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Abstract

BACKGROUND: Obesity is associated with several metabolic disorders and myocardial apoptosis.

The aim of this study was to determine the effect of high-intensity interval training (HIIT) and
coenzyme Q10 (CoQ10) supplementation on myocardial apoptotic proteins in obese male rats.
METHODS: Forty-eight male Wistar rats were randomly assigned to 6 groups including
non-obese control (NOC), baseline obese control (BOC), HIIT, CoQ10, HIIT + CoQ10, and
control. NOC and BOC groups were sacrificed at the beginning of the study. Exercise groups
were subjected to a HIIT program over 12 weeks. Rats in CoQ10 group were gavage-fed with
500 mg/kg-1 CoQ10 supplement throughout the study. The heart muscle was removed 48 hours
after the last training session. The B-cell lymphoma-2 (Bcl-2), Bcl-2-associated X protein (Bax),
cytochrome c, BH3-interacting domain death agonist (Bid), caspase-8, and caspase-3 protein
expressions were analyzed using western blotting. Data were analyzed using independent t-test
and two-way analysis of variance (ANOVA).
RESULTS: The Bax, Bid, cytochrome c, caspase-8, caspase-3 proteins, and Bax/Bcl-2 were
significantly higher in BOC group compared to NOC (P = 0.025, P = 0.0001, P = 0.013,
P = 0.017, P = 0.010, P = 0.180, respectively). Moreover, Bcl-2 protein was lower in BOC
compared to NOC group (P = 0.025). HIIT program decreased Bax/Bcl-2 ratio (P = 0.012), Bid
(P = 0.0001), cytochrome c (P = 0.003), caspase-8 (P = 0.006), and caspase-3 (P = 0.002)
proteins and increased Bcl-2 (P = 0.001) proteins in heart muscle. CoQ10 supplementation
significantly increased Bcl-2 protein content (P = 0.001).
CONCLUSION: HIIT exerts an anti-apoptotic effect in heart muscle of obese rats. Although the
administration of CoQ10 increased Bcl-2 anti-apoptotic protein, it did not show a potent
synergistic effect along with HIIT to reduce obesity-related myocardial apoptosis.
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Introduction
Obesity is the major cause of several metabolic
disorders including hyperlipidemia, hyperglycemia,
and insulin resistance.1 It is associated with structural
and functional changes in adipose tissue, enhanced
oxidative stress, and elevated release of various
cytokines that are contributed in chronic
inflammation. Review of the literature indicates that
obesity-related oxidative stress and inflammation
up-regulates pro-apoptotic proteins and downregulates anti-apoptotic proteins in all tissues such as
myocardium.2 In addition, myocardium apoptosis has

been recently associated with overload of unsaturated
fatty acid (FA).3 The consumption of high-calorie
diet and obesity are associated with elevated
circulating levels of inflammatory factors such as
tumor necrosis factor alpha (TNF-α),3 which is a
potential stimulator of extrinsic apoptotic pathway.
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The consumption of high-calorie diet and
obesity are associated with elevated circulating levels
of inflammatory factors such as tumor necrosis
factor alpha (TNF-α),3 which is a potential
stimulator of extrinsic apoptotic pathway. In
addition, the expression of apoptosis-related genes
including B-cell lymphoma-2 (Bcl-2), Bcl-2associated X protein (Bax), Fas ligand (FasL), and
Fas-associated death domain (FADD) has been
illustrated to be altered by obesity.4 Heo et al., for
instance, indicated that cytochrome c protein level
and Bax gene expression were increased in obese
mice, while Bcl-2 gene expression was decreased.4
Overall, previous studies conclude that obesity,
consequent to consumption of high-calorie diet,
stimulates a number of proteins involved in both
extrinsic and intrinsic pathways of apoptosis.5
Hence, any intervention to alter the regulation of
apoptosis at molecular level to ameliorated
myocardium apoptosis may be of high implication
to obese patients.
Apoptosis is a complex process of programmed
cell death that can lead to serious disorders in the
heart muscle.6 Although scarce in health status
(approximately 0.0001%-0.001%), apoptosis in
cardiomyocytes can increase by 0.12%-0.70% in
heart failure (HF). Approximately, a 0.1% apoptosis
can lead to a 37% loss in cardiomyocyte within a
year.6 It can be triggered by both intrinsic and
extrinsic pathways in cardiomyocyte that is
regulated by various signaling pathways. It is
established that the two pathways are linked and
activation of one can trigger the other pathway and
eventually, augment myocardial apoptosis. Some
critical proteins involved in the procession of
apoptosis are caspases and Bcl-2 family.7 For
instance, caspase-8 is the initiator caspase in
extrinsic pathway that is activated by death receptor.
Caspase-3 is also the most important executioner
that can be activated by initiator caspases such as
caspase-8.7 Bcl-2 family includes several pro and
anti-apoptotic genes that are involved in intrinsic
pathway of apoptosis. For example, increased
expression of Bcl-2 and decreased expression of
Bax were associated with reduced myocardial
apoptosis. Thus, any intervention to activate antiapoptotic proteins and inhibit pro-apoptotic
proteins may have the potential to inhibit apoptosis
during obesity.
Physical activity and dietary interventions are the
major factors to prevent the progression of several
diseases and mortality.8 Exercise training has an
anti-inflammatory effect that inhibits the

