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The Effect of an Aerobic Exercise Course on Cardiac 
Tissue Apoptosis in Adult Male Rats Poisoned With 
Oxygenated Water

Background and Aim: Exercise is a strong physiological stimulus that can directly or 
indirectly affect the process of cardiac apoptosis by affecting some extracellular and 
intracellular signaling pathways. This study aimed to investigate the effect of aerobic 
exercise on cardiac tissue apoptosis in rats poisoned with oxygenated water.

Materials and Methods: In this experimental study, 24 male Wistar rats with a weight 
range of 200-220 g and a mean age of 8-10 weeks were divided into 3 groups, each group 
containing 8 rats: (1) healthy control (HC), (2) toxicant control (TC), and (3) toxic aerobic 
exercise (AE). To induce apoptosis, a 9% oxidant, with a large amount of oxygenated 
water was used by inhalation for 3 hours daily. Twenty-four hours after the last exercise, 
rats were sacrificed, and their tissue samples were isolated and kept at -80 ° C. Then, the 
expression of BAX, Caspase 3, and BCL2 genes in cardiac tissue was measured using RT-
PCR. Kolmogorov-Smirnov statistical test and one-way analysis of variance with Tukey 
post hoc test in SPSS software v. 22 were used to analyze the data (P≥0.05).

Results: Exposure to oxygenated water significantly increased BAX (P=0.001) and Caspase 
3 (P=0.002) and significantly decreased BCL2 gene expression (P=0.001) in cardiac tissue. 
While aerobic exercise decreased levels of BAX (P=0.001) and Caspase 3 (P=0.001) and 
increased BCL2 (P=0.000) in the cardiac tissue of rats poisoned with oxygenated water.

Conclusion: It seems that a period of aerobic exercise with significant changes in the 
expression of genes involved in oxygenated apoptosis can be used as a complementary 
therapy and other methods to modulate the apoptosis of cardiac tissue.
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1. Introduction

poptosis is a type of cell death that 
causes the death of dysfunctional, abnor-
mal, or damaged cells and harmful cells. 
However, when apoptosis is excessive, 
it can lead to abnormal changes in the 

structure and function of the heart [1]. This process 
is carried out by many intracellular and extracellular 
factors that can be in four groups: damage caused by 
various toxins and various radiation, lack or deficiency 
of growth factors and hormones, activation of the li-
gand-receptor binding pathway, and activation through 
immune system cells such as T lymphocytes [2]. Any 
factor that can prevent the normal development of the 
cell creates the ground for apoptosis [2]. On the other 
hand, the influential role of Caspase-3 as a proapop-
totic agent in the unstable reduction of cardiac function 
and damage to myocardial fibers has been shown [3]. 
Activation of Caspase-3 during apoptosis is associated 
with phosphatidylserine expression in apoptosis [4]. 
B-cell Lymphoma 2 BCL-2 molecules have also been 
identified as regulators of proto-oncogenic apoptosis 
in cellular follicular lymphoma, located in the outer 
mitochondrial membrane. Members of this family are 
divided into two groups: 1) anti-apoptotic members, 
including BCL-2 and BCL-XL, and 2) proapoptotic 
members, including BAX, etc. involved in cell apop-
tosis or programmed cell death [3]. 

Hydrogen peroxide (H2O2) is a mild and relatively 
stable oxidant widely used as a reactive oxygen species 
(ROS) marker to evaluate cell responses to oxidative 
stress [5]. There is some evidence to suggest that oxida-
tive stress exerts its destructive impact on cells by dis-
rupting the intracellular signaling pathways of apoptosis 
[6]. The results of several studies indicate that ischemia 
and reperfusion also cause the production of free radicals 
(ROS) and gradually thrombosis, cell death, and coro-
nary artery damage in male rats [7]. Hydrogen peroxide 
(H2O2) is one of the most potent ROSs researchers use 
to simulate oxidative stress. The results of studies have 
shown that oxygenated water causes severe damage to 
cardiac sarcolemma [8]. On the other hand, brief expo-
sure of cardiac cells to H2O2 can stimulate pathologi-
cal mechanisms that lead to cell damage. It also causes 
the release of cytochrome C into the cytosol of cardiac 
cells, which can stimulate cell apoptosis [9]. Therefore, 
ischemia and reperfusion are likely to produce ROS 
and cause apoptosis by disrupting intracellular signal-
ing pathways [6]. In this regard, H2O2 activates a similar 
pathway in apoptosis. Cytochrome C is released from 
the space between the two mitochondrial membranes 

