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Abstract

Background: Exposure to environmental pollution is a very important factor that disrupts human metabolism. Cadmium is one
of the toxic elements of the environment that has deleterious effects on various organs of the body, induces oxidative stress in the
cell, and ultimately causes apoptosis.
Objectives: The aim of this research was to investigate the effect of endurance exercise along with cadmium consumption on the
expression of Bcl-2 and Bax genes in the heart tissue of rats.
Methods: In the present experimental research, 25 rats were randomly selected and divided into five groups of five rats (1) control,
(2) sham, (3) cadmium consumption, (4) endurance training along with cadmium consumption, and (5) endurance training alone.
Groups 3 and 4 received 2 mg/kg of cadmium per day peritoneally and groups 4 and 5 ran on the treadmill for three sessions of 60
minutes per week for eight weeks. For statistical analysis, Kolmogorov-Smirnov, One-way ANOVA, and Tukey’s post hoc tests were
used (P ≤ 0.05).
Results: Cadmium significantly reduced the Bcl-2 gene expression (P = 0.003) and increased the Bax gene expression (P = 0.001)
in the heart tissue of rats. On the other hand, endurance training significantly increased the Bcl-2 gene expression (P = 0.002) and
reduced the Bax gene expression (P = 0.002) in the heart tissue of the rats.
Conclusions: Eight weeks of endurance training can improve the Bcl-2 and Bax gene expressions in the heart tissue of rats exposed
to cadmium.
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1. Background

Exposure to environmental pollution is a very impor-
tant factor that disrupts human metabolism. In this re-
gard, cadmium as a heavy and highly toxic metal that is
produced abundantly in industrial and agricultural activ-
ities (1) and causes pulmonary, liver, kidney, bone, respi-
ratory, and immune system toxicity and impairs the func-
tion of these tissues, as well (2). The acute oral lethal con-
centration of cadmium has not been recorded for humans,
but it would be about a few hundred milligrams (3). Cad-
mium causes oxidative stress in the cell so that its toxic ef-
fects can cause the oxidation of membranes, organelles, or
phospholipids, which subsequently leads to cellular dys-
function or apoptosis (4). Apoptosis plays a critical role in
monitoring different types of non-pathological events and
is a naturally planned biological process for the removal of
damaged cells (5, 6). Cells that suffer from apoptosis are
characterized by numerous morphological changes, such

as cellular shrinkage and contraction, germination of the
plasma membrane, organized nucleic rupture, and cellu-
lar fragmentation. One of the pathways involved in the in-
duction of apoptosis is controlled by Bcl-2 family members
and, by activating Bax, leads to the permeability of the mi-
tochondrial membrane (7). Regarding the effect of exer-
cise on apoptotic indices, it has been shown that in ovariec-
tomized rats, long-term endurance training could signif-
icantly decrease Bax, Bad, t-Bid, activated caspase-9, acti-
vated caspase-3, and cytosolic cytochrome-C (8). 12 weeks
of endurance training with 15% gradient significantly in-
creased the Bcl-2 gene expression in trained rats (5). Three
months of exercise on a rats’ special treadmill significantly
reduced Bad, Bax, and Bax to Bcl-2 protein ratio, as well
as activated caspase-9 and activated caspase-3 (9). Six ses-
sions of one hour per week for 13 weeks of aerobic train-
ing significantly increased anti-apoptotic (Bcl-2) gene ex-
pression and significantly reduced apoptotic factor (Bax)
expression (10). Moreover, regarding the effect of exercise
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on cadmium toxicity, the research has shown that five ses-
sions of 60 minutes per week for three weeks of swimming
endurance training with silymarin consumption reduced
the apoptotic indices of pregnant rats poisoned with cad-
mium, but swimming training had no significant effect
on changes in apoptotic indices in pregnant rats poisoned
with cadmium (11). Five sessions a week and each session
for 60 minutes of swimming endurance training led to a
significant increase in the hypoxia-inducible factor (HIF) in
the liver of pregnant rats (6).

It is inevitable to be aware of the threats of contact with
toxic substances and find ways of minimizing their harm-
ful effects.

2. Objectives

Considering the lack of sufficient information about
the effect of endurance training on some apoptotic in-
dices, the aim of this research was to investigate the effect
of endurance training along with cadmium consumption
on Bcl-2 and Bax gene expression in the heart tissue of rats.

