
84 Med J Indones, Vol. 24, No. 2
June 2015

Effects of anaerobic exercise and detraining on the caspase-3 
expression of rat ventricular cardiomyocyte

Keywords: anaerobic exercise, cardiomyocytes left ventricle, caspase-3, detraining

pISSN: 0853-1773 • eISSN: 2252-8083 • http://dx.doi.org/10.13181/mji.v24i2.1220 • Med J Indones. 2015;24:84-90
• Received 17 Mar 2015 • Accepted 3 Jul 2015

Correspondence author: Minarma Siagian, lousianasuwarno@gmail.com

Copyright @ 2015 Authors. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/), which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original author and source are properly cited.

Minarma Siagian,1 Maria Lousiana,1 Dewi I.S. Santoso,1 Sutjahjo Endardjo2

1 Department of Physiology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia 
2 Department of Pathology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia

Basic  Medical  Research

Medical Journal of Indonesia

ABSTRAK

Latar belakang: Latihan fisik anaerobik adalah latihan 
fisik yang dilakukan dalam waktu singkat dengan intensitas 
tinggi. Hal ini dapat merangsang apoptosis pada kardiomiosit 
ventrikel kiri. Penelitian ini bertujuan untuk menganalisis 
apoptosis kardiomiosit pasca latihan serta pasca henti latih 
latihan fisik anaerobik.

Metode: Penelitian ini menggunakan 32 ekor tikus Wistar 
Ratus Novergicus dengan berat badan antara 250-350 
gram (usia 8-10 minggu), dibagi dalam 8 kelompok dengan 
n=4 pada tiap kelompok  dan diberi latihan fisik anaerobik 
selama 4 dan 12 minggu (kelompok Exc-4, Exc-12) dan 
latihan anaerobik diikuti empat minggu henti latih (Exc-4-D, 
Exc-12-D). Kelompok pembanding hanya diobservasi dalam 
periode yang sama (kelompok Ctl-4, Ctl-12, Ctl-4-D, Ctl-12-D).  
Pada akhir pengamatan tikus dieutanasia dan jantung diambil 
untuk pemeriksaan ekspresi caspase-3 sebagai indikator 
proses apoptosis menggunakan pulasan imunohistokimia. 
Data dianalisis dengan uji ANOVA.

Hasil: Terjadi peningkatan ekspresi caspase-3 pada kelompok 
Exc-4 (72,03%) dibanding Ctl-4 (27,22%), (p < 0,001); dan Exc-
12 (79,30%) dibanding Ctl-12 (30,53%) (p = 0,027).  Proses 
henti latih menurunkan ekspresi caspase-3 secara signifikan 
(31,12% pada Exc-4-D dan 30,44% pada Exc-12-D). 

Kesimpulan: Latihan fisik anerobik dapat meningkatkan 
apoptosis pada kardiomiosit jantung tikus ditandai dengan 
peningkatan ekspresi caspase-3. Henti latih dapat memperbaiki 
kondisi jantung yang ditandai dengan penurunan ekspresi 
caspase-3.

ABSTRACT

Background: Anaerobic physical exercise is a high intensity 
physical exercise performed in a short time. This exercise can 
stimulate apoptosis in left ventricular cardiomyocytes. The 
aim of this study is  to analyze the apoptosis of cardiomyocytes 
after anaerobic exercise and detraining. 

Methods: Thirty two wistar rats Ratus Novergicus 250-350 
grams (8-10 weeks old) were divided into the following groups 
(n = 4) and given naerobic physical exercise four and 12 weeks 
(group Exc-4, Exc-12) and anaerobic exercise followed by four 
weeks of detraining (Exc-4-D, Exc-12-D). The control groups 
were only observed in the same period (group CTL-4, CTL-12, 
CTL-4-D, CTL-12-D). At the end of observation, the rats were 
sacrificed and examination of the expression of caspase-3 as an 
indicator of apoptosis was done using immunohistochemical 
staining. Data were analyzed with ANOVA test. 

Results: An increase in expression of caspase-3 in the group 
Exc-4 (72.03%) compared to the CTL-4 (27.22%), (p < 0,001); 
and Exc-12 (79.30%) compared to the CTL-12 (30.53%) (p 
= 0.027). Detraining process showed a significant decline 
Capase-3 expression (31.12% in exc-4-D and 30.44% in the 
exc-12-D).

