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ABSTRACT
Introduction: It has beenproposed that regular aerobic exercisetraining and medicinal
plants are able to reduce oxidative damage resulted from toxin metal poisoning such as
arsenic which is a significant risk factor in the heart diseases. The purpose of this
research is to evaluate the simultaneous effect of regular aerobic exercise training and
pumpkin extract on oxidative stress of the heart and endothelial cells of the aorta in rats
poisoned with arsenic.
Materials and Methods: 56 male Wistar rats were divided into seven groups including
TC (toxic control); AE (aerobic exercise training); TAP1 (toxic aerobic exercise training +
300 mg/kg/day pumpkin seed extract consumption); TAP2 (toxic aerobic exercise
training + 600 mg/kg/day pumpkin seed extract consumption); TP1 (300 mg/kg/day
toxic pumpkin seed extract consumption); TP2 (600 mg/kg/day toxic pumpkin seed
extract consumption), and HC (healthy control). The intervention was performed based
on the groups' categorization. 24 hours after the last intervention the samples were
collected. Statistical analyses were performed using one and two-way analysis of
variance (ANOVA).
Results: The results showed that exercise training increased GSH (p= 0.0001) and
GSSG (p= 0.0001) and declined MDA levels (p= 0.0001) in the aortic endothelial cells and
heart tissue. Also, pumpkin seed extract consumption induced a significant increase in
GSH (p= 0.0001) and GSSG (p= 0.0001) and decreased MDA levels (p= 0.0001) in the
aortic endothelial cells and heart. On the other hand, interaction of exercise training and
pumpkin seed extract consumption increased GSH (p= 0.0001) and GSSG (p= 0.0001) and
decreased MDA levels (p= 0.0001) in the aortic endothelial cells and heart.
Conclusion: It is concluded that concurrent of pumpkin seed extract consumption and
aerobic exercise training could intensify mutual antioxidant effects in oxidative stresses
such as cardiac disorders caused by arsenic poisoning.

► Badkoobeh Hezaveh, M., Abedi, B., Rahmati-Ahmadabad, S. Effects of aerobic training and pumpkin seed extract consumption on the heart and
aorta oxidative stress biomarkers: A case of rats exposed with arsenic. J Cardiothorac Med. 2021; 9(1): 747-754.

Introduction:

Today, due to population explosion and
the need to food and other living facilities,
humans have changed the environment to
meet their needs. Factories and roads use

further surface and underground water
resources and mining has made the
environment contaminated with all kinds of
toxic metals and other pesticides. Among the
chemical pollutants, arsenic is a significant
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element
existing
in
drinking
and
underground waters which happens to be
dissolved in different layers of soil. One of
the most important global health problems is
the concentration of arsenic in underground
and drinking waters (1). Inorganic arsenic
exists in the form of arsenic and arsenate in
drinking water. Unfortunately, arsenic, as a
carcinogen, can be absorbed through skin,
respiratory and digestive systems, and has
appeared as a threat to humans and animals
health. Poisoning by arsenic would happen
in both acute and chronic forms. The main
attributes of acute arsenic poisoning include
serious damage to the digestive system and
cardiovascular disorders (2).
Notably, arsenic is able to inhibit about
200 synthesizing and modifying enzymes
involved in cellular energy metabolization.
Mineral arsenic or its metabolites may
induce oxidative stress, altering the gene
expression interfering with the cellular
signaling. Arsenic leads to the formation of
reactive oxygen species and induction of
oxidative
stress
through
affecting
antioxidant system (3). Oxidative stress is an
imbalance between the production of free
oxygen radicals and the body's antioxidant
capacity, which plays an important role in
the pathophysiology of the heart (4). The
antioxidant system plays an important role
in damages caused by free radicals.
Antioxidant defense system contains nonenzymatic and key enzymatic antioxidants
agents including superoxide dismutase
enzyme (SOD), catalase enzyme (CAT) and
glutathione (5). Glutathione is one of the
non-enzymatic antioxidants found in cytosol
and mitochondria which involves in
detoxification of the cell, antioxidant defense
and modulation of cell proliferation.
Glutathione could be found in both forms of
GSH and GSSG (glutathione-disulfide), so
that the excessive release of free radicals can
lead to reduced levels of GSH or
accumulation of GSSG in the cell (5).
Arsenic induces oxidative stress by
increasing
malondialdehyde
(MDA).
Malondialdehyde is a tri-carbon aldehyde
and an important product of unsaturated
fatty acids degradation. Malondialdehyde
can also be produced from membrane lipids
peroxidation and is a marker for oxidative
heart damage (3). Myocardium is one of the
748

