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Introduction: There is ample evidence regarding the protective effects of
antioxidant vitamins and minerals against oxidative stress. The discovery of zinc's
protective role in countering free-radical formation and oxidative stress has
instigated extensive research into the antioxidant properties of zinc and its
involvement in the antioxidant defense system. Furthermore, the utilization of
plants with antioxidant properties has gained increasing attention among
researchers. This study aims to investigate the impact of six weeks of aerobic
exercise training, along with supplementation of pumpkin seed oil and chickpeas,
on the gene expression of antioxidant enzymes in the liver and muscle tissues of
male rats.

Material & Methods: To achieve this objective, 36 Wistar rats were divided into six
groups: control (C), training (T), chickpea (Ch), chickpea + training (Ch+T),
pumpkin seed oil (P), and pumpkin seed oil + training (P+T). At the conclusion of
the training and supplementation period, the gene expression of the antioxidant
enzymes glutathione peroxidase 1 (GPX1) and catalase (CAT) were assessed. Data
were subjected to one-way analysis of variance at a significance level of P < 0.05.

Results: The results revealed that in all the groups involving pumpkin seed oil and
chickpea supplementation, in both liver and muscle tissues, a non-significant
decrease in the expression of the enzymes CAT and GPX1 was observed when
compared to the control and exercise training groups.

Conclusion: To a certain extent, the use of pumpkin seed oil and chickpeas may
enhance the expression of antioxidant enzymes.

Keywords: Zinc, Pumpkin seed oil, Chickpea, Catalase (CAT), Glutathione
peroxidase (GPX)
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Introduction

Zinc is an essential trace element with
antioxidant  properties, crucial for
combating and mitigating oxidative stress
(1). It plays a pivotal role in cell survival
and contributes to the structure and
function of numerous proteins (2). In its
natural state, zinc exists as a non-redox-
active divalent cation (Zn2+) under
physiological ~ conditions  (3). The
response to oxidative stress and reactive
oxygen species (ROS) occurs when zinc
binds to sulfur (thiolate) in cysteine,
forming zinc thiolate, converting zinc into
its active reduced state. Oxidants interact
with thiolate, releasing zinc in its free
form, thereby generating a zinc signal (4).
Zinc also enhances the antioxidant
defense system and influences the activity
of various enzymes, including antioxidant
enzymes. As a constituent of the active site
in the antioxidant enzyme superoxide
dismutase (SOD) and a factor in reducing
oxidases' activity, zinc plays a crucial role
in balancing pro- and antioxidants within
cells. Additionally, it may regulate the
activation of antioxidant transcription
factors and the expression of antioxidant
genes (5,6).

Oxidative stress, characterized by an
overproduction of reactive
oxygen/nitrogen species (ROS/RNS),
known as prooxidants, and a deficiency in
enzymatic and non-enzymatic
antioxidants, is a well-documented
condition (1). The body's antioxidant
defense system detoxifies highly reactive
molecules, such as free radicals, to prevent
membrane damage and skin harm (7).
Antioxidant enzymes, including
superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase

(GPX), play a pivotal role in this process
(1).

One common physiological condition
linked to increased oxidative stress is
moderate to high-intensity, short-term
physical activity, which generates excess
reactive oxygen species, causing damage
to various tissues in the body (8). The
heightened  mitochondrial  oxygen
consumption and electron transfer during
intense physical activity lead to oxidative
stress and ROS formation. Intense
exercise increases oxygen demand by 10
to 15 times (7). Recently, phytochemicals
found in plants have garnered significant
attention for their role in preventing
diseases related to oxidative stress. These
phytochemicals, such as phenols and
phenoids, act as antioxidants, neutralizing
active oxygen species and scavenging free
radicals (9).

Pumpkin seed oil (Cucurbita pepo L.) is a
dark green and flavorful oil with a
hazelnut-like taste (10). Pumpkin seeds
are rich in nutrients and bioactive
compounds, making them valuable due to
their potential biological and medicinal
properties, which offer various health
benefits. They are a source of nutrients,
including beta-carotene, a-tocopherol, B
vitamins, lutein, phytosterols, and other
minerals  like  iron,  manganese,
magnesium, zinc, and more (11).
Chickpeas (Cicer arietinum L.) are also
recognized as nutrient-rich legumes,
containing protein, dietary fiber, and
essential micronutrients, including iron,
zinc, magnesium, and calcium (13). These
legumes are known for their
phytochemical content, which includes
flavonoids, carotenoids, phenolic acids,
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acetylbones, and lignans, providing
protection against damage caused by
reactive oxygen species (14).

