  muscle.7 Moreover,  an  increased  expression  of  TNF-
alpha  and  IL-6  was  observed  in skeletal  muscle  biopsies  from
patients  with  stable  HF.8 As previously  reported,  seven-day
subcutaneous  administration  of  recombinant  human  IL-6  to
rats  resulted  in a  dose-dependent  respiratory  and peripheral
skeletal  muscle  atrophy.9 Nevertheless,  physical  training
decreases  the  expression  of  TNF-�  in  skeletal  muscle  that
was  accompanied  by  a reduction  of atrophy  in  HF  rats10 and
humans.8

Exercise  training  (ExT)  is  associated  with  improvement
of  sympathetic  and  parasympathetic  dysfunction  in patients
with  HF.1 Recent  studies  have  established  a  critical  role
of  the  sympathetic  nervous  system  (SNS)  in  mediating
interactions  between  the nervous  and immune  systems.11

Interleukin  10  (IL-10)  could  contribute  to  mediate  the
anti-inflammatory  effects  of  ExT.  Accumulating  evidence
suggests  that  ExT  promotes  anti-inflammatory  benefits  in HF
experimental  models12,13 and  clinical  studies.14,15 Although
IL-10  is increased  in plasma16 and  soleus  muscle13 in post-
MI  HF  rats  after  treadmill  endurance  training,  the  effect  of
ExT  on  this  cytokine  in gastrocnemius  muscle  of HF  rats is
unclear.

Therefore,  considering  the important  role  of skeletal
muscle in  the release  of  cytokine,  and  the potential  advan-
tage  of  ExT  in attenuating  the loss  of  muscle  mass  and
inflammation  in  chronic  diseases,  we  evaluated  the effects
of  ExT  upon  muscle  mass,  expression  of  TNF-�, IL-6  and
IL-10  in  the  white  gastrocnemius  of  rats  with  HF induced
by  left  coronary  artery  ligation.  In  addition,  we  examined
the  balance  between  IL-10  and  TNF-�  production  as  an  anti-
inflammatory  indicator  following  ExT.

Methods

Animals

Experiments  were  performed  on  28  male  Wistar  rats weigh-
ing  220---270  g,  obtained  from  the  Animal  Breeding  Unit  at
the  Universidade  Federal  de Ciências  da  Saúde  de  Porto  Ale-

gre  (UFCSPA),  Porto  Alegre,  RS, Brazil.  The  animals  were
allocated  in groups  of  three  to  a cage  with  free  access  to
water  and pellet  rodent  chow diet and  were  maintained
under  standard  conditions  of  temperature  (22 ◦C).  All  proce-
dures  were  performed  in accordance  with  the Guideline  for

the  Care  and Use  of  Laboratory  Animals  (NIH  Publication  n◦

85-23,  revised  1996).  All procedures  outlined  in  this  study
were  approved  by  the  by  the  UFCSPA  Ethics  and  Research
Committee  (protocol  no.  39/11).

Experimental  design

To  induce  myocardial  infarction  (MI),  rats were  anaes-
thetized  with  xylazine  (12  mg/kg  IP)  and ketamine  (90  mg/kg
IP),  intubated  and  artificially  ventilated  (SamWay  VR  15)
with  a  breathing  rate  of 60  breaths/min  and oxygen  inspired
fraction  of  100%.  After thoracotomy,  coronary  artery  liga-
tion  (CAL)  was  performed  to induce  MI  and, subsequently
HF.12 During  the first  48  h, the animals  were  treated
for  post-operative  pain  with  subcutaneous  buprenorphine
(0.15  mg/kg)  and  given  a  single  dose  of  penicillin  (20,000  U
IP).  After surgery,  the  rats  remained  six  weeks  in home  cage
for  evolution  of MI.  This  period  is  necessary  to  develop  HF
state.17 It was  reported  that  in six  weeks  following  MI  the
renal  sympathetic  nerve  activity  and  left  ventricular  end-
diastolic  pressure  (LVEDP)  increase,  and baroreflex  control
decreases,17 all of  these  changes  are associated  with  chronic
HF.  Rats  were  randomly  allocated  into  four  experimental
groups:  sedentary  sham-operated  (Sed-Sham,  n  =  7),  trained
sham-operated  (Tr-Sham,  n  =  7),  sedentary  HF (Sed-HF,  n  =  7)
and  trained  HF rats  (Tr-HF,  n  = 7).