Badkoobeh Hezaveh, M, et al

most vulnerable tissues of chronic oxygeninduced oxidative damage due to continuous
activity. Oxygen-reactive species (ROS)
include superoxide, peroxide and hydroxyl
as the main cause of the heart muscle
damage and cause many changes such as
weakening
of
contractile
function,
arrhythmias and changes in gene expression.
It has also been shown that ROS can
interfere with the integrity of endothelial
cells. Increased oxidative stress in the heart
failure has been observed to cause
inflammation and endothelial dysfunction
doing an important role in the development
of congestive heart failure (CHF) (6). ROSinduced dysfunction of endothelial function
includes activation of the complement
system and production of proinflammatory
cytokines, prostacyclin, thromboxane A2 and
platelet factors, as well as increased
expression of adhesion molecules (7).
Myocardium is highly defenseless to free
radicals due to high oxygen consumption
and weak antioxidant systems (8). Recent
studies have demonstrated that performing
regular
aerobic
exercises
promotes
compensation and protection responses to
oxidative stress injuries by increasing the
expression of antioxidant-enzyme genes (9),
so that aerobic activity increases the size of
the heart, blood and plasma volume and
level of anti-oxidative enzymes, and
subsequently these factors lead to optimum
oxygen consumption. Furthermore, aerobic
exercise performance makes people less
likely suffer from oxygen constraints and,
and consequently, do a certain activity with
lower
oxygen
consumption.
Aerobic
exercises have created some kind of
compatibilities with antioxidant and repair
systems, which results in a significant
reduction of oxidative stresses (10). One of
the most important sources of antioxidant
compounds are plants which have a wide
range of scavenging molecules of free
radicals. Interestingly, natural antioxidants
such as plants, increase the strength of body
antioxidants defense and also reduce the risk
of cancer and cardiovascular disease (11).
Pumpkinseeds (Cucurbitapepo L.) is an
annual
and
crawling
plant
from
theCucurbitaceae family. The nutritional
value of pumpkin is very high and its fruit is
rich in antioxidants such as beta carotene (a
J Cardiothorac Med. 2021; 9(1):747-754
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major source of vitamin A), vitamins E and C,
andsalts and minerals including selenium,
calcium,
manganese,
magnesium,
potassium,iron, zinc, as well as omega-3 and
omega-6 unsaturated fatty acids like linoleic
acid, oleic acid and many fibers (12).
Pumpkin has potent antioxidant activity due
to phenolic compounds, tocopherols and
zinc. Many reports have displayed that
pumpkin extract is a useful compound for
heart health, lowering blood pressure and
lowering blood lipids because of its essential
fatty acids, proteins, salts and vitamins, as
well as antioxidants and phytoestrogens
(13). Importantly, unsaturated fatty acids
such as linoleic acid and oleic acid in
pumpkin have been observed to be
associated with a significant reduction of
cardiotoxicity by decreasing the production
of cyclooxygenase enzyme in animal models
(14).
Regarding protective potential of pumpkin
and the effect of this plant on inflammation
and vascular factors, as well as advantages of
regular
aerobic
exercises
on
the
cardiovascular system, this study aimed to
examine the effect of simultaneous regular
aerobic exercise training and pumpkin seed
extract consumption on the oxidative stress
of the heart and aorta endothelial cells in
rats infected with arsenic.
Materials and Methods
Animals and Ethics
In this study, 56 male Wistar rats (6-8
weeks old and weighing 220-240 g) were
used. They were kept in an animal roomat
19-22° Cin 12:12h light-dark cycle. Animals
were fed with standard rodent laboratory
diet (crude protein 19.50–20.50%, fat 3.5–
4.5%, Iibre 4–4.5%, calcium 0.95–1%,
phosphorus
0.65–0.7%,
salt0.5–0.55%,
lysine 1.15%, methionine 0.33%, threonine
0.72%, tryptophan 0.25%, energy 16.16–17
mJ/kg) and tap water. All animal
experimentations were approved by the
Ethical Committee of Arak Branch, Islamic
Azad
University
(Ethic
code:
IR.IAU.ARAK.REC.1398.012) and were in
accordance with National Institutes of
Health (NIH) guidelines as well.
J Cardiothorac Med. 2021; 9(1): 747-754
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Experimental Design
Rats were randomly divided into seven
groups of eight animals, and based on
receiving regular aerobic exercise and/or
pumpkin seed extract consuption were
categorized as: 1) TC (toxic control); 2) AE
(aerobic exercise training); 3) TAP1 (toxic
aerobic exercise training + 300 mg/kg/day
pumpkin seed extractconsumption); 4) TAP2
(toxic aerobic exercise training + 600
mg/kg/day
pumpkin
seed
extract
consumption); 5) TP1 (300 mg/kg/daytoxic
pumpkin seed extract consumption); 6) TP2
(600 mg/kg/daytoxic pumpkin seed extract
consumption), and 7) HC (healthy control)
groups.
To induce oxidative stress in the rats, all
groups except HC were exposed to 25 ppm
arsenic as sodium arsenite per day in
drinking water for 16 weeks (15).
Regular aerobic exercise training
protocol
Firstly, all rats were familiarized with
running on the treadmillwith 5% inclineat a
speed of 5-10m/min and 10 min/day for one
week. Aerobic exercise training began with
warm-up and terminated with cool-down
both of which consisted of 2 min running at
10 m/min. Then the main running started
with 10 m/min, with 5% incline for 10
min/day, so that the speed and time were
