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Impact of high-fat diet and resistance training on oxidative stress and cardiac health in rats
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Abstract Article History

Background: When metabolic demands increase due to an obesity-induced high-fat diet (HFD), mitochondrial
function is impaired, production can increase, and oxidative stress occurs. This type of stress has been shown to
play a key role in various pathological conditions such as heart disease, hypertension, diabetes, chronic kidney
disease, and cancers. This study aims to evaluate the impact of HFD and resistance training (RT) on oxidative stress
biomarkers and cardiac health in rats.
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Methods: In this experimental study, 21 male Wistar rats (Weighing 200-300 g) were randomly and equally Keywords
assigned into the following groups: control (CTRL), HFD, and HFD+ RT. Animals in the HFD groups received a
high-fat diet for 23 weeks. During the treatments, rats in the HFD+ RT group, besides receiving a high-fat diet,
performed the progressive RT protocol three times per week with 30- 100% of their body mass in the last eight
weeks. At the end of the treatments, superoxide dismutase (SOD), glutathione peroxidase (GPX), total antioxidant
capacity (TAC), and malondialdehyde (MDA) levels in cardiac tissue were measured by colorimetric method. The
data were analyzed by one-way analysis of variance (ANOVA) and Tukey’s post hoc test at a significant level of
P<0.05.

Results: HFD did not alter levels of SOD, GPX, TAC, or MDA in cardiac tissue. Cardiac SOD (P=0.021), GPX
(P=0.024), and TAC (P=0.041) levels in the HFD+ RT increased significantly compared to the HFD group, but
there was no significant difference in cardiac MDA levels between the three groups (P=0.438).
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Conclusion: RT seems to improve cardiac tissue oxidative stress adaptations in an animal model fed with an HFD.

Highlights
‘What is current knowledge?

Cardiac cells are vulnerable to oxidative stress because they have less
antioxidant enzymes to remove reactive oxygen species (ROS). Increased
oxidative stress may be effective in the pathogenesis of cardiovascular
diseases.

What is new here?

Resistance training (RT) can modulate the oxidative stress in the cardiac
tissue of rats fed with high-fat diets (HFD) by improving antioxidant defense,
thereby reducing obesity-related health consequences.

Introduction

Changing the lifestyle towards low daily physical activities and sedentary life,
along with the consumption of high-fat diets (HFD), can threaten the health of
individuals and society (1). During mitochondrial B-oxidation of fatty acids,
oxidized cofactors (FAD and NAD+) first convert into reduced cofactors
(FADH2 and NADH) and re-oxidize by the mitochondrial respiratory chain.
After NADH and FADH?2 reoxidation, electrons transfer to the first complexes
of the respiratory chain and combine with oxygen and protons to form water.
Some of these intermediates are converted into reactive oxygen species (ROS)
and superoxide anion radicals by reacting with oxygen (2). Therefore, HFD
feeding promotes the beta-oxidation of fatty acids in the mitochondria and
accumulates ROS by increasing the flow of excess electrons using cytochrome ¢
oxidase (3). When there is an imbalance between the production of ROS and
endogenous antioxidant defense mechanisms, oxidative stress occurs (4). Cardiac
cells are vulnerable to oxidative stress because they have fewer antioxidant
enzymes to remove ROS (5). Increased oxidative stress may be effective in the
pathogenesis of cardiovascular diseases (6). Clinical and experimental studies
have demonstrated that these diseases cause oxidative damage in cardiac and
aorta cells by increasing the formation of free radicals or reducing antioxidant
defense (7). Also, it has been reported that feeding with HFD in the long term
through the reduction of antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT), and glutathione (GSH) and the increase of
malondialdehyde (MDA) in humans and animals, can lead to oxidative stress and
cell damage (8-10).

Regular exercise has many health benefits and is associated with a decrease
in all-cause mortality in humans (11). At the same time, it has been found that
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generating free radicals during many types of exercise (Prolonged endurance
exercise, resistance exercise, high-intensity anaerobic exercise, and eccentric
exercise) causes oxidative damage to cell structures (12). Recent studies have
changed attitudes about exercise-induced oxidative stress. Although acute
exercise can trigger damage to cellular structures by promoting the formation of
ROS, chronic exercise, by up-regulating cellular antioxidant mechanisms and
modulating the production of oxidants, plays a useful role in controlling gene
expression, regulating cell signaling pathways, and muscle adaptations (13,14).
It seems that investigating the effects of various pharmaceutical and non-
pharmacological approaches to suppress or attenuate the parameters related to
oxidative stress is highly important. However, there are few controlled studies in
this area.