production of TNF-α, a potential stimulus of
extrinsic pathway of apoptosis.9 Besides, exercise
training seems to modulate the balance between
anti-apoptotic and pro-apoptotic proteins, so that
Cechella et al. reported that exercise training
decreased cleaved caspase-3/caspase-3 ratio and
increased Bcl-2 expression.10 Literature review
indicates that the adaptive response to exercise
training is a complex process which depends on
exercise mode, intensity, and duration.11 Aerobic
exercise training is the most common type of
exercise implemented in the literature. Highintensity interval training (HIIT) has recently
received attention, because it is a time-efficient
mode of exercise that brings about several benefits.
Recent studies indicate that HIIT can exhibit
cardioprotective effects, as it has been associated
with reduced cardiac apoptosis.12 Besides, coenzyme
Q10 (CoQ10) is an electron transporter in
mitochondrial respiratory chain that has free-radical
scavenging properties. CoQ10 has been indicated to
prevent apoptosis induced by oxidative stress.
Moreover, CoQ10 prevents cell death induced by
mitochondrial permeability transition13 and
inhibiting mitochondrial depolarization.14 Although
some in vitro studies report positive effects of
CoQ10 on cell death, its effect on proteins involved
in myocardial apoptosis remains to be understood.
Overall, HIIT has been reported to exert
cardioprotective effects; yet, little is known about its
effects on myocardial apoptosis. Besides, it cannot
be concluded from the literature that whether
combination of HIIT and CoQ10 administration
can exert synergistic effect to inhibit myocardial
apoptosis during obesity. Thus, we investigated the
effect of HIIT along with CoQ10 administration on
myocardial apoptosis in obese male Wistar rats.

Materials and Methods
Animals: In an experimental study, 48 male Wistar
rats (age: 21 days, mean weight: 40 ± 5 g) were
purchased from the Pasteur Institute Animal Care
Center (Karaj, Iran). Animals were maintained in an
ambient temperature of 22 ± 2 °C, humidity of 50%
± 5%, and under 12-hour light-dark cycle. Animals
were provided with standard chow and water ad
libitum. The study was conducted according to the
codes of Declaration of Helsinki and was approved
by the Ethics Committee of Medical Sciences of the
Islamic Azad University, Tabriz Branch, Tabriz,
Iran (IR.IAU.TABRIZ.REC.1398. 806).
Diet and obesity induction: After week-long
acclimatization, eight rats were randomly separated as
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the non-obese control (NOC) group (n = 8) and
42 rats were fed with high-calorie diet over 6 weeks.
Over this period, rats were provided with high-fat
chocolate milk (960 kcal/l, 14% protein, 20% fat, and
68% carbohydrates) ad libitum.15 The consumption of
chocolate milk and weight changes were recorded
every week. The obesity was confirmed by Lee index
[(weight-3/height) × 1000] assessed by final weight
and height (nasoanal length).16 Following this, eight
rats were randomly separated as baseline obese control
(BOC) group (n = 8). These two control groups were
sacrificed at age of 11 weeks before the interventions
to evaluate the effect of diet-induced obesity on
myocardial apoptosis.
HIIT: Following the period of obesity induction,
32 animals were adapted to exercise protocol on a
motorized rodent treadmill (instrument) for a week
(incline: 0%, speed 10-25 m/min, duration: 5-10
minutes). Then, rats were subjected to an exhaustive
exercise test to determine maximum running speed.
For this, exercise was initiated at 10 m/min-1 with a
gradual increase of 3 m/min-1 every 2 minutes until
failure. Following this, rats were randomized to
weight-matched groups of HIIT (n = 8), CoQ10
(n = 8), HIIT + CoQ10 (n = 10), and control
(n = 8). HIIT groups were subjected to a HIIT
program performed 5 sessions per week over
12 weeks (Table 1). HIIT program consisted of
2-minute running at 85%-90% of maximum speed
followed by 2-minute running at 45%-50% of
maximum speed at 15% incline with 5-16
repetitions.17 Each exercise session included a brief
warm-up and cool-down.
Supplementation: Rats in CoQ10 group were
gavage-fed with 500 mg/kg-1 CoQ10 supplements
(Golden Life, Iran) before and following each
exercise session (~ 150 mg/day). The other groups
received equal volume of normal saline.
Tissue preparation: Rats were deeply anesthetized
by intraperitoneal (IP) injection of ketamine
(90 mg/kg-1) and xylazine (10 mg/kg-1). They were
then dissected and heart tissues were extracted and
transferred to cryotubes to be stored in liquid

