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Abstract

Background: Obesity is a multi-factorial physical disorder that can lead to motor disorders and muscle mass loss. On the other
hand, regular exercises and crocin consumption can exert anti-apoptotic effects.
Objectives: The aim of this study was to investigate the effect of eight weeks of swimming training along with crocin consumption
on the intrinsic apoptosis pathway in muscle tissue of obese rats.
Methods: In this experimental study, 35 obese male Sprague Dawley rats (age: 16 weeks; weight: 390.12 ± 38.11) were selected and
randomly divided into five groups of 7 mice including (1) control, (2) sham, (3) swimming training, (4) crocin consumption, and (5)
swimming training and crocin consumption. During eight weeks, groups 3 and 5 performed swimming training three sessions per
week and each session lasted 30 - 60 min, and groups 4 and 5 received 25 mg/kg of crocin (peritoneal) daily.
Results: Swimming training had a significant effect on decreased Bcl-2-associated X (Bax) gene expression (P = 0.001) and increased
P53 (P = 0.001) in the muscle tissue of obese rats while crocin consumption significantly decreased the Bax gene expression (P =
0.001). Moreover, swimming training with crocin consumption had interaction effects on decreased Bax gene expression in the
muscle tissue of obese rats (P = 0.001).
Conclusions: It seems that crocin consumption along with training can modify and prevent the progression of apoptosis induced
by obesity.
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1. Background

Nowadays, obesity as a major problem for global
health is recognized as a multi-factorial physical disorder
that results from high-calorie intake and low physical ac-
tivity (1). Studies have shown that obesity is closely related
to the development of diseases such as cardiovascular dis-
ease, cognitive impairment, cancer, motor disorders, and
muscle mass loss (2, 3). Evidence also suggests that hyper-
glycemia is associated with elevated fat mass, leading to
increased oxidative stressors, increased pro-inflammatory
factors, mitochondrial dysfunction, and ultimately cell
death (4). Previous studies have shown the role of the mito-
chondrial pathway as one of the planned death pathways.
It seems that B-cell lymphoma-2 (Bcl-2) has a significant
role in controlling apoptosis, especially in diseases related
to skeletal muscle. The Bcl-2 pathway contains membrane-

bound proteins that have anti-apoptotic subgroups such
as Bcl-2 and Bcl-X and pre-apoptotic subgroups such as
Bcl-2-associated X (Bax), Bid, and Bad. The ratio of anti-
apoptotic proteins to pre-apoptotic proteins controls the
permeability of the membrane and the function of the
muscle cell nucleus (5). On the other hand, due to the ever-
increasing prevalence of obesity, the need for managing
and planning for its treatment is evident. Researchers be-
lieve that treatment of obesity with nutritional control, be-
havioral therapy, and lifestyle change along with prevent-
ing obesity can be introduced as appropriate strategies (6).

Crocin is one of the natural antioxidant ingredients
found in saffron. Previous studies have reported an-
tioxidant, anti-inflammatory, anti-diabetic, and metabolic-
improving effects of this compound (7-10). On the other
hand, most researchers believe that although the change
in the diet and the use of natural supplements can be effec-
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tive in modulating the effects of obesity, the role of regular
physical activity in controlling weight and reducing the ef-
fects of increased fat mass is well known (11).

It seems that regular exercise activities can prevent tis-
sue damage by reducing oxidative stress and increasing an-
tioxidants. However, the intensity of exercise, the type of
exercise, and the length of the training period are among
the most important factors in the anti-apoptotic effects of
sports exercises (11, 12). It was found that high-intensity in-
terval training and low-intensity continuous training had
significant effects on increased Bcl-2 and decreased P53 lev-
els in the heart tissue of rats although low-intensity con-
tinuous training had no significant effect on reduced Bax
level in rats (11). Moreover, high-intensity interval training
was effective on reduced caspase-9 levels in the heart tissue
of rats with myocardial infarction (12). It seems that the
type of training and training physiology in different set-
tings have different effects on the physiology of the body,
as the study by Charmas and Gromisz stated that swim-
ming training had a significant effect on the improvement
of physical composition (13). In addition, sports exercises
along with crocin and saffron consumption had signifi-
cant effects on the improvement of apoptosis in the car-
diac tissue (10) and pancreas (14) and improved the sugar
and metabolism parameters (15) in rats with type 1 and type
2 diabetes.

2. Objectives

Given that the introduction of the best training proce-
dure for weight loss and management of obesity is neces-
sary and since there are limited studies on the effects of
concurrent use of crocin and swimming training on apop-
tosis induced by obesity in muscle tissue, the present study
was conducted to provide further information in this re-
gard. Thus, the aim of this study was to investigate the
effect of eight weeks of swimming training along with
crocin consumption on the intrinsic pathway of apoptosis
in muscle tissue of obese rats. Therefore, the hypothesis
of the present study was that swimming training with si-
multaneous consumption of crocin has interaction effects
on the improvement of the intrinsic pathway markers of
apoptosis in muscle tissue of obese rats.

