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Effect of Exercise Training on Bcl-2 and Bax Gene Expression in the Rat Heart
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Abstract

Background: Apoptosis or programmed cell death plays an important role in the development of cardiovascular diseases, particularly
heart failure. Current evidence suggests that exercise training may alter apoptosis-related signaling in sensitive somatic tissues such as
the myocardium.
Objectives: The aim of this study was to assess the effect of exercise training on Bcl-2 and Bax genes expression as key molecules involved
in intrinsic pathway of apoptosis in the rat heart.
Materials and Methods: This study was conducted with a two-group experimental design (animal model) and sixteen three-month-old
male rats were selected and randomly divided to two groups of exercise training (n = 8) and control (n = 8). Rats in the trained group
participated in an exercise training program for 12 weeks (10 – 60 m min-1, 24 – 33 min d-1, 15%). The rat hearts were removed forty-eight
hours after the last training session. RNA extraction and synthesis of cDNA was done, and Bax and Bcl2 genes expression was analyzed
through the Real Time-Polymerase Chain Reaction (RT-PCR). Kolmogorov-Smirnov and independent t-test were applied for statistical
analysis of the data (P < 0.05).
Results: The results showed that Bax gene expression and Bax/Bcl2 ratio of the trained group were significantly lower than the control
group, 81% and 89%, respectively (P < 0.05). Moreover, there was no significant difference between the two groups in Bcl2 (P > 0.05).
However, Bcl2 expression was higher in the trained group compared to the control group (11%).
Conclusions: In general, it seems that three-month exercise training was effective in reducing cardiac mitochondrial pro-apoptotic
protein. However, considering the results of the Bcl2 gene expression, more researches are needed to identify effects of exercise trainings
on indices of myocardial apoptosis.
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1. Background
Apoptosis is a highly organized and tightly coordinated
biological process that plays a vital role in monitoring a
variety of non-pathological cellular events (e.g. tissue turnover). Several distinctive morphological characteristics
define apoptosis, including cell shrinkage, plasma membrane blebbing, chromatin condensation, degradation
of chromosomal DNA at inter-nucleosomal intervals, and
formation of apoptotic bodies (1-3). Although apoptosis
is important in regulating cell proliferation and removal
of precancerous cells in adult mitotic tissues (e.g. the
heart, liver and kidneys), deregulation of apoptosis is now
recognized as a mechanism fundamental to numerous
pathologies (1, 4). Apoptosis is very rare in normal myocardium with a reported rate of 0.001-0.002%, however it
is increased in both acute and chronic heart pathologies,
where it seems to play an important role (1). Apoptotic signaling induces apoptosis, primarily through three types of
complex pathways. They include: 1) cytokine/Fas receptordriven pathway, 2) mitochondrial-driven pathway, and
3) endoplasmic reticulum/Ca2+-driven pathway (2, 5-8).

