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ABSTRACT

BACKGROUND AND OBJECTIVE: SIRT1 and PGC-1a are two factors that increase the body's antioxidant capacity,
which can improve inflammation and free radicals in obesity. The present study was conducted to determine the effect
of eight weeks of water training on SIRT1, PGC-1a and body fat percentage in obese men.

METHODS: In this quasi-experimental study, obese men (BMI = 30, waist-to-height ratio (WHtR) > 0.5) were selected
voluntarily and were randomly divided into two groups of water training (n = 11) and control (n = 11). The training
program included three sessions per week for eight weeks with training intensity of 60 to 80% of maximal heart rate.
BMI, body fat percentage and weight of subjects were examined before and after the intervention. Arterial blood samples
were used to measure SIRT1 and PGC-1a during the pre-test and post-test stages.

FINDINGS: The assessments showed that PGC-1a levels increased from 7.7 to 8.7 and SIRT1 levels increased from
11.3 to 12.6, and this increase was significant in the training group compared to the control group (p < 0.001). The results
showed that body fat percentage decreased from 30.2 to 27.83 and weight decreased from 94.7 to 92.2, which was
significant compared to the control group (p<0.001).

CONCLUSION: Based on the results of this study, water training can increase the levels of SIRT1 and PGC-1a and
decrease weight and body fat percentage.
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Introduction

Obesity is a chronic disease that is defined as the
excess of fatty tissue (1). Obesity is associated with
oxidative stress and inflammation, indicating an
imbalance between production and the emergence of
oxygen free radicals and the ability of the biological
system to detoxify or repair their harmful effects. In this
situation, the ability of the biological system to detoxify
or repair the harmful effects of oxygen free radicals is
not sufficient, and this will result in oxidative damage
to the cells, tissues or organs of the body (2, 3). PGC-1a
and SIRT1 are important indices that play an important
role in controlling obesity and metabolic disorders;
these two indices increase the capacity of the
antioxidant system to maintain the balance between
inflammation and oxidative stress, and the antioxidant
system of the body (4, 5).

SIRT1 is a major basic protein to confront with
oxidative stress and homeostasis (6). In fact, sirtuins are
involved in many vital functions, such as controlling the
production of free radicals and oxidizing fats (7, 8),
through histone deacetylation and several transcription
factors, such as PGC-1a. SIRT1 suppression leads to
systemic inflammation, increases oxidative stress and
reduces aerobic metabolism (9). In addition, SIRT1
plays a role in the production or control of reactive
oxygen species (ROS) via the FOXO pathway, and
SIRT1 function decreases with the excessive increase in
ROS (10-12). In addition to SIRT1, PGC-1a is also a
key regulator of gluconeogenesis and fatty acid
metabolism after activation with hepatocyte nuclear
factor 4 alpha (HNF4a), which is a transcription factor
for the expression of gluconeogenesis genes and
inhibition of glycolysis genes (13).

Moreover, PGC-1a is associated with SIRT1 so that
after activation of SIRT1, PGC-1la is activated and
regulates the expression of the genes that are involved
in cell growth and energy metabolism (9 — 12). Studies
have shown that regular exercise reduces excess body
fat through increase in the levels and function of PGC-
la and SIRT1 (14, 15), and improves body's antioxidant
capacity, reduces inflammation caused by obesity, and
they have the potential for improving physical fitness
(3, 16, and 17). The results of the study by Casuso et al.
showed that High-intensity interval training (HIIT) was
associated with a greater increase in PGC-la and
AMPK compared to fast-paced interval swim training
(14). Vechetti-Junior et al. showed that the pathway of
LRP130 / PGC-1a improves by training and reduces
muscle atrophy (15). By performing regular exercise
activities, SIRT1 and PGC-1a levels can be increased
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(8, 11). However, of all kinds of sports, the effect of
water sports on PC-1a and SIRT1 levels has been less
studied. Water is an environment that applies the proper
resistance to a person’s body based on the needs of the
body, it improves muscle activity and involvement of
larger muscle groups to overcome the resistance and can
be helpful in increasing mechanical pressure on muscles
and bones (16).

Moreover, water sports, unlike other sports, cause
the involvement of both upper and lower extremities
and increase the metabolism in the body (16).
Therefore, considering the advancement of therapeutic
approaches to prevent obesity, as well as the importance
of water sports as one of the most appropriate and least
risky exercise models, as well as increased fat
metabolism in this type of exercise due to the higher
activity of the lower and upper extremities (16), this
study was conducted to investigate the effect of eight
weeks of water training on SIRT1, PGC-1a and fat
percentage in obese men.