gradually increased up to 15m/min for 20
min/day for two weeks. In the last 2
sessions, the intensity of aerobic activity
reached 25m/min for 30 min/day (16).
Pumpkin seed preparation (crude
extract)
Iranian oil-free pumpkin seed (coldpressed oil) was purchased from PAKAN
BAZR Co., Isfahan, Iran. In the first step, 10 g
of grinded seeds was mixed with 70%
alcohol in a blender and incubated for 72 h
at room temperature. Then ethanol liquid
was separated with Whatman® Anotop® 10
syringe Iilters 0.02 μm paper. The pumpkin
seed extract was fed to rats by specific
gavage at a dose of 300 and 600 mg/kg/day,
so that rats in the supplemental groups
(groups 3-6) received 300 mg/kg/day and
600 mg /kg/day of pumpkin seed extract for
8 weeks by oral gavage.
Autopsy Procedures
24 hours after the last intervention during
which rats were fasting for 10–12 hours,
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they were anesthetized by intraperitoneal
injection of a combination of Ketamine (90
mg / kg) and Xylazine (10 mg / kg). The
chest was then opened and the heart and
aorta were immediately separated and
frozen using liquid nitrogen in order to send
to lab. Next, the tissues were defrosted and
homogenized at 4° C, so that 50 mg of
ventricle was homogenized on ice via
dissolving in 1 ml of cell lysis buffer. Then
they were centrifuged at 4° C for 1 minute at
1000 rpm and the supernatants were
separated and then stored in a nitrogen tank
at -80° C in the refrigerator for long-term
use.
Measurement of lipid peroxidation
Malondialdehyde (MDA), as a marker of
lipid peroxidation and oxidative stress, was
determined by measuring the thiobarbituric
acid-reactive substances (TBARS). In this
method, MDA was measured by its reactivity
with TBA in acidic conditions to generate a
pink colored chromophore, which was read
spectrophotometrically. In brief, the samples
were mixed with 1 mL 10% trichloroacetic
acid and 1 mL 0.67% thiobarbituric acid.
Then, the samples were heated in boiling
water for 15 min, and next, N-butanol (2:1, v:
v) was added to the solution. After
centrifugation (at 900g for 5 min), TBARS
were assessed by solution absorbance at 532
nm (17).
Glutathione cycle components
Since GSSG is considered as an indicator of
oxidative stress and GSH as an indicator of
cell antioxidant capacity, GSSG to GSH ratio
is recognized as a useful indicator for
determining cellular oxidative state. To
investigate the glutathione reduction,
glutathione oxide was used and measured
from a specific tissue kit of Zell Bio Company
(ZB-MDA96, Germany) using ELISA technique
(18).
Statistically analyses
Statistical analyses were performed using
SPSS
software
22,
USA.
The
normaldistribution
of
variables
was
confirmed using theShapiro–Wilk test. All
data were reported as means ± standard
deviation (SD) which were analyzed using
One-way ANOVA to determine the difference
between the healthy-control and toxic–
control groups. Moreover, the main effect of
aerobic exercise training, main effect of
750
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pumpkin
extract
consumption,
and
interaction of exercise training and the
supplement
consumption
(exercise
supplement) was revealed by two-way
ANOVA. Meaningful effects were followed by
the least significant difference post hoc test,
so that the effect size was calculated. The
statistical significance was considered
P ≤ 0.05 for all the statistical calculations.
Results
The results of one-way ANOVA indicated
that there was a significant difference
between the healthy-control and toxic–
control groups regarding the present study
variables (Table 1).
The independent effect of exercise
training, independent effect of pumpkin seed
extract consumption, and combined effect of
exercise training and pumpkin seed extract
consumption were analysed using two-way
ANOVA. Consequently, the results showed
that exercise training increased GSH
(F1,44=8.43, p= 0.0001, eta=0.38) and GSSG
(F1,44=7.01, p= 0.0001, eta=0.28) and
declined MDA (F1,44=6.016, p= 0.0001,
eta=0.30) level in the aortic endothelial cells
(Figure 1). Also, pumpkin seed extract
consumption induced a significant increase
in GSH (F1,44=8.43, p= 0.0001, eta=0.38) and
GSSG (F1,44=8.01, p= 0.0001, eta=0.41) and
decreased MDA (F1,44=7.86, p= 0.0001,
eta=0.32) levels in the aortic endothelial
cells (Figure 1). Interaction of exercise
training and pumpkin seed extract
consumption increased GSH (F1,44=7.45, p=
0.0001, eta=0.39) and GSSG (F1,44=7.89, p=
0.0001, eta=0.34) and decreased MDA
(F=6.95, p= 0.0001, eta=0.37) levels in the
aortic endothelial cells (Figure 1). Moreover,
data on the heart tissue cells indicated that
exercise training augmented GSH (F1,44=7.29,
p= 0.0001, eta=0.32) and GSSG (F1,44=7.59,
p= 0.0001, eta=0.37) and diminished MDA
(F1,44=7.22, p= 0.0001, eta=0.33) (Figure 2).
Also,pumpkin seed extract consumption
triggered a considerable increase in GSH
(F1,44=8.02, p= 0.0001, eta=0.35) and GSSG
(F=7.88, p= 0.0001, eta=0.34) and decreased
MDA (F1,44=8.11, p= 0.0001, eta=0.33)
(Figure 2). Eventually, simultaneous exercise
training and pumpkin seed extract
consumption heightened significantly the
levels of GSH (F1,44=7.12, p= 0.0001,
eta=0.29) and GSSG (F1,44=7.54, p= 0.0001,
J Cardiothorac Med. 2021; 9(1):747-754
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eta=0.32) and decreased MDA (F1,44=7.01, p=
0.0001,
eta=0.30)
(Figure
2).
Table 1: Difference in the variables between the healthy-control and toxic–control groups.
Variables (pmol/ml)
Endothelial
Aortic cells
Heart tissue
cells