Although resistance training (RT) is part of the exercise recommended by
the American Heart and Diabetes Association (15), there is limited information
about the effect of this type of training on oxidative stress markers and the
mechanisms involved. It has been shown that RT results in a redox balance in
cardiac tissue by an increase in antioxidant enzyme levels (8,16). However,
changes in oxidative stress biomarkers and mechanisms involved following HFD
and exercise training are mainly unknown. It has been shown that the ability to
neutralize oxidant species differs in various models of HFD and training (17).

In recent decades, in line with the rapid prevalence of non-communicable
and chronic diseases, researchers have considered oxidative stress as a common
mechanism in these diseases (18). Therefore, investigating the effects of various
pharmacological and non-pharmacological approaches in controlling or
ameliorating the parameters related to oxidative stress is highly important. Based
on the existing knowledge, there is no clear information about the effects of
exercise and nutritional interventions on the balance of oxidative-antioxidant
stress of the heart. Therefore, this study aimed to evaluate the impact of HFD and
RT on oxidative stress biomarkers and cardiac health in rats.

Methods

Animals

Twenty-one male Wistar rats aged 12- 14 weeks (200- 300 g) were obtained from
the Pasteur Institute and transferred to an animal laboratory. After one week of
familiarization with the laboratory environment, animals were randomly and
equally assigned into the following groups (n=7): control (CTRL), which were
fed for 23 weeks by the standard food and did not have any exercise, HFD, which
were fed for 23 weeks by a high-fat diet and did not have any exercise, and
HFD+RT, which consumed a high-fat diet during 23 weeks and also performed a
resistance training protocol in the last eight weeks. Rats were housed in a 22+2°C
and humidity of 45% room with a 12:12 hours light/dark photoperiod. Animals'
water and food were checked daily, and standard water and food for each group
were provided.
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Impact of High-Fat Diet and Resistance Training on oxidative stress

Diets

The standard diet for the CTRL group contained 4.30 kcal/g with 3.87% fat (Soy
oil), 17.46% casein protein, 68.7% carbohydrates, 8.97% minerals, and 1%
vitamins. The animals in the HFD (Total calories composed of43% carbohydrate,
40% fat, and 17% protein) groups first received 20% fructose by gavage for five
weeks, then 10% fructose was added every two weeks until the 9th week. From
the beginning of the 10th week to the end of the 15th week, they received 50%
fructose. Next, for four weeks (from the beginning of the 16th to the end of the
19th week), carbon tetrachloride (CCl4) 0.1 ml/kg/day dissolved in olive oil at a
ratio of 1 to 6, and in the last four weeks, the intraperitoneal injection of CCl4
was stopped. Only olive oil was given to them as gavage (19). Previous studies
have demonstrated that CCl4 combined with an HFD and fructose can induce
oxidative stress, inflammation, and apoptosis (20).

RT protocol

The resistance training protocol included eight weeks and three sessions per week
of climbing a 1-m-high homemade ladder with 26 steps at a distance of 4 cm,
inclined at 80°. During the adaptation period, the rats spent seven days climbing
the ladder without any load to become familiar with it. The initial load attached
to each animal's tail was 30% of its body mass and increased progressively to
100% after 8 weeks (Table 1) (21). To determine the accurate load, the body mass
of the animals was measured once every four days. Only touching and rubbing
the animals' tails stimulated them to perform the exercises.

Table 1. RT protocol

Weeks variables Ist | 2nd | 3rd | 4th | 5th|6th| 7th | 8th
Load (% of body mass) 30| 40 | 50 | 60 |70 |80 | 90 |100
Sets (Number) 4 4 3 3 313 3 3
Repetitions (Number) 10 [ 10 8 8 8|6 6 6
The interval between repetitions (Min) | 1 1 1 1 1 1 1 1
The interval between sets (Min) 3 3 3 3 313 3 3

Source: Adapted from Philippe et al. (2015) (21).

