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ABSTRACT

Background. SIRT3 is one of the members of the Sirtuin deacetylase protein family which is linked to the longevity
of human being and is used as an important therapeutic and diagnostic marker in illness and aging. Objectives. The
aim of this study was studying the effect of continuous swimming training on some biomarkers of longevity in slow-
twitch (SOL) and fast-twitch (EDL) muscles of adult male rats. Methods. 20 healthy male, 5 months old rats were
divided into two groups: control (n = 10) and exercise (n = 10) groups. Continuous swimming training was performed
5 days a week for 8 weeks, including 30 minutes of workout without adding weights in the first week to 60 minutes of
workout, adding weights by 3% of the body weight in the eighth week. Twenty four hours after the last exercise session,
SOL and EDL muscles were removed and the changes in variables (PGC-1a, SIRT3, and GSH: GSSG) were measured
by ELISA method. Results. The results showed that conducting 8 weeks of continuous swimming training significantly
increased PGC-1a and SIRT3 levels in slow-twitch (SOL) and fast-twitch (EDL) muscles (p < 0.05). There was no
significant difference in the aging index (GSH:GSSG) of the SOL and EDL groups compared to the control group (p
> 0.05). Conclusion. According to the findings of the present study, the implementation of continuous swimming
exercises can improve the PGC-1a and SIRT3 proteins, which are biogenesis mitochondrial and life span biomarkers
in slow- and fast-twitch muscles.
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INTRODUCTION

The mitochondrial dispersion is not the same
in different types of muscle fibers with different
metabolic capacities and can be found more in
slow-twitch fibers, which is one of the most
important reasons for the oxidation of these
fibers (1). Mitochondria is also the main site for
the creation of free radicals (ROS) (2). Free
radicals are highly reactive, unstable and toxic
molecules, and since unpaired electrons have
the ability to damage many biological
molecules, such as nucleic acids, proteins and
lipids, they cause defects in the structure and
function of these molecules that are themselves
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the cause of various types of degenerative
diseases (3). Free radicals are continuously
produced in the cell as by-product of metabolic
reactions. To counteract and neutralize the
effects of these reactive substances, organisms
have  various  mechanisms, including
antioxidant defense systems, which can include
proteins and enzymes such as Catalase (CAT),
Peroxidase (POD), Superoxide Dismutase
(SOD) (4). Lipids are one of the most important
molecules invaded by free radicals, and their
peroxidation process ultimately reduces cell
life and eventually leads to death (5). Physical
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activity is an inseparable part of human life.
Various adaptations occur in the body after
exercise, most  notably  mitochondrial
biogenesis (increasing the size and content of
mitochondria) and increasing antioxidant
enzymes (6). This event is vital for regulating
and modifying the processes such as cell
metabolism and energy production, calcium
signaling, production of oxygen reactive
species (ROS) and apoptosis. Mitochondrial
biogenesis is a complex process that requires
synthesis mechanisms and expression of many
genes. The process of regulating the expression
of mitochondrial biogenesis genes follows the
general principles of molecular biology, and
typically requires activator, regulator or inducer
(7, 8). One of these nuclear inducers, which
play a pivotal role in the mitochondrial
biogenesis, metabolism and suppression of
ROS is PGC-1 which is considered as a major
transcriptional coagulant (9, 10). Caloric
restriction or exercise causes the expression of
PGC-1a (11, 12). It has been observed that mice
without PGC-lo have many deficiencies,
including obesity, neuroprotection,
cardiomyopathy and high sensitivity to ROS
(13). PGC-la is likely to result in the
transcription of the CREP (CAMP response
element-binding protein) factor. This protein
then increases the free radicals' toxicity
enzymes such as GPX) and Mn-SOD. The
molecular mechanism involved in activating
these antioxidants is that PGC-1a is combined
with an estrogen-related receptor alpha (ERRa)
and activates SIRT3 in the mitochondrial
matrix (14).