Aerobic  exercise  training  protocol

One  week  before  the aerobic  exercise  training  protocol  the
adaptation  period  was  started  to  familiarize  the  rats  with
running  on  the treadmill  with  low speed  (10  m/min)  and
short  duration  (10  min  per  session).  Rats  in the training
groups  (Sham  and HF)  performed  an aerobic  ExT  program
for  8  weeks  (5×/week)16,18 with  speed  at 16  m/min  for
60  min/day.19 This  intensity  was  maintained  at a constant
level  throughout  the  experiment.  Previous  study  demon-
strated  that  this exercise  protocol  improved  the  aerobic
capacity  and  citrate  synthase  activity  in post-myocardial
infarction  rats.20 Only  rats  that  ran  steadily  with  little  or
no prompting  were  used  in the  study. The  total  duration  of
the  experiment  was  14  weeks  (5 resting  in  home  cage, 1 in
adaptation  to  treadmill  and  8 of  aerobic  ExT  protocol).

Cardiac hemodynamic  evaluation,  infarct  size,
cardiac hypertrophy  and  pulmonary  congestion

After  a  rest  period  of  48  h  from  the  last  training  session,
the  cardiac  hemodynamic  evaluation  was  performed.  The
animals  were anesthetized  with  xylazine  (12  mg/kg  IP)
and  ketamine  (90  mg/kg  IP),  and a small  incision  in the
anterior  cervical  region  was  performed  for  the insertion
of  a  polyethylene  catheter  (PE-50)  into  the right  carotid
artery.  The  arterial  pressure  (AP)  was  recorded  first  dur-
ing  a  5-min period  by  connecting  the  arterial  cannula  to
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a  pressure  transducer  (Miniature  Pulse  Transducer  RP-155,
Narco  Biosystems,  Houston,  TX,  USA),  coupled  to  a  pressure
amplifier  (General  Purpose  Amplifier  4,  Model  2,  Stemtech,
Hudson,  WI,  USA).  Then,  the  catheter  was  positioned  inside
the  left  ventricle  (LV),  and the  pulse  wave  was  monitored
using  the  typical  graphic  registration  of ventricular  pres-
sure  and  recorded  for 5  min.  Pressure  analog  signals  were
digitalized  by a data  acquisition  system  (AT/Codas,  Dataq
Instruments,  Akron,  OH,  USA)  at a sampling  rate  of  2000  Hz.
These  data  were  used to  determine  LV  maximum  change
in  pressure  over  time  (+dP/dtmax) and  LV  minimum  change
in  pressure  over time  (−dP/dtmax), and LVEDP.21 The  last
parameter  was  determined  manually  by  detecting  the point
of  inflection  to  the  end  of  diastole  via  analysis  of  the
ventricular  pressure  wave.  The  total  left ventricle  area
and  myocardial  infarction  scar  were  manually  drawn  on
scanned  images.  ImageJ  1.47  software  used  planimetry  to
determine  the size  of  the  infarct.  All photographs  were  ana-
lyzed  independently  by  two  blinded  investigators.  The  heart
weight-to-body  weight  ratio  (HW/BW)  and right  ventricu-
lar  to  body  weight  ratio  (RV/BW)  values  were  determined.
Lungs  were  dehydrated  (80 ◦C)  for  48  h  and  then  weighed
again  to  evaluate  the water  percentage.  Cardiac  hemody-
namic  evaluations  of  left  ventricular  diastolic  function  as
well  as  morphometric  cardiac  were  used  to  characterize  HF.
Only  rats  with  elevated  LVEDP  ≥  16  mmHg  and  myocardial
infarction  area ≥  29%  were included  in the  present  study.16,21

Skeletal  muscle  collection

After  cardiac  hemodynamic  evaluation,  the animals  were
euthanized  with  an  overdose  of  anesthetic  (thiopental
80  mg/kg  IP),  the superficial  white  gastrocnemius  muscle
were  collected,  weighed,  immediately  frozen  in liquid  nitro-
gen,  and  stored  at  −80 ◦C.  The  samples  of  fast-glycolytic
muscles  were  obtained  by  dissection  of  gastrocnemius  mus-
cles,  which  were  quickly  excised  from  the left  hindlimbs
of  the  animals  and  dissected  according  to  the muscle  color
(corresponding  to  myoglobin  concentration)  into  a  white
portion  derived  from  the superficial  part of  both  lateral  and
medial  head.