Sampling method from the cardiac tissue and measurement of the variables
sampling was done at least 48 hours after the last training session to eliminate the
acute effects of exercise. First, the animals were anesthetized by intraperitoneal
injection of a combination of ketamine (70 mg/kg) and xylazine (3-5 mg/kg). The
cardiac tissue of the rats was rapidly separated, weighed, and washed with cold
saline, frozen in liquid nitrogen, and stored at -80 °C for further analysis. Next,
the extracted tissue was homogenized with 17 mM phosphate buffer at a speed
of 8000 rpm. Cardiac levels of SOD and GPX enzymes, total antioxidant capacity
(TAC), and MDA were measured using a Randox kit (Mindray vs480, UK) by
colorimetric method.

Statistical analysis

First, data normality was evaluated by the Shapiro-Wilk test. Then, one-way
analysis of variance (ANOVA) was used to compare the mean values of variables
between groups. When the ANOVA detected significant differences among
groups, the Tukey post hoc test was used to identify where those differences
occurred. The level of significance was set at P<0.05.

Results

Table 2 shows the body and cardiac mass of the animals after treatments. The
one-way ANOVA results showed a significant difference in body mass between
the groups (P<0.05). Tukey's post hoc test showed that the body mass of animals
in the HFD group was significantly higher than the CTRL and HFD+RT groups
(Both P=0.0001), but there was no significant difference between HFD+RT
(P=0.613) and CTRL. Also, there was a significant difference in cardiac mass
between the three groups (P=0.001). Tukey's post hoc test showed a significant
increase in cardiac mass in the HFD+RT compared to the HFD group (P=0.001),
but there was no significant difference between HFD+RT (P=0.283) and HFD
(P=0.196) when compared with the CTRL group.

Table 2. Body and cardiac mass (g) of the groups after treatments

Groups CTRL (n=7) HFD (n=7) HFD+RT (n=7)
Body mass 327.1+£21.7 450.9 + 28.6# 360 +26.3
Heart mass 1.15+0.14 1.04 £ 0.09 1.25+£0.27*

Abbreviations: CTRL, Control; HFD, High Fat Diet; HFD+RT, High-Fat Diet+
Resistance Training.

The data were expressed as mean + SEM.

#="P<0.05 vs. CTRL and HFD+RT groups.

* =P <0.05 vs. HFD group.

Data analysis showed that there was a significant difference in the cardiac
SOD (F=5.072, P=0.019), GPX (F=4.504, P=0.026), and TAC (F=3.914,
P=0.038) levels between the three groups. Results in Figures 1, 2, and 3
demonstrate a significant increase in cardiac SOD (P=0.021), GPX (P=0.024),
and TAC (P=0.041) levels in HFD+RT compared to the HFD group. However,
there was no significant difference between cardiac SOD, GPX, and TAC levels
in the CTRL with the HFD (P=0.484, P=0.707, and P=0.653, respectively) and
HFD+RT (P=0.136, P=0.209 and P=0.194; respectively) groups.
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Cardiac MDA levels were not significantly altered in three of the groups used in
the present study (F=0.864, P=0.438) (Figure 4).
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Figure 1. Cardiac SOD levels in three groups of the study (Data presented as mean +
SEM). (*Significant increase compared to the HFD group).

50

=y *
I
= 40
2
x I I
o
Q
Q
]
T 30
]
Q

20

CTRL HFD HFD+RT
Groups

Figure 2. Cardiac GPX levels in three study groups (Data presented as mean + SEM).
(*Significant increase compared to the HFD group).
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Figure 3. Cardiac TAC levels in three study groups (Data presented as mean + SEM).
(*Significant increase compared to the HFD group).
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Figure 4. Cardiac MDA levels in three study groups (Data presented as mean = SEM).
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Discussion

In this study, we demonstrated that HFD had no significant effect on the level of
oxidative stress biomarkers (SOD, GPX, TAC, and MDA levels) in the cardiac
tissue of rats. Although eight weeks of RT increased the levels of SOD, GPX
enzymes, and TAC, it had no effect on MDA levels of rats fed HFD. Moreover,
the decrease in body mass and increase in cardiac mass in the RT+HFD group
compared to HFD demonstrated that exercise and diet interventions had exerted
the expected effects on the animals.