Zinc deficiency has been shown to
increase the formation of free radicals
during exercise and negatively affect
antioxidant activity. Therefore, exploring
the potential of zinc supplementation to
inhibit the formation of reactive oxygen
radicals during exercise is not only
significant  in  understanding  the
connection between zinc and the
antioxidant system but also holds
implications for the health and
performance of athletes (7). Numerous
clinical trials have examined the
effectiveness of zinc supplementation in
improving antioxidant biomarkers and
reducing oxidative stress, including
glutathione peroxidase (GPX), catalase
(CAT), and superoxide dismutase (SOD)
(15).

It's worth noting that the body cannot
store zinc, necessitating a consistent
dietary intake of this essential element.
Given the potential for zinc depletion in
athletes, there is a growing need for zinc
supplementation due to its sensitive role.
This study aims to investigate the impact
of herbal antioxidants containing zinc on
the antioxidant system. Considering
zinc's presence in the structure of SOD,
we hypothesize that these supplements
can enhance the efficiency of this enzyme.
Whether they can also positively influence
the function of other important
antioxidant enzymes, such as catalase and
glutathione peroxidase, in two crucial
metabolic tissues during exercise, is a
question that motivates our current
research, particularly given reports of the

presence of other elements in these
supplements.

Materials and Methods
Animals

This study involved 36 male Wistar rats
(150-180 g, eight weeks of age) obtained
from the Laboratory Animal Centre of
Babol University in Babol, Mazandaran,
Iran. The "IR.UMZ.REC.1400.029" for
animal  experiments, and ethical
guidelines for the care and use of
laboratory animals provided by the
Institutional Animal Care and Use
Committee of Mazandaran University,
were followed. The rats were housed at a
temperature of 20-22 °C with a 12:12
dark-light cycle. Throughout the study,
the rats had ad libitum access to food and
water. After a one-week adaptation
period, the animals were randomly
assigned to one of six groups, each
consisting of six rats: control group (C),
exercise training group (T) with a running
speed of 25 m/min, chickpea control
group (Ch), chickpea + exercise training
group (Ch+T), pumpkin seed oil control
group (P), and pumpkin seed oil +
exercise training group (P+T).

Exercise Training Protocol

In this study, a modified protocol from
Howarth et al. (16) and Ghanbari Niaki
(17) was employed. The training program
consisted of 60 minutes of daily running
on a rat treadmill at a speed of 25 m/min,
five days a week for six weeks. This
exercise protocol targeted a maximum
oxygen consumption of 65% of a medium
intensity level. The subjects initiated the
training program at a speed of 10 meters
per minute and progressed to a speed of
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25 meters per minute. The control groups
also engaged in a 10-minute treadmill
session at a speed of 10 m/min once a
week to ensure equal conditions and avoid
inactivity. To motivate running, a mild
electric shock was positioned at the end of
the treadmill belt. To eliminate any
potential effects of the electric shock on
the research outcomes, animals were
conditioned with sound during their
treadmill familiarization stage to prevent
them from approaching and resting at the

device's end.

Pumpkin Seed Oil and Chickpea
Supplement

Supplements were administered to the
rats via specific gavage. Rats received 4
ml/kg/day of cold-pressed pumpkin seed
oil and 2 g/kg/day of chickpea flour
dissolved in saline for a duration of 6
weeks. The control groups received saline
once a week in the same calculated ratio to
mitigate gavage-related stress. Weekly re-
weighing was performed to ensure precise
dosing per kilogram of body weight.

Tissue Collection

At the end of the training period, liver and
muscle tissues from the rats were
collected. For this purpose, the rats were
anesthetized by intraperitoneal injection
of a mixture of ketamine (30-50 mg/kg)
and xylazine (3-5 mg/kg) following a 10-
12 hour fasting period. The abdominal
cavity was opened, and liver tissue and
Gastrocnemius muscle were removed for
gene expression analysis.