into the cytoplasm in the internal pathway. The mito-
chondrial membrane permeability to Cytochrome C is 
determined by proapoptotic mediators such as BAX and 
the anti-apoptotic BCL2 [6].

Exercise is one of the most important methods for 
preventing and treating cardiac disease [10]. Exercise, 
depending on its type and intensity, can have a positive 
effect on the physiology and morphology of cardiac 
tissue, including the strength of myocardial contrac-
tion, increase in the size of the left ventricular cavity, 
wall thickness, and increase in cardiac mass, which is 
known as (athlete’s heart) [11]. Studies show that exer-
cise is associated with the modulation of programmed 
cell death (apoptosis) of cardiac myocytes [12]. 

In this regard, Habibi et al. showed that 8 weeks of 
swimming exercise reduces apoptosis in the cardiac 
tissue of rats [13]. However, Sun et al. showed that 
one session of swimming activity to exhaustion sig-
nificantly reduces BCL-2 gene expression 6 hours af-
ter exercise but has no effect on BAX and the ratio of 
BAX to BCL-2 [14]. Intensity, duration, and type of 
exercise seem to impact apoptotic activity differently. 
It has also been observed that physical activity and ex-
ercise, due to the increase in cellular oxidation, cause 
the production of free radicals and an increase in ROS, 
which in the long run lead to tissue destruction. On 
the other hand, it has been shown that regular physi-
cal activity with moderate intensity can also increase 
the body’s antioxidant capacity [15]. The present study 
aimed to investigate the effect of aerobic exercise on 
cardiac tissue apoptosis in rats poisoned with oxygen-
ated water in regard to apoptosis, exercise, and the de-
structive impacts of H2O2 exposure on the body.

2. Materials and Methods

This experimental study purchased 24 male Wistar al-
bino rats in the weight range of 200-220 g and the aver-
age age of 10-12 weeks from Pasteur Institute of Teh-
ran, Iran, and transferred them to the sports physiology 
laboratory at Islamic Azad University, Mahallat Branch. 
The present study was performed according to the Na-
tional Institute of Health (NIH) instructions and was ap-
proved and conducted by the ethics committee of the Is-
lamic Azad University of Arak (Code: IR.IAU.ARAK.
REC.1399.043). All rats were kept in clean, sterile cages 
under standard conditions with a 12-hour cycle of dark-
ness and light and a temperature of 19-22°C. Animals 
with a standard laboratory diet of rodents (crude protein 
50.20%-50.19%, fat 3.5%-4.5%, fiber 4%-4.5%, cal-
cium 0.95%-1%, phosphorus 0.7%-0.65%, salt 0.55%-
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5%, lysine 1.15%, methionine 0.33% threonine 0.72% 
tryptophan 0.25%, calories 16.16-16 mg/kg) and tap 
water with unlimited access were fed. After one week 
of adaptation to the laboratory environment, rats were 
randomly divided into 3 groups of 8 including the HC 
group, TC group, and AE group. 

Oxygenated water toxication

For animal toxication, hydrogen peroxide prepared 
from Atosa Oxidant 9% (Grape Oxidant No 60, 1 mL) 
made by Atosa Iran was used. This product contains a 
large amount of H2O2 produced for hair coloring. For 
toxication, the animals had to use the oxidant by in-
halation, so that 60 mg of oxidant was poured into a 
box with an area of 18.75 cm and a volume of 125.103 
cm3, and it was covered with a net and then placed in a 
cage for mice to prevent oral consumption. In this way, 
the rats in the TC group and the AE group inhaled the 
air in the cage where the oxidant box was located. At 
each stage of toxication, 4-5 mice were placed inside 
the cage containing the oxidant. Mice in the toxicant 
groups inhaled the oxidant-containing air inside the 
cage for 3 hours, 3 times a week [16].