Interestingly, PGC-1la plays an important
role in controlling SIRT3 gene expression.
SIRT3 is a family of proteins of deacetylase
NAD"-dependent ADP-ribosyltransferase,
present in the mitochondrial membrane (15,
16). The findings have revealed that the
increase in Sirt3 leads to increase in glutathione
peroxidase levels (GPX1) and as a result of
glutathione peroxidase (GPX1) action, GSH is
oxidized to GSSG which in turn increases the
ratio of NAD* to NADPH and stimulates the
expression of SIRT3 (17). In various studies,
the reduced glutathione (GSH) to oxidized
glutathione (GSSG) ratio is considered as an
indicator of oxidative stress and aging (17, 18).
Although the effects of endurance exercises on
mitochondrial biogenesis have been studied, the
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simultaneous effects of these exercises on the
molecular changes of PGC-1a and SIRT3 and
their effects on aging index (GSH: GSSG) and
also their comparison in two types of slow-
twitch and fast-twitch muscle tissues is less
investigated. Therefore, considering the
importance of delay the aging process and
degenerative diseases caused by it in order to
improve the quality of life, the researchers, with
the design and implementation of this research,
answered the question to what extent the
Continuous Swimming Training can stimulate
the mitochondrial biogenesis and increase the
SIRT3 activity and finally suppresses ROS and
improves the aging index in two types of slow-
twitch muscle (SOL) and fast-twitch (EDL)
muscles of adult male rats.

MATERIALS AND METHODS

Animals. Twenty adult male rats (5 month
old) with a weight range of 258 = 7 gr were
purchased from Razi Institute and during the
study they were kept in special polycarbonate
rat cages, in an environment with a mean
temperature of 22 #1.4°'C and 55 * 4%
humidity and a light-dark cycle of 12:12 hours.
One week after adaptation of the rats with the
laboratory environment, the rats were randomly
divided into two groups: Continuous training
(CT) (n = 10) and Control group (C) (n = 10),
regarding the weight matching. The exercise
group (CT) performed 8 weeks of specified
exercise and during this time, the control group
did not exercise at all. At all stages of the study,
the rats had free access to the water. All stages
of retention, training, and killing the rats were
carried out based on Ethics Committee of
Shahid Chamran University of Ahvaz with
ethical code for animal experiment research of:
EE/97.24.3.17660/scu.ac.ir.

Research Design. The swimming practices
were done in a glass pool with 540x530x660
dimensions, (19) filled with 31 +2°C water (20).
In the first 5 days before the beginning of the
training, to adapt the animals to the new
environment and eliminate their stress, before
training, all rats (training group and control
group) were kept in shallow water (5 cm and 31
+2°C) for 20 minutes (21). Continuous
swimming training was performed 5 sessions a
week (Monday to Friday) for 8 weeks, from 8
am to 11 am (20). In each training session, the
intensity of the exercise was adjusted based on
the body mass of the rats, by hanging small
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weights to the tail (22, 23). Training load
ranged from 0% to 3% of the body mass of the
rats based on the endurance training protocol
with medium and low intensity (Table 1). After
each training session, the rats were dried and
returned to standard bioterium conditions (20).

Table 1. Continuous Swimming Training Protocol (20)

Number of Training load
Week repeats per day t\i/r\1/1%r(knc:iurf) (body weight
(5 days a week) percentage)
1 1 30 0
2 1 40 0
3 1 30 1
4 1 40 1
5 1 40 2
6 1 50 2
7 1 50 3
8 1 60 3

The load intensity was attached to the animal’s tail and was
individually adjusted in each exercise session according to animal
body mass. The progression of load intensity, volume of continuous
training was adapted from a standard protocol.