In previous studies, consumption of an HFD in animal models was
associated with increased oxidative stress biomarkers (Decrease in antioxidant
enzymes and increase in lipid peroxidation) (8-10,22), which are different from
our results. Skrzep et al. (2020) demonstrated that two months of HFD in rats
caused a decrease in GPX and increased MDA in heart tissue (22). Also,
following eight weeks of HFD in Wistar rats, a reduction in SOD, CAT, and GSH
and an increase in MDA levels were reported (10). Another study reported that
cardiac cells are susceptible to weight gain through elevating oxidative stress (8).
The discrepancy between the findings in this study and other studies can be due
to differences in the assessment method (Colorimetric vs. ELISA or
spectrophotometric) and diet type (Fat content in diet). It seems that oxidative
stress is caused by diets of more than eight weeks that provide at least 50% of
calories from fat (9,10,22). The HFD applied in this study provided only 40% of
calories from fat.

According to the results of the current study, the cardiac SOD, GPX, and
TAC levels increased significantly after eight weeks of RT. The effects of
resistance training on cardiac oxidative stress biomarkers have received less
attention than aerobic training. Consistent with the findings of the current study,
Effting et al. (2019) reported that eight weeks of RT improved antioxidant
systems in the cardiac tissue of rats fed with an HFD (8). Similarly, after eight
weeks of RT in rats with high blood pressure, an increase in the antioxidant
enzymes such as GPX and SOD was reported (16). Moreover, it has been reported
that RT increased antioxidant capacity in the skeletal muscle of infarcted rats
(23,24). The similarity of the results is likely due to using the same training
protocols.

Regular exercise training increases the presence of mitochondrial
uncoupling protein 2 (UCP2) in the mitochondrial membrane of the heart. This
reduces electron leakage and decreases the formation of free radicals (25). Also,
exercise increases the gene expression of antioxidant enzymes, which increases
the antioxidant capacity and reduces oxidative stress due to the neutralization of
free radicals (26). SOD is the first antioxidant enzyme in the body against free
radicals and eliminates superoxide anions generated by NADPH oxidase to form
oxygen and hydrogen peroxide. Therefore, GPX not only removes hydrogen
peroxide but also prevents the production of other harmful free radicals such as
hydroxyl radicals (27). Indeed, the GPX enzyme has more protective effects
against oxidative damage than SOD, because the dismutation of superoxide anion
by the SOD enzyme may increase hydrogen peroxide (12). Therefore, GPX is
more effective in protecting cells, tissues, and organs against oxidative damage
compared to SOD. In addition, GPX is present in cardiac tissue, especially
cytosolic and mitochondrial parts (28). These pieces of evidence indicate that the
GPX enzyme is of special importance as a defense mechanism in heart tissue.
Based on the results obtained in the present study, RT protects against oxidative
damage of cardiac tissue against free radicals by increasing SOD, GPX and TAC
levels. RT seems to reduce ROS production in the mitochondrial respiratory chain
by increasing muscle mass and changing energy substrates. As a result, the need
to use antioxidant systems to suppress ROS is reduced, leading to an increase in
antioxidant enzymes.

With the main objective of investigating the effects of RT on oxidative
damage in the cardiac tissue induced by the HFD, we evaluated the levels of
MDA, a byproduct of lipoperoxidation. We did not observe differences in this
marker between groups. Gomes et al. (2020) also confirmed that 12 weeks of RT
had no effect on the lipid hydroperoxide concentration (An oxidative stress
biomarker) in the gastrocnemius muscle of rats with infarction (23). Moreover,
10 weeks of RT did not change the activity of antioxidant enzymes and lipid
peroxidation markers of the liver tissue of ovariectomized rats (29). However,
another study has reported a decreased MDA level in rat cardiac tissues following
feeding HED for 26 weeks (8). Moreover, after eight weeks of RT in hypertensive
rats, a decrease in lipid peroxidation (Chemiluminescence) and protein oxidation
of cardiac tissue was reported (16). It can be concluded that the stressor factors
in this study were not enough to damage the cell membrane and increase MDA
levels. Nevertheless, due to the difference in the methodology of the conducted
research, other controlled studies with a similar design should be performed.

Conclusion

In the present study, cardiac SOD, GPX, and TAC levels were improved, thereby
improving antioxidant defense, which may prevent lipid peroxidation and MDA
accumulation in rats fed an HFD. RT used in this study modulated the oxidative
stress in the cardiac tissue of rats fed with an HFD, thereby reducing obesity-
related health complications. Therefore, performing RT is an effective non-
pharmacological approach to reducing oxidative stress in the cardiac tissue.
However, for more accurate conclusions, it is suggested that more studies be
conducted in this field.
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