Toxic–

Healthy-control

F value

control

GSH

581.9 ± 4.021

119 ± 3.445

254.0

GSSG

1456 ± 61.24

430.1 ± 24.92

101.7

MDA

124.2 ± 9.96

1063 ± 80.48

GSH

571 ± 67.43

107.9 ± 6.858

50.18
115.3

GSSG

1458 ± 121.21

429.5 ± 43.6

97.49

MDA

390 ± 33.15

985.7 ± 54.55

P value

Eta

0.0001

0.99

0.0001
0.0001

0.98
0.95

0.0001

0.99

0.0001

0.97

P=0.028
c

0.95

a

P=0.0001

d

P=0.021

P=0.0081

e

P=0.0001

P1

TA

E

TA

A

TC

GSSG in Aortic Endothelial cells

P=0.0001

P2

f

TP
2

P1

b

TP
1

P=0.021

Pmol/ml

P=0.0001

P2

d

P=0.0001

1400
1200
1000
800
600
400
200
0

TA

TA

GSH in Aortic Endothelial cells

P=0.0042

E

b

e

P=0.0002

A

E
A

P2

P=0.038

c

TA

P=0.0001

P1

d

TP

1
TP

e

P=0.0031

2

P=0.007

TA

c
b

P=0.0001

P=0.0001
f

TP
2

f

a

TP
1

P=0.0001

2000
1800
1600
1400
1200
1000
800
600
400
200
0

TC

a

Pmol/ml

800
700
600
500
400
300
200
100
0

TC

Pmol/ml

0.0001
50.73
Data are analyzed using one-way ANOVA and presented as mean ± SD. (n= 8 in each group).