RNA Extraction

The extraction process followed the kit
instructions from DENA Zist's animal
tissue RNA extraction kit (Mashhad,
Iran). Briefly, 100 mg of homogenized
tissue sample and 1 ml of AR1 buffer plus
2 ul of 2-mercaptoethanol were mixed in
RNase- and DNase-free microtubes. After
a 5-minute incubation, the resulting
solution was transferred to a 1.5 ml tube.
To this tube, 350 pl of pre-warmed AR2
(70°C) was added, vortexed, and then
centrifuged at 4000 rpm for 5 minutes at
4°C. The supernatant (~500 pl) was
transferred to a new microfuge tube. Next,
235 pl of 95% ethanol was added to the
tube and centrifuged at 1000 RPM for 2
minutes at 23-25°C. The flowthrough was
discarded, and 550 ul of AR3 was added to
the spin column, followed by another
centrifugation step (1000 RPM for 2
minutes at 23-25°C). This process was
repeated, and the eluted RNA sample,
containing total RNA, was stored at -80°C
for quality control tests.

Quantitative  Real-Time PCR for
Assessment of CAT and GPX1

Expression Level

To assess the expression levels of CAT and
GPX1, RNA extracted from liver and
skeletal muscle tissues was converted into
cDNA wusing the Oligo-dT primer
following the kit's instructions (Yekta
Tajhiz Azma, Iran). Quantitative real-
time PCR was conducted using the SYBR”
Green kit (Ampliqgon, Denmark) on a
Rotor Gene Corbett 6000 system. Beta-
actin was used as the internal control
gene, and the primer sequences were
designed using Primer Premier software
and synthesized by Bioneer company,


https://jbrms.medilam.ac.ir/article-1-674-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2024-07-17 ]

The effect of circuit resistance training on the levels ANGPTLs

South Korea. The primer sequences are
detailed in Table 1.

Table 1. The sequences of primers used in Real Time PCR process

Gene Primer sequence(5'-3") Accession Product size
number (bp)

GPX1 F-5'-AGTGCGAGGTGAATGGTGAGA-3’ NM_030826.4 | 146
R-5"-CCAGGAAATGTCGTTGCG-3’

CAT F-5-ATCAGGTTACTTTCTTGTTCAGCG-3' NM_012520.2 | 147
R-5-TGATGCCCTGGTCAGTCTTG-3'

ACTB F-5GTGTGACGTTGACATCCGTAAAGAC-3' | NM_031144.3 | 119
R-5-TGCTAGGAGCCAGGGCAGTAAT-3'

After examining the threshold cycle (CT)
values obtained from the biological and
technical replications of each treatment,

each group was analyzed and normalized
to beta actin using the following equation:

ACT (in treated and control samples) =CT target gene ~ CT beta-actin

The fold change in expression was calculated as 24T, where

AACT = ACT target gene in treated sample ~ ACT target gene in control sample

Statistical analyses

All data are presented as the mean + SEM.
Statistical analyses were conducted using
Prism GraphPad version 8.0.2. One-way
analysis of variance (ANOVA) was
employed to assess differences between
the groups, and the LSD test (Least
Significant Difference) was used to
examine pairwise differences in means
between groups. A significance level of P
< 0.05 was considered statistically
significant.

Results

The results of one-way analysis of
variance on CAT and GPXI gene
expression in liver tissue of rats indicated

that aerobic exercise, owing to its oxidant
properties, led to a reduction in the
expression of the catalase and glutathione
peroxidase genes in the liver. However,
this reduction was not statistically
significant.

The analysis of CAT gene expression
levels in liver tissue revealed a non-
significant difference (P > 0.05) with
down-regulation in the pumpkin oil
control and pumpkin oil exercise training
groups compared to the control group. In
the case of chickpea groups, both the
chickpea control group (P = 0.05) and
chickpea exercise training group (P =
0.12) exhibited decreases compared to the
control group, although these decreases
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were not statistically  significant.
Furthermore, the chickpea exercise
training group showed a decrease when
compared to the exercise training group
but displayed a non-significant increase
compared to the control group of
chickpeas. Overall, the pumpkin oil
groups appeared to be more effective in
enhancing catalase gene expression
compared to the chickpea groups.