nitrogen under -80 °C for later analysis.
Western blotting: This technique was applied in
order to evaluate the expression of Bax, Bcl-2,
BH3-interacting domain death agonist (Bid),
cytochrome c, caspase-8, and caspase-3 proteins in
myocardial tissue. Protein lysates were isolated using
lysis buffer supplemented with complete protease
inhibitor cocktail and centrifuged at 12000 ×g for
15 minutes at 4 ºC. The protein concentration of
the supernatant was determined by the Bradford
method. Proteins were separated using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) using 8%-12% denatured ready gel
and transferred onto a polyvinylidene difluoride
(PVDF) membrane (Sigma Aldrich, USA). The
membrane was blocked for 1 hour in 5% bovine
serum albumin (BSA) in tris-buffered saline with
0.1% Tween 20 (TBST) to block nonspecific
bindings. Subsequently, blots were incubated
overnight at 4 ºC with primary antibodies: betaactin (β-actin) (sc-47778), Bax (sc-7480), Bcl-2 (sc492), Bid (ab10640), cytochrome c (sc-13156),
caspase-8
(ab138485),
caspase-3
(sc-7272)
[purchased from Santa Cruz Biotechnology, CA,
USA (1:500)], and acetyl-p53 [Lys382, purchased
from Cell Signaling Technology Inc., MA, USA,
(1:500)]. The membrane was then washed three
times and incubated with the appropriate secondary
antibody for 1 hour at room temperature in 5%
milk in TBST. Protein bands were visualized with
an enhanced chemiluminescence (ECL) reagent and
radiographic film (Fujifilm, Tokyo, Japan)
quantified by densitometry analysis with ImageJ
software (National Institute of Health, Bethesda,
Maryland, USA). Then, the density of the target
protein bands was normalized against β-actin
control loading.18 Finally, the results were presented
as relative density (compared to the NOC group).
Statistical analysis: Results were presented as
mean ± standard deviation (SD). Normal
distribution of data was confirmed by Shapiro-Wilk
test. Data were analyzed by independent samples
t-test and two-way analysis of variance (ANOVA).

Table 1. Description of the high-intensity interval training (HIIT) protocol in the study (5 sessions per week)
Week of training
1
2
3
4
5
6
7
8
9 10 11 12
High-intensity interval
Speed (m/min) 26 26 27 28 29 30 31 32 33 34 35 36
(85%-90% speed max)
Time (minute) 2
2
2
2
2
2
2
2
2
2
2
2
Low-intensity interval
Speed (m/min) 10 10 11 12 13 14 15 16 17 18 19 20
(45%-50% speed max)
Time (minute) 2
2
2
2
2
2
2
2
2
2
2
2
No. of repetitions
5
6
7
8
9 10 11 12 13 14 15 16
Treadmill grade (%)
15 15 15 15 15 15 15 15 15 15 15 15
Total workout time (min/day)
20 24 28 32 36 40 44 48 52 56 60 64
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All statistical analyses were considered significant if
P < 0.05. Statistical analysis was conducted by SPSS
software (version 19, SPSS Inc., Chicago, IL, USA).