Among them, mitochondrial-mediated pathway, including the Bcl-2 family is the best characterized and believed
to be critical in regulating apoptosis (7-9). The molecular
events that result in the activation and subsequent execution of the apoptotic program are principally controlled
by the balance between pro- and anti-apoptotic signaling,
and this is primarily determined by specific apoptotic
regulatory proteins. The B-cell leukemia/lymphoma-2 (Bcl2) family of upstream regulators of apoptosis includes
crucial intracellular checkpoint proteins in the apoptotic
signaling pathway. The Bcl-2 family members, Bcl-2 associated X (Bax) protein and Bcl-2, have been identified as
putative key proteins involved in the formation of mitochondrial apoptotic channels and also in the regulation of
mitochondria permeability and mitochondrial-associated
apoptotic signaling (2, 5-7, 10). Furthermore, Bax has been
shown to translocate to the mitochondria and expose its
NH2 terminus via a conformational change on induction
of apoptosis. This conformational change permits Bax-Baxoligomerization and insertion of Bax into the outer mito-
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chondrial membrane, which is followed by the rapid release of apoptogenic factors (e.g., cytochrome c) from the
mitochondrial intermembrane space (1, 2, 7). Collectively,
Bax oligomerization is thought to be critical for mitochondrial membrane permeabilization, whereas Bcl-2 opposes
the proapoptotic activity of Bax by preventing Bax-Bax
oligomerization. In between, although different initiator
caspases are recruited in different apoptotic pathways, it
appears that the apoptotic signals finally converge on the
activation of the common effector caspases (e.g. caspase-3
and -7), which cause eventual destruction of the cell (1,
2). Therefore, developing a strategy to protect the heart
against apoptosis-mediated damage is important. In the
recent years, the impact of different exercises and training on apoptosis has gained the interest of many exercise
scientists and researchers, because, in addition to necrotic
cell death, evidence indicates that apoptotic cell death
also occurs with exercise. However, during the last decade,
a number of researchers have reported that regular and
moderate exercise training is able to decrease the level of
apoptosis in adult healthy postmitotic tissues (3, 10-12).
Unfortunately, the results of these studies are also conflicting in some cases. In this regard, Peterson et al. found that
nine weeks of moderate exercise training could reduce the
Bax protein levels, caspase activity and DNA fragmentation in cardiac tissue of obese Zucker rats (7). These findings were supported by Quindry et al., who showed that
treadmill training up-regulated antiapoptotic markers in
the cardiac tissue of rats after Ischemia Reperfusion (IR) injury (8). However, unlike the results of these studies, Xin et
al. showed that long-term endurance exercise can change
cardiac Bcl-2 and Bax mRNA expression, and induce cardiac apoptosis by oxidative stress (13). Therefore, research is
needed to investigate alterations in pro and anti-apoptotic
proteins during long-term endurance training especially
in elite endurance athletes. Alterations in these death/
survival proteins may possibly explain how exercise training partly prevents the loss of cardiac cells or how longterm and strenuous exercise training partly promotes the
apoptosis of cardiac cells. Moreover, improving our understanding about the molecular basis for exercise-induced
cardio-protection will play an important role in developing optimal exercise training interventions for primary
and secondary prophylaxis.

2. Objectives
The purpose of the present study was to determine the
effect of three-month exercise training on Bcl-2 and Bax
gene expression in rat hearts.

3. Materials and Methods
3.1. Animals
An experimental design was employed for this study
and all experimental procedures were performed ac2

cording to the guidelines of the Helsinki declaration and
approved by the Regional Research Ethics Committee of
Tabriz University of Medical Sciences. Sixteen male Wistar rats (Rattus Norvegicus, two-month-old) were obtained
from the Pasteur Institute of Tehran, Iran. The rats were
housed in pathogen-free conditions at 22 ± 2°C, with a
relative humidity of 50 ± 10% for 14 days. They were exposed to a reverse light condition of 12 hours of light and
12 hours of darkness each day and were fed rat chow and
water ad libitum throughout the study period.

3.2. Exercise Training Protocol
All animals were familiarized with walking on a motor-driven treadmill (0%, 10 - 15 m min-1, 5 - 10 min d-1)
daily for 14 days. At the end of this period, animals were
weight matched and randomly assigned to either a sedentary control (N = 8) or an endurance exercise-trained
group (N = 8). The treadmill training program was designed using the oxygen cost of treadmill running data
(14). The training consisted of running during the dark
period (5 d wk-1) at relative exercise intensity (75 - 80%
VO 2peak) during the 12-week training period (Table 1).
Electrical shocks were rarely used to motivate the animals to run. Because handling and placing the animals
on a treadmill may cause non-exercise stress, sedentary
control animals were also placed on the treadmill once
a week to familiarize them with handling and the treadmill environment.

3.3. Tissue Removal
All trained animals were anesthetized with ketamine (90
mg/kg, Intraperitoneally (IP)) and xylazine (10 mg/kg, IP)
and killed 48 hours after the last training session. Sedentary animals were killed at the same time as their partner
trained animals. The cardiac tissues were carefully removed and rinsed in ice-cold physiological saline solution.
The left ventricle was removed and frozen immediately in
liquid nitrogen and stored at -70°C until further analysis.

