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Abstract

Background: Cadmium is a heavy metal toxicant that effectively disturbs the body’s oxidant-antioxidant status; however, high
intensity interval training (HIIT) has been reported to improve antioxidant indices such as catalase (CAT) and glutathione peroxidase
(GPX), which neutralize free radicals.
Objectives: The present study aimed to review the effect of HIIT on CAT and GPX gene expression in the heart tissue of rats with
cadmium toxicity.
Methods: Twenty-five male Sprague Dawley rats were selected and were divided into five groups, of five rats (1) control, (2) sham, (3)
cadmium, (4) HIIT, and (5) HIIT and cadmium. During eight weeks, rats in groups 4 and 5 performed three sessions per week of HIIT
and groups 3 and 5 received 2 mg/kg of cadmium daily in peritoneum. To analyze the findings of the research One-way ANOVA with
Tukey’s post hoc tests were used (P ≤ 0.05).
Results: Cadmium consumption had a significant effect on reduced CAT (P = 0.03) and GPX (P = 0.004). However, HIIT had a signifi-
cant effect on increased CAT (P = 0.001) and GPX (P = 0.001).
Conclusions: It appears that HIIT can improve the CAT and GPX gene expression in the heart tissue of cadmium-infected rats.
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1. Background

With regard to population growth and technological
advancement, and the consequent contamination of the
environment, the health of people in the community has
been threatened more and more (1). Cadmium (Cd) is one
of the heavy metals most frequently found in water, food,
and even smoke (2). In the human body, Cd is accumulated
with a long biological half-life (3). It has been reported that
Cd can contribute to stimulate the formation of reactive
oxygen species (ROS) and consequently induce the damage
to different cells (4, 5). Cd causes abnormal expression of
antioxidants in cells as well as increases deoxyribonucleic
acid (DNA) damage and lipid peroxidation (6, 7). Heavy
metals with various mechanisms can disrupt the cardio-
vascular system (8). By producing free radicals, DNA dam-
age, and peroxidation of lipids, they interfere with the an-
tioxidant defense and induce oxidative stress. Protecting
cells from oxidative processes caused by Cd leads to the for-
mation of ROS and free radicals in both forms, i.e., the en-
zymatic and non-enzymatic defense system of the cell (9,

10). Oxidative stress has been proposed as the most impor-
tant mechanism underlying the toxic effects of Cd in many
organs (11). It is defined as an alteration in the equilibrium
state between oxidant and antioxidant agents in cells. It
has been demonstrated that Cd itself is unable to generate
free radicals directly; however, it is responsible for indirect
generation of ROS, including superoxide radical and hy-
droxyl radical (11). Antioxidant enzymes such as superox-
ide dismutase (SOD), catalase (CAT), and glutathione perox-
idase (GPX) are suppress by Cd; however, change in noted
enzymes depends on the concentration and time of cad-
mium (12-14). Increasing the glutathione reductase activ-
ity along with the unchanged activity of the GPX enzyme
indicates an increase in conversion of oxide glutathione to
reduction and increased antioxidant activity in the heart
following exercise. In addition, increased activity of cata-
lase can be attributed to the increased ability of the heart
tissue to fight with superoxide ion during exercise (15). On
the other hand, although the role of endurance training
in physical health has been well documented, the main
reasons for not engaging in this kind of training are lack
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of time for individuals (16). Hence, the creation of suit-
able training methods with shorter time periods, which
has the same beneficial effects as endurance training, has
been considered. One of these procedures is high intensity
interval training (HIIT) (17). HIIT is a combination of inten-
sive aerobic courses (above 90% of the maximum oxygen
consumption (VO2max)) along with moderate inactive or in-
active active recovery periods (17).

On the other hand, it is believed that high intensity
and prolonged physical and sporting activities can act as
a double-edged sword. Exercise and physical activity and
being able to improve the antioxidant defense system can
also produce free radicals that damage DNA from different
sources (18, 19). In this regard, Kai-lo et al., in myocardial in-
farction (MI) rats, found that eight weeks of HIIT reduced
oxidative pressure by increasing SOD and GPX concentra-
tions (20). Fisher et al., observed a significant increase in
the activity of anti-oxidant SOD and GPX enzymes in lym-
phocytes after HIIT; however, this increase was not signifi-
cant (21); Marcel Pimenenta et al., showed that HIIT reduces
oxidative stress in the skeletal muscle in ovariectomized
rats (22). Also, Cuba et al., reported that SOD and GPX in-
crease after 12 weeks of interval trainings in men who con-
sume cigarettes (23).

2. Objectives

Considering that the results of studies due to inten-
sity and type of exercise are contradictory on antioxidant
indices, especially in the heart tissue, and the researchers
have not yet been able to introduce the most appropriate
training method to improve antioxidant indices in non-
athlete subjects, therefore, the findings of this study ap-
pear to provide more information to researchers in the
field of sport sciences. Consequently, this study aimed to
investigating the antioxidant effect of high intensity inter-
val training on cadmium-induced cardiotoxicity in rats.