Preparation of the Tissue. To prepare the
tissue samples, a combination of Ketamine (60-
40 mg/kg body weight) and Xylene (15-5 mg/kg
body weight) were injected intraperitoneally and
following the rats anesthesia, SOL and EDL
muscles were removed in order to measure the
amount of mitochondrial biogenesis proteins
(PGC-1a, SIRT3) and GSH and GSSG (reduced
and oxidized glutathione). Cell extract was
prepared in accordance with a modified protocol
as previously described (24). In summary, tissues
were placed in porcelain mortar, frizzed in liquid
nitrogen, and then powdered with porcelain
pestle. Powdered muscle samples were lysed with
homogeneous buffer (Tris-HCL 500 pL, pH 8,
EDTA 0/003, NaCl 0.08 g, sodium oxalate 0/025
g, SDS 0/01 g, 1 protease inhibitor cocktail
tablets, 10 pl NP40 1%). In order to homogenize
the tissue, the lysis buffer was added (five times
of the weight of the samples) and was
homogenized with homogenizer at 300 rpm for 30
seconds with 30 seconds intervals in order to
prevent protein denaturation. The homogenized
tissue was centrifuged at +4°C for 10 minutes at
3600 rpm and the supernatant was separated (24).
The supernatant protein concentration was
calculated using Bradford method and an
appropriate  concentration of protein was
calculated (25). The presence or absence of these

proteins was evaluated by applying a specific
ELISA sandwich method, using the PGC-1a,
SIRT3 and GSH and GSSG specific antibodies.
All procedure were don in accordance with
manual data shit powered by manufacturing
company (Crystal chem co. & Zellbio co.). By
employing the ELISA titration method, which
was performed, based on a systematic dilution
series, the amount of increase or decrease of the
expression of the interested targets was quantified
and compared.

Statistical Analysis. The Kolmogorov—
Smirnov test was used to determine data
normalization. Statistical analysis was conducted
with IBM SPSS statistics 23 software.
Continuous data was described as the mean +
standard deviation (SD). Independent t student
tests were used to compare differential levels of
PGC-1a, SIRT3 proteins and GSH: GSSG in the
groups.

p-value under 0.05 was considered to be
statistically significant.

RESULTS

The weight changes of the control and
continuous swimming training groups during the
eight-week training period are shown in Table 2.
The findings showed that the mean weight of
continuous swimming training rats group at the
end of the training period was lower than the
control group (p=0.001) which reflects the effect
of the exercise.

Table 2. Average and Standard Deviation of Group’s Weight

(mean J._r.SE) .
Groups Qu?r:;tity \:vr:itg;ﬁlt \A'/:e;ir;:t IZE;cnegn:
(ar) (an)
Control 10 pIUE 3RZE gy
Continuous 10 200 SUME 1

The mean weight of continuous swimming training rats group at the
end of the training period was significantly lower than the control
group (p <0.05)

The results of t student test of independent
groups revealed that the level of PGC-1a protein
in the SOL (p=0.016) and EDL (p=0.009)
muscles increased significantly in the continuous
swimming training group compared to the control
group. (Discriptive results confirmed that the
expression level of PGC-1a in SOL and EDL
muscle tissues were increased 1.16 and 1.4 fold
respectively) (Figure 1).
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Figure 1. PGCla Changes in SOL and EDL Muscles in
Continuous Swimming Training Group and Control Group
* Significantly greater than control group.

In addition, the effect of continuous swimming
training on SIRT3 protein expression levels in
two muscle tissues was also investigated.
Independent t-test showed that the level of SIRT3
in the SOL (p=.001) and EDL (p=.006) muscles
of the rats in the training group was significantly
increased compared to the control group.
(Discriptive results confirmed that the expression
level of SIRT3 in SOL and EDL muscle tissues
were increased 1.4 and 1.3 fold respectively).
(Figure 2)
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SIRT3 Mean (ng/mL)

EDL
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Figure 2. The Amount of SIRT3 Changes in the SOL and EDL
Muscles in the Continuous Swimming Training Group and the
Control Group
* Significantly greater than control group.

