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Abstract

Obesity leads to metabolic diseases, and adipose tissue is considered one of the regulators
of metabolism. Recent researches have demonstrated that some stimulants cause beige
subcutaneous adipose tissue, resulting in thermogenesis and some other features of brown
adipose tissue. Moreover, the activation of f3-adrenergic receptors in the adipose tissue
occurring as a result of exercise leads to the activation of uncoupling protein 1 (UCP1)
and is one of the most effective methods to combat obesity. Exercise is known as a cheap
lifestyle intervention and non-pharmacological treatment in the improvement of metabolic
diseases such as obesity; therefore, examining the molecular mechanisms of exercise is
essential. One of these molecular mechanisms is the increase in thermogenesis due to
exercise, which can be caused by the release of various types of cytokines. Due to the
physical activity of the UCP1, it enhances as the beige process occurs in the subcutaneous
white adipose tissues. An increase in various cytokines and important genes involved in
this process, occurring with different types of exercises at various levels, revealed that
exercises could be considered as one of the possible treatments for obesity and metabolic
syndrome.
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Extended Abstract

Background and Purpose

Obesity has become a worldwide epidemic problem and in parallel, obesity-
related situations such as insulin resistance, metabolic syndrome, type 2 diabetes,
and hypertension are increasing (1). Adipose tissue is one of the main metabolism
regulators, which includes subcutaneous and visceral adipose tissue. Previous
studies have indicated that 3-adrenergic receptor stimulation results in the beiging
of white adipose tissue. The new generation of brown adipose tissue (beige)
reveals many characteristics of brown adipose tissue (BAT) with a single
stimulus. Fatty acids as triacylglycerol accumulate mainly in white adipose tissue
(WAT), and their main role is to store and release fatty acids. The WAT is located
in several anatomical locations including subcutaneous (10% of body fat reserves)
and visceral adipose tissue which is responsible for the major storage of fatty acids
(2). Unique mitochondrial protein in BAT, which calls uncoupling protein 1
(UCP1), shifts H* in the opposite direction of the electron transfer chain of
mitochondria, releasing energy in the form of heat (thermogenesis) by reducing
ATP synthesis. As a result, wasting substrate (almost fatty acids) leads to more
beta-oxidation and turned UCP1 into a valuable target in obesity treatment. The
UCP1 density in beige adipose tissue and WAT is lower, but in the case of
adrenergic stimulation, a high rate of UCP1 expression has been reported (3).
Similar to BAT, beige cells in WAT are known for their multi-droplet phenotype,
high mitochondrial content and expression of BAT-specific genes (UCP1, Cidea,
and peroxisome proliferator-activated receptor-gamma coactivator 1-alpha (PGC-
la)) (4). Exposure to cold climate, use of special diets and infancy are prominent
cases in which UCP1 expression is elevated in BAT. Observing evidence in which
metabolic inefficiency is positively correlated with UCP1 expression has led
researchers to consider these as major causes of UCP1 stimulation. Beige adipose
tissue induction stimulation is based on regulators such as peroxisome
proliferator-activated receptor gamma (PPAR-y), which is the major transcription
factor and essential for the differentiation and survival of both WAT and BAT.
The PPAR-y mediates the expression of UCP1 and is involved in glucose and fatty
acid metabolisms. Moreover, the positive regulatory domain containing 16
(PRDM16) is a determining factor in the browning of white adipose tissue
(activation of beige adipose tissue). Several studies have suggested that
overexpression of PRDM16 in WAT of mice increases the metabolic rate. The
PGCla named after its function (PPAR-y activator) controls mitochondrial
respiration by inducing UCP1 and regulating mitochondrial conditioning agents
(5). It has recently been suggested that exercise can affect metabolic cost through
non-shivering thermogenesis. Adipose tissue metabolism is a developing science
with a particular focus on regulating metabolism as well as creating an overview
of the molecular changes that occur through exercise. After the results of Bostrom
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et al.'s research in 2012 and the introduction of the PGCla / FNDCS5 / Irisin
pathway and their effect on UCP1 expression in WAT, many studies conducted
on the effect of various types of endurance training. Results: Moderate-intensity
endurance training after 3 weeks leads to a very significant change in the
phenotype of white subcutaneous adipose tissue (56). In addition, recent studies
have demonstrated that while obesity reduces the expression of the UCP1 gene in
subcutaneous WAT, endurance exercise enhances this protein, and the presence
of UCP1 is diminished in BAT in response to exercise. This may be due to the
inhibitory effect of serotonin on B-adrenergic stimulation in BAT, which is
another possible cause of UCP1's decrease in BAT. On the other hand, exercise
raises the body temperature and creates the conditions to reduce the activity of
BAT because the body always tries to maintain body temperature during exercise
(6). Besides, exercise has been identified as a stimulus to advance this process and
change tissue phenotype, as well as stimulate BAT, providing a new chapter in
studies to find effective ways to combat obesity from this perspective. Exercise
accelerates the process of altering the WAT phenotype in terms of its effect on
cytokines. The results have illustrated that responses to exercise can have a
beneficial effect on the expression of UCP1 in WAT, but these effects never turn
to adaptations and only increase the expression of the desired gene for a few hours.
On the other hand, exercises, especially endurance exercises, which studied for
adaptations in this field, in most cases have represented an increase in the
expression of this marker, indicating the conversion of WAT to BAT.

Conclusion

However, due to what has been said, many cases remain unknown, including the
effective mechanisms in these processes, many studies are needed to identify these
cases. Furthermore, it is necessary to expand the studies on the level of protein
expression in order to be able to decide with greater certainty the effectiveness of
exercise both in response and in the form of adaptations.

Article Message

The documents collected in this article counts as a valuable source of data
in transforming adipose tissue phenotype. This information could use for
students and researchers in this field, to identify mor other pathways and
context in this field.

Keywords: Beige adipose tissue, UCP1, Thermogenesis, Obesity, Exercise
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In this figure, BAT and beige adipose tissue exothermic in the mitochondria illustrated.
The location and action of UCP1 in mitochondria (C) after electron transfer chain (A) and
ATP synthetase (B) are shown in Figure. According to the figure, UCP1 inserts protons

into the mitochondrial matrix opposite of the electron transport chain and releases energy
in the form of heat by reducing ATP synthesis.
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Table 1- Effective Gene in Turning WAT into BAT
Gene Origin Function

Increased sensitivity of B-adrenoceptors, increased BAT
mass, proliferation of beige fat cells, mitochondrial biogenesis
and angiogenesis in adipose tissue

Foxc ~ BAT&
2 WAT

TIF BAT Lowering fat accumulation, increase of insulin sensitivity,
2 &WAT raising in BAT thermogenesis
TBX15 Most Collaboration with siRNAs to reduce the expression of UCP1

tissues and mitochondrial biogenesis related genes

Most Deletion of this gene from adipose tissue mitochondria leads
TFAM : to increased mitochondrial oxidation, better glucose tolerance,
tissues ; S - .
improved insulin resistance and treatment of obesity

development of BAT, regulation of energy expenditure,
strengthening of adrenergic pathways

FOXa: Forkhead Box Protein C2. TIF2: Transcriptional Intermediary Factor-2. TBX15:
T-Box 15. TFAM: Transcription Factor A, Mitochondrial. BMP7: Bone Morphogenetic
protein 7(8, 9, 29, 49, 50)

BMP7 BAT
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Irisin, interleukin-6, Beta-Aminobutyric Acid (BAIBA), Methorine (Metrnl) and

Fibroblast Growth Factor 21 (FGF21) are Effective in Turning WAT into BAT. Exercise
also Exerts its Effect by Inhibiting Myostatin and Elevated BDNF Producing in Muscles.
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Table 2- Effective Cytokines in Exercise Altering WAT Phenotype

Name Symbol Description References
Increased metabolism by increasing the
consumption of FFAs in adipose tissue,