3. Methods

Twenty-five male Sprague Dawley rats with an approx-
imate age of eight weeks were purchased from the Pas-
teur Institute of Shiraz and transferred to the Laboratory
of Sport Physiology at Marvdasht Branch, Islamic Azad Uni-
versity. To adapt to the new environment, the rats were
kept at a laboratory for one week; then, they were divided
into 5 groups of 5 rats; (1) control, (2) sham, (3) cadmium,
(4) HIIT, and (5) HIIT with cadmium consumption. Dur-
ing 8 weeks, rats in groups 3 and 5 received 2 mg/kg of
cadmium per day in peritoneum (24). In addition, rats in
groups 4 and 5 performed three sessions per week of HIIT

(25), and rats in group 2 received cadmium solvent (normal
saline) in peritoneum all over the study. In this research,
HIIT comprised three sessions per week of running on the
treadmill with a given severity and duration.

At the beginning of the fifth week, an exhaustive test
was performed to determine the maximum oxygen con-
sumption and therefore the maximum speed at exhaus-
tion time to maintain and apply appropriate training in-
tensities. To perform HIIT protocol, the maximum oxy-
gen consumption of rats in groups 4 and 5 was measured
initially. To determine the maximum oxygen consump-
tion, the standard incremental test of Bedford et al., was
used (26). The speed at the first stage was 0.3 km/h and in
the next steps, 0.3 km/h was added to the treadmill speed,
while at all steps the slope was zero. At each step of the test,
when the animal was no longer able to continue to work,
the speed was considered equivalent to the animal’s speed
at the maximum oxygen consumption (VO2max). After mea-
suring the maximum oxygen consumption, the HIIT main
protocol began. The HIIT protocol consisted of three steps:
warm-up (5 minutes), main training including 2-minute (2
× 2) interval repeats (with an active 2-minute recovery in-
terval between each interval), and cooling (5 minutes). The
rats first did warm-up on treadmill at an intensity of 50% to
60% of maximum speed for 5 minutes.

HIIT included a combination of high intensity and low
intensity interval repeats. High intensity interval included
2 minutes with 80% of maximum speed (first week), 90% of
maximum speed (second week), 100% of maximum speed
(third week), and 110% of maximum speed (from the begin-
ning of the fourth week until the end of the training), as
well as low intensity interval repeat (recovering interval)
included 2 minutes with 50% of maximum speed.

After performing the last high intensity interval repeat,
the rats did cooling for 5 minutes at an intensity of 50% -
60% of the maximum speed. The number of high-intensity
interval repeats was determined based on the weekly train-
ing of rats. As a result, in the first week, two repeats of
high intensity intervals; in the second week, four repeats
of high intensity intervals; in the third week, six repeats
of high intensity intervals; and from the beginning of the
fourth week onward, eight repeats of high intensity inter-
vals were observed.

Forty-eight hours after the final training session, all
rats were anesthetized (injection of ketamine and xylazin),
and then, to measure the research variables the heart, tis-
sues were removed. For molecular analysis at the gene ex-
pression level, first, extraction of RNA from the heart tis-
sue was carried out according to the manufacturer’s pro-
tocol (Sinagen, Iran) then, drawing on the light absorbance
property at wavelength of 260 nm, the concentration and
degree of purity of the RNA sample was quantitatively ob-
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tained using the following equation:

C (µg/µL) = A260× ε× d/1000

After extracting RNA with high purity and high con-
centration from all of the samples, cDNA synthesis steps
were taken according to the manufacturer’s protocol, and
then, the synthesized cDNA was used for reverse transcrip-
tion reaction. Initially, the designed primers for genes
were examined, and genes expressions were examined
with quantitative q-RT PCR method by QIAzol (Cat No./ID:
79306;USA); RealQ Plus Master Mix Green high ROX (No.:
A325402; Denmark) and Applied Biosystems StepOne™

and StepOnePlus™ Real-Time PCR (USA). The sequence of
primers used from previous studies (27) is presented in Ta-
ble 1. To analyze the findings of the research, the Shapirow-
ilk test, one-way analysis of variance (ANOVA), and Tukey’s
post hoc test were used (P ≤ 0.05).

4. Results

Levels of CAT and GPX gene expression in the five re-
search groups are presented in Figures 1 and 2, respectively.
The results of one-way ANOVA showed significant differ-
ences in the CAT (P = 0.001, F = 242.95) and GPX levels (P =
0.001 and F = 52.52) in the five study groups.

Tukey’s post hoc test showed that there were no sig-
nificant difference in the CAT levels in the sham and con-
trol groups (P = 0.99). However, in the cadmium group
the levels of CAT were significantly lower than the control
(P = 0.03) and sham (P = 0.02); in the HIIT group, the lev-
els were significantly higher than the control group (P =
0.001) and the HIIT with cadmium group (P = 0.001). In ad-
dition, in the HIIT with cadmium group theCAT levels were
significantly higher than the cadmium group (P = 0.001).
Furthermore, Tukey’s post hoc test showed that there was
no significant difference in the GPX levels in the sham and
control groups (P = 0.99); however, in the cadmium con-
sumption group, GPX levels were significantly lower than
the sham (P = 0.006) and control groups (P = 0.004); in
the HIIT group, GPX levels were significantly higher than
the HIIT with cadmium group (P = 0.001) and the control
group (P = 0.001); also, in the HIIT with cadmium GPX lev-
els were significantly higher than the cadmium group (P =
0.001).