The analysis of GPX gene expression
showed a significant decrease (P < 0.05) in
the pumpkin oil control group (P = 0.02)
when compared to the control group.
There was a non-significant decrease
observed in the pumpkin oil exercise
training group compared to the control
group. Similarly, a slight, non-significant
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decrease was noticed when comparing the
exercise training group with the training
group. In assessing the effectiveness of
exercise and supplementation in groups
consuming chickpea supplements, the
chickpea control group exhibited a non-
significant decrease, while the chickpea
exercise training group (P = 0.00) showed
a significant decrease compared to the
control group. Additionally, there was no
significant difference (P > 0.05) observed
between the chickpea training group and
exercise group.

Figure 1 illustrates the fold changes in
glutathione peroxidase and catalase gene
expression in liver tissue within the study
groups.

CAT gene

mRNA fold change

c T Ch Ch+T P P+T

Figure 1. Fold Change in CAT and GPX1 Expression Levels in the Liver After 6 Weeks of Moderate Exercise
Training in Rats. Each group consists of 6 rats, and the data are expressed as mean + SEM. The groups include

control (C), training (T), chickpea (Ch), chickpea + training (Ch+T), pumpkin seed oil (P), and pumpkin seed

oil + training (P+T). *P < 0.05 vs. the C group.

In the analysis of CAT gene expression in
muscle tissue, the study results indicated
no significant difference (P > 0.05) across
groups. Exercise and supplementation
with pumpkin seed oil did not
significantly differ from the control and
exercise training groups. However, both
groups receiving chickpea
supplementation (chickpea control and

chickpea exercise training) showed down-
regulation compared to the control and
exercise training groups. Notably, only
the reduction in the chickpea control
group (P = 0.00) was statistically
significant when compared to the exercise
training group. In summary, pumpkin
seed oil had a more pronounced effect in
up-regulating the CAT gene compared to
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chickpea supplementation, although both
supplements had lower effects than the

saline control groups.

As depicted in Figure 2, both the pumpkin
oil control and pumpkin oil exercise
training  groups  exhibited down-
regulation in glutathione peroxidase gene
expression when compared to the control
and exercise training groups. However,
these differences were not statistically
significant. The exercise training group
also displayed a non-significant decrease
in glutathione peroxidase gene expression
compared to the control group. Notably,
the pumpkin oil exercise training group
showed an increase compared to the
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pumpkin oil control group, though this

increase was not significant.

Furthermore, data from the chickpea
supplement groups revealed a decrease in
the expression of the glutathione
peroxidase gene in both groups (chickpea
control and chickpea exercise training)
when compared to the control and
exercise training groups. Interestingly, the
chickpea  exercise training group
exhibited an up-regulation in glutathione
peroxidase gene expression in muscle
tissue compared to the chickpea control
group, though this change was not
statistically significant.

CAT gene

’ %
@ 2.0
E 1.5
S 1.0
=

T

c T Ch Ch+T P P+T

Figure 2. Fold Change of CAT and GPX1I Expression Levels in Muscle after 6 Weeks of Moderate Exercise
Training in Rats. Each group consists of 6 rats, and data are expressed as mean + SEM. Control (C), Training
(T), Chickpea (Ch), Chickpea + Training (Ch+T), Pumpkin Seed Oil (P), and Pumpkin Seed Oil + Training
(P+T). #P < 0.05 vs. Exercise Training (T) group, %P < 0.05 vs. the Ch group.

Discussion

In this study, we observed that a six-week
program of moderate-intensity aerobic
exercise led to reduced expression of
antioxidant enzymes, specifically catalase
and glutathione peroxidase, in liver tissue
when compared to the control group (8).
In contrast, muscle tissue displayed a
decrease in glutathione peroxidase but an

increase in catalase gene expression
within the exercise training group.

Exercise is known to generate reactive
oxygen species (ROS), with high-intensity
aerobic exercise generating more ROS (8).
The activity of antioxidant enzymes
follows a cascade mechanism where
reduced enzyme activity leads to
increased oxidants, ROS, and active
nitrogen species, subsequently triggering
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the activity of other antioxidant enzymes
(18). Superoxide dismutase (SOD) is the
first line of defense in the endogenous
antioxidant system, converting
superoxide radicals (O2e-) to hydrogen
peroxide (H202). H202, which is also
harmful to cells, can be metabolized
through various pathways, including
conversion to water by glutathione
peroxidase (GPX) or being removed by
catalase (CAT) if the H202 production

exceeds GPX's capacity (19).