Aerobic exercise protocol

In the first stage, rats ran on a treadmill at 5-10 me-
ters per minute for 10 minutes to get acquainted and 
reduce stress. Aerobic exercises were performed on 
a treadmill for 2 minutes at a speed of 10 meters per 
minute to warm up and cool down before and after the 
exercise. The exercise protocol started for 8 weeks and 
5 sessions per week with an intensity of 10 meters per 
minute for 15 minutes with a slope of 5% in the first 
week and gradually increased to 25 meters per minute 
with a slope of 5% for 30 minutes in the last week. A 
speed of 10 meters per minute for 15 minutes with a 
slope of 5% in the first 2 weeks gradually increased to 
15 meters per minute for 20 minutes with a slope of 
5% in the second 2 weeks. The intensity increased to 
20 meters per minute for 25 minutes and a slope of 5% 
in the third 2 weeks and 25 meters per minute for 30 
minutes with a slope of 5% in the fourth 2 weeks [17]. 

Tissue sampling and measurement steps

Twenty-four hours after the last intervention and after 
10-12 hours of fasting, the rats were anesthetized by in-
traperitoneal injection of ketamine (90 mg/kg) and xy-
lazine (10 mg/kg). The chest was then opened, and the 
cardiac tissue was immediately separated and frozen us-
ing liquid nitrogen to be sent to a laboratory. The frozen 

tissues were homogenized at 4°C in the next step. So, 
50 mg of ventricular muscle was homogenized by dis-
solving in 1 mL of ice cell lysis buffer. It was then cen-
trifuged at 4°C for 1 minute at 1000 rpm to separate the 
supernatant. It was then stored in a -80°C nitrogen tank 
in the refrigerator for long-term use. For molecular stud-
ies on gene expression levels, RNA was first extracted 
from the cardiac tissue according to the manufacturer’s 
protocol (Signage, Iran). Then, using the light absorp-
tion property at 260 nm and with the help of the fol-
lowing relationship, the concentration and purity of the 
RNA sample were quantitatively obtained (Equation 1).

1. C (µg/µl)=A260×ɛ×d/1000

After extracting RNA with very high purity and concen-
tration from all studied samples, cDNA synthesis steps were 
performed according to the manufacturer’s protocol, and 
then the synthesized cDNA was used for reverse transcription 
reaction. First, the designed primers related to genes were ex-
amined, and then the expression of genes was examined us-
ing quantitative q-RT PCR. Measurement of gene expression 
of the desired factors from cardiac tissue was designed by 
real-time PCR technique, and all primers were designed by 
Allele IDv7.8 software, and β2m gene (beta 2 microglobulin) 
was used as the internal control. Gene expression values were 
analyzed using the formula 2-ΔΔCt. 

Statistical analysis method

Kolmogorov-Smirnov test was used to evaluate the 
normal distribution of findings, and one-way analysis 
of variance with the Tukey post hoc test in SPSS soft-
ware version 22 was used to analyze the data (P≥0.05).

3. Results

The expression levels of BAX, Caspase 3, and BCL2b 
are presented in Figures 1-3. The results of one-way analy-
sis of variance showed that there was a significant differ-
ence in BAX (P=0.001, F=16.52), Caspase 3 (P=0.002, 
F=14.16), and BCL2 (P=0.001, F=12.29) levels of cardiac 
tissue in the three research groups. The results of the Tukey 
post hoc test showed that the expression of BAX and Cas-
pase 3 genes in the TC group had a significant increase 
compared to the HC group (P=0.001), and the levels of 
BAX and Caspase 3 in the EA group were significantly 
lower than the TC group (P=0.001) (Figures 1 and 2). 
BCL2 levels of cardiac tissue in the TC group were sig-
nificantly lower than those in the HC group (P=0.001), 
while BCL2 levels in cardiac tissue in the EA group were 
significantly higher than those in the TC group (P=0.000) 
(Figure 2).
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Figure 1. BAX concentration of cardiac tissue in different groups

Each group consisted of 8 rats. The data were expressed as Mean±SD. 