The results of t-test for independent groups
showed a non-significant deference in the ratio of
GSH: GSSG as an indicator of aging index in the
SOL (p=0.882) and EDL (p=0.529) muscles of
the experimental group rats as compared to the
control group. This ratio remained constant in the
SOL muscle while it decrease in the EDL muscle
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compared to the control group (Table 3)
(Figure 3).

Table 3. Comparison of GSH and GSSG between Two studied
Groups in EDL and SOL Muscle (mean + SE)

Variables Groups N Mean +SD

GSH-EDL C 10 0.0289 0.03822
GSH-EDL T 10 0.0200 0.00632
GSH-SOL C 10 0.0144 0.00726
GSH-SOL T 10 0.0145 0.00688
GSSG-SOL C 10 0.0289 0.00333
GSSG-SOL T 10 0.0300 0.00000
GSSG-EDL C 10 0.0300 0.01225
GSSG-EDL Ct 10 0.0309 0.01514

GSH: Reduced Glutathione. GSSG: Oxidized Glutathione. EDL:
Extensor Digitorum Longus (fast twitch). SOL: Soleus Muscle
(Slow Twitch). C: Control Group. T (Test Group): Continuous
Training Group. GSH-EDL; P=0.509, GSH- SOL; P=0.975, GSSG-
SOL; P=0.347, GSSG- EDL; P=0.884
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Figure 3. The Amount of GSH: GSSG Changes in SOL and
EDL Muscles in the Continuous Swimming Training and
Control Group

DISCUSSION

Aging is an involuntary process that gradually
reduces the effectiveness of many physiological
actions and increases the likelihood of disease and
death. Two of the most prominent biochemical
aging theories are mitochondrial theory and the
theory of free radicals that point to changes in
energy metabolism, free radicals, lifetime, and
mitochondrial health (26-28). In previous studies,
it has been shown that PGC-la increases the
expression of mitochondrial transcription factor
A (mtTFA) by simultaneously activating NRF-1
and NRF-2 which it increases the mitochondrial
biogenesis (29). Research results indicate that
PGC-la stimulates expression of SIRT3 at
mMRNA levels (30). Sirutins are NAD-dependent
enzymes that are involved in a wide range of
physiological and pathophysiological conditions,
including diabetes, cancer, life span and
neurodegeneration through the deacetylation of
multiple substrates (31). Scientific evidence
shows a pathway that regulates mitochondrial
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biogenesis and ROS regulation which is
performed by PGC-1a, ERRa, and SIRT3 (32).
Research has shown that regarding the ability of
SIRT3 to increase oxidative mitochondrial
capacity and protection against apoptosis, SIRT3
is the only Sirtuin associated with human life span
(32, 33). The results of this study showed a
significant increase in the expression of PGC-1a
and SIRT3 proteins in SOL and EDL muscles.
This result becomes even more important when
the oxidative stress and aging index of GSH:
GSSG is also studied in SOL and EDL muscles.
The results of statistical descriptive analyzes
indicate that the ability of the fast twitch muscle
(EDL) in the face of the endurance training
protocol for the effective conversion of GSSG to
GSH has not been as successful. Whereas the
slow twitch muscle (SOL) in the form of this
training strategy has been able to create a proper
and balanced interaction between the two GSSG
and GSH molecules. The reflection of these
phenomena can be seen well in the longevity
molecular index (SIRT3), so that the experiments
showed that the SIRT3 expression in the SOL
increased to EDL. This process can indicate the
ability of the antioxidant system of this type of
muscle to maintain the balance of oxidative stress
as a result of more adaptation of these types of
warps to endurance exercises. Increasing the
expression of SIRT3 in the muscles increases the
process of deacelytation and activation of
Isocitrate dehydrogenase (IDH) and consequently
increases NADPH levels, which in turn can
increase the activity of glutathione reductase and
Thereby increasing GSH regeneration from
GSSG (17). The findings of this study, such as
those found in SOL and EDL muscles, are
completely consistent with the mentioned theory
and are justifiable. Due to the involvement of
SOL muscle in the long-term activities, the
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