The relatively higher expression of
catalase in muscle tissue may indicate its
reduced role in neutralizing free radicals,
especially within exercised muscles (18).

Typically, chronic exercise enhances both
enzymatic and non-enzymatic
antioxidant  defenses, leading to
adaptation in the exercise response and
improved protection against ROS.
However, the lack of adaptation observed
in our study may be attributed to the
relatively short duration of the training
program, which lasted only six weeks.
Studies on adaptation to exercise have
shown that chronic exercise, such as six
weeks of cycling training, can increase the
concentration and activity of glutathione
(GSH), SOD, and CAT, while
maintaining their levels (19). It's worth
noting that studies have reported varied
findings, suggesting that the effects of
exercise on oxidative stress markers are
influenced by exercise type, intensity, and
the specific oxidative damage markers
used for measurement (20).

In various studies, researchers have
demonstrated that the collaboration
between antioxidant supplements and
endogenous antioxidants enhances the

skeletal muscle's ability to neutralize
reactive oxygen species. The use of
antioxidant supplements in conjunction
with physical activity can reduce the
harmful effects of exercise-induced
oxidative stress, bolster the antioxidant
defense system, and maximize the positive
effects of physical activity (21). Zinc, an
essential trace mineral with antioxidant
properties, plays a crucial role as a
micronutrient in reducing free radicals. It
is involved in the structure and catalytic
function of antioxidant enzymes (4).

Our study yielded intriguing results. It
revealed an increase in the expression of
catalase and glutathione peroxidase genes
in muscle tissue following the
consumption of two supplements:
pumpkin seed oil and chickpeas,
combined  with  moderate-intensity
exercise. This suggests the antioxidant
potential of these supplements in
combating exercise-induced oxidants (12-
14). This effect may be partly attributed to
zinc's antioxidant properties.

Pumpkin seed oil, rich in vitamins E and
B, carotene, and selenium, plays a crucial
antioxidant role (26). In contrast,
chickpea supplementation led to an
increase in catalase expression compared
to glutathione peroxidase in liver tissue.
This could be related to chickpeas' higher
iron content, an essential component of
catalase (27).

Clinical trials investigating the effects of
external antioxidants have produced
contradictory results, underscoring the
importance of maintaining the balance
between =~ ROS  production  and
neutralization in any complementary
therapy (30).
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For future research, measuring tissue zinc
levels may  provide a  deeper
understanding of antioxidant
mechanisms in the context of antioxidant
supplementation and exercise.

Acknowledgements

Thanks to the Fund for Supporting
Researchers and Technologists of the
country (INSF) who helped us in part of
the financial costs of this project.

Financial support

This project received financial support
from Iran National Science Foundation
(INSE).

Conflict of Interests

There are no conflicts of interest in the
present study.

Authors’ Contributions

AGh.N: developed the original idea and
the protocol, abstracted and analyzed
data, provided study supervision and
served as the guarantor. AGh: contributed
to the development of the protocol,
abstracted data, and prepared the
manuscript. KhN: was involved in the
acquisition of data, critically revised the
manuscript for important intellectual
content, and conducted statistical
analysis.


https://jbrms.medilam.ac.ir/article-1-674-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2024-07-17 ]

References

Lee SR. Critical role of zinc as either an
antioxidant or a prooxidant in cellular
systems. Oxidative medicine and cellular
longevity. 2018; Mar 20. doi:
10.1155/2018/9156285.

Chimienti F, Devergnas S, Pattou F, Schuit F,
Garcia-Cuenca R, Vandewalle B, et al. In vivo
expression and functional characterization of
the zinc transporter ZnT8 in glucose-induced
insulin secretion. Journal of cell science.
2006;119(20):4199-206. doi:
10.1242/jcs.03164.

Olgar Y, Ozdemir S, Turan BJM,
Biochemistry C. Induction of endoplasmic
reticulum stress and changes in expression
levels of Zn2+-transporters in hypertrophic
rat  heart. Molecular and  Cellular
Biochemistry.  2018;440(1):209-19.  doi:
10.1007/s11010-017-3168-9.