Interleukin 6 IL6 as a myokine increase UCP1 expression (51-53)
in subcutaneous adipose tissue after
exercise
Muscle contractions during exercise
activate PGCla and FNDCS5, and as a
result of adrenergic stimulation, irisin
Irisin Irisin will secrete from adipose tissue and (9, 48, 54-
muscle, resulting in phenotype change in 56)
WAT. In addition, exercise-induced
increase in irisin reduces the expression
of the myostatin gene.
Inhibitory growth and differentiation
Myostatin MSTN fac'gor for mus_cle. Gengtlc de_letlon in (57-60)
mice results in excessive beige and
reduced fat stores in subcutaneous WAT.
Beta It is secreted by the expression of
. . PGCla and in subcutaneous WAT and
amlnoputyrlc BAIBA leads to an increase in UCP1 and other (61-64)
acid ;
factors for begging.
It results from the high expression of
PGCla-4, which is effective in
Meteorin- hypertrophy. increasing energy costs and
. Metrnl expanding subcutaneous beige adipose (64, 65)
like ; . .
tissue. Eccentric exercise leads to the
release of high levels of this hormone
into the bloodstream.
. Its involved in control of Insulin
Fibroblast e .
sensitivity, ketogenesis and glucose (52, 66,
growth FGF21 h R .
factor 21 omeosta5|_s. increase UCP1 expression 67)
in BAT and WAT
. vital role in energy homeostasis. plays an
Brain- . . .
derived important _role in begging of _
. BDNF subcutaneous adipose tissue and exercise (52, 68)
neurotrophic . I
is effective in raising BDNF (muscle
factor
endogenous) levels.
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Abstract

Alzheimer's disease (AD) is a progressive disorder of the nervous system. Amyloid -
induced degradation reactions in the central nervous system (CNS) result in neurotrophic
factor abnormalities which may, in turn, facilitate the development of amyloid
pathology. The effects of exercise on these factors have been taken into account;
however, an understanding of how it works needs further investigation. Therefore, the
purpose of this study was to investigate the effect of aerobic training on tropomyosin-
related kinase B (TrkB), protein kinase C (PKC) and protein kinase B (AKT) in the
hippocampus of male rats with AD. In this experimental study, 36 adult male rats (8
weeks) with an average weight of 195 + 20 g were randomly divided into 3 groups
(n=12): AD, AD+exercise training (ADT), and control (C). The AD was induced by
intrahippocampal injection of AB1-42. Aerobic exercise was performed for 4 weeks, 5
sessions per week. Then, 24 hours after the last training session, animals were either
subjected to behavioral testing or killed, and their hippocampus was extracted for further
experiments. One-way ANOVA was used to analyze the data. The results showed that
the ADT rats spend significantly more time in the target quadrant compared to the AD
group in the probe test (P<0.05). Moreover, TrkB, PKC and AKT levels decreased
following injection of AB1-42 (P<0.001). Aerobic exercise increased TrkB, PKC and
AKT levels compared to AD rats (P<0.05). Therefore, aerobic exercise seems to help
improve spatial memory by activating the TrkB- PKC-AKT signaling pathway.
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Extended Abstract

Background and Purpose

Alzheimer's disease (AD) is a progressive disorder of the nervous system.
Amyloid B-induced degradation reactions in the central nervous system (CNS)
result in neurotrophic factor abnormalities which may, in turn, facilitate the
development of amyloid pathology. Several cellular and molecular systems are
important for maintaining flexibility and neuronal function including
neurotrophins which can be considered as an aim to exert the beneficial effects
of exercise on the brain. Evidence suggests that changes in tropomyosin-related
kinase B (TrkB) signaling are necessary for exercise-induced affecting
hippocampal flexibility, synaptic flexibility and transmission (1). However,
many aspects of this effect are not fully understood. Therefore, the purpose of
this study was to investigate the effect of aerobic training on TrkB, protein
kinase C (PKC) and protein kinase B (AKT) in the hippocampus of male rats
with AD.

Method of Research

In this experimental study, 36 adult male rats (8 weeks) with an average weight
of 195 + 20 g were randomly divided into 3 groups (n=12): AD, AD+exercise
training (ADT), and control (C). The AD was induced by bilaterally
intrahippocampal injection of APi4. The exercise group was subjected to
moderate treadmill exercise (for 4 weeks, 5 sessions per week) for 7 days after
microinjection. Moreover, 24 hours after the last training session, animals were
either subjected to behavioral testing using the Morris Water Maze (MWM) test
to assess the hippocampus-dependent spatial learning and memory ability of rats
or killed immediately after anesthesia with ether. Next, the brains were quickly
removed from the skulls, and the hippocampus was dissected on ice. The real-
time PCR assay was used to measure the research variables, and comparisons
between groups were carried out by one-way ANOVA, and post-hoc
comparisons were assessed using the Bonferroni test.

Results

The results showed that in the probe test, the time spent in the target quadrant in
the AD group was significantly less than that in the control group (p<0.05). In
addition, the ADT group performed significantly better than the AD group
(p<0.05) (Fig. 1). The TrkB, PKC and AKT mRNA levels decreased following
injection of AB1-42 compared to the control group (P<0.001). The results of the
one-way ANOVA test demonstrated that exercise significantly increased TrkB
MRNA level compared to the AD group (p<0.001). Besides, exercise
significantly increased PKC mRNA levels in the AD group (p<0.001).
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Furthermore, AKT mRNA levels significantly increased in ADT than AD
groups (p<0.001).

Conclusion

The present study is one of the few studies to investigate the association between
TrkB and exercise training after the AD progression. The results indicated that a
4-week aerobic exercise period resulted in a significant increase in the AKT-
PKC-TrkB signaling pathway in AD animals compared to the non-exercising
AD group. Consistent with the findings of the present study, previous studies
have shown that aerobic exercise can enhance brain-derived neurotrophic factor
(BDNF) and TrkB levels (2, 3). These findings support the hypothesis that
exercise is a useful agent to promote neurotrophin-dependent hippocampal
flexibility because the binding of neurotrophins, especially BDNF, to its specific
receptor, TrkB, is the main signaling pathway of the synaptic plasticity process
in the hippocampus. In general, aerobic exercise seems to help improve spatial
memory by activating the hippocampal TrkB- PKC-AKT signaling pathway in
an animal model of AD.

Article Message
Aerobic exercise improves spatial memory through activating the AKT-PKC-
TrkB signaling pathway.

Keywords: Alzheimer’s Disease, TrkB, PKC, AKT, Aerobic Training
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Figure 1. Effect of Treadmill Exercise on the Time Spent in the Target Quadrant in
the Probe trial The Exercising Ap1-42-Treated Rats Spent More Time in the Target
Quadrant Than the AD Ones (P < 0.05).
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Figure 2 - Time Spent in the Target Quadrant in the Study Groups in the Probe Test
*: Significant Difference with Control Group (P <0.01)
#: Significant Difference with AD Group (P <0.05)
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Figure 3 - TrkB Gene Expression Changes in the Study Groups
*: Significant Difference with Control Group (P <0.001)
#: Significant Difference with AD Group (P <0.05)
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Figure 4 - PKC Gene Expression Changes in the Study Groups
*: Significant Difference with Control Group (P <0.001)
#: Significant Difference with AD Group (P <0.01)
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Figure 5 - AKT Gene Expression Changes in the Study Groups
*: Significant Difference with Control Group (P <0.01)
#: Significant Difference with AD Group (P <0.01)
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Abstract