3. Methods

In this experimental study, first, 35 male Sprague-
Dawley rats (age: eight weeks, weight: 150± 30 g) were pur-
chased and transferred to the Animals’ Sports Physiology
Laboratory of Islamic Azad University of Marvdasht. The
rats were kept in clear polycarbonate cages with humidity
of 45% to 55%, the dark/light cycle of 12/12 h, and tempera-
ture of 23ºC ± 2ºC.

3.1. Obesity Induction and Grouping

To induce obesity, a fatty diet (containing 45% of to-
tal energy from animal fat including 24 g fats, 24 g pro-
teins, and 41 g carbohydrates per 100 g) was used for eight
weeks (16). Then, obese rats were divided into five groups
of 7 subjects including (1) control, (2) swimming training,
(3) swimming training and crocin consumption, (4) crocin
consumption, and (5) sham group (crocin solvent or nor-
mal saline).

3.2. Swimming Training Protocol

For familiarization with swimming training, rats in
groups 2 and 3 initially performed swimming training for
15 - 30 min a day for one week at a temperature of 30 - 32ºC
in a special swimming tank with a height of 50 cm and a
diameter of 30 cm. To perform swimming training, rats
performed training three 30 - 60 min sessions per week for
eight weeks (17). After each training session, rats were dried
by an electronic hair dryer.

3.3. Crocin Consumption

Rats in groups 3 and 4 intraperitoneally received 25
mg/kg crocin (Sigma Company) dissolved in normal saline
on a daily basis (18).

3.4. Measuring Research Variables

After 48 h of the last training session at the end of the
eighth week, rats were surgically operated to evaluate the
study parameters. They were anesthetized with ketamine
10% and xylazine 2% after about 5 min. Then, soleus tissues
were extracted by experts and after putting in a cryotube,
they were placed in liquid nitrogen and stored at -70ºC for
further study. After transferring the tissues to the labora-
tory, the measurements of Bcl-2, Bax, and P53 gene expres-
sion levels were done using Real-Time PCR (Yekta Tajhiz
Company). The sequence of primers used is shown in Ta-
ble 1.

3.5. Statistical Analysis

The Shapiro-Wilks test was used to check the normal-
ity of data and the one-way ANOVA followed by Tukey’s post
hoc test was employed to analyze the data in SPSS (version
21) software. Statistical significance was set at 0.05.

4. Results

The levels of Bcl-2, Bax, and P53 gene expression in rats
in the five study groups are presented in Figures 1 - 3. The
results showed significant differences between the levels
of Bax (P = 0.001) and P53 (P = 0.001) gene expression in the
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Table 1. Primers Sequence Used in This Study

Gene Forward (5’-3’) Reverse (5’-3’) Product Size, bp

B2m CGTGCTTGCCATTCAGAAA ATATACATCGGTCTCGGTGG 244

Bax CTGCAGAGGATGATTGCTGA GATCAGCTCGGGCACTTTAG 174

Bcl-2 ATCGCTCTGTGGATGACTGAGTAC AGAGACAGCCAGGAGAAATCAAAC 134

P53 GGCTCCGACTATACCACTATCC GAGTCTTCCAGCGTGATGATG 104
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Figure 1. Bcl-2 gene expression in the muscle tissue of obese rats in research groups
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Figure 2. Bax gene expression in the muscle tissue of obese rats in research groups.
*A significant decrease in the crocin, swimming training, and swimming training
plus crocin consumption groups compared to the control group (P ≤ 0.05)

muscle tissue of obese rats. However, there was no signifi-
cant difference between the levels of Bcl-2 gene expression
in the muscle tissue of obese rats (P = 0.08).

The results showed that there was no significant dif-
ference in the levels of Bax gene expression between the
control and sham groups (P = 0.94). However, the levels of
Bax gene expression were significantly lower in the crocin
group (P = 0.001), swimming training group (P = 0.001),
and swimming training plus crocin group (P = 0.001) than
in the control group.
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Figure 3. P53 gene expression in the muscle tissue of obese rats in research groups.
*A significant increase in the swimming training group compared to the control,
sham, crocin, and swimming training plus crocin consumption groups (P ≤ 0.05)

There was no significant difference in the levels of Bax
gene expression between the crocin group and the swim-
ming training group (P = 0.76) and swimming training
plus crocin group (P = 0.64). Moreover, no significant dif-
ference was found in the levels of Bax gene expression be-
tween the swimming training group and the swimming
training plus crocin group (P = 0.99) (Figure 2). There was
no significant difference in the levels of P53 gene expres-
sion between the control group and the sham group (P =
0.99), crocin group (P = 0.31) and swimming training plus
crocin group (P = 0.99).

The levels of P53 gene expression were significantly
higher in the swimming group than in the control group
(P = 0.001); there was no significant difference in the levels
of P53 gene expression between the crocin group and the
swimming training plus crocin group (P = 0.37).