levels compared to control group (P = 0.001,
η2 = 0.34 and P = 0.031, η2 = 0.15, respectively),
but no interaction (HIIT × CoQ10) was observed
(P = 0.64, η2 = 0.008). η2 > 0.25 indicates a large
main effect of HIIT on Bcl-2 protein; yet, the effect
size of HIIT and CoQ10 interaction was small.19
HIIT program and CoQ10 supplementation had no
significant effect on myocardial Bax protein level in
obese Wistar rats (P = 0.10, η2 = 0.093 and
P = 0.77, η2 = 0.003). Data indicate a medium
effect size for HIIT and a small effect size for
CoQ10 supplementation. Moreover, HIIT program
decreased protein levels of myocardial Bid,
cytochrome c, caspase-8, caspase-3, and Bax to Bcl2 ratio compared with control group (P = 0.0001,
η2 = 0.47; P = 0.003, η2 = 0.27; P = 0.006,
η2 = 0.23; P = 0.02, η2 = 0.15; and P = 0.012,
η2 = 0.2, respectively). η2 > 0.25 indicates a large
main effect of HIIT on Bid, cytochrome c, caspase8, caspase-3, and Bax to Bcl-2 ratio.19 However, the
effect of CoQ10 and HIIT interaction (HIIT ×
CoQ10) for these variables did not reach
significance level (all Ps > 0.05) (Table 3, Figure 1).

Results
Body weight, Lee index, heart weight, and ratio of heart
weight to total body weight: There was a difference
between NOC and BOC that body weight and Lee
index increased following induction of obesity
(P = 0.001 and P = 0.0001, respectively). Mean
values of heart weight were higher in BOC group
compared with NOC group (P = 0.34). However,
the ratio of heart weight to total body weight was
lower in BOC group compared with NOC group
(P = 0.02). Total body weight and Lee index
decreased following HIIT program (P = 0.001,
η2 = 0.49 and P = 0.004, η2 = 0.37, respectively)
and ratio of heart weight to total body weight
increased following HIIT (P = 0.024, η2 = 0.28)
(Table 2). η2 > 0.25 for these variables indicates a
large main effect of HIIT on total body weight, Lee
index, and heart weight/total weight ratio.19
Myocardial apoptotic proteins: Data analysis
indicated that protein content of Bax, Bid,
cytochrome c, caspase-8, and caspase-3 was higher
in BOC compared with NOC group (P = 0.025,
P = 0.0001, P = 0.013, P = 0.017, and P = 0.01,
respectively) (Figure 1). The ratio of Bax to Bcl-2
was also higher in BOC compared to NOC group
(P = 0.018). Yet, Bcl-2 content was higher in BOC
compared with NOC group (P = 0.018) (Figure 1).
Two-way ANOVA indicated that HIIT and
CoQ10 supplementation increased Bcl-2 protein
Non-obese control

Discussion
In the present study, we investigated the effect of
HIIT and CoQ10 supplementation on apoptotic
proteins in heart muscle of obese male Wistar rats.
The effects of HIIT program on apoptosis of heart
muscle have not been clearly identified and, to the best
of our knowledge, this is the first study investigating
simultaneous effect of HIIT and CoQ10
supplementation on apoptosis of heart muscle.

Baseline obese-control

Obese control

HIIT

Q10

HIIT + Q10

Protein/β-actin relative density
(fold of conntrol)

10

8

6

4

*

*

*

*

*

*

2

*
0
Bax

Bcl-2

Bax/Bcl-2

Cytocrome-c

Bid

Caspase-8

Caspase-3

Figure 1. Mean ± standard deviation (SD) for myocardial apotosis variables after intervention in
experimental groups
*

Independent t-test; significant difference with non-obese control (NOC), P < 0.05
HIIT: High-intensity interval training; Bcl-2: B-cell lymphoma-2; Bax: Bcl-2-associated X protein; Bid: BH3interacting domain death agonist
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Table 2. Description of animals in different groups
Variable
Age (week)

Weight (g)

Lee index
Heart weight (g)
Heart/body weight
(g/kg-1)
Food intake (g/day-1)
Chocolate milk
intake (ml/day-1)