Gastrocnemius  muscle  sample  preparation  and
determination of  tissue  TNF-�,  IL-6  and  IL-10
levels

The  gastrocnemius  muscles  were  chosen  for  cytokine  assays
because  of their  metabolic  characteristics  and  tend  to
be  more  affected  in disease  conditions.10 The  gastrocne-
mius  samples  were  homogenized  in potassium  phosphate
buffer  (KPi,  pH  7.4)  containing  4.08  g/L  KH2PO4,  8.9  g/L
KCl,  8.71  �g/mL  phenylmethylsulfonyl  fluoride  (PSMF),
0.1  �g/mL  aprotinin,  0.1  �g/mL  leupeptin  and  0.1  �g/mL
pepstatin  proteases  inhibitors  using  a  hand-held  homog-
enizer.  The  homogenates  were  centrifuged  at  12,000  ×  g

(Mikro  220  R, Hettich  Zentrifugen,  Tuttlingen,  Germany)  for
60  min  at  4 ◦C.  The  supernatant  was  removed  and  TNF-�, IL-
6  and  IL-10  levels  were  determined  by  multiplex  bead  array
using  MilliplexTM MAP  rat  cytokine  kits  (RCYTO-80K)  (Milli-

pore,  Billerica,  MA,  USA).  All samples  were  run  in duplicates
and  the average  value  is  reported  as  pg/mL.

Statistical  analyses

The data  are  presented  as  the  mean  ±  SD.  The
data  were  tested  for  normal  distribution  using the
Kolmogorov---Smirnov  test.  Comparisons  were  made  between
groups  using  two-way  ANOVA  (exercise  training  and  HF  as
the main  factors)  followed  by  the Newman---Keuls  post  hoc
test.  When  Gaussian  normality  failed,  a  Kruskal---Wallis  test
on  ranks  and  Dunn’s  test  were  performed.  Unpaired  student
t  test  compared  infarcted  areas  between  the  Sed-HF  and
Tr-HF  groups.  Between-group  differences  are reported  as
the  mean  difference  (MD)  and  95%  confidence  interval  (95%
CI).  A  p value  < 0.05  was  considered  statistically  significant.

Results

Infarcted  area,  cardiac  hypertrophy,  pulmonary
congestion,  body  and  muscle weights

The  perioperative  mortality  in the HF-groups  was  35%.  The
infarct  sizes  of  the LV  were  similar  in  two  infarcted  groups,
(MD  −3.1;  95%  CI  −9 to  3;  p  =  0.4).  At  the end  of  study,
between-group  analyses  showed  that HW/BW  and  RV/BW
ratio,  and  pulmonary  congestion  were  higher  in the  Sed-HF
group  when  compared  with  Sed-Sham  group  (p  <  0.01).  ExT
reduced  pulmonary  congestion  (p  =  0.03  for  group),  cardiac
hypertrophy  (HW/BW,  p  =  0.03  for  interaction  effect)  and  RV
hypertrophy  (RV/BW,  p = 0.01  for  interaction  effect)  when
compared  with  Sed-HF  group,  respectively.  After 14 weeks
post-MI,  the Sed-HF  group showed  a significant  reduction
between-group  analyses  in the muscle  weight  and  ratio  of
muscle  weight  to  body weight  of  the  gastrocnemius  muscle
when  compared  with  Sed-Sham  group  (p  =  0.01), suggest-
ing muscle  atrophy.  However,  when  the exercise-trained  HF
group  was  compared  with  the  Sed-HF  group,  there  was  an
increase  in the weight  (p  =  0.02)  and  ratio  of weight  to  body
weight  of  the  gastrocnemius  muscle  (p  =  0.01).  There  was
no  significant  difference  in the body weight  among  all  the
groups.  All  of  these  data  are summarized  in  Table  1.

Hemodynamic  data

Table  2  shows  the  hemodynamic  characteristics  in sham  and
HF  rats.  As  expected,  LVEDP  was  elevated  in both  HF  groups
compared  with  the sham  groups  (p  < 0.001  for  group  effect).
However,  when the trained  HF  group  was  compared  with
the  Sed-HF  group,  there  was  an  improvement  in  diastolic
function  (p  = 0.01  for  training  effect).  This  result  suggests
that  8-week  ExT  have  a  beneficial  hemodynamic  effect  in HF
rats. The  negative  derivative  of LV  pressure  (−dP/dtmax)  was
significantly  reduced  in  the HF  groups  compared  with  the
sham  groups  (p  <  0.05  for  group  effect).  No  differences  were
observed  in  mean  arterial  pressure  (MAP)  or  positive  deriva-
tive  of LV pressure  (+dP/dtmax).  All  hemodynamic  variables
were  assessed  while  the rats  were  under  anesthesia.
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Table  1  Body  and  muscle  weights,  morphometric  cardiac  characteristics,  and  pulmonary  congestion  in sham  and  HF  rats  after

8 weeks  of  exercise  training.