3.4. Isolation of Total RNA
Fifty milligrams of the left ventricle tissue was homogenized in the presence of 1 mL of AccuZol® (Bioneer,
South Korea). After adding 0.2 mL chloroform, vigorous shaking and incubation on ice was applied for five
minutes. The samples were centrifuged at 13700 g for 15
minutes at 4°C. Next, the clear upper phase containing
the RNA was transferred to a new tube. An equal volume
of cold isopropyl alcohol was added and after inverting
the tube four to five times, samples were incubated at
20°C for 10 minutes before being centrifuged at 13700
g for 10 minutes at 4°C. The supernatant was removed
and the pellet was washed in 1 ml of 80% cold ethanol
followed by centrifugation at 13700 g for five minutes at
4°C. After removing the supernatant, the pellet was airdried and re-dissolved in Diethylpyrocarbonate (DEPC)Gene Cell Tissue. 2015;2(4):e32833
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treated water. Total RNA concentration and purity of
the samples were determined by a Bio-Rad spectrophotometer (Bio-Rad, CA, USA). RNA integrity was verified
by ethidium bromide staining of 28S and 18S ribosomal
RNA bands on 1% agarose gel. After treating RNA with
DNAse, extracted RNA was stored at -70 °C for further
use.

expression of the samples compared to the controls was
calculated according to the following equation, using
the REST© software 2009.

(1)

3.5. cDNA Synthesis

Ratio =

(etarget)

∆c

(Eβ−avtin)

Ttarget(control−sample)

∆c

Ttarget(control−sample)

3.7. Statistical analysis

For this, 1 µL of random hexamer primer (2 µg µL-1)
(Fermentas) was added to 2 µL of extracted RNA (100 ng
µL-1) and a total volume of 10 µL was reached with the
addition of DEPC-water. The mixture was incubated at
65°C for five minutes and chilled on ice. Next, 4 µL of 5
× reaction buffer, 2 µL 10 mM dNTP mix, 1 µL RiboLockTM
RNase inhibitor (Fermentas) and 1 µL of M-MuLV reverse
transcriptase were added followed by incubation at 25
°C for five minutes, at 42°C for 50 minutes and finally
72°C for five minutes. Finally, a 10-µL volume of the cDNA
preparation was diluted to increase the total volume of
the solution to 100 µL and stored at -20°C.

All data were expressed as means ± Standard Error of
the Mean (SEM). The Kolmogorov-Smirnov test was used
to verify normal statistic distributions. Furthermore,
Student’s t test was used to examine differences between
control and training groups. The level of significance was
set at P < 0.05. Statistical analyses were carried out using
the SPSS software (version 19).

4. Results
The Kolmogorov-Smirnov test showed that the data was
normally distributed. The results showed that 12- week exercise training reduced body mass by ~ 11% in the trained
group compared with the control group (P < 0.01). Additionally, the 12 weeks of treadmill exercise increased
heart weight by ~ 5% (P > 0.05) and increased heart/body
weight ratio by ~ 19% (P < 0.01) in the trained group compared with the control (Table 3).
Regarding Bax and Bcl-2 protein expression, the ability for anti-apoptotic Bcl-2 to inhibit the activity of proapoptotic Bax was dependent not only on the expression levels of these proteins, but also on the ratio of Bax
to Bcl-2. The results showed that transcript contents of
Bax in ventricle muscles of the trained group decreased
by ~ 81% when compared with that of the control group
(P < 0.05) (Figure 1). Moreover, we found that Bcl-2
protein expression in ventricle muscles of trained animals increased by 11% when compared with that in the
ventricle of control animals, yet the difference did not
reach statistical significance (P > 0.05) (Figure 2). Additionally, the myocardial Bax/Bcl-2 ratio was significantly
higher (P < 0.01) in the control group compared with
the trained group (~ 89%) (Figure 3).