Initial
After obesity induction
After intervention
Initial
After obesity induction
After intervention
After obesity induction
After intervention
After obesity induction
After intervention
After obesity induction
After intervention
During obesity induction
During intervention
During obesity induction

Group
NOC

BOC

Control

HIIT

CoQ10

HIIT + CoQ10

3
11
40.00 ± 5.00
158.60 ± 22.20
284.20 ± 35.20
0.61 ± 0.07
3.86 ± 0.35
19.00 ± 2.00
-

3
11
40.00 ± 5.00
302.40 ± 15.30*
352.00 ± 29.70*
0.84 ± 0.06
2.91 ± 0.14*
18.50 ± 1.00
-

3
11
24
40.00 ± 5.00
294.43 ± 11.67
326.10 ± 18.30
349.47 ± 33.17
312.70 ± 27.60
0.99 ± 0.11
3.03 ± 0.26
18.00 ± 2.00
23.10 ± 5.00
18.00 ± 4.50

3
11
24
40.00 ± 5.00
300.22 ± 10.42
304.20 ± 17.50
343.07 ± 36.45
304.00 ± 21.10
1.02 ± 0.20
3.50 ± 0.21
18.50 ± 2.00
22.30 ± 4.00

3
11
24
40.00 ± 5.00
298.89 ± 12.57
331.10 ± 22.10
351.57 ± 28.88
314.30 ± 30.70
1.01 ± 0.12
3.05 ± 0.13
18.00 ± 2.00
23.10 ± 5.00

3
11
24
40.00 ± 5.00
301.12 ± 9.94
307.30 ± 19.80
343.59 ± 35.20
306.30 ± 24.50
1.10 ± 0.40
3.58 ± 0.43
18.00 ± 1.00
22.60 ± 3.00

Data are shown as mean ± standard deviation (SD)
*
Independent t-test; significant difference with non-obese control (NOC), P < 0.05
NOC: Non-obese control; BOC: Baseline obese control; HIIT: High-intensity interval training; CoQ10: Coenzyme Q10
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Table 3. Effects of interventions on variables
Bax protein/β-actin (fold of control)
Bcl-2 protein/β-actin (fold of control)

Bax/Bcl-2
Cytochrome c protein/β-actin (fold of control)
Bid protein/β-actin (fold of control)
Caspase-8 protein/β-actin (fold of control)
Caspase-3 protein/β-actin (fold of control)

HIIT
CoQ10
HIIT × CoQ10
HIIT
CoQ10
HIIT × CoQ10
HIIT
CoQ10
HIIT × CoQ10
HIIT
CoQ10
HIIT × CoQ10
HIIT
CoQ10
HIIT × CoQ10
HIIT
CoQ10
HIIT × CoQ10
HIIT
CoQ10
HIIT × CoQ10

F
2.190
0.680
2.640
9.620
4.490
1.050
3.910
1.350
0.820
5.090
1.860
0.930
11.420
0.750
0.007
12.740
2.140
0.030
6.810
0.880
0.037

P*
0.1000
0.7700
0.2400
0.0010
0.0310
0.6400
0.0120
0.4300
0.7400
0.0030
0.1300
0.3700
0.0001
0.3900
0.9300
0.0060
0.2900
0.8700
0.0200
0.4900
0.8600

Eta squared
0.093
0.003
0.180
0.340
0.150
0.008
0.200
0.032
0.003
0.270
0.160
0.004
0.470
0.043
0.001
0.230
0.180
0.004
0.150
0.005
0.002

*

Univariate analysis of variance (ANOVA)
HIIT: High-intensity interval training; CoQ10: Coenzyme Q10; Bcl-2: B-cell lymphoma-2; Bax: Bcl-2associated X protein; Bid: BH3-interacting domain death agonist