Conclusion: Anaerobic physical exercise can increase 
apoptosis in rat left ventricle   cardiomyocyte characterized 
by increased expression of caspase-3. Detraining can improve 
heart condition characterized by decreased expression of 
caspase-3.
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Physical exercise is a series of regular exercise 
and movement consciously planned by people 
to improve the functional capacities and then 
improving health status.1 In addition to improving 
health, physical exercise is also beneficial for 
treatment or prevention of disease.2 Physical 
exercise becomes important in everyday life 
because accordingly about 12% of cardiovascular 
diseases are due to lack of physical activity.2 

According to its type and intensity, physical exercise 
will give positive influence on the physiology of the 
heart, such as increased myocardial oxygen supply 
and myocardial contractility. In addition, some 
morphological changes can also be observed, such 
as an increase in left and right ventricle the diameter, 
left atrial dimension, cardiac mass and  thickening 
of the left ventricular wall.3,4 These changes are 
followed by the change in ejection fraction which 
is characteristic of cardiac physiology in athletes 
(athlete’s heart).3-5

Some studies showed the risk of cardiac 
arrhythmias in athlete’s heart, especially cardiac 
arrest caused by pathological changes as a result 
of an increase in wall stress, decreased elasticity, 
impaired left ventricular diastolic relaxation, 
increased left ventricular end-diastolic volume 
and decreased contractility. Whereas the function 
of the heart and blood vessels constantly is 
challenged to meet the metabolic needs of 
skeletal muscle in high intensity physical 
exercise.6-8 Anaerobic exercise might also a trigger 
of myocardial infarction as approximately 4%-
20% of myocardial infarction (MCI) is reported 
to occur immediately after exertion.2   Evidence of 
increased sudden cardiac death and myocardial 
infarction have been reported, with the incidence 
in adults being higher than young people. The 
incidence is 2.62/100,000 cases in men and 
1.07/100,000 in women athletes per year. Risk of 
sudden cardiac death was also 2.5 times higher in 
athletes than those who do not exercise.9,10 

High intensity physical exercise causes an increase 
in myocardial oxygen demand and requires 
more oxygen supply, which can induce cardiac 
hypertrophy both physiological and pathological.11

Animal study in rat showed that physical exercise 
for four days, 10 days, and 13 weeks are associated 
with chronic excessive pressure load on the heart 
that stimulates apoptosis.12

The occurence of cardiomyocyte apoptosis is 
associated with the stretching of cardiomyocytes 
and increased concentrations of neurohormonal 
factors, such as angiotensin II and natriuretic 
factor. Stretching is the mechanical factor that 
plays a role in apoptosis of cardiomyocytes and 
causes morphological changes in the later phases 
of the stages of apoptosis. 13  

Barauna et al14 reported that resistant exercise 
for four weeks induced cardiac hypertrophy 
without changes in heart function.  The opposite 
is reported by Daustar et al15  that training for 
four weeks did not induce excessive damage to 
the heart, because the level of apoptosis and 
infarct size did not change. Siu et al16 stated that 
exercise above 12 weeks did not show increased 
expression of Bax and Bcl-2 (apoptosis induction 
attenuated).  In contrast, Kwak et al17 reported 
that 12-weeks exercise significantly increased 
apoptosis in the left ventricle.  

Apoptotic stimulus is expected to decrease with 
the cessation of exercise or detraining after high 
intensity exercise. Detraining train for four weeks 
can reduce the wall stress of the left ventricle which 
causes a decrease in adaptation and function of 
left ventricular myoctes contractility back just like 
before getting physical exercise.18 High intensity 
exercise has the potential to cause death in athletes, 
due to the occurrence of pathological cardiac 
hypertrophy. Whether the cessation of exercise will 
reduce the risk of death is still questionable.12

In this study, we wanted to verify the hypothesis 
that physical anaerobic exercise will increase 
apoptosis and detraining will decrease the level 
of expression of apoptotic proteins in cardiac 
muscle cells. 

METHODS

This was an experimental study conducted in 
the Department of Physiology and Department 
of Pathology, Faculty of Medicine, Universitas 
Indonesia, Jakarta, Indonesia from May to July 
2014. Wistar rats (Rattus norvegicus) aged 
between 8-10 weeks with body weights ranging 
between 250-350 grams were used. Animal were 
alocated to four groups of anaerobic exercise: four 
and 12 weeks anaerobic exercise (group Exc-4, 
Exc-12) and four and 12 weeks exercise followed 
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by four weeks of detraining (group Exc-4-D and 
Exc-12-D). In addition, we also allocated four 
control groups for each exercise groups, namely 
Ctl-4, Ctl-12, Ctl-4-D, and Ctl-12-D, respectively. 
The control groups were not subjected to exercise, 
but only observed for the same length of period. 

Anaerobic physical exercise was done with animal 
treadmill at 35 meter/min speed, for 15 minutes 
(with 90 seconds break every five minutes of 
exercise). 