The aim of the present study was to establish a norm of health-related fitness among 18-
60-year-old males in Rasht city. This descriptive study was conducted using the survey
method and 384 males aged 18-60 years old were systematically selected from Rasht city
using the cluster sampling method. Weight, height, body mass index (BMI), waist-hip
ratio (WHR), skinfold at 3 points, aerobic power, handgrip strength, trunk flexibility,
abdominal and shoulder girdle muscle endurance were measured using standard tests.
Descriptive statistics, z-score, and percentiles were used to analyzed the data for each test,
and the norm of each fitness factor was constructed according to the percentiles. The mean
aerobic power (48.14 ml/kg/min), handgrip strength (54.28 kg), abdominal muscular
endurance (34.77 sit-ups), shoulder girdle muscular endurance (32.39 push-ups), trunk
flexibility (26.52 c¢cm), body fat percentage (25.76 %), BMI (26.38 kg/m2) and WHR
(0.96) of the subjects were determined. The results showed that most 18-60-year-old men
in Rasht city were of intermediate status in terms of body composition and were relatively
good in terms of other fitness factors. Encouragingly, men in Rasht were in a better
condition in most factors of physical fitness than those in other regions of Iran and even
in other countries. However, there is a paucity data on the norm of physical fitness of the
population of the studied age group (18-60 years old) in Iran, indicating that further studies
should be conducted in this regard.
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Extended Abstract

Background and Purpose

A sedentary lifestyle is widespread in developed and some developing countries,
and one of its side effects is the spread of cardiovascular disease, leading to
premature death in these societies (1). In addition, the government and various
institutions annually bear high costs for the treatment of various diseases and
ailments, which should be reduced by providing various solutions, especially the
development of the health of the people in the community to be caused more funds
for projects to prevent diseases (2). Optimal physical fitness plays an important
role in the health of people in the community. From the perspective of sports
scientists, especially exercise science, physical fitness has a special meaning and
includes certain factors, each of which has a special concept and character that
distinguishes it from other factors (3, 4). Currently, there is a lack of information
on the state of physical fitness and the development of relevant standards to
describe the current situation of these indicators in different parts of Rasht.
Therefore, the aim of the present study was to establish a norm of health-related
fitness among 18-60-year-old males in Rasht city.

Method

This descriptive study was performed using survey and field method. The
statistical subjects of the present study consisted of 18-60-year-old men living in
different parts of Rasht. The sample size was 384 males who were systematically
and randomly based on Cochran's formula. To do so, a map of Rasht was prepared
and selected blocks on that map, then 50 blocks were randomly selected (based on
block numbering). At the beginning of the study, the Physical Activity Readiness
Questionnaire (PAR-Q) was used. Subjects arrived at the gym at the scheduled
time. Measurements were taken at 10-12 am and all tests were performed under
the same conditions. Physical fitness tests were performed in one session,
measuring height, weight, fat percentage, waist circumference, hip circumference,
handgrip strength, Swedish swimming, sit-ups, flexibility and 1600 m Rockport
test (5). In this study, descriptive statistics, Z formula and calculation of percentage
points in each test were used, and a norm was established based on the percentage
values for the physical fitness factors. The normality distribution of the data was
examined using the Kolmogorov-Smirnov test. Data were analyzed using SPSS
23.

Results

Findings represented that 5% of 18-29, 30-39, 40-49 and 50-60-year-old groups
were >101.3,>115.6, >100 and >97.1 kg as well as 5% of them were <59.1, <67.1,
<60.7 and <62 kg, respectively. Moreover, 50% of each age group was below the
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record levels of 77.4, 83.2, 80.6 and 74.4 kg, respectively. Overall, 5% of 18-60-
year-old subjects weighted >101 kg and 5% of them weighted <61.2 kg. For 10%
of males in the age groups of 18-29, 30-39, 40-49 and 50-60 years, the frequency
of standing up was more than 60, 50, 49 and 48 times respectively and for 10% of
males it was less than 30, 20, 14 and 10 times. In total, 25% of 18-60-year-old men
recorded that the frequency of standing up was >42 times, and 25% of them could
not do >26 times. In the age groups of 18-29, 30-39, 40-49 and 50-60 years, 25%
of subjects in each group had a BMI >27.6, >29.0, >29.4 and >28.0, respectively.
In addition, 95% of men had a BMI <33.7 and 5% of them had a BMI <19.9 kg/m?.
According to the BMI, the percentage of body fat was similar in the age groups of
18-29, 30-39, 40-49 and 50-60 years, but the body fat percentage of 25% of
subjects was >27.7, >29.9, >29.8 and >32.1%, respectively. In total, the body fat
percentage of 95 and 5% of males was <37.1 and <13.6, respectively.

In addition, according to the results, it was found that 10% of males in the age
groups of 18-29, 30-39, 40-49 and 50-60 years had VO2max > 62.3, >58.0, >54.9
and >53.5 and 10% of them had VO2max <43.2, <38.4, <36.6 and <32.8 ml.kg
L min, respectively.

Conclusion

The purpose of this study was to develop a norm and assess the health-related
physical fitness among 18-60-year-old males in Rasht; therefore, physical fitness
tests consisting of five separate items (muscle strength, muscle endurance,
cardiorespiratory endurance, and flexibility and body composition) were used to
measure the physical and motor abilities of individuals. Maximum oxygen
consumption is one of the most important health factors. The results suggested
that the record level of 12.7, 15.4, 16.7, 12.8, 14.3, 15.6 and 12.5% of males in
Rasht was very poor, poor, low-moderate, moderate, moderate-high, good, and
excellent, respectively . It seems that in societies where daily activities are still
performed by the body, the decline in cardiorespiratory fitness is also prevented
(6). Generally, the results showed that most 18-60-year-old men in Rasht city had
intermediate status in terms of body composition and were relatively good in
terms of other fitness factors. Encouragingly, men in Rasht were in a better
condition in most factors of physical fitness than those in other regions of Iran and
even in other countries. However, there is a paucity data on the norm of physical
fitness of the population of the studied age group (18-60 years old) in Iran,
indicating that further studies should be conducted in this regard.
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Article Message

Man in Rasht city have relatively better physical fitness in comparison to other
population. Current norms may be useful for evaluation and comparison the fitness
status of a man in Rasht city.
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Table 1- Mean & SD of variables in 18-60 years-old men in Rasht city

\Al

1860y 50-60 y 40-49y 3039y 1829y ]
(n=384) (n=80) (n=100) (n=97) (n=107) ) P
3824117 539431  452+304  343+29  234+33  Mean+SD .
18 50 40 30 18 Min U
60 60 49 39 29 Max Age (y)
1749472 1707468 1732464 1767459  177.9+7.4  Mean+SD y
158 158 160 163 160 Min (il
196 188 187 189 196 Max Height (cm)
80.7+13.2  76.9+113 80.1+119 86.4+133 78.9+138  Mean+SD
: (eSS 039
47.4 47.4 56.6 60.40 47.70 Min ol
1372 1035 1082 1372 1234 Max
26.4+40 264434  267+3.7  27.7+40 250443  Mean+SD BMI
15.17 16.87 19.38 19.44 15.17 Min (&2rore 5 p55)
2
44.42 35.4 36.4 44.42 38.95 Max kg/m®
258467  27.8+64 268456  26.7+6.0 225472  Mean+SD A
ON &7
6.83 10.24 10.27 10.56 6.83 Min (o)
44.92 44.92 43.93 41.37 38.78 Max Body Fat (%)
096+0.04 097+0.05 097+0.04 097+0.03 093+0.04  Mean+SD
0.83 0.86 0.86 0.88 0.83 Min WHR) ot o
113 113 1.08 1.05 1.03 Max

Gy pels Al £+ GIA Gl 50 50 b o lame Bl pmil 9 (1Sleo -V Jguar
Table 2- Mean & SD of Variables in 18-60 Years-Old Men in Rasht City

1860y 50-60y  40-49y 30-39y 18-29y (Jw) (g 09,5
w5 - B sl
48.1+8.4 42572 45.6%6.3 49.1#8.1 53.9+7.4 Cardiopulmonary Endurance
(ml/kg/min)
P P08 s ool 0o
122424 13.0+24 12.3x2.0 12.2+24 115%2.3 1-Mile Running Time