Groups  Sedentary  Trained  MD  [95%  CI]

BW,  g

Sham  347  (20)  353  (24)  6  [−22  to  34]

HF 338  (28)  352  (29)  14  [−23  to  51]

MD [95%  CI]  −8.8  [−53  to  36]  −0.8  [−29  to  28]

HW/BW, mg/g

Sham  2.69  (0.1)  2.7  (0.1)  −0.01  [−0.1  to  0.1]

HF 3.9  (0.1)* 3.43  (0.4)† −04  [−0.9  to  0.02]

MD [95%  CI] 1.2  [1  to  1.3]  0.7  [0.2  to  1.2]

RV/BW,  mg/g

Sham  0.56  (0.06)  0.57  (0.15)  0.01  [−0.1  to  0.1]

HF 1.39  (0.2)* 0.93  (0.37)† −0.4  [−0.9  to  −0.02]

MD [95%  CI]  0.8  [0.6  to  1]  0.3  [−0.05  to  0.7]

Pulmonary  congestion,  %

Sham  73.6  (4.6)  74.1  (1) 0.45  [−3.9  to  4.8]

HF 79.9  (0.9)* 76.7  (1.2)† −3.1  [−4.2  to  −2.1]

MD [95%  CI] 6.3  [1.7  to  10]  2.7  [1.5  to  3.9]

Gastrocnemius,  g

Sham  1.92  (0.16)  1.99  (0.22)  0.07  [−0.1  to  0.3]

HF 1.62  (0.18)* 1.91  (0.26)† 0.2  [−0.01  to  0.5]

MD [95%  CI]  −0.3  [0.5  to  −0.04]  −0.08  [−0.3  to  0.2]

Gastrocnemius/BW,  mg/g

Sham  5.54  (0.4)  5.63  (0.3)  0.08  [−0.4  to  0.5]

HF 4.8  (0.5)* 5.4  (0.3)† 0.5  [−0.07  to  1.2]

MD [95%  CI]  −0.7  [−1.2  to  −0.2]  −0.2  [−0.6  to  0.2]

Values are means (standard derivation); n  = 7  for all groups. HF, heart failure group; BW, body weight; HW/BW, heart weight to BW ratio;
RV/BW, right ventricle to BW ratio; MD, mean difference; CI, confidence interval.

* p  < 0.05 compared with Sed-Sham and Tr-Sham.
† p < 0.05 compared with Sed-HF.

Gastrocnemius  muscle  TNF-�,  IL-6  and  IL-10  levels

Muscular  levels  of  TNF-� (Fig.  1A)  were  elevated  in the  Sed-
HF  group  when  compared  with  the Sed-Sham  group  (MD  1.3;
95%  CI  −0.04  to  2.5; p < 0.05  for  group  effect).  ExT  signif-
icantly  reduced  by  59%  TNF-� level  in Tr-HF  group  when
compared  with  the  Sed-HF  group  (MD −1.7;  95%  CI −2.9
to −0.3;  p = 0.02  for  interaction  effect).  We observed  an
increase  in  IL-10  (Fig.  1B)  in trained  HF  group  when com-
pared  with  the  Sed-HF  (MD 15;  95%  CI  11---26;  p =  0.01)  and
Tr-Sham  group  (MD 9; 95%  CI  −6 to  27;  p =  0.01  for  group  and
training  effects),  respectively.  However,  no  differences  were
found  in  the  IL-6  (Fig.  1C)  among  groups.  The  gastrocnemius
muscle  IL-10/TNF-�  ratio  (Fig.  1D)  was  significantly  higher  in
the  Tr-HF  group  than  in the  Sed-HF  and Sham groups  (p  < 0.01
for  training  and  interaction  effects).  Cytokine  analyses  were
performed  only with  muscle  samples  feasible.