At the end of exercise or detraining period, 
the animals were sacrificed by decapitation, 
and the heart was collected and paraffin 
blocks of left ventricle were prepared with 
immunohistochemical staining of caspase-3 as 
indicator of apoptosis.

Expressions of caspase-3 were detected according 
to standard protocol from the Department 
of Pathological Anatomy, Faculty of Medicine 
Universitas Indonesia (Starr Trek HRP-DAB 
or Horseradish Peroxidase Diaminobenzidine 
method).  The primary antibody used was anti-
caspase-3 antibody (Abcam Ab4051) with of the 
optimization 1:100. Primary antibody incubation 

with PBS 0,1% + tween 20 + 5% donor horse 
serum and carried out overnight. 

Photos of immunohistochemistry (IHC) with 
2048x1536 pixels were taken from light 
microscope Leica DM500 with Leica ICC50 HD 
camera (magnification 40x). Five different visual 
fields were taken at random. The data measured 
were the percentage of caspase-3 expression area 
counted using Image J program. 

Data analysis was done by using SPSS 17. 
Normality of caspase-3 expression was tested by 
Saphiro-Wilk method. Comparison among groups 
was done by one-way ANOVA test, followed by 
the least significant different (LSD) as post hoc 
analysis. The protocol of this study has been 
approved by the Research Ethics Committee of 
the Faculty of Medicine, Universitas Indonesia 
(No. 153/PT02.FK/ETIK/2011). 

RESULTS

Positive immunohistochemical results of 
caspase-3 expression were different in each 
group as shown in Figure 1. Increase in the 
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Figure 1. Increase in the percentage area of the expression of caspase-3 (brown in the cytoplasm of rat cardiac left ventricular car-
diomyocytes) in: A. Exc-4;  B. Exc-4-D; E. Exc-12, and F. Exc-12-D. There is a decrease in the percentage area of caspase-3 expression 
in: C. Ctl-4 and D. Ctl-4-D , G. Ctl-12 and H. Ctl-12-D. Positive expression of caspase-3 at human tonsillar tissue (yellow arrow).
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percentage of the expression of caspase-3 (brown 
in the cytoplasm of rat cardiac left ventricular 
cardiomyocytes) is seen in the in group of 
anaerobic exercise and detraining. The percentage 
area of caspase-3 expression in control groups 
were lower than those of exercise groups. 

Figure 2 showed caspase-3 expression in the 
groups of anaerobic exercise and detraining as 
well as in the control groups. Four weeks anaerobic 
exercise was associated with significant increase 
of caspase-3 expression compared to control 
group, with an average. While the difference 
between control and detraining group was only 
8.91%. Between  Exc-12 difference of 44.81% the 
Ctl-12 groups, we obtained an average difference 
of 48.77% (p<0,001). The smaller increase 
(10.95%) was also observed in the group of Ctl-12 
versus Exc-12-D. Further data analysis showed no 
significant difference between the Ctl-4 and Ctl-
12 (p = 0.310) with a mean difference of -3.31%. 
Likewise, between the Exc-4-D and Exc-12-D 
groups (p = 0.835) with an average difference of 
0.69%.

DISCUSSION

Anaerobic exercise for 4 and 12 weeks 
showed significantly increase in apoptosis  as  
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Figure 2. Comparison of average percentage of caspase-3 expression between groups of anaerobic exercise and the correspond-
ing control groups 

* p < 0.05 between groups

indicated by significant increase of caspase-3 
expression. In contrast, detraining process 
was associated with the decrease of caspase-3 
expression approaching the control values of the 
corresponding groups.

Figure 2 showed the average percentage of 
the increase in caspase-3-positive following 4 
and 12 weeks of anaerobic exercise. Different 
exercise procedure in the study of Jin et al12 

showed no increase in the expression of 
apoptosis after physical exercise for 4 days, 10 
days and 13 weeks. They used treadmill running 
exercise of 36 m/min for 60 min/d (5 days/
week) in mice aged 6-8 weeks. The increase in 
the average percent positive caspase-3 in the 
anaerobic physical exercise groups four and 12 
weeks indicates that cardiomyocyte apoptosis 
may play an important role in the early 
stages of cardiac adaptation to pathological 
burden but not for physiological loads. High 
intensity physical exercise requires long-term 
adaptation to work load as well as to high 
demand. Increased left ventricular volume 
during exercise requires a high blood flow and 
left ventricular hypertrophy which can lead 
to high systemic arterial pressure which force 
the heart to make prolonged adjustments.12,19 
Myocardial apoptosis is expected to determine 
the initial stages of cardiac adaptation to 

P
os

iti
ve

 a
va

ra
ge

 c
as

pa
se

-3
 (%

)