MDA in Aortic Endothelial cells

Figure 1. Aortic endothelial cells GSH, GSSG and MDA concentration in different groups. Each group is
consisted of 8 rats and data are expressed as mean ± SD. a Significant effect of Pumpkin (PKs) extract and
aerobic exercise vs control group. b TP1 vs TC. c TP2 vs TC. d TAP1 vs TC. e TAP2 vs TC. F AE vs TC.

MDA in heart tissue cells

GSSG in heart tissue cells

d

f
P=0.0001
P=0.0001

P=0.021

P2

P=0.011

e

TA

P=0.007

P1

b

c

A
E

P=0.002

P=0.0001

TA

d

TP
2

P=0.0032

a

TP
1

b

P=0.0001

P=0.0001

800
700
600
500
400
300
200
100
0
TC

P2

P=0.0001

TA

P1
TA

E
A

2
TP

TP

1

f

P=0.0004

Pmol/ml

P=0.0001

TA
P2

e

e

A
E
TA
P1

P=0.0008

P=0.0001
f

c

TP
2

P=0.0045

TP
1

c

a

1400
1200
1000
800
600
400
200
0

TC

d

P=0.001

P=0.0001

Pmol/ml

b

TC

Pmol/ml

a

1400
1200
1000
800
600
400
200
0

GSH in heart tissue cells

Figure 2. Heart tissue cells GSH, GSSG and MDA concentration in different groups. Each group is consisted of 8
rats and data are expressed as mean ± SD. a Significant effect of Pumpkin (PKs) extract and aerobic exercise vs
control group. b TP1 vs TC. c TP2 vs TC. d TAP1 vs TC. e TAP2 vs TC. F AE vs TC

Discussion
Studies have reported that arsenic
disrupts cellular oxidation and resuscitation
balance through various mechanisms.
Arsenic causes oxidative damage to tissues
by disrupting glutathione consumption.
Arsenic has high toxicity that is naturally
J Cardiothorac Med. 2021; 9(1): 747-754