3. Methods

In the present experimental study, 25 male Sprague-
Dawley rats aged eight weeks were purchased and trans-
ferred to the sports physiology lab of Islamic Azad Univer-
sity, Marvdasht branch. After one week of adaptation to the
laboratory environment, the rats were randomly assigned
to five groups of five rats (1) control, (2) sham, (3) cad-
mium consumption, (4) endurance training along with
cadmium consumption, and (5) endurance training alone.
Rats in groups 3 and 4 received peritoneally 3 mg/kg of cad-
mium per day for eight weeks (12). Groups 4 and 5 per-
formed three sessions of endurance training per week (13).
Rats in group 2 received peritoneal cadmium solvent (nor-
mal saline) throughout the study period. Endurance train-
ing included three sessions of 60 minutes per week for
eight weeks of running on a treadmill at 65% - 75% of max-
imum oxygen uptake (VO2max). Based on the endurance
training protocol, the rats in each session first warmed up
to 50% to 60% of the VO2max on the treadmill for five min-
utes. Then, they performed endurance training with an in-
tensity of 65% of the maximum speed in the first week, 70%
of the maximum speed in the second week, and 75% of the
maximum speed from the third week onward. At the end,
the rats performed five minutes of cooling at 50% to 60%
of the VO2max. Initially, the standard rising test of Bedford
et al. was used to determine the VO2max (14). This test in-
cluded 10 three-minute steps. The speed of the first stage
was 0.3 km/h and at the later stages, 0.3 km/h was added

to the speed of the treadmill; at all the stages, the slope
was zero. At any stage of the test when the animal was no
longer able to continue, the velocity at that stage was re-
garded as the speed of the animal at the VO2max. In the end
of the study period, 48 hours after the final exercise ses-
sion, all rats were anesthetized by xylazine and ketamine,
and then their heart tissues were taken to measure their
histochemical variables. For molecular analysis at the gene
expression level, the RNA of the heart tissues was first ex-
tracted according to the manufacturer’s protocol (Cinna-
Gen, Iran). Then, by drawing a standard curve based on
light absorbance at the wavelength of 260 nm, the concen-
tration and degree of purity of the RNA sample were quan-
titatively determined using the following equation:

(1)C

(
µg

µL

)
= A260× ε× d

1000

After extracting RNA with high purity and high concen-
tration from all of the samples, cDNA synthesis steps were
taken according to the manufacturer’s protocol, and the
synthesized cDNA was used for reverse transcription reac-
tion. Initially, the designed primers for genes were exam-
ined and then, gene expressions were examined by quanti-
tative q-RT PCR method. The sequences of the primers used
in the study were:

Bcl-2 (f): ACTTTTAGGCGTGGCTGATG
Bcl-2 (r): TTTTGCTGCTCACTGTATTTTATTTT
Bax (f): GCA AAC TGG TGC TCA AGG
Bax (r): CAG CCA CAA AGA TGG TCA
To investigate the normal distribution of the findings,

the Kolmogorov-Smirnov test was used. For analyzing the
findings, the statistical tests of One-way ANOVA and Tukey’s
post hoc were employed (P ≤ 0.05).

4. Results

Bcl-2 and Bax gene expression levels are shown in Fig-
ures 1 and 2. The results of One-way ANOVA in Table 1
showed significant differences in the Bcl-2 (F = 16.12, P =
0.001) and Bax (F = 52.97, P = 0.001) gene expression lev-
els between the five groups of rats. The results of Tukey’s
post hoc test in Table 2 showed that there was no signif-
icant difference between the Bcl-2 gene expression level
of the control group and those of the sham group (P =
0.95) and endurance training with cadmium consumption
group (P = 0.99). However, the Bcl-2 gene expression was
significantly lower in the cadmium consumption group
than in the control group (P = 0.003), but it was signif-
icantly higher in the endurance training group than in
the control group (P = 0.01). The Bcl-2 gene expression
was significantly higher in the endurance training group
than in the cadmium (P = 0.001) and endurance training
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with cadmium consumption groups (P = 0.02). The Bcl-2
gene expression in the endurance training with cadmium
consumption group was significantly higher than that of
cadmium consumption group (P = 0.002). In addition,
the results of this test showed that there was no signif-
icant difference between the Bax gene expression of the
control group and those of the sham (P = 0.75) and en-
durance training with cadmium consumption groups (P =
0.08). However, the Bax gene expression was significantly
higher in the cadmium consumption group than in the
control group (P = 0.001), but it was significantly lower in
the endurance training group than in the control group (P
= 0.01). The Bax gene expression was significantly lower in
the endurance training group than in the cadmium con-
sumption group (P = 0.001). However, there was no sig-
nificant difference in the Bax gene expression between en-
durance training group and endurance training with cad-
mium consumption group (P = 0.94) and the Bax gene ex-
pression of the endurance training group with cadmium
consumption was significantly lower than that of the cad-
mium consumption group (P = 0.002).