Medical Journal of Indonesia



88 Med J Indones, Vol. 24, No. 2
June 2015

physiological and pathological burden. 
Influence of physical exercise on the heart vary 
according to differences in the species, age, 
sex, and duration and intensity of exercise.12 
Duration and intensity of training  are the 
important factors that promote adaptation of 
cardiomyosite.20 

Teiger et al21 founds that apoptosis occurs in the 
first seven days after excessive pressure, with 
a peak at four days, whereas cardiac growth 
continues for more than 30 days. The increase 
of caspase-3 expression indicated that cardiac 
adaptation to pressure overload is mediated 
by cardiomyocyte apoptosis.12 Caspase-3 is an 
executor of apoptosis pathway as a mediator 
between mitochondrial and death receptor 
apoptotic pathway. Stretching cardiomyocyte and 
increased left ventricular wall stress can trigger 
death receptor as characterized by the increased 
expression of Fas protein.22

High-intensity anaerobic physical exercise 
causes an increase of end-diastolic pressure 
due to excessive load and can lead to wall stress, 
which further stimulate sarcomer replication, 
fiber elongation, and enlargement of cardiac 
chamber or eccentric hypertrophy.13 Acute 

increase of wall stress may lead to replication 
of sarcomeres, concentric wall thickening and 
hypertrophy associated with significant increase 
of left ventricular mass.14 According to some 
literatures, the excessive pressure burden can 
also stimulate apoptosis and cause excessive 
expression of growth factors, increased 
collagen deposits and deletion of mitochondrial 
deoxyribose nucleic acid (mtDNA).2,11,21,23  Cell 
growth signal produces conflicting genetic 
request and trigger the apoptotic response. 
Continuous growth stimulation can induce 
cardiomyocyte hypertrophy as a result of loss 
of intracellular survival signals that normally 
suppress the apoptosis.24

Regarding the influence of detraining, Pelliccia 
et al25 reported that ventricular adaptation and 
myocardial contractility returned to normal 
conditions Teiger et al21 after detraining.25 
Detraining can reduce changes in cardiac function, 
fibrosis and susceptibility to arrhythmia.13,18 
However, the size of cardiac chamber and left 
ventricular mass may remain elevated despite 
reduction of dilation by detraining.13 Decrease 

cardiac chamber is hindered due to the expansion 
of interstitial collagen matrix that occur during 
cardiac remodelling in response to chronic 
stretching of the pericardium. Normalization of 
cardiac morphology in athletes occurred long 
after detraining as indicated by the reversibility 
of arrhythmia after cessation of exercise.13,26 
In mice, regression occurs even after only two 
weeks of detraining train which indicates that 
cardiac mass in mice returned to basal state 
after about 21 days of detraining.27 

According to Liu et al28 age may contribute 
to the loss of more than 30% of cardiac 
myocytes without heart disease, and can lead 
to myocardial dysfunction or heart failure.29 
In addition, These authors also reported 
that the expression of protein Bcl-2 and Bax 
increased in the heart of old Fischer-344 
rats under physiological conditions.28 While 
other author reported age-related  increase in 
cardiomyocyte apoptosis without significant 
changes in proteins Bax and Bcl-2.30  Progressive 
apoptosis of left and right ventricles of male 
rats occurred at 6,16, and 24 months of age, 
while  cytochrome C was significantly increased 
at 16 and 24 months compared to six months of 
age.  So, the study on mice aged 4, 8, 12 and 16 
weeks has not demonstrated quite high activity 
of caspase-3 protein.

Stages of myocyte loss may be associated with 
cell death that continuously and constantly 
occur throughout life.26 In humans and animals, 
cardiac aging is characterized by a decrease in the 
number of myocytes with reactive hypertrophy 
and fibrosis of the remaining cells.30 Increased 
apoptosis may be a consequence of a decrease in 
mitochondrial membrane stability and transition 
pore formation due to increasing age, which leads 
to the release of cytochrome into the cytosol, 
and ultimately to activation of caspase-3 and 
caspase-9.30 The loss of cardiac myocytes do 
not always lead to a reduction in cardiac mass. 
Aging process may cause an increase in cardiac 
connective tissue, stiffness/thickness of the wall, 
and loss of elasticity of the heart due to the loss 
or decrease in the number of myocytes. This will 
ultimately affect the contractility of the heart 
muscle.30

In conclusion, an increase in expression of 
caspase-3 after physical anaerobic exercise of 
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4 and 12 weeks showed that anaerobic physical 
exercise causes an increase in the cardiomyocyte 
apoptosis. Increased intensity and duration of 
anaerobic exercise may have harmful effect on the 
heart. Decreased expression of caspase-3 after 
detraining indicates that detraining is important 
for the recovery of cardiac dysfunction.
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