Methods

After approval by the Ethics Committee of Ferdowsi
University of Mashhad (IR.MUM.FUM.REC.1397.015),
this quasi-experimental study was conducted on obese
people who volunteered at the public and administrative
centers of Mashhad through recall. People with BMI =
30, waist-to-height ratio (WHtR) > 0.5, lack of drug and
alcohol addiction, lack of regular exercise activity for at
least 6 months, no history of kidney, liver, and
cardiovascular diseases, diabetes and or any kind of
injury or physical impairment were included in the
study. Before participating in the study, all the steps and
methods were explained to the patients, and after getting
completely informed and completing the health check
questionnaire, written consent was obtained from them.
After the recall, 22 eligible candidates were selected and
the subjects were divided into control and training
groups (11 subjects) according to weight, height and
BMI. All subjects were advised to leave the exercise
voluntarily whenever they could not continue or felt
tired and exhausted.

Training protocol: The training group practiced for
eight weeks (totally 24 sessions) and over 40 minutes in
the four first and second sessions, and then, after four
sessions, five minutes was added to the time of the main
sessions (Table 1). Each exercise session had three
stages: the first stage was matching with the water
environment and warming up (15 minutes), which
included stretching in all joints and major muscle
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groups, walking forward, back, sides, on the heel and
paw, and jugging in the water. The second stage was the
training session (30 minutes), which included weight
transfer from front to back, fast walking in water,
walking to the side and water squat.

The third stage was stretching, deep breathing and
floating exercises (15 minutes). Exercise intensity was
between 60% and 80% of maximum heart rate, and
Polar heart rate monitor was used on the wrist area to
control heart rate. Exercise in water was carried out at
the shallow depth of an indoor swimming pool at a
temperature of 26-28 °C (3, 4).

Table 1. Exercise program for experimental group

subjects

Time Warm  Main Cool Total

up training down time
The first four 10 20 10 40
sessions
Four second 10 20 10 40
sessions
Four third 10 25 10 45
sessions
Four  fourth 10 30 10 50
sessions
Four fifth 10 35 10 55
sessions
Four  sixth 10 40 10 60
sessions

All subjects had the same diet during the study
period. However, their diet was controlled by a 24-hour
dietary recall questionnaire (17). The body composition
was evaluated 72 hours before and after the training. For
this purpose, height and weight were measured to
estimate body mass index (BMI). Body fat density was
evaluated by measuring the skin folds from the right
side of the body using a SAEHAN-SH 5020 caliper
(made in England) in the arms, thighs, and above the
pelvis after 8 — 10 hours fasting.

The Jackson Pollock formula was used to estimate
body fat percentage (18). Blood sampling was done
from the brachial vein in early morning after 12 hours
of fasting in two steps; 72 hours before the start of the
training and 72 hours after the final session of the
training, and samples were kept in test tubes containing
EDTA. Blood samples were then centrifuged for 10
minutes at 3000 rpm and were used for further analysis.
To measure the serum SIRT1, the Cusabio kit (made in
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China) with a sensitivity of less than 0.039 ng/ml
(sensitivity<0.039 ng/ml), and inter — assay coefficient
of variation (PIntra<8%) and intra — assay coefficient of
variation (PIntra < 10%) were used. PGC-1a was also
measured using the Cusabio kit (made in China) with a
sensitivity of less than 31.25 pg/ml (sensitivity < 31.25
pg/ml), and inter-assay coefficient of variation
(PIntra<8%) and intra—assay coefficient of variation
(PIntra<10%) were used. Both indices were determined
by ELISA method.

Descriptive methods were used to calculate indices
of central tendency, and dispersion. After confirming
the normal distribution of data using Kolmogorov —
Smirnov test, analysis of covariance and paired t-test
were used to examine inter-group and intra-group
variations, respectively, and p < 0.05 was considered
significant.

Results

The results of intra-group variation test for changes
in the weight of the subjects showed a significant
difference between the two groups (p=0.001). In
addition, the results of inter-group variation test for
changes in weight levels for each of the groups showed
that there was a significant decrease only in the training
group before and after the training (p=0.001) (Table 2).
The results of the inter-group variation test for changes
in the BMI of the subjects showed that there was no
significant difference between the two groups. In
addition, the results of the intra-group variation test for
changes in the BMI of the subjects for each of the
groups showed that there was no significant difference
in any of the groups before and after the training
(Table 2).

The results of the inter-group variation test for fat
percentage levels showed a significant difference
between the two groups (p<0.001). In addition, the
results of the intra-group variation test for fat percentage
levels for each group showed that there was a significant
decrease only in the training group before and after the
training (p=0.001) (Table 2).