Discussion

The main  findings  of  this study  were  that  exercise  training
was  able  to  reverse  the  muscle  atrophy  and improve  inflam-
matory  profile  in skeletal  muscle  of  HF  rats. Evidence  of  this
effect  was  provided  by  reduction  of TNF-�  level,  as well  as

by  the increase  of IL-10 level  and  IL-10/TNF-�  ratio  in  gas-
trocnemius  muscle.  In addition,  the beneficial  effect  of  ExT
was  accompanied  by  the decrease  in  LVEDP.

Chronic  HF  is  associated  with  wasting  muscle  and  intol-
erance  to  exercise  induced  by  elevated  pro-inflammatory
cytokines,  neurohumoral  alterations,  and  reactive  oxy-
gen species  (ROS)  production.8,22,23 Among  skeletal  muscle
abnormalities,  elevated  TNF-� can modulate  immune  and
inflammatory  response,  exacerbating  muscle  wasting,  which
was  found  upregulated  in  gastrocnemius  muscle  of  HF  rats.
The  result  of  HF-induced  muscle  atrophy  matched  other
studies.10,24 It  was  suggested  that  elevated  TNF-� level
could  stimulate  expression  of  the  myostatin  via  NF-kB.25

The  present  work  also  demonstrates  that after  8 weeks  of
ExT,  there  was  a  restoration  in TNF-�  level and increase  of
gastrocnemius  mass  in  HF  rats.  Our  results  support  previous
studies  in humans8 and  animal  models10 suggesting  that  ExT
can  be used  as  an effective  intervention  to  prevent  skeletal
muscle  wasting.22,26

The  present  study  extends  previous  reports  devel-
oped  from  our laboratory  concerning  the  anti-inflammatory
effects  of  aerobic12,16 and  resistance21 training  in HF  rats.
Regarding  skeletal  muscle  IL-10,  the current  study  demon-
strated  that 8-week  ExT  program  after MI  increased  IL-10
in  gastrocnemius.  A study  reported  similar  improvement



158  L. Calegari  et  al.

Table  2  Hemodynamic  characteristics  in sham  and HF rats  after  8  weeks  of  exercise  training.

Groups  Sedentary  Trained  MD  [95%  CI]

MAP,  mmHg

Sham  102.5  (9) 98.6  (11)  −3.8  [−15  to  7.5]

HF 96.6  (15)  95.6  (10.3)  −0.4  [−11  to  10]

MD [95%  CI]  −6.3  [−21  to  8.2]  −2.9  [−19  to  13]

LVEDP, mmHg

Sham  5.32  (1.5)  4.1  (1.1)  −1.2  [−2.7  to  0.3]

HF 22.6  (5.3)* 18.1  (1.8)*,† −4.4  [−9 to  0.1]

MD [95%  CI]  17  [11  to  23]  14  [11  to  16]

+dP/dtmax,  mmHg/s

Sham  5.537  (1.673) 5.979  (1.006)  442  [−1723  to  2607]

HF 5.271  (1.450)  5.192  (956)  −79  [−1012  to  854]

MD [95%  CI]  266 [−2029  to  1496]  −787  [−2398  to  822]

−dP/dtmax, mmHg/s

Sham  −4.351  (1.039)  −4.553  (1.173)  −202  [−1933  to  1529]

HF −3.446  (710)* −3.407  (379)* 39  [−528  to  607]

MD [95%  CI] 904  [−139  to  1949] 1146  [−104  to  2397]

Values are means (standard derivation); n  = 7  for all groups. HF, heart failure group; MD, mean difference; CI,  confidence interval; MAP,
mean arterial pressure; LVEDP, LV end-diastolic pressure; +dP/dtmax, maximum positive LV derivate; −dP/dtmax,  maximum negative LV
derivate.

* p < 0.05 compared with Sed-Sham and Tr-Sham.
† p  < 0.05 compared with Sed-HF.