found in the environment and, as a wellknown toxic metal, can lead to damage and
even death in various species (19).
Generally, the toxic effects of arsenic are due
to impaired cellular respiration and
inhibition of mitochondrial enzymes and
oxidative phosphorylation, as oxidative
751
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stress and free radicals play a pivotal role in
the pathophysiological mechanisms of
cardiac disorders (20). Direct and indirect
observations have also shown that ROS is
the main cause of damage to the
myocardium and further evidence suggests
ROS involvement in cardiac dysfunction, for
instance, Bugger et al. noted that ROS plays a
significant role in Ischemia-Reperfusion (IR)
and it also increases significantly after
several minutes of reperfusion and causes
many changes, including weakening of
contractile reactivity, arrhythmias, and
expression of genes (21). Furthermore,
reactive oxygen species and calcium
homeostasis disorders strongly trigger
myocardial stunning, as ROS production in
conditions such as arsenic poisoning,
increases intracellular calcium by releasing
calcium from sarcoplasmic reticulum,
opening ryanodine receptors and damaging
the calcium dehydration system in
cardiomyocyte as well as disruption of
endothelial connective tissue integration
(22).
Exercise and physical activity are believed
to be one of the most known factors in
prevention and treatment of cardiovascular
disease. Aerobic exercises have direct
beneficial effects on cardiovascular and
coronary arteries, including the amount of
oxygen needed for the myocardium,
endothelial function, coagulation factors, and
inflammatory markers (23). Aerobic exercise
increases the ability of the heart for
glycolysis which leads to increased ATP
concentration in order to compensate the
reduction of oxidative phosphorylation in
myocardial ischemia (24). Another reason
justifying cardio-protective influence of
aerobic exercise is its ability to increase the
cyclooxygenase-2 enzyme (Cox-2). Cox-2 is
one of the most important enzymes in the
synthesis of prostaglandins and emergence
of inflammation in humans (25). Aerobic
exercise induces
the
processes of
angiogenesis and increases the blood vessel
diameter in the skeletal and cardiac muscles
and, as a result, improves blood flow in the
organs and improves vascular endothelial
function and also augments the release of
nitric oxide (NO) which boosts arterial
vasodilatation (26). Recent studies have
displayed that performing regular aerobic
752
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exercises can stimulate expression of
antioxidant enzymes, providing compromise
and protection responses against oxidative
stress (9). Carvalho et al. (2011) reported
that aerobic exercises improved endothelial
function and decreased myocardial ischemia.
It seems that during the aerobic exercises, an
increment in average shear stress on arterial
walls leads to improved endothelial function
which is associated with the facilitation of
synthesis, release and durability of nitric
oxide activity (27). Kanter et al. (2017)
examined the effect of low-intensity aerobic
exercises in rats. Their results showed that
aerobic exercise significantly reduced
oxidative stress and cellular apoptosis and
also enhanced the activity of antioxidants in
the heart (28). To treat poisoning or prevent
harmful effects, the use of different
antioxidant compounds with natural origins
is expanding rapidly. Pumpkin is a highnutritional plant with potent antioxidant
activity due to phenolic compounds,
tocopherols and unsaturated fatty acids (29).
Seif et al. (2014) in an experimental study of
rats implied that the use of pumpkin extract
escalated the antioxidant enzymes such as
superoxide dismutase and glutamate
peroxidase and reduced Malondialdehyde
(MDA) in serum of rats with cancer (14). In
this study, we examined the effect of regular
aerobic exercise training and pumpkin seed
extract consumption on the oxidative stress
of the heart and aortic endothelial cells. The
results showed that regular aerobic exercise
training and pumpkin seed extract led to
reduction in MDA levels in the heart tissue
and aortic endothelial cells as well as an
increase in the levels of GSH and GSSG in the
heart tissue and aortic endothelial cells.
Badalzadeh et al. reviewed the effect of
cinnamon and aerobic exercise on oxidative
stress. The results revealed that they
separately increased lactate dehydrogenases
(LDH) but their simultaneous effect was
stronger and statistically significant.
Exercise with cinnamon also led to
abatement in almond levels and raise of
superoxide dismutase and glutathione
peroxidase enzymes (30). Parallell to our
data, Yoon et al. investigated the effect of
exercise and antioxidant activity of soy
isoflavone on the oxidative stress and
antioxidant enzyme activity in mice. The
J Cardiothorac Med. 2021; 9(1):747-754
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results showed that oxidative stress declined
and the activity of the superoxide dismutase
(SOD) and catalase enzymes increased(31).
In accordance, the results of the study by
Soleimani et al. who examined the effect of
aerobic exercise for two weeks with Tribulus
terrestrissupplement exhibited that the
Tribulus
terrestrissupplement
in
combination with aerobic exercise reduced
the degradative effects of free radicals and
had positive significant effect on antioxidant
capacity (32). Tofighi et al. also evaluated
the effects of resveratrol supplementation
and aerobic exercise on cardiac tissue
changes in rats with acute myocardial
infarction. The results showed that
concurrent existence of resveratrol and
exercise training protects the heart through
reduction of superoxide production, fat
peroxide and activation of antioxidant
defense system against oxidative stress after
ischemia (33).
Conclusion
Eventually, the current study concluded
that arsenic-poisoning can lead to oxidative
stresses in cardiac tissue and endothelial
cells, which could be remarkably attenuated
via regular aerobic exercise and herbal
supplements. In this study, it was found that
though regular aerobic exercise has positive
effects on antioxidant system, when herbal
supplements such as pumpkin seed extract is
administered
simultaneously,
the
effectiveness of both is boosted manifold.
Hopingly, these therapeutic approaches
could be used in future treatments not only
in metal-poisoning but in all other oxidative
stress-related cardiac diseases, though more
studies are still needed in this regard.
Author Contributions
BA conceived and designed the study. BA
and MB analyzed the data. MB and SRA
wrote and revised the manuscript,
respectively. All authors read and approved
the final version of the manuscript.
Conflicts of Interest
The authors declare that they have no
competing interests.
Funding
The authors have no funding to report.
References
1.
Chen C-J. Health hazards and mitigation of
chronic poisoning from arsenic in drinking water:

J Cardiothorac Med. 2021; 9(1): 747-754

Badkoobeh Hezaveh, M, et al

Taiwan experiences. Reviews on environmental
health. 2014;29(1-2):13-9.
2.
Abdul KSM, Jayasinghe SS, Chandana EP,
Jayasumana C, De Silva PMC. Arsenic and human
health effects: A review. Environmental toxicology
and pharmacology. 2015;40(3):828-46.
3.
Nikkhoi SK, Heydarzadeh H, Ranjbar S,
Salimi F, Aghaeifard M, Alavian SM, et al. The
evaluation and comparison of transcriptionally
targeted noxa and puma killer genes to initiate
apoptosis under cancer-speciIic promoter cxcr1 in
hepatocarcinoma gene therapy. Hepatitis monthly.
2016;16(10).
4.
Saeidi, M., Komasi, S., Soroush, A., Zakiei, A.,
Shakeri, J. Gender Differences in Patients' Beliefs
About Biological, Environmental, Behavioral, and
Psychological Risk Factors in a Cardiac
Rehabilitation Program. Journal of Cardio-Thoracic
Medicine, 2014; 2(4): 215-220.
5.
Surai PF. Antioxidant systems in poultry
biology: superoxide dismutase. Journal of Animal
Research and Nutrition. 2016;1(1):8.
6.
Kaludercic N, Di Lisa F. Mitochondrial ROS
formation in the pathogenesis of diabetic
cardiomyopathy. Frontiers in Cardiovascular
Medicine. 2020;7:12.
7.
Karoui A, Crochemore C, Harouki N,
Corbière C, Preterre D, Vendeville C, et al. Nitrogen
Dioxide Inhalation Exposures Induce Cardiac
Mitochondrial Reactive Oxygen Species Production,
Impair Mitochondrial Function and Promote
Coronary Endothelial Dysfunction. International
Journal of Environmental Research and Public
Health. 2020;17(15):5526.
8.
Poljsak B, Šuput D, Milisav I. Achieving the
balance between ROS and antioxidants: when to use
the synthetic antioxidants. Oxidative medicine and
cellular longevity. 2013;2013.
9.
Roque FR, Briones AM, García-Redondo
AB, Galán M, Martínez-Revelles S, Avendaño MS, et
al. Aerobic exercise reduces oxidative stress and
improves vascular changes of small mesenteric and
coronary arteries in hypertension. British journal of
pharmacology. 2013;168(3):686-703.
10.
Cunha TF, Bacurau AVN, Moreira JBN,
Paixão NA, Campos JC, Ferreira JCB, et al. Exercise
training prevents oxidative stress and ubiquitinproteasome system overactivity and reverse
skeletal muscle atrophy in heart failure. PloS one.
2012;7(8):e41701.
11.
Agati G, Azzarello E, Pollastri S, Tattini M.
Flavonoids as antioxidants in plants: location and
functional signiIicance. Plant science. 2012;196:6776.
12.
Asif M, Raza Naqvi SA, Sherazi TA, Ahmad
M, Zahoor AF, Shahzad SA, et al. Antioxidant,
antibacterial and antiproliferative activities of
pumpkin (cucurbit) peel and puree extracts-an in
vitro study. Pakistan journal of pharmaceutical
sciences. 2017;30(4).
13.
Chamani j. Energetic domains analysis of
bovine α-lactalbumin upon interaction with copper
753