The main findings of the study can be
summarized as follows: 1) obesity has the potential
to trigger myocardial apoptosis, supported by
increased concentration of pro-apoptotic proteins
including Bax, Bid, cytochrome c, caspase-8, and
caspase-3 and decreased level of anti-apoptotic
protein Bcl-2, 2) HIIT decreased pro-apoptotic
proteins including Bid, cytochrome c, caspase-8,
caspase-3, and Bax/Bcl-2 ratio and increased
anti-apoptotic protein Bcl-2 concentration in the
heart muscle of obese rats, and 3) CoQ10
supplementation showed only a significant effect on
anti-apoptotic protein Bcl-2.
We observed a remarkable increase in weight
and Lee index, indicating that high-calorie regimen
in this study was effective in inducing obesity. Body
weight was almost 90% and Lee index was 23%
higher in BOC compared with NOC group. Obesity
is associated with a spectrum of disorders including
metabolic impairments, chronic inflammation,
oxidative stress, changes in cardiac phenotype, and
elevated myocardial apoptosis.2 Long-term exposure
to overproduction of reactive oxygen species (ROS)
and activation of apoptotic pathways result in
mitochondrial dysfunction and premature cell death
in cardiomyocytes.20 Due to the limited capacity of
cardiac tissue for regeneration, these abnormalities
can impose serious health treats on obese patients.20

Dietary regimen applied in this study induced
obesity and myocardial apoptosis as early as 6 weeks
that was indicated by a significant increase in proapoptotic protein levels including Bax, Bid,
cytochromes c, caspase-8, caspase-3 and a decrease
in anti-apoptotic protein Bcl-2. These proteins have
significant contribution in cell apoptosis. Bcl-2
family can be either pro-apoptotic (e.g., Bax) or
anti-apoptotic (e.g., Bcl-2) that regulate intrinsic
mitochondria-dependent pathway of apoptosis.7 In
this study, elevated level of Bax protein in obese
rats was accompanied by decreased Bcl-2 protein
level and a marked increase of Bax/Bcl-2 ratio. This
change in the balance between pro and antiapoptotic proteins is assumed to be the underlying
cause of elevated cytochrome c protein content in
obese rats. It is also speculated that increased
mitochondrial permeability and cytochrome c
release during obesity can activate other apoptotic
signaling such as caspase-dependent pathways.
Another finding of the study was elevated levels of
caspase-8 protein, activation of which triggers
execution phase.7 This can be confirmed by
elevated protein concentration of caspase-3 in obese
rats compared to NOCs. Caspase-3 is the most
important executioner caspase that can be activated
by caspase-8 and cytochrome c.7 Thus, it might be
speculated that obesity, caused by high-calorie diet,
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activates apoptosis in cardiomyocytes by a
remarkable imbalance between pro and antiapoptotic proteins, increased mitochondrial
permeability and cytochrome c release, and
triggering execution phase of apoptosis by
up-regulating caspase-8 and caspase-3. Myocardial
apoptosis has been indicated to contribute to
cardiomyopathy and HF.6 Our findings support this
concept, as elevated apoptotic protein level in obese
rats was coupled with increased heart weight. Thus,
obesity resulted from high-calorie diet over a short
period provides a potential stimulus for myocardial
apoptosis that is likely to result in cardiac
dysfunctions. However, we did not assess cardiac
functional measures in experimental groups that can
be considered a limitation of the current study.
We also observed that HIIT program decreased
pro-apoptotic proteins including Bid, cytochrome c,
caspase-8, caspase-3, and Bax/Bcl-2 ratio and
increased anti-apoptotic protein Bcl-2 in obese rats.
These results suggest that increased mitochondriadependent and caspase-dependent pathways in
myocardial tissue of obese rats can be suppressed
by HIIT program. In spite of lack of research
investigating the effect of HIIT on myocardium
apoptosis in obesity, our findings are partly in line
with Soori et al., who reported that HIIT over
4 weeks increased Bcl-2 level in heart muscle.21 In
the cardiomyocytes, the balance between cell
survival and death is tightly controlled. The
mitochondria-dependent pathway is regulated by Bcl2 family members including Bax, Bid, and Bcl-2
proteins, cytochrome c, and caspase-3.7 Bax protein
promotes caspase-dependent apoptosis by increasing
cytochrome c release from mitochondria.22 However,
Bcl-2 protein interacts with Bax to inhibit
cytochrome c release.23 The exercise training
program conducted in the current study was found
to alleviate activated mitochondria-dependent
pathway in obese rats. This is evidenced by decreased
Bid, cytochrome c, and caspase-3 proteins and
Bax/Bcl-2 ratio and significant increase of Bcl-2
following HIIT program. Exercise protocol
implemented in this study is assumed to have the
potential to influence extrinsic pathway of apoptosis,
implied by decreased levels of caspase-8 protein
following HIIT program. Caspase-8 is the initiator of
extrinsic receptor-mediated apoptosis pathway that
plays a significant role in Fas pathway.7 Caspase-8
can act upon Bid protein that is a pro-apoptotic
member of Bcl-2 family, increasing mitochondrial
permeability and cytochrome c release. Cleavage of
Bid through Fas pathway mediated by caspase-8 can