Prasad AS, Bao BJA. Molecular mechanisms
of zinc as a pro-antioxidant mediator: clinical
therapeutic ~ implications.  Antioxidants.
2019;8(6):164. doi: 10.3390/antiox8060164.
Brzéska MM, Kozlowska M, Rogalska ],
Gatazyn-Sidorczuk M, Roszczenko A,
Smereczanski NMJN. Enhanced zinc intake
protects against oxidative stress and its
consequences in the brain: A study in an in
vivo rat model of cadmium exposure.
Nutrients. 2021;13(2):478. doi:
10.3390/nu13020478.

Madej D, Pietruszka B, Kaluza JJJoTEiM,
Biology. The effect of iron and/or zinc diet
supplementation and termination of this
practice on the antioxidant status of the
reproductive tissues and sperm viability in
rats. Journal of Trace Elements in Medicine
and Biology. 2021;64:126689. doi:
10.1016/j.jtemb.2020.126689.

Kara E, Gunay M, Cicioglu I, Ozal M, Kilic M,
Mogulkoc R, et al. Effect of zinc
supplementation on antioxidant activity in
young wrestlers. Biological trace element
research. 2010;134(1):55-63. doi:
10.1007/s12011-009-8457-z.

Taherkhani S, Valaei K, Arazi H, Suzuki KJA.
An overview of physical exercise and
antioxidant supplementation influences on
skeletal muscle oxidative stress. Antioxidants.

10.

11.

12.

13.

14.

15.

60

The effect of circuit resistance training on the levels ANGPTLs

2021;10(10):1528. doi:
10.3390/antiox10101528.

Akomolafe SF. Effects of roasting on the
phenolic phytochemicals and antioxidant
activities of pumpkin seed. Vegetos.
2021;34(3):505-14. doi:10.1007/s42535-021-
00226-w.

Bakeer MR, Saleh SY, Gazia N, Abdelrahman
HA, Elolimy A, Abdelatty AMJIJoAS. Effect
of dietary pumpkin (Cucurbita moschata)
seed oil supplementation on reproductive
performance and serum antioxidant capacity
in male and nulliparous female V-Line
rabbits. Italian Journal of Animal Science.
2021;20(1):419-25. doi:
10.1080/1828051X.2021.1889406.
Prommaban A, Kuanchoom R, Seepuan N,
Chaiyana WJP. Evaluation of Fatty Acid
Compositions, Antioxidant, and
Pharmacological ~Activities of Pumpkin
(Cucurbita moschata) Seed Oil from Aqueous
Enzymatic Extraction. Plants.
2021;10(8):1582. doi:
10.3390/plants10081582.

Tifekci B, Banjanin T, Lemiasheuski V,
Ozcan MM. A Review: Some composition
properties of pumpkin seed and oil and its
effect on human health. Journal of
Agroalimentary Processes & Technologies.
2021 Jul 1;27(3).

Kaur R, Prasad K. Technological, processing
and nutritional aspects of chickpea (Cicer
arietinum)-A review. Trends in Food Science
& Technology. 2021 Mar 1;109:448-63. doi:
10.1016/j.tifs.2021.01.044.

Wang ], LiY, Li A, Liu RH, Gao X, Li D, Kou
X, Xue Z. Nutritional constituent and health
benefits of chickpea (Cicer arietinum L.): A
review. Food Research International. 2021
Dec 1;150:110790. doi:
10.1016/j.foodres.2021.110790.

Faghfouri AH, Zarezadeh M, Aghapour B,
Izadi A, Rostamkhani H, Majnouni A, Abu-
Zaid A, Varkaneh HK, Ghoreishi Z,
Ostadrahimi A. Clinical efficacy of zinc
supplementation in improving antioxidant
defense system: A comprehensive systematic
review and time-response meta-analysis of
controlled clinical trials. European Journal of
Pharmacology. 2021 Sep 15;907:174243. doi:
10.1016/j.¢jphar.2021.174243,


https://jbrms.medilam.ac.ir/article-1-674-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2024-07-17 ]

61

The effect of circuit resistance training on the levels ANGPTLs

16.

17.

18.

19.

20.

21.

22.

23.

24.