Aerobic training and pumpkin seed extract consumption on the heart

and dodecyl trimethylammonium bromide. Journal
of Molecular Structure. 2010;979(1-3):227-234.
14.
Seif HSA. Ameliorative effect of pumpkin
oil (Cucurbita pepo L.) against alcohol-induced
hepatotoxicity and oxidative stress in albino rats.
Beni-Suef University Journal of Basic and Applied
Sciences. 2014;3(3):178-85.
15.
Kannan GM, Tripathi N, Dube SN, Gupta M,
Flora S, Flora SJ. Toxic effects of arsenic (III) on
some hematopoietic and central nervous system
variables in rats and guinea pigs. Journal of
Toxicology: Clinical Toxicology. 2001;39(7):675-82.
16.
Abbassi-Daloii A, Abdi A, Yazdani-Tapesari
H, Salehpour M, Rostami-Angasi Z, Yahyaei B. Effect
of 8 weeks aerobic training on plasma apelin in
male rats treated with L-NAME. KAUMS Journal
(FEYZ). 2016;20(2):118-24.
17.
Papastergiadis A, Mubiru E, Van
Langenhove H, De Meulenaer B. Malondialdehyde
measurement in oxidized foods: evaluation of the
spectrophotometric thiobarbituric acid reactive
substances (TBARS) test in various foods. Journal of
agricultural and food chemistry. 2012;60(38):958994.
18.
Dannenmann B, Lehle S, Hildebrand DG,
Kübler A, Grondona P, Schmid V, et al. High
glutathione and glutathione peroxidase-2 levels
mediate cell-type-specific DNA damage protection
in human induced pluripotent stem cells. Stem Cell
Reports. 2015;4(5):886-98.
19.
Sarkar A, Paul B. The global menace of
arsenic and its conventional remediation-A critical
review. Chemosphere. 2016;158:37-49.
20.
Siti HN, Kamisah Y, Kamsiah J. The role of
oxidative stress, antioxidants and vascular
inflammation in cardiovascular disease (a review).
Vascular pharmacology. 2015;71:40-56.
21.
Bugger H, Pfeil K. Mitochondrial ROS in
myocardial ischemia reperfusion and remodeling.
Biochimica et Biophysica Acta (BBA)-Molecular
Basis of Disease. 2020;1866(7):165768.
22. Beigoli S, Sharifi Rad A, Askari A, Assaran
Darban R, Chamani J. Isothermal titration
calorimetry and stopped flow circular dichroism
investigations of the interaction between
lomefloxacin and human serum albumin in the
presence of amino acids. Journal of Biomolecular
Structure and Dynamics. 2019 Jun 13;37(9):226582.
23.
Hayes SM, Alosco ML, Forman DE. The
effects of aerobic exercise on cognitive and neural
decline in aging and cardiovascular disease. Current
geriatrics reports. 2014;3(4):282-90.
24.
Gielen S, Laughlin MH, O’Conner C,
Duncker DJ. Exercise training in patients with heart

754

Badkoobeh Hezaveh, M, et al

disease: review of beneficial effects and clinical
recommendations. Progress in cardiovascular
diseases. 2015;57(4):347-55.
25.
Ho SS, Dhaliwal SS, Hills AP, Pal S. The
effect of 12 weeks of aerobic, resistance or
combination exercise training on cardiovascular
risk factors in the overweight and obese in a
randomized
trial.
BMC
public
health.
2012;12(1):704.
26.
Eleuteri E, Mezzani A, Di Stefano A, Vallese
D, Gnemmi I, Delle Donne L, et al. Aerobic training
and angiogenesis activation in patients with stable
chronic heart failure: a preliminary report.
Biomarkers. 2013;18(5):418-24.
27.
Beigoli S, Sharifi Rad A, Askari A, Assaran
Darban R, Chamani J. Isothermal titration
calorimetry and stopped flow circular dichroism
investigations of the interaction between
lomefloxacin and human serum albumin in the
presence of amino acids. Journal of Biomolecular
Structure and Dynamics. 2019;37(9):2265-2282.
28.
Kanter M, Aksu F, Takir M, Kostek O,
Kanter B, Oymagil A. Effects of low intensity
exercise against apoptosis and oxidative stress in
Streptozotocin-induced
diabetic
rat
heart.
Experimental and Clinical Endocrinology &
Diabetes. 2017;125(09):583-91.
29.
Shabestari, M., Blanc, R., Baharvahdat, H.,
Dehganizadeh, H., Piotin, M. Cardiac Complication
Following Subarachnoid Hemorrhage. Journal of
Cardio-Thoracic Medicine, 2018; 6(3): 313-318
30.
Badalzadeh R, Shaghaghi M, Mohammadi
M, Dehghan G, Mohammadi Z. The effect of
cinnamon extract and long-term aerobic training on
heart function, biochemical alterations and lipid
profile following exhaustive exercise in male rats.
Advanced pharmaceutical bulletin. 2014;4(Suppl
2):515.
31.
Yoon G, Park S. Antioxidant action of soy
isoflavones on oxidative stress and antioxidant
enzyme activities in exercised rats. Nutrition
research and practice. 2014;8(6):618-24.
32.
Rasolifoshazeh A, Abedi B, Matinhomaee H,
Farzanegi P. The Effect of Aerobic Training and
Tribulus terrestris Extract on Some Oxidative Stress
Indices in the Heart Tissue of Male Wistar Rats
Poisoned with Hydrogen Peroxide. Gene, Cell and
Tissue.7(4).
33.
Tofighi A, Ebrahimi Kalan A, Jamali
Qarakhanlou B. The effect of resveratrol
supplementation and aerobic training on cardiac
tissue alteration of rats with acute myocardial
infarction. Iran J Physiol Pharmacol. 2017;1:211-21.

J Cardiothorac Med. 2021; 9(1):747-754