consequently damage mitochondria and activate
mitochondria-dependent
pathway.7
This
is
suggested to be an example of cross-talk between
intrinsic death-receptor-mediated pathway and
intrinsic mitochondrial pathway. Hence, HIIT
program seems to have the potential to intervene
the cross-talk between intrinsic and extrinsic
pathways to decrease apoptosis during obesity.
However, this is an example that requires to be
confirmed by investigating further links. Following
this, the decreased caspase-8 protein concentration
was coupled with decreased caspase-3 level,
indicating effectiveness of HIIT to suppress
execution phase of apoptosis.
Our findings, regarding the effect of HIIT on
pro and anti-apoptotic proteins in heart muscle, are
inconsistent with a couple of previous studies in
some aspects. Unlike our results, Holloway et al.,
for instance, reported that HIIT protocol increased
pro-apoptotic caspase-3 and Bax proteins in healthy
rats. However, other pro-apoptotic factors such as
caspase-8 and apoptosis repressor with caspase
recruitment domain (ARC) were not affected by
HIIT protocol.24 This finding, when compared with
other reports, indicates that pro and anti-apoptotic
proteins, not always, exhibit the same response to
exercise interventions. Thus, exercise training with
different modalities may exert diverse effects on
apoptosis pathways in heart muscle, that needs to
be extensively investigated.
Another finding of the current study was a
statistically significant increase in Bcl-2 protein
following CoQ10 consumption. However, CoQ10
has no remarkable effect on other variables
including Bax, Bid, cytochrome c, caspase-8, and
caspase-3 proteins. CoQ10 has been suggested to
have anti-oxidant properties and prevent cell death
induced by oxidative stress.13 Li et al. reported that
CoQ10 supplementation decreased suppression of
caspase-3 and Bax proteins and increased the
expression of Bcl-2.25 Evidence from in vivo and in
vitro studies indicates that CoQ10 can inhibit
mitochondrial permeability transition pore (PTP)
opening that plays a critical role in triggering
apoptosis.13,14 Although CoQ10 supplementation
did not alter pro-apoptotic proteins in our study, it
might have influenced mitochondrial permeability
by other factors and mechanisms. Proteins
including voltage-dependent anion channel
(VDAC), cyclophilin-D, and adenine nucleotide
translocator (ANT) are shown to play a significant
role in PTP formation. We did not assess these
proteins, that can be considered a limitation of the
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current study. However, it has been suggested that
Bcl-2 protein can affect PTP opening.7 A significant
increase in Bcl-2 following CoQ10 supplementation
indicates that it has a minor potential to affect
apoptosis pathways. The increase of Bcl-2 by
CoQ10 consumption was not as potent to cause
significant changes in cytochrome c and proapoptotic proteins. These results indicate that
CoQ10 has neither substantial synergistic nor
isolated impact on pro-apoptotic proteins in
myocardium of obese rats. Thus, CoQ10 might
regulate above-mentioned proteins involved in
mitochondrial permeability that were not
determined in this study. CoQ10 supplementation
along with HIIT protocol applied in the current
study is assumed to have trivial impact on apoptotic
proteins and longer durations or higher doses of
supplementation may be required to observe
remarkable changes. The present study had some
limitations to be acknowledged. First, the number
of selected samples was not very high; therefore,
more samples will be necessary for future studies.
Second, there was a lack of direct measurement of
cardiomyocyte cell death and determination of the
mechanism of death. Therefore, changes in the
expression of proteins involved in apoptosis may
not confirm the outcome.

Conclusion
Our findings indicated that obesity induced by a
high-calorie diet over a short duration increased proapoptotic proteins and decreased anti-apoptotic Bcl-2
protein in heart muscle. In contrast, HIIT exerted an
anti-apoptotic effect against apoptosis in heart
muscle of obese rats. The consumption of CoQ10
had only a trivial impact on anti-apoptotic protein
Bcl-2 but did not show a potent synergistic effect
beside HIIT to reduce obesity-related apoptosis.
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