34.8+13.9 28.1+13.8 31.4+13.5 34.6+12.7 43.1+11.0

miny
A Sdlae colin
Muscular Endurance of Trunk
(SIt-UPS) (caneis ¢ 31,0 olas)
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Table 2- Mean & SD of Variables in 18-60 Years-Old Men in Rasht City

18-60y 50-60y  40-49y  30-39y  18-29y (JLw) (S 09,5

a5 Y dhae culil
3244155 28.5+15.3 31.2+15.8 32.5+15.0 36.3+15.2 Muscular Endurance of Upper
(Push-ups) (susgm sl slass)
Cawd Aoy Oy
Handgrip (kg)
Flexibility / s 5, célas!
(cm)

543175 43.8+14.2 53.4+16.0 62.6+15.2 55.4+18.9

26.548.7 24.3+7.6 25.8+8.0 26.4+9.1 28.9£9.3

Cloy pheis Al o BN 510 30 (439 9 03 g0y bl g (Suw )l -F Jguo
Table 3- Norms and Percentiles of Height and weight of 18-60 Years-Old Men in

Rasht City
Height (cm) «3 Weight (kg) o9

- - - - - - - - -
Percentiles Interpretaton < % Y % 7 7 % Y % ¢
()] ()] ()] o o ()] (2] o o o

N o <t (o] (o] N o < [T} [T}

5 s .Ls 16481660 162.0 159.0 1620 59.1 671 60.7 620 612
10 Very Low  168.0 169.8 164.0 160.1 1650 61.3 74.1 73.7 641 646
15 170.0 170.0 165.0 163.0 176.0 645 758 66.3 653 66.9
20 L"" 171.6 172.0 167.0 164.2 169.0 66.6 77.4 687 67.6 70.1

ow
25 173.0 172.5 170.0 165.0 170.0 69.7 784 70.7 69.8 71.1
30 L. 174017341700 1660 1710 713 789 726 704 733
OBl avsico
35 Downward 1750 175.0 170.0 168.0 173.0 73.6 805 742 70.9 749
40 Middle 1762 175.0 172.0 169.0 173.0 75.1 817 77.2 717 77.2
45 177.0 176.0 173.0 170.0 1740 760 825 788 73.0 784
50 h;‘“;;f 178.0 176.0 174.0 171.0 1750 77.4 832 80.6 744 80.2
| e
55 178.4 177.0 175.0 172.0 1760 788 852 825 757 815
60 " ~ 179.8 178.0 175.0 173.0 177.0 812 87.0 83.1 785 83.2
R
65 Upward 1800 179.0 176.6 1740 1780 36.6 89.7 843 80.8 84.7

70 Middle 1810 180.0 177.0 175.0 178.0 85.2 90.6 86.7 84.4 86.8
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Table 3- Norms and Percentiles of Height and weight of 18-60 Years-Old Men in

Rasht City
Height (cm) o3 Weight (kg) ¢ 39
ey B e & & & 3 § & & & g &
Percentiles Interpretation <% % Y % 7 < % Y % %
(<] (2] (=] o o [e2] (2] (o) o o
N ™ < © © N [3e] < © ©
75 183.0 180.0 178.0 176.0 180.0 87.0 92.2 89.6 86.3 89.6
80 F:Lg)h 185.0 183.0 178.0 176.0 180.0 89.9 94.2 916 884 90.8
[
85 186.0 183.3 180.0 177.0 182.0 93.1 958 934 90.1 93.2
90 189.0 185.0 180.9 178.9 184.0 95.8 101.3 952 913 95.6
95 Vob’j T_l;)h 190.0 187.1 182.9 1829 187.7 101.3 115.6 100.0 97.1 101.2
ery Hig
100 196.0 189.0 187.0 188.0 196.0 123.4 137.2 108.2 103.5 137.2

FeoXAlbY. YA A s sloog,S j0 a5 09 oo alaxdo du b )leds Jgoo zuls 4y ax g5 b
9 YAY/A VAV VAV iy (608 o jay gow 05,5 ;o 5o, A0 Wl £e Lo ¥R L
95 e 25l 10 5 VEY VPP NPFIA S (608 ol oyl 5l oo ,o zi g e il VAY/A
Fo sl WYY g AVE AVE AVA flis 08 ol jay Jw 0g,5 ;0 5las 000 yoren aizlils
QSIS VAVIY 5l 2eSTL ol a8l £ B VA s 10 Al 5l 0o )0 A0 (fgammo o aiiils o3

bl e SOl VEY 51 50lieS (g0 axsl> il do o iy g
o gl lao,e 0l fe BOr g FAL T FAL Y YA U VA alSee o sloeg,S 5o
IYIE Glos,e5 ) 15 30 (G 09,5 2 5l oo 000 e aiils J1 36 TS FY g4 /V FV/N
Wl £+ BN Gloye dnol> 5l do)o i cfaome o a8 5 1,8 5 SolS VE/F g Ae/P AYIY

P S PAY Sl S (S5 5 anelz 5l doyo gy g 28k VI VIV Sl i b 2l S
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Table 5- Norms and Percentiles of BMI, Body Fat and WHR of 18-60 Years-Old Men in
Rasht City
BMI (kg/m? O styF e WHR
(kg/m?) Body Fat (%)

Chaadld bl.n.» > > > > > > > > > > > > > > >
Percentiles o o o o o o o o © © o©o ©o © O O
N ™ < [T} [Te] N ™ < (T} [Te] N ™ <t (Yo} (Yo}

O O O O D O O O O W b6 O O O o

— o < n — — o < n — — o <t el —
5 18.8 22.1 20.3 21.0 19.9 10.8 17.2 17.8 19.1 13.6 0.87 0.90 0.89 0.87 0.88

10 19.8 23.7 20.9 22.8 21.2 12.1 19.3 19.9 20.1 17.2 0.88 0.91 0.91 0.90 0.90
15 20.6 24.7 22.6 23.1 22.7 139 21.3 21.4 21.8 19.2 0.89 0.93 0.92 0.91 0.91
20 21.3 25.1 235 23.3 234 1511 22.1 22.3 22.8 20.8 0.90 0.94 0.93 0.93 0.92
25 225 253 242 24.1 23.8 16.1 22.9 23.1 23.5 21.7 0.91 0.95 0.94 0.94 0.93
30 22.8 25.8 24.9 245 24.4 18.0 23.5 23.8 23.9 22.9 0.91 0.95 0.95 0.95 0.94
35 23.1 26.2 25.3 24.6 24.8 19.7 24.2 25.1 25.1 23.5 0.91 0.96 0.95 0.95 0.95
40 23.5 26.6 26.0 25.6 25.4 20.8 24.8 25.9 25.7 24.7 0.92 0.96 0.96 0.96 0.95
45 239 26.8 26.7 26.1 25.9 215 25.6 26.2 26.0 25.5 0.93 0.97 0.97 0.96 0.96
50 244 270 27.1 26,5 26.5 22.8 26.0 26.7 27.3 26.0 0.94 0.97 0.97 0.97 0.96
55 249 27.2 27.4 26.7 26.8 24.7 26.8 27.3 28.3 26.6 0.94 0.97 0.97 0.98 0.96
60 25.8 27.7 27.9 26.8 27.1 25.7 28.0 28.1 29.5 27.6 0.95 0.98 0.99 0.98 0.97
65 26.2 28.1 28.3 27.2 27.6 26.5 28.4 28.5 30.1 28.2 0.96 0.98 1.00 1.00 0.98
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Table 5- Norms and Percentiles of Some Variables of 18-60 Years-Old Men in Rasht City
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Abstract