The levels of P53 gene expression were significantly
lower in the crocin group than in the swimming training
group (P = 0.001). Moreover, the levels of P53 gene expres-
sion were significantly higher in the swimming training
group than in the swimming training and crocin group (P
= 0.001) (Figure 3).
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5. Discussion

The results of the study showed that eight weeks of
swimming training had a significant effect on the Bax de-
crease and P53 increase in the muscle tissue of obese rats;
however, there was no significant effect on Bcl-2. Studies
have shown that with the development of obesity, reac-
tive oxygen species (ROS) increase the pre-inflammatory
cytokines of the nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-κb), which is followed by NF-κb in
the nucleus to transcribe immune and especially inflam-
matory proteins, such as tumor necrosis factor alpha (TNF-
α) and IL-1 (19). Hyperglycemia also increases the expres-
sion of Bax protein by increasing free radicals of hydroxyl
(OH) and the translocation of Bax into mitochondria leads
to the release of cytochrome C, resulting in the activation
of caspase 3 and apoptosis. As fat mass increases, mus-
cle atrophy factors, such as Myogenin-5 (Myf5), paired box
protein 7 (Pax7), and engrailed-1 (En1), are produced (20).
Researchers believe that performing sports activity from
the pathway to free radicals and ROS inhibits downstream
apoptosis pathways. Moreover, the increase of protein ki-
nase B (PKB) is a major actor in the phosphatidylinositol-3
kinase (PI3K) signaling pathway that plays a role in cellular
processes, including cell survival, metabolism, cell growth,
and proliferation. Increased expression and enhanced PKB
activity inhibit apoptotic pathways by phosphorylation of
anti-apoptotic proteins of the Bcl-2 family and inactivation
of apoptotic promoter proteins such as Bax and BAK or
directly by controlling caspase activity (12). However, re-
searchers believe that physical activity is a potential source
of oxidative stress and can lead to the imbalance of pro-
inflammatory and inflammatory cytokines and cell death
(21). Therefore, different results from swimming training,
such as decreased Bax and increased P53, can be explained.
Different studies have assessed the effects of sports exer-
cises on Bcl-2 and Bax. Consistent with this study, 12 weeks
of aerobic training on a treadmill could reduce Bax levels
and increase Bcl-2 in obese rats (22); moreover, 10 weeks of
moderate aerobic exercise increased Bcl-2 and decreased
Bax and caspase 3 in diabetic rats (19). It seems that the
duration of sports exercise and the difference in the type
of tissue under evaluation may be the reasons for the in-
compatibility of the results reported in different studies.
In addition, the role of different exercises and their anti-
apoptotic effects on skeletal muscles have not been fully
understood; so more extensive studies are needed in this
regard.

The results of this study showed that the levels of Bax
gene expression decreased significantly after eight weeks
of crocin consumption; however, crocin consumption had
no significant effect on P53 and Bcl-2 in the muscle tis-
sue of obese rats. Planned cell death is one of the most

important body functions for the development or home-
ostasis of body tissues. Crocin is a chemical extract from
saffron, which can have anti-apoptotic effects in cells de-
pending on the dose and duration of administration. It
seems that crocin can inhibit the progression of apoptosis
by increasing antioxidant enzymes to inhibit the release of
cytochrome-C, Apaf-1, and procaspase-9 in the cytosol be-
cause the release of cytochrome-C can increase procaspase-
9, which in turn produces caspase subtypes of caspase-3 as
an effective factor in increasing Bax and P53 and decreas-
ing Bcl-2 (23). Various studies have been carried out on the
effects of crocin consumption on cell apoptosis in human
and animal specimens. For example, crocin consumption
increased the death of cancer cells in women with breast
cancer (23) and lung cancer (24). On the other hand, crocin
consumption significantly reduced P53 levels in the heart
tissue of diabetic rats, but did not have a significant effect
on Bax and Bcl-2 (11). Researchers propose that saffron and
crocin act dose-dependently. However, regarding the eval-
uated tissue, various results have been reported so it seems
that the dose used in this study could reduce Bax in the
soleus tissue of obese rats; however, in Hassanpour et al.
study, it decreased P53 in the heart tissue of diabetic rats
with high-fat diet and streptozotocin (11). Moreover, the re-
sults of this study showed that eight weeks of swimming
training with crocin consumption had a significant effect
on reduced Bax expression in the soleus tissue of obese
rats, but had no significant effect on P53 and Bcl-2.

Considering the studies previously conducted, it
seems that the interaction of sports exercise and crocin
consumption through increasing antioxidants, decreas-
ing oxidative stress, and controlling caspase proteins can
prevent progressive apoptosis due to obesity and over-
weight (21-23). However, the type of exercise can also have
apoptotic effects (22).

The lack of calorie control in all groups and the use of
different methods of measurement such as western blot
are some limitations of the present study. Therefore, it
is suggested that future studies investigate the different
doses of crocin in different tissues and utilize other meth-
ods of measurement like western blot for apoptotic mark-
ers. Moreover, considering the effect of ROS and caspases
on the onset of mitochondrial apoptosis and the antioxi-
dant effects of crocin, it seems that one of the limitations
of this study is the lack of the measurement of oxidant and
antioxidant levels. Therefore, it is suggested that future
studies evaluate these factors along with the variables of
the present study.

5.1. Conclusions

It appears that crocin consumption together with
sports activity can moderate and prevent the progression
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of apoptosis due to obesity; however, more information is
needed in this regard.
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