in  soleus  IL-10  levels  by  physical  exercise  in HF rats.13

Likewise,  ExT-induces  IL-10 expression  in  paraventricular
nucleus  (PVN)  and rostral  ventrolateral  medulla  (RVLM)  of
spontaneously  hypertensive  rats.27 Furthermore,  in healthy
rats  the  ExT  increased  IL-10  in white  adipose  tissue  of
mesenteric  depot.28 All  these  studies  suggest that  ExT
improves  the  anti-inflammatory  defense  mechanism  by  the
increase  of  IL-10  at different  tissues.  A  network  of  molecu-
lar  and  metabolic  pathways  could  mediate  this adaptation.
Muscle  contraction,  which  triggers  intracellular  signaling
cascades,  could  activate  such  a  network.  During  exer-
cise,  the contraction  of  skeletal  muscle  produces  IL-6
and  stimulates  anti-inflammatory  cytokines,  such  as  IL-1
receptor  antagonist  and  IL-10,  and inhibits  the  liberation
of  pro-inflammatory  cytokine  TNF-�.14,29 At  the molecu-
lar  level,  IL-10’s  anti-inflammatory  effects  are  mediated
through  indirect  actions  of  the signal transducer  and  acti-
vator  of  transcription  3 (STAT3)  on  target  inflammatory
genes.30 STAT3-induced  transcriptional  inhibitor  can selec-
tively  control  transcription  at inflammatory  promoters,  like
TNF-�.30

Although  IL-6  has  been  most  studied  in the  healthy
skeletal  muscle,29 its role  in  HF remains  unclear,  regarding
both  acute  and  chronic  physical  exercise  responses.15 Stud-
ies  from  our  laboratory  have  shown  that  aerobic  exercise
and  resistance  training  can  reduce  plasma  IL-6  level  in
HF  rats.16,21 The  results  presented  here  display  decreasing
trends  in  gastrocnemius  IL-6  level in HF. Similarly,  Gie-
len  et  al.8 has  shown  that  ExT  may  lower  intramuscular
IL-6  in  the  absence  of  serum  changes  in patients  with
HF.  It  remains  to  be  determined  if the training  adapta-
tions  occur  in plasma  or  locally  within  the skeletal  muscle.

Furthermore,  it was  suggested  that  the major role  of IL-
6  is  to  regulate  the metabolism  rather than  acting  as  an
inflammatory  mediator.31

We  observed  loss  in  gastrocnemius  muscle  mass.  Animal
model  of  HF32 has  demonstrated  that  faster-twitch,  more
glycolytic  fibers  lose  more  vascularization  and  enhanced  E3
ligase  MAFBx/Atrogin  gene  expression.  In addition,  upregu-
lation  of  autophagy-related  genes  appeared  only  in plantaris
muscle  of  infarcted  rats.24 However,  the cross-sectional  area
of  the gastrocnemius  muscle  was  not changed  after  6 months
post-induced  myocardial  infarction33 but  reduction  in the
type  I  fibers  in soleus was  reported  by  others.10 It is  possible
that  muscle  fiber  type-specific  can  be  differentially  affected
during  developed  of  HF.

Besides  the anti-inflammatory  benefits,  regular  exercise
training  seems  able  to  induce hemodynamic  adaptations  in
HF  rats.12,16,26,34 Our  results  showed  a significant  reduction
in LVEDP,  HW/BW  and RV/BW  after ExT  in  HF rats, indicating
positive  effect  on  cardiopulmonary  function.  This  finding  is
in  line  with  previous  reports  showing  that low  to  moderate
treadmill  running  offers  beneficial  effects  on  the ventri-
cles  of  HF rats.16 Several  mechanisms  have  been  related  to
hemodynamic  improvement  such  as  enhanced  antioxidant
enzyme  capacity,  restoration  of  �-adrenergic  signaling  and
attenuation  of  oxidative  stress  in myocardium.20,26

In  conclusion,  this  study  demonstrates  that  ExT  bene-
fits  inflammatory  modulation,  especially  by  increase  of  IL-10
level  in gastrocnemius  muscle. In addition,  ExT  attenuates
TNF-�  level as  well  as  avoids  gastrocnemius  atrophies.  The
improvement  in the balance  of  pro-  and anti-inflammatory
cytokine  induced  by  ExT  prevents  skeletal  muscle  inflamma-
tion  and  reduces muscle  wasting  in HF  state.
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Figure  1  Mean  data  showing  the  effects  of  exercise  train-

ing in  the  gastrocnemius  muscle  of  anti-  and  pro-inflammatory

cytokines.  (A)  Tumor  necrosis  factor-alpha  (TNF-�);  * p  < 0.05

vs. Sed-HF;  #  p  < 0.05  vs.  Sed-Sham.  (B)  Interleukin-10  (IL-10);

* p  <  0.05  vs.  Sed-Sham  and  Sed-HF.  (C)  interleukin-6  (IL-6).

(D) IL-10/TNF-�  ratio.  *  p  < 0.01  vs.  all groups.  Values  are  the

means ±  SD,  (n  = 3---6  per  groups).
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