3.6. Real-time Polymerase Chain Reaction and
Gene Expression Analysis

Real-time PCR was carried out using SYBR® Premix Ex
TaqTM II (TAKARA) following the manufacturer’s instructions. The mixture comprised of 10 µL SYBR green mix, 1.2
µL of cDNA (equivalent to 1.0 ng of total RNA with initial
concentration of 100 ng µL-1), 0.4 µL PCR forward primers and 0.4 µL PCR reverse primer in 10 pmol µL-1, and
millipore water was added to achieve a final volume of
20 µL. The sequences of primers are presented in Tables
2. The Threshold Cycle (CT) was determined manually
for each run. The PCR efficiencies for each set of primers
were determined using serial 10-fold dilutions of cDNA
and resulting plots of CT vs. the logarithmic cDNA dilution, using the efficiency equation (E): E = 10 (-1/slope).
Melting curve analysis was performed for one cycle at
95°C for five seconds, 67°C for 25 seconds, and 99°C for
zero second with a ramp rate of 0.1°Cs-1 and 55°C for 30
seconds. The quantification of mRNA was performed as
a value relative to an internal reference for β-actin. Gene
Table 1. Details of the Exercise Training Protocol Used in This Study
Variables
Exercise duration, min d-1
Treadmill gradea
Treadmill speed, m min-1

Week of Training
1

2

3

4

5

6

7

8

9

10

11

12

10

20

35

45

60

60

60

60

60

60

60

60

15

15

15

15

15

15

15

15

15

15

15

15

24

24

25

25

26

27

28

29

30

31

32

33

aValue unit is %.
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Table 2. Primers Used in Real-Time Polymerase Chain Reaction Gene Expression Analysis
Genes

Primer sequence

F: 5'TATATGGCCCCAGCATGCGA3'

Bcl2

R: 5'GGGCAGGTTTGTCGACCTCA3'
F: 5'ATCCAAGACCAGGGTGGCTG3'

Bax

R: 5'CACAGTCCAAGGCAGTGGGA3'
F: 5'CTCTGTGTGGATCGGTGGCT3'

β-actin

R: 5'GCAGCTCAGTAACAGTCCGC3'

Variables

Body weight, g
Heart, g

Heart/ Body weight,
g/kg

Control (n = 8)

Exercise training
(n = 8)

385.25 ± 29.6

346.22 ± 22.08

1.06 ± 0.13

1.11 ± 0.16

2.77 ± 0.22

3.22 ± 0.28

aData are presented as mean ± SD.

Relative expression
of Bax / β- actin

Control
ET

0.5

Figure 1. Relative Bax Gene Expression in the Control and Exercise Training Groups