*** Significant increase in the TC group compared to the HC group; &&& Significant decrease in the EA group compared to the TC group. 

HC: healthy control group; TC: toxicant control group; EA: toxic aerobic exercise group.
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Figure 2. Caspase 3 concentrations of cardiac tissues in different groups

Each group consisted of 8 rats, and the data were expressed as Mean±SD. 

*** Significant increase in the TC group compared to the HC group; &&&: Significant decrease in the EA group compared to the TC group. 

HC: healthy control group; TC: toxicant control group; EA: toxic aerobic exercise group.
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Figure 3. Concentrations of BCL2 in cardiac tissue in different groups

Each group consisted of 8 rats, and the data were expressed as Mean±SD. Symptom 

*** Significant decrease in the TC group compared to the HC group; &&& Significant increase in the EA group compared to the TC group. 

HC: healthy control group; TC: toxicant control group; EA: toxic aerobic exercise group. 
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4. Discussion

The present study results showed that exposure to oxy-
genated water increases apoptosis in the cardiac tissue 
of rats. Studies have shown that H2O2 causes significant 
changes in cell membranes, and brief exposure of car-
diac cells to H2O2 can stimulate the pathological mecha-
nism leading to cell damage. It also causes the release 
of Cytochrome C into the cytosol of cardiac cells [18]. 
Ischemia and reperfusion are likely to produce ROS, 
which causes apoptosis by disrupting intracellular sig-
naling pathways. Studies have shown that H2O2 acti-
vates a similar pathway in apoptosis. Cytochrome C is 
released from the space between the two mitochondrial 
membranes into the cytoplasm in the internal pathway. 
The permeability of the mitochondrial membrane to cy-
tochrome C by the ratio of proapoptotic mediators such 
as BAX or BAK increases the mitochondrial mem-
brane’s permeability. The pairing of proapoptotic mol-
ecules with an anti-apoptotic index (BCL2 and BAX) 
neutralizes their anti-apoptotic effect [19]. 

In this regard, Janero et al. Showed that H2O2 causes 
serious damage to cardiac sarcolemma. This disorder 
includes phospholipid peroxidation, thiol oxidation, 
and alpha-tocopherol reduction (anti-peroxidation pro-
tein and ATP depletion) [8]. Ramezani et al. also found 
that exposure to oxygenated water increases the apop-
totic index of BAX and Caspase 3 and decreases BCL2 
in lung tissue [20] which is consistent with the results 
of the present study. However, Safarzadeh Gargari et 
al. showed that exposure to oxygenated water did not 
significantly affect cardiac tissue apoptosis variables 
in toxic mice and reported the reason for these insig-
nificant changes in BAX BCL2 proteins increasing of 
MIR-499 in cardiac tissue [9]. 

Another reason for the inconsistency of this study 
with the present study is the type of toxication and the 
amount of toxication in animals. Other results of the 
present study showed that aerobic exercise has a sig-
nificant effect on reducing the expression of BAX and 
Caspase 3 genes and increasing BCL2 in the cardiac 
tissue of rats poisoned with oxygenated water. Stud-
ies have shown that exercise and physical activity are 
among the most well-known factors in preventing and 
treating cardiovascular disease. Studies have shown 
that aerobic exercise directly impacts cardiovascular 
and vascular vessels, including oxygen supply to the 
heart, endothelial function, coagulation factors, and 
inflammatory markers [21]. Habibi et al. showed that 8 
weeks of swimming exercise reduces apoptosis in the 
cardiac tissue of rats [13]. Badkoubeh et al. reported a 

significant decrease in Caspase-3 following 8 weeks of 
aerobic exercise in Arsenic-poisoned rats [22] which is 
consistent with the results of the present study. 