Adipose dysfunction is the underlying cause of liver diseases. The main purpose of this
study was to compare the effect of an eight-week low-intensity endurance training (LIET)
and high-intensity interval training (HIIT) on the amount of HIG2 gene and triglyceride
(TG) content of visceral lipid tissue in Wistar male rats affected by non-alcohol fatty liver
(NAFLD). The present study was conducted on 40 NAFLD Wistar rats. The rats were
divided into four groups of 10: Healthy control (standard diet), Control, LIET and HIIT
(High-fat diet). After the 16-week special diet, alanine transaminase (ALT) enzyme serum
was taken from the mentioned groups. It became obvious, as the main symptom of fatty
liver, that consuming fatty foods could develop NAFLD disease in the experimental group.
Then, the experimental groups were randomly divided into: Control, HIIT, and LIET
groups, and they consumed fatty foods constantly until the end of the training period. The
HIIT training protocol consisted of a 2-min running session at 75, 85 and 90% of maximal
velocity (Vmax) in the first, second and fourth weeks (until the end of the training),
respectively. The LIET training protocol was composed of a run at 45% of Vmax. HIG2
gene expression was performed using real-time PCR technique and TG visceral adipose
tissue measurements using Auto-Analyzer (BT3000 model). Analysis of variance
(ANOVA) test was applied to compare the groups with a significance level of (p<0.05).
Analysis of the data revealed that there was no significant difference in HIG2 gene
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expression between the training groups compared to the control groups (p=0.05). Only in
the control group, an increasing significance of HIG2 gene expression was observed
(p=0.039), compared to the experimental group. There was a significant difference in the
amount of TG-content between the control and LIET groups (p=0.001) and between the
control and HIT groups (p=0.001). Moreover, a significant difference was found in the
amount of TG-content between the LIET and HIIT groups (p= 0.003). Thus, it can be
concluded that maintaining a high-fat diet during exercise and the influence of exercise on
the amount of TG and on the expression of the HIG2 gene show that each of the two
exercise regimens has an effect on visceral fat content in rats with NAFLD, independent
of the HIG2 gene.

Keywords: Intra-Abdominal Fat, High-Intensity Interval Training, Hypoxia-Inducible
protein 2, Triglyceride, Non-Alcoholic Fatty Liver Disease

Extended Abstract

Background and Purpose

Total body fat and visceral fat are closely linked to non-alcoholic fatty liver
diseases (NAFLD), diabetes, hypertension, increased blood lipids, and
cardiovascular disease (1). The NAFLD as the most common chronic liver disease
includes the full spectrum of this disease such as plain steatosis, non-alcoholic
steatohepatitis (NASH), fibrosis, and cirrhosis (2). Over 600 million people
worldwide and 30% of the European population are overweight, directly leading
to the growth and accumulation of fat droplets and the progression of the NAFLD
disease (3). Adipose dysfunction is the underlying cause of liver diseases.
Adipocytes store the required energy in the form of triglyceride (TG) in fat
droplets (LDs) when they receive additional nutrients (4). The LDs have a single
layer of sterol and phospholipid. Their single-layer structure is such that certain
proteins such as perilipins. Physical activity is important through the reduction of
visceral fat mass, increased lipolysis, consequent decrease in the release of pro-
inflammatory cytokines and creation of an anti-inflammatory environment in the
control of inflammatory diseases such as NAFLD (5). So, the main purpose of this
study was to compare the effect of an eight-week low-intensity endurance training
(LIET) and high-intensity interval training (HIIT) on the amount of HIG2 gene
and TG-content of visceral lipid tissue in male NAFLD Wistar rats.

Materials and Methods

In the study, 40 male Wistar rats (age=5 weeks) with a weight of 14.4 + 24.6 kg
were purchased from Isfahan Royan Institute. Animals were kept under twelve
hours of darkness and twelve hours of brightness, 50% moisture, 20 to 23 degrees
Celsius (five rats per cage) and free access to water and food (6). After one week,
the rats familiarized with the laboratory environment, all 40 rats were randomly
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assigned into: a) sham groups (n = 10) with diet: 23% crude protein, 3-5.5% crude
protein, 4% -5.5% crude fiber, ash 10% maximum, calcium 1-95%, phosphorus
70-65%, salt 0.55-0.5%, moisture content up to 10%, lysine 1.5% Methionine
0.33%, methionine + cysteine 0.63%, threonine 0.72%, tryptophan 0.25%, energy
16-16.17%) and b) experimental groups (control group and training group) with
high fat diet: About 60% fat (90% fatty processed animal and 10% soybean oil
added to standard food), 20% carbohydrate and 20% protein). After the 16-week
special diet, alanine transaminase (ALT) enzyme serum was taken from the
groups as expected, and as one of the main syndrome of fatty liver, it was
determined that high-fat dietary supplementation could successfully treat NAFLD
in the experimental group. Then, the experimental group was randomly divided
into control, HIIT and LIET (control group) (n=30) and consumed high-fat foods.
The healthy control group consumed standard food throughout the study and did
not participate in any exercise program, as in the control group. The experimental
groups (HIT and LIET) individually participated in the exercise protocol for eight
weeks (five days a week). Before starting the training protocol, the animals
exercised daily for 10-15 min at a speed of 10 m/min for one week to become
familiar with the treadmill (7). In order to determine the maximum speed of the
rats, a 10-stage test was performed with a speed of 0.3 km / h (5 m / min) in the
first stage, and increasing the speed of the bar to 0.3 km / min in the next stages.
Then, to approach the maximum speed, the average speed of the rats of different
groups in close proximity to each other was determined. Both protocols included
three parts: Warm-up, cool-down (five minutes and 30% maximum speed) and
training. The HIIT training protocol consisted of a 2-min running session at 75,
85 and 90% of maximal velocity (Vmax) in the first, second and fourth weeks
(until the end of the training), respectively. The LIET training protocol was
composed of a run at 45% of Vmax. HIG2 gene expression was performed using
real-time PCR technique and TG visceral adipose tissue measurements using
Auto-Analyzer (BT3000 model). Analysis of variance (ANOVA) test was applied
to compare the groups with a significance level of (p<0.05).

Results

Analysis of the data revealed that there was no significant difference in HIG2 gene
expression between the training groups compared to the control groups (p=0.05).
Only in the control group, an increasing significance of HIG2 gene expression
was observed (p=0.039), compared to the experimental group. There was a
significant difference in the amount of TG-content between the control and LIET
groups (p=0.001) and between the control and HIIT groups (p=0.001). Moreover,
a significant difference was found in the amount of TG-content between the LIET
and HIIT groups (p= 0.003).
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Conclusion

Findings suggested that maintaining a high-fat diet during exercise and the
influence of exercise on the amount of TG and on the expression of the HIG2 gene
indicated that each of the two exercise regimens had an effect on visceral fat
content in rats with NAFLD, independent of the HIG2 gene. The eight-week LIET
and HIIT protocols along with a high-fat diet had no effect on the reduction of
HIG2 expression in visceral adipose tissue. However, both LIET and HIT
protocols reduced TG of visceral adipose tissue and body mass. The use of HIT
exercise protocol in hepatotoxic diseases such as NAFLD, decreasing TG in
visceral adipose tissue and body mass seems to be the best-recommended method
for dietary control; therefore, the characteristics of HIIT protocols such as low
time consumption, fewer types of exercise and low energy consumption. These
exercises to improve NAFLD patients can be an important factor to motivate these
patients.