2

Relative expression
of Bcl2 / β- actin

1.5

1

Control
ET

Figure 3. Bax/Bcl2 Ratio in the Control and Exercise Training Groups

0

1.5

Control
ET

0.5

0
Figure 2. Relative Bcl2 Gene Expression in the Control and Exercise Training Groups

4

138

0

1.5

1

150

0.5

2

1

136

2

Bax/Bcl2

Table 3. Animal Characteristicsa

Product length, bp

5. Discussion
Our results showed that exercise training could decrease body mass in the trained group. Because of energy
expenditure by regular exercise training, trained rats
showed a decrease of body weight after 12 weeks of training. Exercise training also increased cardiac hypertrophy
including heart weight and heart/body weight ratio (15,
16). Moreover, the present study provides evidence regarding the beneficial role of exercise training on apoptosis in
postmitotic myocytes. We showed that exercise training
attenuates the extent of apoptosis in cardiac tissue when
measurements are taken at 48 hours after the last exercise
session. The results showed that transcript contents of
Bax in ventricle muscles of the trained group were significantly lower than the control group (80%). Moreover, we
found that Bcl-2 protein expression in ventricle muscles of
trained animals increased by 11% when compared with that
in the ventricle of control animals, yet this difference did
not reach statistical significance. Additionally, the myocardial Bax/Bcl-2 ratio was significantly higher in the control
group compared with trained group. The B-cell leukemia/
lymphoma-2 (Bcl-2) families are upstream regulators of
apoptosis. The Bcl-2 family members, Bcl-2 associated X
(Bax) protein and Bcl-2, have been identified as putative
key proteins involved in the formation of mitochondrial
apoptotic channels and also in the regulation of mitochondria permeability and mitochondrial-associated apopGene Cell Tissue. 2015;2(4):e32833
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totic signaling (1, 2, 7). The ratio of pro- to anti-apoptotic
Bcl-2 family proteins (e.g., Bax/Bcl-2) regulates myonuclei
integrity and cell survival by controlling mitochondrial
membrane permeability and activation of caspases (2, 12,
16). The extent for exercise training effects on this family
of factors that suppress apoptosis was previously reported
by Siu et al. (17). The authors showed a 68% increase in the
Bcl-2 content for animals that were trained by running five
days weekly for eight weeks (17). Additionally, Kwak et al.
indicated that the Bax/Bcl2 ratio was significantly upregulated with age and markedly reduced by exercise training
in the left ventricles (6). Mitochondria appear to play a
critical role in regulation of apoptosis in cardiac muscle
cells. This includes mobilization of pro-apoptotic proteins
to the mitochondrial membrane (e.g. Bax) resulting in
a release of mitochondrial-housed factors (e.g. cytosolic
cytochrome c; Ref.) to the cytosol and initiation of downstream apoptotic signaling (7, 9). The importance of mitochondrial permeability was highlighted in recent work by
Fang et al., who showed that blocking the mitochondria
permeability pore reduces the degree of apoptosis after
myocardial infarction (18). This is consistent with the idea
that reduction in Bax or the Bax/Bcl-2 ratio could reduce
apoptosis by minimizing mitochondria permeability. Although the mechanism whereby exercise training acts as
a countermeasure against myocardial apoptosis has not
been fully elucidated, the work by French and coworkers
suggests that this may be due, at least in part, to improvements in antioxidant enzyme activity in the myocardium
including MnSOD activity (19). This is an important observation that highlights the importance of exercise therapy
for improving antioxidant signaling as a means to prevent
apoptosis in response to acute myocardial ischemia/reperfusion. Exercise also appears to reduce apoptotic signaling
under non-ischemic conditions (6, 17) and aging (6), where
oxidative stress would be expected to be much less severe
than under conditions of ischemia/reperfusion. However,
we did not observe significant elevation of Bcl-2 protein expression in the left ventricles of trained young rats when
compared to the control rats. Discrepancies between the
current study and previous studies could be related to
differences in the rats’ age and strain used, apex cordis
vs. whole left ventricle, and exercise training protocols. It
seems that aging hearts are more susceptible to apoptosis
than young hearts and that regular exercise training exerts an anti-apoptotic action in aging hearts (5, 6, 17).
Based upon current findings regarding exercise and
apoptosis in the heart, further investigations as future directions, are required to determine the effects of exercise
training on the upstream cell protective mechanisms in
the heart. For example, exercise training may promote
cell survival proteins including Mn isoform of Superoxide Dismutase (MnSOD), NF
kB, Extracellular Receptor
Kinase (ERK), IGF1/Akt pathway, and Heat Shock Proteins
(HSPs) in the heart (20-22), which may be potential upstream regulators of apoptosis. In general, it seems that
three-month exercise training was effective in reducing
Gene Cell Tissue. 2015;2(4):e32833

cardiac mitochondrial pro-apoptotic protein. The findings of this study suggest that adopting exercise training
as part of a lifelong regimen may provide a more favorable environment to reduce or delay apoptosis in cardiac
muscle. However, given the limitations of this study, such
as using the TUNEL and Western blot method, more researches are needed to identify effects of exercise trainings on indices of myocardial apoptosis.
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