Howarth FC, Almugaddum FA, Qureshi MA,
Ljubisavijevic M. Effects of varying intensity
exercise on shortening and intracellular
calcium in ventricular myocytes from
streptozotocin (STZ)-induced diabetic rats.
Molecular and cellular biochemistry. 2008
Oct;317:161-7.  doi:  10.1007/s11010-008-
9844-7.

Ghanbari Niaki A. Effect of an interval
progressive (pyramidal) aerobic training on
lipid and lipoprotein profiles in San Shou
Athletes. The International Journal of
Humanities. 2007 Jan 10;12(1):97-110.
Nobari H, Nejad HA, Kargarfard M, Mohseni
S, Suzuki K, Carmelo Adsuar J, Pérez-Gémez
J. The effect of acute intense exercise on
activity of antioxidant enzymes in smokers
and non-smokers. Biomolecules. 2021 Jan
27;11(2):171. doi: 10.3390/biom11020171.
Martinez-Noguera FJ, Alcaraz PE, Ortolano-
Rios R, Dufour SP, Marin-Pagin C.
Differences between professional and
amateur cyclists in endogenous antioxidant
system profile. Antioxidants. 2021 Feb
12;10(2):282. doi: 10.3390/antiox10020282.
Thirupathi A, Wang M, Lin JK, Fekete G,
Istvan B, Baker JS, Gu Y. Effect of different
exercise modalities on oxidative stress: a
systematic  review. BioMed  Research
International. 2021 Feb 11;2021:1-0. doi:
10.1155/2021/1947928.

Arazi H, Eghbali E, Suzuki K. Creatine
supplementation, physical exercise and
oxidative stress markers: A review of the
mechanisms and effectiveness. Nutrients.
2021 Mar 6;13(3):869. doi:
10.3390/nu13030869.

Al-Ansari RF, Al-Gebori AM, Sulaiman GM.
Serum levels of zinc, copper, selenium and
glutathione peroxidase in the different groups
of colorectal cancer patients. Caspian Journal
of Internal Medicine. 2020;11(4):384. doi:
10.22088/cjim.11.4.384.

Peng M, Lu D, Liu ], Jiang B, Chen J. Effect of
roasting on the antioxidant activity, phenolic
composition, and nutritional quality of
pumpkin (Cucurbita pepo L.) seeds. Frontiers
in Nutrition. 2021 Mar 10;8:647354. doi:
10.3389/fnut.2021.647354.

Rabeh NM, Haggag MH, Mohammed AZ.
Effect of corn silk, Pumpkin seeds, and

25.

26.

27.

28.

29.

30.

creatine on oxidative stress of male exercise
rats. doi: 10.21608/ejas.2020.145883.

Shokohi Rad N, Bagherpour T, Nemati N,
Hojati V. The effect of pumpkin seed and
endurance training on oxidative stress factors
and DNA damage. Daneshvar Medicine. 2020
Aug 26;28(3):28-41.

Eraslan G, Kanbur M, Aslan O, Karabacak M.
The antioxidant effects of pumpkin seed oil
on subacute aflatoxin poisoning in mice.
Environmental toxicology. 2013
Dec;28(12):681-8.. doi: 10.1002/tox.20763.
Mahbub R, Francis N, Blanchard C,
Santhakumar A. The anti-inflammatory and
antioxidant properties of chickpea hull
phenolic extracts. Food Bioscience. 2021 Apr
1;40:100850. doi: 10.1016/j.tbi0.2020.100850.
Aisa HA, Gao Y, Yili A, Ma Q, Cheng Z.
Beneficial role of chickpea (Cicer arietinum
L.) functional factors in the intervention of
metabolic syndrome and diabetes mellitus.
InBioactive food as dietary interventions for
diabetes 2019 Jan 1 (pp. 615-627). Academic
Press.  doi: 10.1016/B978-0-12-813822-
9.00039-4.

Soliman SS, Soliman AE. Ameliorative Effect
of Ethanolic Extract from Cicer arietinum
CCl4-Induced  Liver
Hepatotoxicity in Rats.

Poljsak B, Suput D, Milisav I. Achieving the
balance between ROS and antioxidants: when

Seeds towards

to use the synthetic antioxidants. Oxidative
medicine and cellular longevity. 2013
Oct;2013. doi: 10.1155/2013/956792.


https://jbrms.medilam.ac.ir/article-1-674-en.html
http://www.tcpdf.org