Keywords: Intra-Abdominal Fat, High-Intensity Interval Training, Hypoxia-
Inducible Protein 2, Triglyceride, Non-Alcoholic fatty Liver Disease

Achievement Message

The HIT and LIET training protocols can reduce the triglyceride levels of visceral
adipose tissue and body mass in rats with NAFLD, independent of the HIG2
pathway and, consequently, improve fatty liver disease. Also, it seems that the
HIIT training protocol being more valuable than LIET, according to the objectives
of this study.
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Table 1- Changes in serum levels of ALT enzyme (U / liter) after 16 weeks of diet

Pt df MenzsDs o S 095

Maximum Minimum Groups

(RO PIRY:

*0.001 3453 9 60.75.5 67.00 51.00 % ‘s‘f‘
Standard diet

o g

*0.001 56.37 29 105.1+9.6 121.00 87.00 ;’%"‘6“_‘
High-fat diet

(P <0.05) ,lobzo coglis *
* Significant Difference (P <0.05)
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Table 2 - Training Protocol of HIIT and LIET Groups
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e 5 3o el Sede slaaleg olusi e g JRETOI o
(ye) (djfja) o2 (ks poa) [Ora g | L_;f HM og5 asks
Distance Exerc.lse Num.bzlar of Speed Rest time inﬁ:::;i Group Week
covered per dura.tlon training (m/min) intensity 3
. (min) bouts
session (m)

246 - 2 30 30% 75% HIIT 1
246 17 - 18 - 45% LIET 1
445 - 4 32 30% 80% HIIT 2
445 28 - 18 - 45% LIET 2
588 - 6 34 30% 85% HIIT 3
588 36 - 18 - 45% LIET 3
748 - 8 36 20% 90% HIIT 4
748 45 - 18 - 45% LIET 4
748 - 8 36 20% 90% HIIT 5
748 45 - 18 - 45% LIET 5
748 - 8 36 20% 90% HIIT 6
748 45 - 18 - 45% LIET 6
748 - 8 36 20% 90% HIIT 7
748 45 - 18 - 45% LIET 7
748 - 8 36 20% 90% HIIT 8
748 45 - 18 - 45% LIET 8
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Table 3 - RT-PCR Reaction Conditions
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obj al> 0 b > Jolm
Time Temperature Step name Cycle Steps
(°C) P numbers P
. adel il ol
5 minutes 95 oGy 1 1
Primary denaturation
30 sec 5w g
94 .
a3 Denaturation
30 sec Jlas!
54 ) 40 2
4t Annealing
30 min 29 S
a8 Extension
5 min 5 Ly i
. 72 e S 1 2
48,85 Final extension
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Table 4. Sequence of Primers for HIG2 and TBP Genes
Name Sequence
F:5-CATGTTGACCCTGCTTTCCAT-3
R: 5-GCTCTCCAGTAAGCCTCCCA-3
F: CAGCCTTCCACCTTATGCTC
R: TTGCTGCTGCTGTCTTTGTT

HIG2

TBP

03931 3 e uilly (1Kem (g2 sl g Shigmg s (9031 5l aosls g5e5 (SigSz a6l
5 oells JsyS bbb slogsasl 5l ool s (o5 smnb a4 azgi L o solinul )
e ol ol gl 8l 5 L Woosls o oolitul imgh sloars b ge)l lp (ug=cre 00
ad Judos (P <0.05) (5, lsbins laws ;5 YY

3 SW lasjlbial b glbail oluly 5 (25559 pole (Slindod SIS AeS” o Ghaghy (0
b gl irssrirec.1397.331 oS b pole o)l59 liiss

P %)

095 L awslie ;o Juyed srog,S o HIG2 5 Lo ol 5o (s loline Dglas ols lis s
JysS 09,5 ;0 b0 HIG2 O ole ol 5 (5 lobire il olul fres psclilas 0g>g J oS
(S5 8,leds JS8) 0b saslive o 05,5 L anglie 5o (P=0039)

1. SPSS



™ e S 0 b ol ¢y p03 Sl A o 15 e (6 e

12

Mean

Sham  Control  HIET HIT

HIG2 5 by (Sl Ol i - JSCo
Figure 1 - Mean Changes in the Expression of HIG2

el 0 CBLTG s jo ) ghloboe Sglas 90 8 lads JSo )0 baools Judow (yuizmon
S8 bt peluln (P =0001) ols (lis w2 5 S ooy ,S L anslio ;o (o po3 sl 095
DS Sl (e 5SS 09,5 e TGO lgime Glime )3 (5 ol Sglis 95 8)Let
S5 oyl 2 ogdle . sanlive (P = 0.001) ayids sl oy 3 U, 03,5 cyee (P = 0.001)
Al oanlice dal ool (el g SaleS Swliinl el 5 TG lgie ol 5o (5 lolins

(P =0.003)
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Figure 2 - Mean Changes in the Viceral Fat of TG
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Table 5 - Comparison of Rat Weight Before and After Training

Mean+SD
o yed 5 laog 5
p t df 305 3 e [CP e Bl
o Before Groups
After training L
training
0.001* -10.60 9 418.00+8.76 391.90+8.73 o
Sham
0.001* -12.58 9 455.11+15.97 420.00+14.88 JAs
Control
IR soliiwl s pod
0.001* 4091 9 376.67+29.36  383.8030.79 < irt el
HIET
0054  -2.25 9 404.78+11.07 401.00+12.76 ﬁflT“’”‘“

(P <0.05) (05 5l J3 b anglin ;o (g lobine®
* Significant Difference Compared to Before Training (P <0.05)
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Abstract

Obesity suppresses muscle mitochondrial biogenesis and the effects of high-intensity
interval training (HIIT) and Q10 in this area should be more investigated. The aim of this
study was to investigate the concomitant effects of HIIT and Q10 supplementation on two
indices of mitochondrial biogenesis in obese male rats’ skeletal muscles. To do so, 48
male rats [age: 16 weeks, obese weight: 272 to 372 gr (308.8 + 22.36 gr); normal weight:
140 to 197 gr (158.61122.21 gr)] were randomized into six groups including normal
weight, obese reference, obese control, obese HIIT, obese Q10 and obese HIIT+Q10
groups. Obesity was induced by a high-fat diet. Q10 supplementation 500 mg/kg.bw.day
and HIIT (10 activity bouts for 4 min at 85-90% of v VO2 peak with 2 min rest intervals)
were done for 12 weeks. Western blot and spectrophotometer methods were used to
quantify the variables, and the data were analyzed using one-way ANOVA. A lower soleus
PGC-1a content was observed in obese reference (P=0.001) and obese control (P=0.003)
groups compared to the normal weight group with higher citrate synthase (CS) activity
(P=0.039 and P=0.031, respectively). HIIT (P=0.001), Q10 (P=0.001) and HIIT+Q10
(P=0.001) elevated PGC-1a expression to levels even higher than that in the normal
weight group, indicating that the effect of HIIT was greater than Q10 (P=0.017). None of
the interventions changed CS activity (P>0.05). It can be concluded that obesity
suppresses muscle mitochondrial biogenesis, and HIIT efficiently compensates this
condition and even elevates muscle mitochondrial biogenesis compared to normal weight
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rats. The Q10 supplementation has beneficial effects but weaker effects than HIIT.
However, due to lack of evidence and limitations, there is still a need for investigation.

Key Words: HIIT, Q10, Obesity, Skeletal Muscle, Mitochondrial Biogenesis

Extended Abstract
Background and Purpose

Obesity exerts a negative influence on skeletal muscle through various pathways,
and alterations in muscular mitochondrial function and content (biogenesis) have
integral roles in metabolic health (1). The mitochondrial biogenesis, on the other
hand, is controlled by PGC-1a, while citrate synthase (CS) activity, an index of
mitochondrial content, can also be involved which is reduced in obese skeletal
muscle (2).

However, high-intensity interval training (HIIT) elicits beneficial metabolic
adaptations in skeletal muscle and increases mitochondrial biogenesis (3) via an
elevation in the number and function of mitochondria (4), especially in the setting
of obesity.

Additionally, an association of physical activity with antioxidants might be a more
effective strategy. Coenzyme Q10 (CoQ10) in this scenario which is poorly
absorbed and accumulated in the mitochondria represents a valuable candidate for
supporting muscle functionality. However, very little is known about the
combined effects of HIIT and Q10, investigated in this study to evaluate two
indices of mitochondrial biogenesis, PGC-1a and CS, in obese male rats.

Methods

In the current study, 48 male rats were randomized into six groups including
normal weight, obese reference, obese control, obese HIIT, obese Q10 and obese
HIIT+Q10 (combined) groups.