However, in a study, Ramezani et al. showed that aer-
obic exercise has no significant impact on Caspase-3 
in the lung tissue of male rats poisoned with oxygen-
ated water [20]. In a study, Kazemi et al. showed that 
a period of endurance training significantly increases 
the expression of Caspase-3 in mice with breast cancer 
[23]. Also, Li et al. showed that exercise increases the 
rate of apoptosis by increasing Caspase-3 activity in 
stroke mice [24], which is not consistent with the pres-
ent study results. It seems that this root mismatch is in 
the type of subjects or exercise parameters, such as the 
type of exercise, intensity, duration, and the used tissue 
that the studies have used. Caspase-3 control is a com-
plex process and involves several signaling pathways 
of apoptosis. Caspase-3 is activated by activating Cas-
pase-12 via the calcium release pathway or by activat-
ing Caspase-9 in the internal pathway, or by increasing 
serum TNF-α in the external pathway [25]. 

Caspase-3 plays an important role in skeletal muscle 
changes and is essential for separating skeletal muscle 
cells. Thus, maintenance of Caspase-3 activity after 
exercise may be required for other cellular functions, 
such as exercise-induced state change and the sepa-
ration of satellite cells [25], which have not yet been 
studied. The results also showed that aerobic exer-
cise significantly reduced BAX protein and increased 
BCL2 after 8 weeks of aerobic exercise in the cardiac 
tissue of rats poisoned with oxygenated water. In this 
regard, Akbari et al. showed that a period of aerobic 
exercise in water leads to a significant decrease in 
BAX expression and a significant increase in BCL2 
expression of cardiomyocytes in male rats treated with 
hydrogen peroxide [6]. Badkoubeh et al. and Arjmand 
et al. also showed that aerobic and resistance exercise 
significantly reduced BAX gene expression and in-
creased BCL2 expression in the cardiac and endothe-
lial tissues of mice poisoned with arsenic and anabolic 
steroid stanozolol [22, 26]. 

However, Safarzadeh Gargari showed that 8 weeks 
of continuous exercise did not have a significant effect 
on BAX and BCL2 levels and BAX/BCL2 ratio [9]. 
Doustar et al. also examined the effect of four weeks of 
resistance training on cardiac apoptosis and reported 
that resistance training did not affect BAX and BCL2 
cardiac tissue [27] which is inconsistent with the re-
sults of the present study. Among the reasons for the 
inconsistency of the results of the mentioned studies 
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can be the studied tissues, the type of subjects, the 
number of exercise sessions, and the intensity of exer-
cise. According to existing research, BAX and BCL2 
proteins play an important role in modulating the pro-
cess of cell death. BCL2 family members control the 
pathways involved in stimulating apoptotic processes. 
Therefore, any factor that changes the ratio of BAX to 
BCL2 or vice versa leads the environment to apoptosis 
or anti-apoptosis [23]. 

Normally, there is a balance between inhibitory fac-
tors and apoptotic stimuli, but this balance is always 
disturbed in physiological and pathophysiological situa-
tions, one of which is physical activity. It is possible that 
exercise activities can prevent cell death by affecting the 
most important factors affecting the process of apopto-
sis [28]. Studies have shown that increasing BCL2 as an 
antioxidant strengthens the mitochondrial wall and, by 
suppressing BAX, prevents the release of cytochrome 
C, increases the activity of antioxidant enzymes and cell 
immunity, and prevents stress-induced apoptosis by reg-
ulating glycemia and reducing the impact of ROS [29]. 
Due to the reduction of apoptosis in the cardiac tissue 
of rats following aerobic exercise, it seems that various 
methods of reporting cardiac function such as electro-
cardiography, TUNEL apoptosis test method, and mea-
suring oxidative stress levels are among the limitations 
of the present study. These factors can be reported in 
future studies and cardiac tissue apoptosis.

5. Conclusion

Briefly, the present study results showed that oxy-
genated water toxication causes oxidative stress and 
increases cardiac tissue apoptosis. In addition, aerobic 
activity can mediate its protective effect on the heart 
against apoptosis by altering the signaling cascade 
pathway and negatively regulating the expression of 
the apoptotic gene BAX, Caspase-3 and positively 
regulating the expression of the anti-apoptotic BCL2 
gene in cardiac tissue.
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