5. Discussion

The findings of the study showed that endurance train-
ing increased Bcl-2 gene expression and reduced Bax gene
expression in rats. It has been noted that apoptosis can
be a multi-stage and program-dependent process (15). Var-
ious intracellular portions, including the plasma mem-
brane, Golgi complex, mitochondria, and nucleus, are
some molecules that are involved in the apoptosis pro-
gram. Physical activity through the mitochondrial path-
way can improve apoptosis in the heart of rats. It seems
that physical activity by reducing ROS and preventing the
resulting loss of cytochrome C within mitochondria is ben-
eficial in reducing cardiac apoptosis (15). Consistent with
the present study, Sharafi and Rahimi’s study in 2012 indi-
cated that a resistance training session with 80% of one RM
could be effective in regulating and preventing apoptosis
(16). Huang et al. in 2016 showed that the levels of acti-
vated caspase-3, activated caspase-9, cytosolic cytochrome-
C, t-Bid, Bax, Bad, and Bak significantly reduced in ovariec-
tomized rats and trained rats (8). Jafari et al. showed that 12
weeks of endurance training with a 15% gradient increased
Bcl-2 gene expression and reduced Bad, Bak, and Bax in rats
(5). In 2012, Lee et al. showed that the protein levels of
Bax to Bcl-2, Bax, and Bad were lower in trained Zucker rats
than in untrained rats (9). In 2014, Santana et al. showed
that after 13 weeks of aerobic training, the expression of
mRNA of the Bad gene significantly reduced, but its pro-
tein reduction was not significant. In addition, the results
showed that exercise significantly increased the (Bcl-2)

anti-apoptotic genes expression and significantly reduce
the (Bax) apoptotic factor gene expression (10). The results
of this study showed that cadmium consumption signifi-
cantly decreased the Bcl-2 gene expression and increased
the Bax gene expression in rats. On the other hand, en-
durance training in cadmium-infected rats increased the
Bcl-2 gene expression and decreased the Bax gene expres-
sion in rats when compared to the cadmium consumption
group. Cadmium with high oxidative stress capacity in-
duces apoptosis in human and animal cells (17). This study
was consistent with some other studies. In the studies by
Mirdar et al. (6) and Meydar et al. (11), it was shown that
receiving 1, 2, and 4 mg/kg of body weight cadmium re-
sulted in a significant reduction in the Bcl-2 expression and
a significant increase in Bax of rats. In addition, they de-
clared that the increase in apoptosis induced by cadmium
is probably due to mitochondrial targeting. The main
pathway for increasing mitochondrial-dependent apopto-
sis is based on the activity of caspases mediated by the con-
tinuous release of mitochondrial cytochrome C. Following
various pressures leading to the release of Ca2+ ions from
the endoplasmic network, mitochondria play an impor-
tant role in the collection of these cytosolic calcium ions.
In fact, the rapid release of Ca2+ from the endoplasmic lu-
men implies the permeability of the mitochondrial mem-
brane and stimulates the apoptotic responses. Mitochon-
dria are the main actor in the apoptosis process, and this
is done through the integration of death signals by pro-
teins belonging to the family of cell B lymphoma (11). Con-
trolling the transfer of proteins through the endoplasmic-
Golgi network secretion pathway or the accumulation of
unfolded proteins in response to stressors leads to their
competitive binding to the ER lumen chaperones, Bip/GRP
78 (binding protein)/(73 kDa glucose-regulated protein).
This issue causes chaperone displacement and separation
from serine-threonine Ire-1αkinase existed on the ER mem-
brane, which allows the kinase to dimerize and phospho-
rylate its cytosolic trace (autophosphorylation). Then, the
cytocellular part of this kinase, by presenilin-1 (PS-1), under-
goes a proteolytic breakdown and is transmitted to the nu-
cleus, where it is specified to increase the transcription of
ER chaperones (such as Bip and calreticulin) and the tran-
scription factor CHOP/GADD 153 (C/EBP homologous pro-
tein)/(growth arrest and DNA Damageinduciblegene 153).
The transcription factor CHOP/GADD 15332 reduces the Bcl-
2 gene expression and leads to the initiation of mitochon-
drial apoptosis (7). Regarding the effects of exercise on
cadmium-induced apoptotic indices, some studies have
suggested that submaximal endurance training by mod-
ulating the negative effects of cadmium in the body can
protect the heart tissue (14). In addition, Mirdar et al. in
a study on cadmium-poisoned pregnant rats found that
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Figure 1. Bcl-2 gene expression in the heart tissue of rats in research groups. * A significant increase in the cadmium consumption group compared to the control group. € A
significant increase in the endurance training with cadmium consumption group compared to the cadmium consumption group. ¥ A significant increase in the endurance
training group compared to the control group.