Obesity was induced by a high-fat emulsion diet which derived 77% of its energy
from fat, 14% from total milk powder and 9% from carbohydrates. In this
emulsion, proteins were provided by total milk powder, carbohydrates by
saccharose and fat by corn oil. Each diet was supplemented with a vitamin and
mineral mixture. This emulsion was stored at 4 °C, heated in a 42 °C water bath
and fully mixed before use.

The HIIT protocol was done for 12 weeks, each session consisted of bouts of 4
min at 85— 90% of VO2 peak intermitted by 2-min active recovery at 50-60% of
VO2 peak. The running speed at VO2max, determined by the test protocol was
used to calculate exercise intensity during training sessions.
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Table 1- Composition of the High-Fat Emulsion Diet Ingested Via Gavage

Content (g) Component
400 Corn Qil
150 Sachcarose
80 Total milk Powder
100 Cholesterol
100 Sodium deoxycholate
36.4 Tween 80
31.1 Vitamin mixture
2.5 Propylene glycol
10 Cooking salt
15 Mineral mixture
300 ml Distilled water

The CoQ10 supplemented groups received an oral administration of CoQ10 at
doses of 500 mg kg™ of body weight per day dissolved in sunflower oil for 12
weeks. The control groups received an oral administration of sunflower oil for the
same duration.

Western blotting in soleus muscles using commercially available antibodies was
performed as previously reported.

Muscle samples from soleus muscle were homogenized with RIPA buffer that
contained a protease inhibitor cocktail (Sigma-Aldrich) and phosphatase
inhibitors (NaF and Na3VO4). Protein concentration was measured by using a
bicinchoninic acid protein quantification kit. Equal amounts of protein were
loaded for electrophoresis (Bio-Rad, Hercules, CA, USA). Proteins were
transferred to PVDF membranes (Bio-Rad) and incubated with the primary
antibody of PGC-la, followed by an anti-mouse fluorescence-conjugated
secondary antibody. Signals were detected by using a Western blot detection
reagent (5).

The CS activity was determined by spectrophotometry methods in soleus muscle
tissue. The fluorescent absorbance was measured at 412 nm. The slope of CS
absorbance change was calculated using an extinction coefficient of 13.6 mM™
cmt and normalized to the corresponding protein content.

Data were analyzed by one-way ANOVA and Tukey post-hoc test. P<0.05
was considered significant. All data were reported as mean £ SD.

Results

A lower soleus PGC-1a content was observed in obese reference (P=0.001) and
obese control (P=0.003) groups compared to the normal weight group with higher
CS activity (P=0.039 and P=0.031, respectively). HIIT (P=0.001), Q10 (P=0.001)
and HIIT+Q10 (P=0.001) elevated PGC-1a expression to levels even higher than
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that in the normal weight group, indicating that the effect of HIIT was greater than
Q10 (P=0.017). None of the interventions changed CS activity (P>0.05).

Table 2. Description of the Variables
(X £SD) N Group variable

1.0 £0.027 8 Normal Weight
0.91 £0.08 8 Obese Reference
131012 &  ommou ~ PeClaBAdn
1.39+0.14 8 Obese HIIT (Fold Change)
174 + 0.15 8 Obese Q1(_)+HIIT
Concomitatnt
78.37+£9.72 8 Normal Weight
05.37 +12.22 8 Obese Reference
95.87+11.49 8  Obese Control Cytrate Synthase
91.87 +10.57 8 Obese Q10 Activity
94,25+ 11.31 8 Obese HIIT (Mmol/min.mg protein)
8

Obese Q10+HIT

93.25+10.47 Concomitatnt

3/5

*
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Fig 1- Soleus muscle PGC-1a Protein Expression following 12 Weeks of HIIT+Q10
supplementation. NW: Normal Weight Group; OR: Obese-Reference Group; OC:
Obese-Control Group; OQ10: Obese-Q10 group; OHIIT: Obese-HIIT Group; O
combined: Obese-HIIT-Q10 Group. Values are Given as Means + S.D. of 8 Rats in
Each Group. =, T, I and ¥ P< 0.05 Respectively Compared with NW, OR, OC and
0Q10 Groups Based on Games-Howell Post-Hoc Multiple Comparisons.
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* *

110
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NW OR oc 0Q10 OHIIT  OConcomit
Fig 2- Soleus Muscle CS Activity Following 12 Weeks of HIIT+Q10
Supplementation. NW: Normal Weight Group; OR: Obese-Reference Group; OC:
Obese-Control Group; OQ10: Obese-Q10 Group; OHIIT: Obese-HIIT Group;
OConcomitant: Obese-HIIT-Q10 Group. Values are Given as Means + S.D. of 8

Rats in Each Group. « P<0.05 Compared with NW Based on Tukey Post-Hoc
Comparison.

Conclusion

It can be concluded that obesity suppresses muscle mitochondrial biogenesis, and
HIIT efficiently compensates this condition and even elevates muscle
mitochondrial biogenesis compared to normal weight rats.

Exercise stimulates an increase in total mitochondrial protein, including enzymes
involved in p-oxidation, the TCA cycle and the electron transport system.
However, HIT was primarily attributed to improvements in skeletal muscle
respiratory capacity. Given this information, it is apparent that the predominant
change is the improved ability to oxidize fat as a substrate, indicated from an
increased CS activity, skeletal muscle, mitochondrial content and increased PGC-
la protein expression. However, specific improvements along the electron
transport system vary and appear to be dependent on the intensity of exercise
training (6), which should be more investigated in future studies.

The Q10 supplementation has beneficial effects but weaker effects than HIIT. The
CoQ10 is a lipophilic metabolite that can support mitochondrial bioenergetics
through its role as an electron carrier (5) but is now more commonly recognized
for its antioxidant properties. However, in the ongoing study, the involved
molecular signaling mechanisms from Q10 supplementation and/or HII'T were not
determined in detail, and certainly further studies are needed.
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Article Message

Obesity reduces the mitochondrial biogenesis of skeletal muscle, and instead,
HIIT training and Q10 supplementation compensate well for this effect of obesity,
which HIIT training effect is more pronounced.

Keywords: HIIT, Q10, Obesity, Soleus Muscle, Mitochondrial Biogenesis
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Table 1- The Composition of the High-fat Emulsion Diet Ingested Via Gavage
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1. Cryoprotection
2. Lysis Buffer
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Fig 1- Soleus Muscle PGC-1a Protein Expression Following 6 Weeks of HIIT and
Q10 Supplemenataion. NW: Normal Weight Group; OR: Obese-Refference group;
OC: Obese-Control Group; OQ10: Obese-Q10 Group; OHIIT: Obese-HIIT
Group; OConcomitant: Obese-HIIT-Q10 Group. Values are Given as Means + S.D.
of 8 rats in Each Group. «, T,  and ¥ P< 0.05 Respectively Compared with NW,
OR, OC and OQ10 Groups Based on Games-Howell Post Hoc Multiple
Comparisons.
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Fig 1- Soleus Muscle Cytrate Synthase Activity Following 6 Weeks of HIIT and
Q10 Supplemenataion. NW: Normal Weight Group; OR: Obese-Refference Group;
OC: Obese-Control Group; OQ10: Obese-Q10 Group; OHIIT: Obese-HIIT
Group; OConcomitant: Obese-HIIT-Q10 Group. Values are Given as Means + S.D.
of 8 Rats in Each Group. * P < 0.05 Compared with NW Based on Tukey Post Hoc
Comparison.
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Abstract

Background and Purpose: The purpose of the current study was to investigate the effect
of HMB-FA supplementation on muscle damage indices in elite wrestlers.