5. Discussion

In the present study, eight weeks of cadmium con-
sumption significantly reduced CAT and GPX gene expres-
sion levels in rats. In line with the findings of this study,
1 mg/kg of cadmium consumption for 4, 8, and 12 weeks
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Figure 1. GPX gene expression levels in five research groups. *, Significant decrease
compared to the control and sham groups; ¥, significant increase compared to the
control and HIIT + cadmium groups; €, significant increase compared to the cad-
mium group.
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Figure 2. GPX gene expression levels in five research groups. *, significant decrease
compared to the control and sham groups; ¥, significant increase compared to the
control and HIIT + cadmium groups; €, significant increase compared to the cad-
mium group.

resulted in decreased levels of antioxidant enzymes (28).
In addition, consumption of 5 mg/kg of cadmium for
four weeks resulted in increased oxidative indices and de-
creased antioxidant capacity in rats (29).

Several mechanisms have been proposed for cadmium
toxicity; nonetheless, various studies have shown that the
main cause of damage caused by cadmium is oxidative
stress in cells. Cadmium stimulates the production of free
oxygen radicals in cells, which results in the peroxidation
of lipids and proteins and damage to DNA and, on the other
hand, leads to the death of cells by altering the antioxidant
system of the cells (30).

The findings of this study showed that eight weeks of
HIIT led to a significant increase of CAT and GPX gene ex-
pression levels in rats. It has been reported that 12 weeks of
moderate to medium intensity training, and eight weeks
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Table 1. The Sequence of Primers Used in the Study

cDNA Forward Primer Reverse Primer Product
Size, bp

β-actin 5’-CCTGCTTGCTGATCCACA 5’-CTGACCGAGCGTGGCTAC 505

GPX 5’-CTCTCCGCGGTGGCACAGT 5’-CCACCACCGGGTCGGACATAC 290

CAT 5’-GCGAATGGAGAGGCAGTGTAC 5’-GAGTGACGTTGTCTTCATTAGCACTG 670

of HIIT (20, 31) lead to the improvement of CAT, GPX, and
SOD anti-oxidant enzymes.

Regarding the effect of sport activities, the intensity
of exercise can lead to the release of free radicals that in
turn stimulate the metabolic pathways of antioxidants. At
the beginning of every activity that starts at a low inten-
sity, that is, the amount of free radical production is much
lower, the primary antioxidant defense line that is acti-
vated is the SOD. In the first stage, when free radicals are
produced, superoxide anions are immediately dimutase
though SOD and converted to H2O2. SOD continues its ac-
tivity until intensive exercise is performed at a level that
does not require the release of further radicals. However,
with increasing the intensity of exercise, GPXs are activated
and neutralize H2O2. Therefore, high GPX activity would be
associated with a lower SOD increase (32). In addition, in
the present study, eight weeks of HIIT led to a significant in-
crease in CAT and GPX. For justifying the increase of antiox-
idant defense enzymes following sport activities, the inten-
sity and duration of sports activities, as well as the sharp in-
crease in the levels of oxygenation and free radical produc-
tion can be mentioned. The findings of the present study
are consistent with Hamakawa et al. It seems that adjust-
ing the amount of antioxidant enzymes as a result of exer-
cise is dependent on high levels of oxidative stress in the
skeletal muscle (33).

The increase in these enzymes in the training groups
is likely to be due to further increase in lipid peroxida-
tion and free radical production. Therefore, it can be said
that being a variable such as sport activity may increase
the antioxidant defense by possibly increasing the activity
of SOD and CAT due to increased detoxification capacity.
Concerning the effects of sport activities on the increase
of GPX levels, it should be noted that HIIT through phos-
phate and calcium-dependent pathways and the activity of
AMPK-dependent and calmodulin-bound kinase enzymes,
as well as through the activation of the FOXO3 pathway,
increases gene expression of antioxidant enzymes and de-
creases oxidative stress caused by high intensity sport ac-
tivities (34, 35).

It has also been shown that high intensity sport exer-
cises are associated with GPX activity. Lack of control of the
animal’s nocturnal activity as well as lack of measurement

the cadmium uptake are the limitations of this research.
In this study HIIT could improve the reduced antioxidant
capacity induced by cadmium poisoning; the controlled
investigation of safe and reasonable non-pharmaceutical
strategies, such as exercises, especially in the presence of
other pollutants in animal species, in a long run can be
taken as an effectively fundamental research to be consid-
ered in future human research.

5.1. Conclusions

It appears that HIIT can improve the CAT and GPX gene
expression in the heart tissue of cadmium-infected rats.
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