Table 1. Comparison of Bcl-2 and Bax Gene Expressions in the Rats of Five Groups of Research

Factor Sum of Square df Mean of Square F P

Bcl-2 16.21 0.001

Between group 0.08 4 0.002

Within group 0.02 20 0.001

Total 0.10 24

Bax 52.97 0.001

Between group 0.06 4 0.01

Within group 0.006 20 0.001

Total 0.07 24

performing endurance training lad to a significant reduc-
tion in cadmium levels in the body of this species (18). This
means that the duration and intensity of aerobic exercise
in the present research (with moderate intensity and rel-
atively long duration) were important factors in the im-
provement of apoptotic indices in the heart tissue. In

another study, Mirdar et al. stated that swimming train-
ing could have positive effects on cadmium-induced liver
apoptotic indices, and swimming sport somewhat could
counteract cadmium-induced apoptosis (6). On the other
hand, there is a discrepancy between the present study and
the study of Olah et al. in which they reported that three
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Figure 2. Bax gene expression in the heart tissue of rats in research groups. * A significant increase in the cadmium consumption group compared to the control group. € A
significant reduction in the endurance training with cadmium consumption group compared to the cadmium consumption group. ¥ A significant reduction in the endurance
training group compared to the control group.

hours of compulsory swimming induced an increase in the
Bax to Bcl-2 ratio and the mitochondrial matrix system im-
paired by acute exhaustive exercise (19). Among the rea-
sons for incompatibility of the mentioned study with the
present study, we can point to the intensity and duration of
the training in the studies, which included eight weeks of
moderate intensity training in the present study while in
Olah et al.’s study, it comprised one session of high- inten-
sity resistance training. Some of the limitations of this re-
search were the lack of measurement of cadmium uptake
and the lack of control of animal’s nocturnal activities.
In the present study, despite the existing limitations, en-
durance training could improve cadmium-induced apop-
tosis. Therefore, the controlled review of inexpensive, safe,
non-pharmacologic strategies such as physical activities,
especially in the presence of other pollutants in animal
species in a longer term, can be effective as fundamental re-
search to be considered for human research in the future.

5.1. Conclusions

Regarding the results of the present study, it appears
that eight weeks of endurance training result in the im-
provement of Bcl-2 and Bax gene expressions in the heart
tissue of rats exposed to cadmium toxicity.
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Table 2. Comparison of Bcl-2 and Bax Gene Expressions in the Rats of Five Groups of Research

Group Sham Endurance Training Cadmium Consumption Endurance Training with Cadmium Consumption

Bcl- 2

Control

M 0.01 -0.08 0.09 -0.005

P 0.95 0.01 0.003 0.99

Sham

M - -0.09 0.08 -0.02

P 0.003 0.01 0.88

Endurance training

M - - 0.17 0.07

P 0.001 0.02

Cadmium consumption

M - - - -0.10

P 0.002

Bax

Control

M 0.01 0.03 -0.10 0.03

P 0.75 0.01 0.001 0.08

Sham

M - 0.02 -0.11 0.01

P 0.20 0.001 0.56

Endurance training

M - - -0.14 -0.008

P 0.001 0.94

Cadmium consumption

M - - - 0.13

P 0.001
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