Materials and Methods: A total of twenty wrestlers were selected in two supplement-
exercise (n=10) and placebo-exercise (n=10) groups to participate in a simulated wrestling
protocol. Subjects were randomly assigned to receive either 3g/d of HMB-FA or a
placebo. Blood samples to measure serum creatine kinase (CK) and lactate dehydrogenase
(LDH) were taken before taking the supplement, after taking the supplement, immediately
after the first repetition of the simulated wrestling protocol, immediately after the third
repetition of the simulated wrestling protocol, immediately after the fifth repetition of the
simulated wrestling protocol. The perceived recovery status (PRS) was assessed
immediately before the first, second, third, fourth, and fifth repetitions of the simulated
wrestling protocol. The data were analyzed using a repeated measure analysis of
covariance (ANCOVA) and analysis of variance (ANOVA).

Results: The results of this study showed that the values of muscle damage indices
including CK and LDH were significantly lower in the HMB-FA group than in the placebo
group (P<0.05). Moreover, there was a significant change for PRS, which significantly
decreased more in the placebo group compared to HMB-FA one (P<0.05).

Conclusion: Therefore, it can be concluded that HMB-FA supplementation appears to
improve muscle damage indices in wrestlers' simulated wrestling protocol

Key words: Wrestler, HMB-FA, Muscle Damage
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Extended Abstract

Background and Purpose

B-Hydroxy-B-methylbutyrate free acid (HMB-FA) has been suggested to
accelerate the regenerative capacity of skeletal muscle after high-intensity
exercise and attenuate markers of skeletal muscle damage (1). Considering the
impact of the HMB-FA supplement on sport performance, the tendency to
consume it in order to achieve more efficiency has increased (2). Accordingly,
this study was a randomized, double-blind, placebo-controlled clinical trial that
evaluated the effect of HMB-FA supplementation on muscle damage indices in
a simulated wrestling protocol in wrestlers.

Materials and Methods

A total of twenty wrestlers aged 19-26 years were selected in two supplement-
exercise (n=10) and placebo-exercise (n=10) groups to participate in a simulated
wrestling protocol. Each wrestler repeated the main activity five times (3).
Subjects were randomly assigned to receive either 3g/d of HMB-FA or a placebo
(4). Blood samples to measure serum levels of creatine kinase (CK) and lactate
dehydrogenase (LDH) were taken before taking the supplement, after taking the
supplement, immediately after the first repetition of the simulated wrestling
protocol, immediately after the third repetition of the simulated wrestling
protocol, immediately after the fifth repetition of the simulated wrestling
protocol. The perceived recovery status (PRS) was assessed immediately before
the first, second, third, fourth, and fifth repetitions of the simulated wrestling
protocol (5,6).

Results

The results showed that in the exercise-supplement group compared to the
exercise-placebo group, the LDH had a significant decrease in the steps
immediately after the first, third and fifth repetitions of specific exercise
(P<0.05). The CK indicated a significant decrease in the exercise-supplement
group than the exercise-placebo group only in the step immediately after the fifth
repetition of a specific exercise (P<0.05). However, in other steps, there was no
significant decrease in the mean values of this variable compared to the exercise-
placebo group (Figure 1).

Conclusion

Based on the results, it seems that short-term supplementation of HMB-FA
reduces the muscle damage indices and increases the index of perceived recovery
status of wrestlers after performing the Wrestling-Specific Protocol. These
findings suggest that wrestlers can take HMB-FA before exercise to speed
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recovery between competitions and high-intensity and volume exercises (Figure
1).
Keywords: Wrestler, HMB-FA, Muscle Damage
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Figure 1- Comparison of Mean Changes in Muscle Damage Indices (LDH(U/L)) in
wrestlers in the Supplement - Exercise and Placebo - Exercise Groups in the
Simulated Wrestling Protocol, LDH: Lactate Dehydrogenase, B1: Blood Sampling
before Supplementation, B2: Blood Sampling after Supplementation, B3: Blood
Sampling after the First Repetition of the Wrestling-Specific Protocol, B4: Blood
Sampling after the Third Repetition of the Wrestling-Specific Protocol, B5: Blood
Sampling after the Fifth Repetition of the Wrestling-Specific Protocol

Article Message

According to the results of the present study, taking HMB-FA supplementation
can help reduce the muscle damage indices and ultimately accelerate the recovery
process, which will improve the performance of wrestlers during competitions.
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1. University of Mary Wrestling Anaerobic Performance Test
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Figure 1- WP: Wrestling-Specific Protocol, B: Blood Sampling, PRS: Perceived
Recovery Status, HMB-FA: g-Hydroxy p-Methylbutyrate Free Acid
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Table 1- Comparison of the Mean Values of Wrestlers' Demographic Variables in
the Supplement-Exercise Group and the Exercise-Placebo Group
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(P-Value) exeKzise (2:818) Mean + SD
ean +
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(o il o8
+ +
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(p555) 0239
. 78.5%9. 76.9+12.4 .
0.56 8.5+9.58 6.9 8 Weight (kg)
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Body fat (%)
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(bpm) ol l L8 b yo
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Recovery Step 1

coraSilen 1 X caln8S 40 CdB (4U b DPM ¢ 8 paro 3 5umnS| S Toz VO2MaX « Suw b3g5 asLis :BMI
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BMI: Body Mass Index, VO2max: Maximum Oxygen Consumption, bpm: Heart
Rate Per Minute, x: Mean, SD: Standard Deviation, P-Value: Significance
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Figure 2- Mean Values of Wrestlers Recovery in Two Groups of Supplements-

Exercise and Placebo-Exercise, PRS: Perceived Recovery Status (0-10), R: Assess
PRS before Performing Repetitions of Specific Exercise.
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Table 2- Comparison of Mean Changes in Physiological Indices of Recovery (CK
(U/L)) in Wrestlers in the Two Groups of Supplement-Exercise and Placebo-
Exercise in the Wrestling Simulation Protocol
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Significance at the Level of a = 0.05, SD: Standard deviation, CK: Creatine Kinase,
X: Mean, B1: Blood Sampling before Supplementation, B2: Blood Sampling after
supplementation, B3: Blood sampling after the first repetition of the Wrestling-
Specific Protocol, B4: Blood Sampling after the Third Repetition of the Wrestling-

Specific Protocol, B5: Blood Sampling after the Fifth Repetition of the Wrestling-
Specific Protocol
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Table 3- Comparison of Mean Changes in Physiological Indices of Recovery (LDH
(U/L)) in Wrestlers in the Two Groups of Supplement-Exercise and Placebo-
exercise in the Wrestling Simulation Protocol
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Significance at the level of o = 0.05, SD: Standard Deviation, LDH: Lactate
Dehydrogenase, X: Mean, B1: Blood Sampling before supplementation, B2: blood
Sampling after Supplementation, B3: Blood Sampling after the First Repetition of
the Wrestling-Specific Protocol, B4: Blood Sampling after the Third Repetition of
the Wrestling-Specific Protocol, B5: Blood Sampling after the Fifth Repetition of the
Wrestling-Specific Protocol
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Figure 3- Comparison of Mean Changes in Physiological Indices of Recovery (CK

(U/L)) in Wrestlers in the Supplement - Exercise and Placebo - Exercise Groups in

the Simulated wrestling Protocol, CPK: creatine Phosphokinase, B1l: Blood

Sampling before Supplementation, B2: Blood Sampling after Supplementation, B3:

Blood Sampling after the first Repetition of the Wrestling-Specific Protocol, B4:

Blood Sampling after the Third Repetition of the Wrestling-Specific Protocol, B5:
Blood Sampling after the Fifth Repetition of the Wrestling-Specific Protocol
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Figure 4- Comparison of Mean Changes in Physiological Indices of Recovery
(LDH(U/L)) in Wrestlers in the Supplement - Exercise and Placebo - Exercise
Groups in the Simulated Wrestling Protocol, LDH: Lactate Dehydrogenase, B1:
Blood Sampling before supplementation, B2: Blood Sampling after
Supplementation, B3: Blood Sampling after the First Repetition of the Wrestling-
Specific Protocol, B4: Blood Sampling after the Third Repetition of the Wrestling-

Specific Protocol, B5: Blood Sampling after the Fifth Repetition of the Wrestling-
Specific Protocol
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