The results of the inter-group variation test for PGC-
lo and SIRTI levels showed a significant difference
between the two groups (p<0.001). In addition, the
results of intra-group variation test for PGC-1a and
SIRT1 levels for each of the groups showed that there
was a significant increase only in the training group
before and after the training (p<0.001) (Table 2).
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Group Control

experiment (Mean£SD)
Variable Before After
Weight (kg) 90.25+8.9 90.71+8.2
BMI (kg/m2) 29.8+2.3 30.1+2.8
Fat percentage(%) 29.28+8.6 29.7618.0
PGC-1a (pg/ml) 7.50+1.6 7.37+16
SIRT1 (ng/ml) 10.7742.3 10.71+2.0

Discussion

The results of this study showed a significant
increase in levels of PGC-1a and SIRT1 after eight
weeks of training in water. Considering that few studies
were conducted regarding water exercise and its effects
on PGC-la and SIRTI, a number of studies have
previously examined the effects of various exercises on
these indices, some of which are consistent with the
present study (19-21) while some are not consistent
with this study (22). It has been shown that high-
intensity interval training (HIIT) can increase PGC-1a
and SIRT-1 (19, 20). Little et al. reported that HIIT for
two weeks in 7 young men led to an increase in PGC-
la expression in muscle cells and an increase in SIRT1
levels, but did not alter the level of PGC-1a protein (19).
In addition, Hoshino et al. stated that training for 4
weeks and 5 sessions per week on the treadmill would
result in an increase in PGC-1a (21).

In spite of the above results, the findings of some
previous studies indicate that after exercise, PGC-1a
and SIRT1 levels do not change significantly. After 6
weeks of HIIT training with 90% peak oxygen uptake,
Gurd et al. showed that PGC-1a levels increased, but
there was no change in SIRT1 levels (22). The causes
of these contradictions may be associated with the type
of exercise, the intensity of exercise, the type of
subjects, and the level of readiness of subjects (19-22).
In fact, the researchers pointed out that exercise training
increases the expression and levels of SIRT1 by
evacuating cellular charge through phosphate- and
calcium-dependent pathways and the activity of
calmodulin- and AMPK-dependent kinase enzymes
(22). PGC-1a and SIRT1 have been reported to be
associated with an increase in the activity of SIRT1,
which increases the levels of PGC-1a, and affects the
metabolism of fat (23, 24). It has also been reported that
SIRT1 is associated with ROS and inflammation,
which, with an increase in inflammation and ROS,
decreases SIRT1 and disrupts its activity. In fact, SIRT1

Table 2. Comparison of changes in weight, BMI, fat percentage, PGC-1a and SIRT1 in groups

P1
0.321
0.296
0.283
0.128
0.385

* Significant difference in the values in the training group before and after the training. # Significant difference between the two groups (p<0.05).
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Experimental
experiment (Mean£SD)

Before After P2
94.72+8.3 92.23+8.9 0.001* 0.001 #
28.86+3.6 28.33+2.0 0.520 0.106
30.26+4.7 27.73+3.7 0.001* 0.000 #
7.7£1.9 8.57+1.9 0.000* 0.000 #
11.31+1.9 12.6£1.9 0.000* 0.000 #

boosts FOXO activity and thus can control ROS (10 —
12). Another reason for the increase in SIRT1 in this
study is the reduction of ROS and obesity-induced
inflammation because it has been confirmed that
exercise improves the body's antioxidant capacity,
which reduces inflammation and ROS in obesity (25,
26), which can be attributed to the increase in PGC-1a
(10-12). In the present study, after eight weeks of
training in water, it was shown that PGC-1a and SIRT1
increased, and the increase in these indices in the body
increased mitochondrial biogenesis and increased
exercise performance (19), which leads to an increase in
VO2uax, increase in the capacity and levels of f-
oxidation cycle, adaptation to less use of sugar deposits
in body and the body’s tendency to use more of stored
body fat (27, 28). These factors can be considered as the
reasons of weight loss and decrease in fat percentage in
this study. Moreover, in the present study, decrease in
fat percentage and weight after eight weeks of training
in water was reported. The decrease in these
anthropometric indices may indicate an increase in
levels of PGC-1a and SIRT1 in the training group, since
these indices have a positive effect on fat metabolism
and can increase it (29, 30). It is also possible to increase
the antioxidant capacity of the body, because it affects
fat metabolism and also strengthens the muscular
system and improves both (29, 30), which has not been
investigated in this study. The present study showed that
eight weeks of water training increased levels of PGC-
lo and SIRT-1 and reduced fat percentage and weight.
Therefore, this type of exercise can be used in exercise
programs as a suitable training method for obese people.
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